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Abstract

This paper develops a new method to estimate a production function and the total factor
productivity (TFP) impact of persistence in exporting. Certain “proxy methods” for es-
timating the production function invert the demand for flexible inputs with respect to
TFP to obtain a proxy for the unobserved TFP. When markets are imperfectly competit-
ive, the demand for inputs depends on unobserved demand shifters (UDS), which violates
the “scalar unobservability” required for inversion. We write the production function as
a partially linear model, where the nonparametric part, the proxy for productivity, de-
pends on the UDS. Identification rests on postulating (i) a law of motion for the UDS,
which evolves endogenously, and (ii) distributional restrictions to control for the correla-
tion between the UDS and the variables of interest. Output elasticities and productivity
impact of endogenous treatments are identified. Using Estonian firm-level data, we find
that revenue per employee and the amount, in physical units, of goods exported per
employee generally increase with the number of years of exporting activities (NYrEx).
However, we find limited evidence of the TFP impact of exporting, with only the most
persistent of exporters experiencing such gains. In comparison, the estimated productiv-
ity impact of NYrEx from an alternative estimator, which assumes perfect competition,
closely matches the way revenue per employee varies with the NYrEx. Finally, exporters
charge lower markups than non-exporters, where the difference between the exporters’

and the non-exporters’ markups increases with NYrEx.
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1 Introduction

This paper develops a new method to estimate a production function and the total factor
productivity (TFP) impact of persistence in exporting. This is to provide evidence
on learning by exporting (LBE), which refers to a variety of mechanisms, such as
investing in marketing, upgrading product quality, innovating, or dealing with foreign
buyers, that might induce productivity gains when firms start exporting (De Loecker,
2013). Since the TFP impact of exporting is likely to vary with the number of years of
exporting, we study if and how the impact depends on how persistently a firm exports.
Secondly, while it is postulated that opening up markets to foreign competition induces
efficiency and reduces market distortions, papers such as De Loecker and Warzynski
(2012) find evidence that exporting firms (more generally higher productivity firms)
charge a higher markup over marginal cost than non-exporters. While exporting firms
can gain from trade by charging higher markups, this could, as shown in Arkolakis,
Costinot, Donaldson and Rodriguez-Clare (2019)(ACDR), reduce the welfare gained
from the pro-competitive effects of trade liberalisation. We, therefore, in addition

study how changes in markups are linked to export persistence.

To estimate the parameters of a production function and productivity, proxy methods
— e.g., due to Levinsohn and Petrin (2003)(LP), where the demand for flexible/material
inputs is inverted with respect TFP, w;, to obtain a proxy for w; — are commonly used.
In imperfectly competitive markets, the demand for flexible inputs also depends on
output prices and price elasticity of demand, ey p. Prices, however, depend on output —
hence inputs and productivity — and observed and unobserved demand shifters, and ey p
depends on prices and the demand shifters. The unobserved demand shifters capture
heterogeneity in demand (e.g, quality and consumer taste). The proxy for wy, therefore,
includes unobserved demand shifters as its argument. Without information on prices,
we model the demand for firm output, to make explicit the role of unobserved demand
shifters. In modelling demand, we also consider the role that shipping costs, as demand

shifters, play.

The presence of unobserved demand shifters implies that the proxy for w, which evolves
endogenously, is not identified. The proposed method, however, is still able to identify
the quantities of interest: the output elasticities and productivity impact of endogenous
treatments such as exports and R&D. This is because, while the method borrows from
the two-step proxy methods, it does not require construction of a proxy for w; using
first step estimates before all the structural quantities are estimated. Instead, we treat
the unobserved demand shifters as nonseparable errors in the proxy for w;_1,' the
nonparametric part of the output equation. Since the unobserved demand shifters,
which are state variables, affect the choice of inputs and other endogenous variables

in each period, they are likely correlated with the variables of interest, which include

!Given that TFP exhibits persistence, we, as is common, assume a controlled Markov process for the
law of motion of TFP, where TFP in the current period, w¢, depends on (i) TFP in the last period, w¢—1,
(ii) certain variables, x¢—1, that endogenously affect the evolution of TFP, and (iii) ex-post shocks, &,
to last period’s TFP. This allows us to express TFP, wy, as a function of w;—1, x:—1, and &;.
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the dynamic inputs and export related variables. To obtain consistent estimates, our
method relies on controlling for the confounding influence of the unobserved demand
shifters.

Central to our identification strategy are (i) a specification for the law of motion of the
unobserved demand shifters, and (ii) a set of reasonable distributional restrictions to
account for the correlation between the unobserved demand shifters and the variables of
interest. We assume that the unobserved demand shifters depend on current and past
values of variables, such as investments in intangible assets and marketing expenses,
and are subject to idiosyncratic shocks. This specification follows from the literat-
ure on customer accumulation (e.g. Fitzgerald, Haller and Yedid-Levi, 2023, (FHYL)),
which emphasises that improvements in quality and appeal require costly investments
in intangible assets, marketing, and advertisement. While we allow for certain persist-
ence in the unobserved demand shifters, without costly investments these unobserved

measures of quality and appeal depreciate.

Like most researchers we are faced with revenue and expenditures data, which introduce
price errors into quantity measurements. This leads to an unobserved output-input
price wedge in the production function. When markets are imperfectly competitive
and products are quality-differentiated, the wedge, as has been shown in the influential
works of De Loecker and Goldberg (2014)(DLG) and De Loecker, Goldberg, Khandelwal
and Pavenik (2016) (DLGKP), can lead to biased estimates of the output elasticities
and of the TFP impact of endogenous treatment. To account for the unobserved wedge,
we follow De Loecker, Eeckhout and Unger (2020)(DLEU), who employ variables, like
market share, that govern this output-input price wedge. Besides, since we account
of the unobserved demand shifter, the proposed method provides an additional set of

controls that likely account for the wedge.

Now, exporting firms interact with a variety of customers and are exposed to competit-
ors in the global market, and thus, compared to non-exporters, are more likely to learn
about best-practice technology and business processes. The accumulation of such know-
ledge and technology from their activities in foreign markets is likely to help increase
exporters’ productivity. Besides, tougher competition in the global market incentiv-
ises exporters to reduce X-inefficiencies. As pointed out by De Loecker (2013), along
with exporting, firms often simultaneously undertake other complementary activities
to improve their performance. A non-exhaustive list of these other activities include
quality upgrading (Verhoogen, 2008), R&D (Aw, Roberts and Xu, 2011, (ARX)), and
technology adoption (Lileeva and Trefler, 2010; Bustos, 2011).

In their insightful work, Atkin, Khandelwal and Osman (2017) (AKO) use random-
ised control trial (RCT) to generate exogenous variation in the access to foreign mar-
kets. Using RCT, they establish that learning-by-exporting, which involves shifts in the
production possibility frontier (PPF) and which includes transfers of knowledge from
buyers to producers and learning-by-doing, occurs through improvements in technical
efficiency (more output per input) as well as quality. Due to data limitations, we do

not try to delineate the implications of such knowledge generated by exporting from
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the impact of any of the complementary activities listed above. Our estimates of the
TFP impact of exports, therefore, likely include the resulting shifts in the PPF due to

the unobserved complementary activities.

For the empirical part, we consider Estonia’s manufacturing sector. To assess the TFP
impact of export persistence, we use several measures of export persistence. We find
that the persistence, at the extensive and intensive margins, is affected by the 2007-
2008 Financial Crisis and the economic slowdown of Russia in 2014-2016 following
sanctions and a sharp fall in oil prices. While these major economic shocks® to the
Estonian economy, which saw the highest proportion of exits from export markets,
have adverse productivity implications, generally, (a) the export revenue per employee,
and (b) the amount of goods (in physical units) exported per employee increase with
persistence. However, as far as the TFP impact of exports is concerned, we find some
evidence that the most persistent of the exporters are able to increase their productivity
by exporting. For estimating markups, we follow De Loecker and Warzynski (2012),
who further develop the estimator of Hall (1986). We find that, on average, exporter
markups are lower than those of non-exporters. Moreover, the more persistently a
firm exports, the larger the markup difference compared to that of non-exporter. This
indicates that the markets for products produced by exporters in the manufacturing
sector are more competitive, which induces them to increase productivity and lower

markups to remain competitive.

The rest of the paper proceeds as follows. In Section 2, we review related literature
on export persistence. Section 3 describes the model of firm-level production in the
presence of endogenous exports and our identification and estimation strategy. Data is

discussed in Section 4. The results are discussed in Section 5 and Section 6 concludes.

2 Literature Review

In this section, we review some literature on export persistence, which forms the back-
ground for studying the productivity and markup impacts of export persistence. We do
not intend the review to be exhaustive. For recent excellent reviews, see Redding (2011)
on theoretical literature on heterogeneous firms and trade, and Alessandria, Arkolakis

and Ruhl (2021) for a review on the dynamics of firms in foreign markets.

As fas as persistence in export status is concerned, Alessandria, Arkolakis and Ruhl
(2021) list the following facts:

2In the following we refer to the two events simply as “major economic” shocks. Bems, Johnson and Yi
(2013), who survey literature on the causes of the collapse in international trade during the 2008-2009
global recession, find demand shocks in the shape of a collapse in aggregate expenditure, concentrated
on trade-intensive durable goods, to be the main driver of the trade collapse. Shocks to credit supply,
which constrained export supply, further exacerbated the decline in trade. Juust (2023), who studies
firm level responses of the Estonian firms to the 2014-2016 Russian trade shock, describes the trade
shock as multifaceted that evolved in stages. It combined (a) an initial ban of food items from the EU
by Russia, (b) a volley of sanctions and embargoes between the Western countries and Russia following
the annexation of Crimea, and (c) the recession in the Russian economy following a sharp fall in oil
prices and the devaluation of the Rouble.
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Factl. Past export participation is the main predictor of current export participation.
Fact2. Exporter exit rates fall with past export intensity and time in the export market.

Fact3. The exporter entry rate is low but is increasing in size and past export activity.

Although, a small fraction of firms enter export markets, most exporters are able to
export for a few more periods. An important reason for this persistence is attributed to
the relatively large sunk cost of entering export markets (see Das, Roberts and Tybout,
2007, who find large estimates for sunk costs). Those firms that enter, can continue
to export by incurring small fixed costs and increasing their volumes at marginal pro-
duction costs. Since re-entering would again involve incurring sunk costs, firms persist
even if some incur losses in the short run. However, if the fixed costs to keep exporting
are also high, then only the most productive of firms are likely to enter and persist in

exporting.

Recent works, such as Timoshenko (2015) and Berman, Rebeyrol and Vicard (2019),
suggest learning about demand as an alternative mechanism. The learning models posit
that firms entering an export market are small, are uncertain about the demand their
product faces, and learn as noisy information arrives in each period. Over time, as firms
continue to export and observe sales realisations, they may grow large if they have a
successful product or, if not, they shrink and may eventually exit the market. A firm
that experiences higher demand than initially expected, revises upward its belief and
expands production. A firm that experiences lower demand than expected cuts back
on production, and may even find it optimal to exit the market. Timoshenko (2015)
finds that once learning is controlled for, the role of sunk costs in generating export

persistence is at most forty per cent of what was then the estimates in the literature.

Piveteau (2021) argues that while large entry costs are necessary to explain the per-
sistence in export decisions, such large costs are incompatible with the fact that most
new exporters start small and only a small fraction survive and expand in these foreign
markets. Omne strand of the literature emphasises the accumulation of customers or
habit formation in the export market(s) as a means to grow demand (Ruhl and Wil-
lis, 2017; Eaton, Eslava, Jinkins, Krizan and Tybout, 2021; Piveteau, 2021; Fitzgerald,
Haller and Yedid-Levi, 2023). For inducing inertia in consumption choice, the costs
incurred by entrants, who usually begin small, include costly search and investments
for better future market access. As surviving firms accumulate consumers in foreign
destination(s), their sales and profits increase, which further improves their chances
of survival in the foreign destination. While Piveteau (2021) emphasises dynamic pri-
cing to accumulate customers, FHYL emphasise investing in marketing and advertising

activities.

On the supply side, as in Das, Roberts and Tybout (2007), Ruhl and Willis (2017) and
others, export entry is driven by the arrival of a favourable shock to a firm’s productivity,
and persistence in export status is aided by the persistent stochastic shocks to the firm’s
productivity. That exporters are, on average, larger than non-exporters, which is known

as the exporter size premium, is often cited in support of models in which firms are
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heterogeneous in productivity, and more productive firms are larger, more profitable
and more likely to become exporters. While more productive firms are more likely
to export, exporters also learn by exporting, which improves their productivity. As
stated earlier, learning by exporting refers to a variety of mechanisms, which include
externalities derived from exporting, that might improve productivity when firms start
exporting. Exporting firms, if not all, undertake one or more of a variety of activities
to improve productivity, especially if there is complementarity between exporting and

the activity; for example, complementarity between exporting and R&D (ARX).

Since the influential work of Clerides, Lach and Tybout (1998), many papers using
different frameworks have tried to establish whether firms learn by exporting; notable
works include ARX and De Loecker (2013). While the evidence for learning by export-
ing is mixed, DLG and De Loecker and Syverson (2021) have emphasised that using
revenue data to simultaneously estimate the production function and the TFP impact
of endogenous decisions may not identify the impact of these decisions on productivity.
This is because with revenue data one identifies the impact on firm performance, which
depends not only on physical efficiency but also on prices, which reflect quality differ-
entiation and markups. In addition, changes in firm performance are due to changes in

product mix, investments and input costs.

To be able to use revenue data for the simultaneous estimation of the production func-
tion and the TFP impact of endogenous decisions, this paper develops a method which
controls for prices and the demand side factors that affect revenue and the demand for
material inputs. Using the method, we add to the literature by assessing how the TFP

impact of exports depends on how persistently a firm exports.

ACDR, p. 46-80 pose the questions, “How large are the gains from trade liberalization?
Does the fact that trade liberalization affects firm-level markups,..., make [the pro-
competitive] gains [from trade] larger or smaller?” Markup of prices over marginal
costs, a key variable in economics, affects, among others, the labour share of income,
productivity, and resource allocation. Markups also serve as an important metric for
market power. Melitz and Ottaviano (2008), who introduce endogenous markups in
Melitz (2003) to explore the pro-competitive effects of trade in environments with firm-
level heterogeneity, show that markups are lower in tougher markets; that is, in markets

that are larger and where the average productivity of competing firms is higher.

However, as Mayer, Melitz and Ottaviano (2021) show, when the residual demand
facing firms satisfies Marshal’s Second Law of Demand, according to which demand
becomes more inelastic with consumption, firms with lower marginal cost (higher pro-
ductivity) charge higher markups. And, therefore, the reallocation of resources within
firms towards more successful or core products — which incur a lower marginal cost
when produced — in the face of tougher competition in export market(s) or in response

to positive demand shocks raises the productivity of the inputs as well as the markups.

De Loecker and Warzynski (2012), however, using Slovenian data, find that exporters
charge, on average, higher markups and that markups increase upon export entry.
ACDR using US micro-level trade data find that the estimates of a quantity, which
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summarises the effects of the elasticity of markups with respect to firm productivity, is
such that it implies that the gains (i.e., welfare) from trade liberalisation are lower than
those predicted by models with constant markups. In their insightful paper, BCHR,
using Chilean data, find that compared to non-exporters, exporters face flatter demand
curves in the domestic and foreign markets (that is “thicker” domestic markets), which
allows them to attract significantly more domestic customers for any price reduction
(e.i., reductions in markups given marginal costs) than do non-exporters. On the other
hand, given productivity, the demand for exporters’ product exhibit a higher domestic
willingness-to-pay, likely due to higher quality. This, they argue, could indicate why

exporters’ domestic markups are higher than those of the non-exporters.

The within sector aggregate difference between the exporters’ markups and the non-
exporters’ markups is, however, unlikely to be uniform across countries. While we
document the difference between exporters’ and non-exporters’ markups for the various
manufacturing sectors in Estonia, we also add to the literature by studying on how this

markup difference depends on how persistently firms export.

3 Conceptual Framework, Empirical Strategy, and Estim-

ation

We assume that firm j’s gross output production function is Cobb-Douglas®:
Yji = F(Ljt, Kjt, Mj)QaEje = L5 KGN MEM exp(wje + €5t), (1)

where Y); is gross output, Lj; is labour, Kj; is capital stock, and Mj;, as stated below,
is the aggregate of multiple material inputs. For multi-product firms, as discussed in
Appendix B.1 ,Yj; is the aggregate, Yj; = Y (Y1 j... Yy, jt), of quality-differentiated
products, where the aggregator Y'(.) is a homogeneous function that suitably adjusts
for quality and substitutability. For the sake of exposition, though, unless we make
it explicit, we will assume that firms produce a single commodity. All corresponding
quantities, such as price elasticity of demand, for multi-product firms are derived in
Appendiz B.1 and Appendiz B.2. The term, wj; = In(Q;;), is the Hick’s neutral total
factor productivity and €;; = In(&j;) is assumed to be log-additive measurement errors
in reported output or unanticipated shocks to the production. With the latter inter-
pretation of €, Y3 = F(Lj, Kji, Mj)S2j; could be construed as the planned output

J
(Doraszelski and Jaumandreu, 2021).

Firms combine multiple material inputs, {M j¢,..., M M, jt}, through an aggregator
th :M(Ml,jt,"'aMMj,jt)a (2)

where M(.) is a linearly homogeneous index function which summarises the contribution

of all materials inputs in the production of Yj;. Similarly, one can think of the capital

3 Although, the strategy developed here applies for estimating the more general translog production
function.



6 Estimating Production Function under Market Imperfections

stock, Kji, in (1) as the aggregate of the stocks of various fixed capital assets. The
structure in (2) allows for differentiated material inputs to substitute for each other in

an unknown manner.

Capital, Kj;, and labour, Lj; are subject to adjustment frictions (for example, time-to-
install, hiring and training costs) and thus are quasi-fixed, whereas Mj; is freely varying.
That is, M}, a static input, is optimally chosen in period ¢, whereas the dynamic inputs,
Kj; and Lj;, are (pre)determined in period ¢t — 1. Both Kj; and Lj; are state variables

with dynamic implications and follow their respective deterministic laws of motion:
Kjt = Ljp1+ (1 = 0)Kj 1 and Ljs = Hjp1 + Lyt (3)

where I;;_1 , Hj;—1 and ¢ are the gross investment, net hiring and the depreciation

rate, respectively.

In the following, we denote a destination/country by d, d € ©j;, where D, is the set of
countries where firm, j, sells its product. Let o € ®; index the country of origin/home

country. Let Y be the amount of good Yj; exported by firm, j, to country, d. Let

Y,
Xjar = Yj—it be the export intensity with which firm, j, exports to country, d. If the
J
firm does not export, then X,; = 1. The revenue earned by the firm is

PLYia = (Y Pl X;a)Yj = PuY, (4)
dE'Djt dE'Djt

where ijdt is the Free on Board (FOB) price charged by the firm for goods that are
exported to destination, d. The FOB prices can be the same or differ across destinations.
The price paid by the consumers in destination, d, is denoted by P]‘?dt, which includes
the costs of transportation, handling, freight and insurance. This is same as what is
knowns as the CIF — cost, insurance, freight — prices. If only to mention, in the country
Pl
each of the output markets or destinations. That is, firms’ residual demand curves in

of origin, P7, = We also allow the possibility for firms to have market power in
the home and in foreign destinations may not be perfectly elastic, and that the firms’

market shares in these destinations may not be negligible.

As in Malikov, Zhao and Kumbhakar (2020) (MZK), we assume that the endogenous
decisions regarding export intensity and orientation, X4, are made in period ¢ — 1.

That is, it is assumed that
Xjat = Xjdp—1 + Xjd -1, (5)

where Xj4;_1 represents the endogenous adjustment — a choice variable — in the firm’s
export intensity or orientation, X;q4. The assumption is motivated by the fact that
changes in the firm’s export orientations are subject to adjustment costs, and therefore
to delay. The adjustment costs associated with changes in export orientations, as poin-
ted out by MZK, include (1) time for and cost of finding new intermediaries or buyers

abroad, (2) contract (re)negotiations, (3) obtaining new permits, and (4) reconfiguring
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the production technology if products intended for sale abroad are distinct from those
sold domestically etc. Besides, firms that are starting to export or those that are en-
tering a new export market have to bear sunk costs of entry. In addition, all exporting
firms have to bear certain fixed costs of exporting.* Though not made explicit, the

adjustment costs, as in MZK, could be subject to stochastic variations.

The laws of motion of the state variables Kj;, Lj;, and Xj; are described in (3) and
(5). We now describe the law of motion for the productivity term, w;; = In(£2;;), which
brings us to the main objective of the paper: studying the role of learning by exporting
in the evolution of firm productivity. Borrowing from De Loecker (2013), we model
the evolution of firm productivity as a controlled first-order Markov process, whereby
firms improve their future productivity via LBE and investments in capital. That
is, we assume that wj; evolves according to the first order controlled Markov Process,
p(wjt|Zje—1) = p(wje|wje—1,%4—1,;—1). The term, z;,_1, is any of the export-related
variables that describe the exporting behaviour of firms, and 4;;_1 is investments in
fixed (tangible) capital. The distribution, p(w;¢|wj¢—1,%jt—1,;—1), which is stochastic-

ally increasing in w;;_1, is known to the firm. The Markovian assumption implies that
wjt = E(wjtwji—1,750-1,Zj0-1) + e = 9(Wje—1, 85,01, Tje—1) + Ejes (6)

where the innovation, §;;, to productivity process is uncorrelated with all input choices
prior to period t. As underscored by MZK, p. 462, the evolution process in the
above equation “implicitly assumes that learning is a costly process, which is why the
dependence of wj; on the export variable is lagged, implying that the export-driven
improvements in firm productivity take a period to materialize.” Such an assumption
is implied in De Loecker (2013) and more generally in the “learning” literature. Capital
expansion expenditures, i;;_1, are likely to capture expenditures on new technologies.
It could also, as argued in De Loecker (2013), pick up the future productivity effects of

a range of unobserved firm-level actions.

Since our objective is to assess the TFP impact of persistence in exporting, we use
two measures for export persistence, Tt (a) a set of dummies that capture export
persistence, and (b) number of years of exporting and its higher powers. These measures
pick any non-linearity in the TFP impact of the number of years the firm has been in

the export market(s).

We assume the firms do not have monopsony power in the material goods market.
This, however, is a common assumption (e.g., Dobbelaere and Mairesse, 2013; Yeh,
Macaluso and Hershbein, 2022). Among the reasons why such an assumption might be
valid, Yeh, Macaluso and Hershbein (2022) point out that since material inputs include
largely generic, primary goods which tend to be traded on open, often global, markets,

it is unlikely that local firms have market power over their prices.

“The sunk costs of entry include costs of (1) establishing distribution channels, (2) designing a market-
ing strategy, (3) learning about exporting procedures, and (4) familiarisation with the institutional and
policy characteristics of the foreign country etc. Other fixed costs of exporting, include (1) shipping
and other port activities, (2) maintenance of an international division within the firm, and (3) handling
and processing of the documents necessary for exporting.
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Let Xj¢ = {Xjat }den;, be the set of export intensities. Let Dj; := {(7;, (j;} denote a set

of demand shifters, where (%, are observed and Cji» which denote quality and appeal of

_]t
the firm’s products are unobserved. Let Pjt = {Pth, e ’PM,jt}’ be the set of prices
of material inputs. And let W;; and RK be the wage and rental rates faced by the firm.

Let St == {K]t,thaX]taQ]taP th,RK

> Djt} be the set of state variables.

Jto

Given the state variables, firms minimise short-run costs with respect to the freely

varying inputs, { My ji, ..., M, ji}:

O(Y*) = + subject t
F(Ljt, Kjt, M(an ooy My )5 > Y (7)

where Y7} is the planned output, and C(Y™) is the firm’s cost function.

Now, the production function in equation (1) expressed in logarithmic terms is
yjt = arlj + axkj + apmie + wit + €, (8)

where the lower-case symbols, y;¢, kjt, lj¢, and mj; represent natural logs of quantities
of output (Yj;), capital stock (Kj;), number of employees (L;;) and the amount of

material inputs (M) respectively.
From here on, unless necessary, we drop the firm and the time subscripts, j and t.

While production function in (8) is written in terms of quantities of inputs and output,

we, as most researchers, observe monetary values of output and inputs:

y] MJ ICJ
R :ZYRPH, M = ZP%Mm, K :ZPkKKk
k=1 m=1 k=1

Linear homogeneity of Y = Y (Y1,...,Yy,), M = M(Mjy, ..., Mp;) and K = K(K;, ..., Kx;)

in (1) implies that we write the revenue, R, and the expenditures, M and K , as
R=PY, M=PMM and K = P¥K, (9)

where the price indices, P, PM and PX, respectively, are the unit costs of the compos-
ites, Y, M and K.

Let p; = In(Pr), pi* = In(PM) and p¥ = In(P}) denote sector/industry, I, wise
deflators for output, intermediate inputs, and capital. Let Y :=p — p;, 6™ = p™ — p;,
and 6F == pF — pf respectively be the deflated prices of output, intermediate inputs,

and capital. We can, therefore, write the revenue production function in logs as

r:y—|—5y:aLl+aKE+aMﬁz+w+5y—aK5k—on(S"i—l—e, (10)

~
e
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P
where 7 = y + Y is the log of deflated revenue, R = YF’ and
1

k=k+ 6" and m =m + 6™

are the log of the deflated values of capital and material inputs respectively.

In imperfectly competitive markets, because the prices and the quantities of flexible
inputs and output are determined simultaneously, factor inputs are correlated with
the unobserved prices, p. In other examples, as pointed out in De Ridder, Grassi and
Morzenti (2024), when firms face downward sloping demand curves, a firm can increase
demand by lowering the price, p. However, inputs have to increase to meet the demand
if the returns to scale are decreasing or constant, causing a correlation between prices
and inputs. Also, in the event of a positive demand shock, prices and inputs will
be correlated if in response firms increase their output but the returns to scale are
decreasing. DLG term the bias resulting from the correlation of inputs with the output

prices as “output price bias”.

On the other hand, DLGKP argue that if the quality of products varies across producers,
then, because higher output quality requires high quality inputs, the quality of inputs
is also likely to vary. Input price deflators then are unlikely to account for the input
price variation across firms that quality-differentiated inputs introduce. The correla-
tion between unobserved input prices, {p¥,p™}, and inputs could potentially bias the
estimates, which is termed an “input price bias”. In the absence of perfect competition,
DLG list conditions such that variations in input and output prices interact so that
the output price bias exactly offsets the input price bias; that is, 8Y — axd* — aprd™ in
(10) is zero.” These conditions are restrictive, and generally when output produced is

quality-differentiated, output and input biases will only partially neutralise each other.

DLGKP argue that when the output produced is quality-differentiated, the prices of
the inputs depend on the unobserved quality, (j € ¢", of the outputs. This accounts for
the fact that firms that produce quality-differentiated products are likely to use quality-
differentiated inputs. They further argue that there is complementarity in input quality,
where manufacturing high-quality products requires combining high-quality materials
with high-quality labour and capital. This complementarity implies that the prices of
all inputs facing a firm can be expressed as an increasing function of a single index
of product quality.’ So, any remaining variation in o = §¥ — ap6™ — axd* after the
output and input biases partially neutralise each other is due to the unobserved quality,
(q- And, therefore, the unobserved wedge, o, is likely to be correlated with the deflated

expenditures, k and .

5The assumptions include: (1) in an industry characterised by monopolistic competition, where firms
produce a horizontally differentiated product and face the same constant elasticity of substitution (CES)
demand system, (2) production is characterised by constant returns to scale (CRS), and (3) input price
variation (across firms and time) is input neutral.

6 Accordingly, they use the variables (such as output price, market share, and product dummies) that
act as proxies for output quality to control for the unobserved input prices.
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Now, given that wy in (6) evolves according to a controlled Markov process, we can

write (10) as
ry = arly + aK%t + oy + g(we—1, Te—1,9-1) + 0t + & + €, (11)

where & + €, the sum of shocks to productivity and the ex-post shocks, ¢, is ortho-
gonal to all state variables, current and past, and the endogenous observables that are
optimally chosen prior to period, t. To ease notations, throughout we will suppress the

mvestment term, i4—1.

To estimate the equation in (11), it would be required that the correlations between
the endogenous variables of interest and the unobserved variables, w;_1 in g(w¢—1, Z¢—1)
and o;, are controlled for. To account for correlations with the unobserved TFP, w, we
borrow from the insights of LP and De Loecker (2011), where, to construct a proxy
for w, it is required that the demand for material inputs, m, increase monotonically in

productivity, w. Formally, it is required that

om(Z
w > 0, where m(Z,w) = argminexp(p" + m) subject to f(I,k,m) +w > y*,
W m

(12)

and where f(l,k,m) +w = In(F(L, K, M)S2). The set, Z, which we define below, in-
cludes state variables that affect the demand for material inputs. If the condition in (12)
is satisfied, then one can invert the demand function for material inputs m = m(2,w)
to obtain w = m~(Z,m). LP show that this monotonicity condition holds when the
markets are perfectly competitive. De Loecker (2011) shows that monotonicity is pre-
served under the monopolistic competition with CES preferences. In the proposition

below we show that:

Proposition 1 When productivity, w = In(Q2), is Hick’s neutral then in the presence

of market imperfection in the goods market, m(Z,w) monotonically increase with w if

ou )l 01
the elasticity of markup, p, with respect to productivity, 2, e,0 = IB_ n(,u)) 18
o Ow
1
less than —.
I

Proof 1 Given in appendiz A.

Since 0 < 1 < 1, the requirement for monotonicity is that the markup elasticity of
productivit? be inelastic. Since more productive firms use fewer inputs to produce
the same output as less productive firms, for the condition in the proposition to hold,
more productive firms must therefore produce “sufficiently” more output than the less
productive firms. This ensures that firms experiencing productivity growth use more
inputs. Melitz (2000), who obtains a similar result, argues that this will be possible if
firms that experience an increase in productivity — especially those with already high
markups — do not set a disproportionately higher markup than those firms that do not

experience an increase in productivity. An inordinate markup difference, as Levinsohn
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and Melitz (2006) argue, implies that a productivity increase leads a firm to increase
its markup by such an amount that it eventually decreases its input usage. This they
consider to be an extraordinary case and rule it out as a possibility, even though they
note that the profit maximising assumptions of monopolistic competition automatically

rules out this special case.

Expressing g(wi—1,x¢—1) in (11) as g(Zi_1,me—1, 1) = g(m ™ (Ze_1,mu_1), 24-1), we

can write equation (11) as:

re = apl + agk, + animg + g(Z 1, me1,201) + 01 + & + €. (13)

While it is possible to solve for m given {y*, k,l,w,p™}, y* is unknown. To know y*
is to know the condition of demand. To see this, consider, for example, the profit

maximisation objective of a monopolist,
H}l/aXPY* - C(Y™), (14)

where C(Y™) is the firm’s cost function defined in (7). The FOC for obtaining the

optimal, Y*, is
Pl +epy]=C'(Y"), (15)

where epy is the inverse of the price elasticity of demand and C’(Y™*) is the marginal
cost. Assuming that the constraint in (7) binds at the optimum, by substituting P[1 +
epy] for A in the FOC for cost minimisation in (A.2) in Appendix A.1, we get

Ly =arl+axk+w+In(amlepy +1]) +p—p™ —m(l —ap) = 0. (16)

where £ denotes the Lagrangian for the cost minimisation problem.

Given absent information on prices, p, and elasticity, epy, in subsection 3.1, we model

the demand for firms’ output to express p and epy as:
Epy = €PY(p’ D) and p= p(y*(l’ k’ m,w), D) = p(m’w’ Z)’ (17)

where y*(1, k, m,w), the log of planned output, is a function of optimally chosen inputs
and w. The set D, as defined earlier, is the set of observed (¢°) and unobserved (¢")
demand shifters. The unobserved components, (", include output firm specific prefer-
ence parameters, which capture heterogeneity in demand, and unobservable demand
shocks that are known to the firm at the time of static optimisation. The set of state
variables, Z, in (13) thus includes dynamic inputs, [ and k, the demand shifters, D, and
the price of material inputs, p™. This and the monotonicity condition in Proposition 1
then, as shown in (43), allow us to express w as w = m~!(m, Z). The model of demand
for firms’ output entails certain assumptions regarding (i) consumer preferences, and
(ii) market structure, which is assumed to be monopolistically competitive. We also

highlight the role that shipping costs, as a demand shifter, play in shaping demand.
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These assumptions allow us to derive closed form solutions for the elasticity, epy, and

the price, p, as functions of w, m, and Z.

Now, as discussed above, instead of m and k we observe the deflated values, m = m+46™
and k = k + 6%, where the deflated prices (or the price residuals), 6™ and §* depend

only on ¢ and are monotone in ;. Also, since p™ = p]"* + 6™ ((y), we have
w=m=H(m, Lk p™, ¢°.¢") = w(im, 67 (¢, 13" (¢ K. pi", ¢, ¢Y)
= w(i, 1.k, ", ¢*,¢%), (18)
where ¢% == {¢", 6™ ((Y), 5’“((};)} This allows us to write (13) as:
re = aply + axk + oniy + g(Zi-1,C oy m1) + o0+ &+ e (19)

where Z = {m, Lk, pi*,(°} is the set of observed variables.

The object of our interest is the impact of export related variable, x; 1, on future
productivity, w; = g(w¢—1,x¢—1) + &. This can be captured by estimating the average
partial effect (APE):

E, [59(%—17 xt—l):| .
Oriq

For estimating the APE, we restrict the functional form of g(w;—1, 1), where

(20)

0g(wi_1,xi— Ox(x4—
g(wi—1,2¢-1) = h(wi—1) + x(24-1), so that Ew[ 9wy, 2t 1)} = x(@y 1)-

Oxi_q Oxi_q

We can therefore write g(Z¢—1,¢(}* 1, x¢—1) in (19) as:

Q(thl,glflaxtfl) = h(thl,QLl) + X(xtfl)-

Due to lack of common support, as discussed in Appendix B.3, it may not be possible

to estimate the APE of z;_1 on productivity, w, without the restriction in (20).

The unobserved demand shifters, (;', which we interpret as quality and taste/appeal, are
correlated with the inputs and the export related variables, as they determine the next
period’s choice of inputs and export orientation. For the demand system in subsection
3.1, ¢} == {a¢, —bs}. To keep notation light, we will refer to a; and —b; by the common

notation, .

Since knowledge gained from buyers in the export market; that is, through LBE, could
induce firms to improve quality, they are likely correlated with exporting activities in
the past. We also assume that, as with productivity, improvements in appeal or quality

require costly investments. Formally, we assume that

Cl;l = Ctu—l(gt—la"'agl)—i_é:ta (21)
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where g includes (1) investments in intangibles (including goodwill) per employee, and
(2) marketing costs per employee. The term, C}, is the idiosyncratic term, which is
exogenous (e.g., fashion trends affecting appeal). The assumption in (21), as discussed
in the section on the related literature (Section 2), is motivated by studies, which em-
phasise accumulation of customers or habit formation as a means to grow demand. To
induce inertia in consumption choice, certain costs, including investing in marketing and
advertising activities, are incurred by the firms. Advertisements, as discussed in Acker-
berg (2001), not only provide information on the product’s “search” and “experience”
(e.g. taste) characteristics, but may also stimulate demand by creating prestige; that
is, consumers may also have a preference for “advertising characteristics.” BCHR find
that advertising/marketing expenditure is strongly positively correlated with the estim-
ated components (slope “b” and location parameters “a” of the linear demand curve)
of demand heterogeneity, which suggests that advertising affects demand through both
prestige and information.” Importantly, the above also encompasses the assumption
that without costly marketing activities at home and abroad, the scope for LBE, which

also induces quality improvements, is reduced.

One could think of ((g¢,...,81) as

Mgty 81) = fgrar) + 0 f(g—1,a-1) + .- + 6 ' (f(g1,a1) + 0LCH),

where a; is the age of the firm and 0 < ¢ < 1 is the industry specific rate with
which past improvements in ;' depreciates, and (' is the quality/appeal in the initial
period, which is random. We assume that f(g,a) = 0 if g = 0 and that f(g,a) is
an increasing but concave function of the elements of g. Following FHYL, we also
assume that fg . > 0; that is, to increase product appeal and accumulate customers,
much higher marketing and advertising expenses are required in the beginning. As the
firm accumulates customers and ages, these expenses decline as a fraction of sales or
per employee — as predicted in FHYL and which can be evinced in Figure 4f. Except
for highly persistent exporters, as can be seen in Figure 4h, investments in intangible

assets have also declined.

The above assumptions ensure that, given age, ¢}'(0,gt—1,...,81) < ¢ 1(8t—1,---,81).°
In sum, if there are no new (and sufficient) investments to improve or maintain (', it
will depreciate, or worse, risk obsolescence if there is a sequence of adverse realisation
of ;. This places a mild restriction on firm type: it assumes that ¢}t for two firms in
an industry are drawn from the same distribution if they are of the same age and their

{gt-1,...,81} are identical.

"Kugler and Verhoogen (2012) argue that the scope for quality differentiation, which gives more cap-
able/productive plants relatively greater incentive to produce high-quality outputs, also captures the
willingness of consumers to pay for product quality. They interpret R&D and advertising intensity as
a proxy for the scope for quality differentiation based on the argument that firms invest in R&D and
advertising only if it is possible to affect quality or appeal.

80ne can also construct other values of g:, whose elements are less than those in g;_1, such that

C:ﬁl(ghgt—h e 7g1) S Cz‘tlfl(gt—h e 7g1)'
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Now, the state variables, (', affect inputs and other dynamic variables in future periods.
Due to persistence in (}', they are likely to be correlated with the current and past levels
of inputs and export related variables. Besides, due to LBE, ¢}* is likely to be correlated

with exporting activities in the past. Our key identifying assumption is:

Et,lt,ﬁ’l,t,ﬁl?t A <?|’Lt, Gt, Cto,mst,at,wt and that (22&)

Fert, b, mygr, 2egr AL G Ee, Ly, Mg, e, i, G, G, sy, ag, wy (22b)

According to (22a), conditional on Gy = {g¢—1,...,81} (the history till ¢ of sources of
change in (}'), i; (current investments in fixed tangible assets), ¢/ (current observed
demand shifters, which includes CIF-FOB margins), ms; (current market share), wy,
(log of average wage, which again is aggregated over a window of two time periods),
and a; (age of the firm), the dynamic variables, {k,l;,z;}, are independent of {}' :=
{¢, 6™ (CY,),6%(C)}- Since, given output, increases in a; and —b;, which are elements of
¢}, increase the price, i.e., demand, and the market share of the firm, we include ms; in
the conditioning set. Since higher output quality requires high quality of all input — for
example, due to complementarity in the quality of inputs, high-skill workers operating
high-end machinery use high-quality material inputs — (DLGKP), aggregate wage as a
proxy for proportion of skilled workers is likely to contain information regarding output
quality. As discussed in section 4.3, the CIF-FOB margins are higher for more expensive

higher quality products, and therefore these margins are also informative about (;'.

We believe that the assumption in (22a), reasonable as conditional on the history of g
(the sources of change in {}'), and a host of variables, including market share, CIF-FOB
margins, and current investment in fixed capital, that are informative about ¢}, it is
unlikely that ¢}* will be correlated with the current and past dynamic variables. In
(22b), since the conditioning includes current investment in fixed capital and addition-
ally, the current dynamic variables, the future dynamic variables are also likely to be
independent of ¢}*. This is plausible since (;* and the other state variables affect the
dynamic variables, such as capital, in the next and subsequent periods, through invest-
ment. Therefore, investment and current dynamic variables along with other variables

in the conditioning set should summarise the relevant information about ¢}'.

According to lemma 4.3 in Dawid (1979), (22a) and (22b) imply that
K1, b 1, o b, Lo g, e LGP, G, G sy, wy, ay. (23)

To sum up, (23) assumes that no information about {k¢y1, ly11, Mit1, Teg1, ke, le, M, T4 }
is contained in ¢} (and vice-versa) over and above that which is contained in W; =

{ita Gta Cto7 msg, We, at}-
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To account for the variation in the price error wedge, o = 0¥ — ag 6* — apr6™, in (19),
borrowing from DLGKP and DLEU, we assume that:

K, by g, o1, WL oglmse, ko1, b1, g1, Wh_1. (24)

In the absence of perfect competition, DLG list conditions such that g, = 0. These
conditions, as discussed earlier, are restrictive, and in general, output and input biases
will only partially neutralise each other, as higher input prices are partially passed
through to higher output prices. DLEU, based on DLGKP, argue that conditional on
productivity, ms; is the exact control that governs the output-input price wedge when
demand is of the (nested) logit form. We in addition use W;_; and lagged inputs as an
additional set of controls to account for any remaining correlation between the wedge

and the variables of interest.

Let W, := {%t, Iy, my, Wy }. Given the restriction in (20) and distributional assumption in
(23) and (24), we write the conditional expectations of r; given {Et, ly,my, xp—1,msy, Wy_q1}

as:

Elre|ke, bt g, 21, mse, Wy 1] =apls + axcks + anmg + x(20-1)+
E[h(Zt*IaC?—l) + Ot + gt + €t|7{;t) lta ”’:fl’ta Tt—1, mstawtfl]a
(25)

where, because Z; 1 C W;_1,

E[h(Zt71,C?_1)|Et, ley, My, w1, msg, Wy 1] = E[M(Z¢—1,( 1) |[msy, Wy 1] = E(mstawtfl)
E[Qt@taltaﬁlt,xtflamstawtfl] = Elo¢|ms¢, Wy_1] = o(ms;, Wi_1) and
E[£t|Et,ltamta$t71am5t,Wt71] = E[&|msi, my] # 0. (26)

The last conditional expectation in the above follows because unlike {Et, leyxp—1, Wy_q},
current market share, ms;, and material inputs, m;, are correlated with ex-post shocks

to productivity. To proceed further, for convenience we assume that:
h(ms;, W;_1) = Bms; + h(W,_1) and g(ms;, W;_1) = Bomsi +0(Wi_1). (27)

While this assumption is strictly not necessary, it greatly simplifies the estimation.

The conditional expectations in (26) and the restrictions in (27) imply that we can

write the firm revenue production function as

re = aply + agky + aprig + X(zi—1) + msg +G(W—1) + & + e + € (28)
——

Ui

where 8 = By + By, G(Wi1) = R(Wi—1) + 0(Wi—1), and e, = h(Ze—1,(1y) + o —
E[h(Zi—1,¢ 1) + ot/mse, Wi_1]. The residual, e, is orthogonal to all variables in the

conditioning set in (25).
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To estimate the partially linear model in (28), we use the methodology developed
by Chen, Linton and Van Keilegom (2003) (CLVK), who allow the parametric to be
endogenous.” We use material inputs, m;_o and market share, ms;_s, from period ¢t —2
to instrument m; and ms;. While CLVK assume that med(n;|W;_1,m—9, ms;—2) = 0,
we assume that E(n|Wy_1, m_o2, ms;_9) = 0. We use polynomial sieves to approximate
the nonparametric part, g(W;). Because powers of variables tend to be highly collinear,
especially when the arguments of g(.) are limited to a small range, using polynomials
of W;_; to approximate g(.) can give rise to the problem of multicollinearity. The
orthogonalisation of the polynomial function, as suggested in Newey (1997), can help

reduce the problems associated with multicollinearity.

While it is possible to estimate analytical standard errors, the process is involved. CLVK
show that a nonparametric bootstrap provides asymptotically correct confidence regions

for the finite dimensional parameters (the output elasticities, {ar,ax,an}, and the
Ox(x)

productivity impact of exports, and /). The quantities of interest are computed
for each of the bootstrapped samples, where the distribution of the estimates provides
the bootstrap approximation to the true sampling distribution of the statistics. The
resampling rule treats each set of firm-level observations together as an independent,
identical draw from the overall population of firms. We sample with replacement and
with equal probability from the sets of firm-level observations in the original sample.
o
Sire;
where & = exp(e;) is the ex-post shock. While a/ is obtained by estimating (28), to

Now, markups, p¢, is obtained by writing the FOC for cost minimisation as p; =

obtain the ex-post shocks, we write the FOC as:
In(S7") = n(an) + [1 +py (pr, Do)] — & (29)

where epy (pt, D), as stated in (17), is the inverse of the price elasticity of demand
and D; = {¢7,(}'} is the set of observed and unobserved demand shifters. Since
ptr = p(y(ke,ly,my,wy), Dy) and since we observe deflated values, m = m + 6™ and
k=k+ 6%, we can write the above FOC as:

In(SM) = In(anr) + e(we, e, b, ke, G, ) — €

where, as in (18), ¢" == {Cu,5m(g),5k(§3)}-

While given W, {Et, ly,my, x4}, according to the assumption in (23), is independent of

¢}, they are not independent of w;. And so, we have:

E[ln(SM)|z, Wy] = In(ans) + &(zs, Wy),

9Without the restrictions in (27), both the parametric and the nonparametric would contain endo-
genous variables. This could, as argued in Florens, Johannes and Bellegem (2012), give rise to the
“ill-posed” problem if the nonparametric part does not lie in a compact set of function. For consistently
estimating the parametric part, Florens, Johannes and Bellegem (2012) make use of a regularization
method to overcome the problem.
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which allows us to write the FOC as:
ln(Sgw) =In(an) +(xe, Wy) + 14 — €, (30)

where v; = e(w, My, Iy, kt, ¢, CH) — ey, Wy).

For & = exp(€;), required for estimating the markup, we use the residual, —¢, = —e;+14,
obtained after nonparametrically estimating In(ans) + €(x¢, Wy) in (30). A criticism
against the use of residuals in the canonical proxy methods is that the “prediction
error,” vy, is likely to be correlated with some of the determinants, such as export
status of price elasticity (i.e. markups) (Doraszelski and Jaumandreu, 2021). This is
because the proxy methods do not include such variables in the conditioning set when
estimating ¢;. Since in the proposed method, the conditioning set includes z; and Wy,
which contains both the endogenous and exogenous variables, the prediction errors, v,
are unlikely to contain any information regarding export related variables and inputs.'°

We, therefore, interpret the residuals, —é;, as a noisy measure of —e;.

To estimate the signal, —¢;, from the noisy signal, —¢é; (or, more appropriately, to reduce
the noise), we use the Empirical Bayes method (Gu and Koenker, 2017; Koenker and
Gu, 2017). For convenience, we define u; := —e; and 4 :== —¢€;. The Empirical Bayes

or the expected a priori estimates of u; are given by:

fa(a)
fa(ty)

E(u|t = ) = Uy = Uy + where the density, fz (), is fa(i) = /fu(@t — ug) fu(ug)dug
and fL(a;) is its derivative. The marginal density, f, (1), of 14, which has a mean
of zero and which is independent of u;, is assumed to be Gaussian. To obtain the
mixture density, fz(d¢), Koenker and Gu (2017) estimate the mixing density, f,(u¢),
nonparametrically. The Empirical Bayes method, which “shrinks” the estimates, i,
towards the prior mean, 0, minimises the expected loss, E[(4 —u)?]. The ex-post shock,

&, is then estimated as & = exp(—1i). M

The estimation of ex-post shocks, ¢, is not required if firms are assumed to have
perfect foresight; that is, if ¢, = 0. This, however, is not an uncommon assumption; for
example, recent papers that maintain this assumption include Dobbelaere and Mairesse
(2013) and Forlani, Martin, Mion and Muils (2023). Also, if the price elasticity is
independent of prices and (}', —¢; in (29) is estimated without the prediction error, ;.
An example of this is oligopolistic competition with nested CES preferences studied
in Appendix B.2, where price elasticity is a function of (a) export intensity weighted
transportation costs to various destinations, and (b) export intensity weighted market
share of the firm in various destinations. The framework presented here allows for a

more general demand system, where price elasticity depends on prices and unobserved

OWhile v is mean independent of z; and W,, we further assume that v, is statistically independent of
¢ and W¢. This, however, is not an uncommon assumption; see, for example, Assumption 1 in Angrist
(1997).

"The R package, REBayes, developed by Koenker and Gu (2017) can be used for estimating ;. Altern-
atively, STATA’s EBREG developed by Armstrong, Kolesiar and Plagborg-Mgller (2022) to compute
robust Empirical Bayes confidence intervals can be used.



18 Estimating Production Function under Market Imperfections

demand shifters. While a rich set of control variables accounts for the correlation
between the unobserved demand shifters and the endogenous variables in (19), the
prediction errors, 14, as argued above, are likely to be independent of the variables that
influence markups. Moreover, since we try to reduce the noise (prediction errors) in
the estimates of €, any resulting bias in the estimates of markups due to the noise is
likely to be small.!'?

Remark 1 Although we have borrowed from the two-step proxy methods, the proposed
method does not require the construction of a proxy for w using the results of the first
stage before all the structural quantities are estimated. The method, therefore, does not

” and allows for unobserved factors, e.g. unobserved

rely on “scalar unobservability,’
demand shifters, (', to affect the demand. While this implies that g(Z¢—1,21—1,(f 1)
in (19) contains correlated unobserved variables, there is also the possibility, as with
the law of motion for ¢} in (21) and certain distributional restrictions, of controlling
their correlations with the wvariables of interest. So, while the proxy for TFP, w; =
m~Y(my, Z4), may not be identified, the TFP impact of endogenous treatments, as we

have shown, can still be identified.

Remark 2 When prices, pt, and quantities, y;, are observed, the proxy for TFP is
given by wy = m~Y(Zy, p,C¥) and price elasticity is epy (pi, Dy), where the set of de-
mand shifters, Dy, includes the unobserved, (;. So, even when prices are observed, due
to the unobserved {}*, the proxy for wy cannot be identified. The proposed method, which
postulates a law of motion for (/* and distributional restrictions to control for the con-
founding influence of ¢, is likely to be of relevance for proxy methods that use quantities
and prices. Besides, when quantities of multiple products (and their prices) produced by
multi-product firms are observed and one seeks to estimate a joint production function,
aggregating products that vary by quality and attributes might not be straightforward.
Using prices to aggregate, which would result in revenue as an aggregate measure, could
be a potential solution. The proposed method, which identifies quantities of interest

when the available data is on revenue, could be of relevance in this context as well.

3.1 Modelling Demand

Here, we assume that firms produce a single product. All corresponding results for
multi-product firms can be found in Appendix B.1. First, consider the inverse of the
price elasticity of demand, epy, in (16). In Proposition 2, we show that epy is the

weighted average of elasticities of the residual demand curves at various destinations.

Proposition 2 The inverse of the price elasticity of demand, epy , is the weighted sum,
> dep SdEPY.d, Where epy.q is the inverse of the elasticity with respect to producer/FOB
Ply,
Py

price, PC{, of the residual demand that the firm faces in destination, d, and sq =

is the share of revenue earned from destination, d.

20ur results are found to be robust to using €; or & as proxies for €;. Assuming & = exp(e: = 0) =1,
also had little effect on the estimated markups.
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Proof 2 Given in appendiz A.

Now, epy,q in the above proposition is given by:

__dP] Yy _dln(P])dln(Fy) (31)
P dy, pI T dIn(Pg) din(Yy)

where PJ is the price paid by the consumer at destination, d. This price, which includes
the cost of transporting such as freight costs and insurance charges, is the Cost, Insur-
ance, Freight (CIF) price. Similar to that in Hummels and Skiba (2004) and Hummels
(2007), we assume that:

Pj=P]+Ta=P{(1+M), (32)

where Ty is the additive, per unit, shipping cost and M;f is the CIF-FOB margin.
The specification in (32) is based on recent studies, such as by Bosker and Buringh
(2020), that find that additive cost components account for the largest part of the
transportation costs. Hummels (2007) states that studies examining customs data
consistently find that transportation costs pose barriers to trade that are larger than
tariffs. Onme reason, as argued, is that trade negotiations have been steadily reduci?g
tariff rates across the globe.!® 14 The CIF price as given in (32) implies that %

in (31) is:

din(P)) _Pi_ | T
dln(P5) ~ p! Pl

= (14 M. (33)

dIn(P§
To account for the unobserved output prices, p, in (16) and the elasticity, ﬁ,
n(Yq
in (31), we assume that in country, d, the representative consumer’s preference over
different varieties, indexed j, in industry, I, is given by the “flexible nonsymmetric

utility”,

U=Yy+ Zanjd — UZZY]'ind - % Z Bij2d7 (34)
J J J

>]

considered in Choné and Linnemer (2020). Yy, is the numéraire good whose price is
normalized to 1. A larger Bj implies that additional units of good, j, are less valued
which limits. The most popular products are those with large a; and low l;j. The
parameter, o, along with l;j capture complementarity and substitutability among the

goods. Here, each firm, j, produces a uniquely differentiated good so that variety and

3Hummels and Skiba (2004) assumes that the price paid at the destination, d, is P§ = P({Td + T4,
where where 74 > 1 is the multiplicative or ad valorem trade cost, usually the tariff rate. However,
given recent evidence (Bosker and Buringh, 2020), the ad valorem trade costs, P (74 — 1), are likely to
be much smaller compared to the additive component, 75.

1The CIF-FOB margin, as detailed in the section on data, is obtained form the International Transport
and Insurance Cost (ITIC) of merchandise trade database constructed by the OECD (see Miao and
Wegner, 2022, 2017).
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firm are interchangeable. For multi-product firms, Yj4, as discussed in Appendix B.1, is
a unique composite of multiple products. While the observable demand shifters derived
below are industry-destination specific, to keep notation light, we do not use the industry

seript, 1.

Again, to ease notations here, for any country, d, we use Pjq to denote the price — be
it the CIF prices of varieties imported or the prices of varieties produced domestically

— of a product. The above quasilinear utility yields the following linear demand curve

15.
Pja=aj; =b;jYja—oY_jq

where Y_j4 =5, oy Y;q is the total output of firm j’s competitors in market, d. Instead
of imposing different underlying utility parameters across varieties, BCHR derive the
heterogeneities, a; and Bj, from different numbers of consumers demanding different
varieties. They interpret a; — oY_;4 as the consumer’s willingness to pay, and show
that slope parameter, Bj, provides a measure of market thickness, where smaller values
of Bj correspond to thicker market. Accordingly, we interpret a; as quality and/or
appeal of firm j’s output. For simplicity and little loss in generality, we assume that
the preference parameters, {a;, l;j, o}, are identical in all destinations/markets. This
would imply that products that are popular in the home country are also popular
in foreign markets/destinations. Following the literature on customer accumulation,
we have argued earlier that the heterogeneities, {aj,l;j}, are influenced by a firm’s

investment in intangible assets and through marketing activities.

The above linear demand can be written as:

de =a; — bj}/}'d - O’Yd (35)

where b; = Bj — o and Y is the total output of the industry in market d. For this
linear demand, equation (33) implies that, for destination, d, the inverse of the price
elasticity of demand with respect to the producer price, 2 , in (31), suppressing the

script, 7, is:

(36)

_dP] Y, dn(P])dn(P§) PS[. a-oYy,
EPY,d = 1——:—7-].

dYy pf ~ dIn(P§) dIn(Yy) P! P
Since in the country of origin, indexed d = o, no shipping costs are incurred for deliv-

ering the goods, the price elasticity, epy,q, for goods not exported is:

“_70?0} . (37)

EPY,d = EPY,0 = [1 — 7
Py

5While the assumption of linearity is not without loss of generality, the implied elasticity, see (39)
below, has a simple implementable solution. A linear demand curve implies an incomplete but a
constant absolute pass-through for all firms (see Mrdzovd and Neary, 2020). However, firms can be
heterogeneous in markups.
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Since according to Proposition 2, epy = ;.5 S4€py,d, We have:

PS a—oYy a—oYy
EPY = Z SdEPY,d = Z SdP—Cch [1 - Tg} = Z sq(l+ Mgf) — Z Sq———-

pf
de® demD d de® demD d
(38)
Since s4 = XdPL{/P, where X; =Y;/Y, we can express epy as:
— — oD
epy = M7 -7 (39)

P )
where M7 = Y den Sa(l+ M;f) is aggregate CIF-FOB margin and D = " ;.o X4V 4.

Now, the quantity demanded at destination, d, is given by:
P14+ M) =a—bYy -7,
which implies that we can write the aggregate price P in (4) as

P=> X4P] =) Xila—bYg—0Vq) =Py saMy’

de® de® de®
1 .
=P =——=(a—bYX —0D) (40)
!

where D and 3/ are defined above and X = > 4eo X3. The linearity of demand in
(35) implies that aggregate price and elasticity are written as functions of the aggregate
CIF-FOB margin, Mcf, and the aggregate of demand shifter, D. The CIF-FOB mar-
gins, ! > 1, depresses demand in foreign destinations. Also, if the FOB prices are
uniform across destinations, the above reduces to the familiar demand curve obtained
by aggregating demand (at the common FOB price) across destinations. If only to
mention, the optimization problem in (14) is the maximization of the short-run profit
subject to the inverse demand function in (40). In our model, the export orientation,
{Xa}deo, as discussed earlier, is predetermined and known at the time of static optim-

ization.

Since Y = F(L, K, M )2, we can express P as:

P =P(L,K, M, QM7 DX, a,0)
<:>p:p(lakamawaMCf’ﬁa)z’a’b)’ (41)

where D = In(D) and X = In(X).

From the elasticity, In[1 4+ epy] = In[1 + exp(ln(ﬁcf —exp (In(a + oD)) — p)], in (39),
and the price, p, in (41), it is clear that the set of state variables, Z, defined in (12),

that can help solve the demand for material inputs is:

2z = {1,k 7, D,X,p", a,b}.
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The unobserved demand shifters, (" := {a, —b} correspond to product characteristics.
These state variables, whose evolution we have discussed, affect the choice of inputs.
However, as discussed, to the extent that we can control for the correlation of (" with
the inputs, we take it as given. Because the proposed method does not require the
construction of a proxy for w, as in the two-step methods, the “scalar unobservable”
assumption of the two-step methods is not required here. The set, Z, could also include
any other observable demand shocks; for example, firm-specific quota protection rate

and product dummies, as in De Loecker (2011), and industry and time dummies.

Given the set, Z, we can write the FOC for material inputs in (16) as:
L (w,m,In[epy (p(w,m, Z), Z) + 1], p(w,m, Z), Z) = 0.
Let
m=m(w, Z) (42)

be the solution, if implicit, to the above FOC. As long as the condition in Proposition 1
holds true, we can invert the demand function for material inputs in (42) with respect

to w to express it in terms of m and Z,
w=m"YZ m), (43)

which allows us to derive (13).

Before we end this subsection, we list the assumptions made for modelling demand.

Assumption 1 The multiplicative or ad valorem trade costs are negligible compared
to the additive per unit shipping costs, which comprise transportation, insurance,

and freight costs.!©

Assumption 2 Distribution and retail cost for a particular good is uniform across all

countries, and is normalised to 0.7

Assumption 3 A quadratic utility function in the class of quasilinear utility is as-

sumed.

Assumption 4 Market structure in all countries is assumed to be monopolistically

competitive.

4 Data

For our study, we use administrative data, which includes balance sheet information of

enterprises. The distinction between enterprise and firm is not important for this study,

16This assumption can be easily relaxed if product-destination ad valorem trade costs are available.
" This assumption, though unstated earlier, is implied in the above model of demand.
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and so, we use the two terms interchangeably. In the following, we describe the data on

transportation and insurance costs and the firm-level data set used for the estimations.

4.1 Export Related Data

The data on firm-level exports is taken from the International Goods dataset of Stat-
istics Estonia (Eesti Statistika). The trade/customs data contain detailed information
regarding goods (HS, 8-digit) exported and imported by the firms. The customs data
records information on the volume shipped, both in terms of kilograms and number
of units (pieces, pairs, litres, etc.), and the monetary value on the invoice for each

transaction. This data is available from 1995 onwards.

After the accession of Baltic countries to the European Union in 2004, a threshold
appears on export declaration. For intra-EU exports, only firms with total export
turnover of at least 100,000 EUR are required to declare their shipment/transaction
details. This reduced the number of exporters in 2004 by 22% from 2003, even though
the total number of shipments saw an increase of 11%. Since the appearance of the
threshold in 2004 is likely to artificially change the export status of many firms, we
consider customs data from 2005 to 2019. We also drop those exporters from the data
who entered export markets prior to 2005. This ensures that we have a consistent

measure of the number of years of exporting.

As Estonia is a small open economy on the Baltic Sea in Northern Europe, a large
fraction of the goods entering Estonia are subsequently re-exported to other countries.
We drop those firms who re-exported the same products, identified by the 8-digit HS

codes, that they imported in the same time period.

The distribution of current export status against the number of years of exporting
and summary statistics of some export related variables are presented in Table 2. The
distributions of current export status by the history of exporting activities for the three

macro industries are based on 2005-2019 customs data.

Due to the legacy left behind by the former USSR, which specialised in chemical and
mechanical engineering, the largest proportion of exporters, 8%, are in the material
manufacturing sector. This is followed by consumer manufacturing, where 4% of firms
have exported at least once. The corresponding figures for technological manufacturing
is 5.5%.

[Table 2 about here]

As the table shows, the longer a firm exports, the more likely it is to maintain its
status as an exporter. In panel (b), we describe how export intensity, as measured by
the share of export revenue in total revenue, and export revenue per employee vary
with number of years of exporting. While both export intensity and export revenue per
employee increase with years of exporting, the distribution of the two quantities, which

are skewed to the left during the initial years of exporting, becomes more symmetrical
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with additional years in the export market. This, as has been documented elsewhere,
suggests that most firms begin by exporting small quantities, and over time, as they

accumulate customers, gradually increase their export volume.
[Figure 3 about here]
[Figure 4 about here]

Even though the likelihood of exporting increases with the number of years in the export
market, as can be see in Figure 3, the proportion of highly persistent exporters is very
small. However, on average, with each additional year of exporting, firms increase the
number of export destinations and the number of products that they export. Figure 3
also shows that the highest proportion of firms exited from export markets during the
2007-2008 financial crisis and during the 2014-2016 Russian trade shock.

In Figure 4, we find that aggregate measures of revenue productivity (market share
weighted averages of revenue per employee and export revenue per employee) and ag-
gregate export productivity have increased with the number of years in the export
market. Export productivity is the number of pieces of the “core” product exported
per employee. To make the products comparable, we weight their amounts by their
prices relative to the year-industry price index. We compute the yearly price index
for each NACE 5-digit industry as }; Y°P;/ >, VY, where Y is the amount of core
product exported by firm, j, and P; is its FOB price. For aggregation, we sum using
market share as weights. To determine the core product, we compare the exported
volumes of different 8-digit HS codes. The product with the highest exported volume
is assigned as the core product. When the exported amounts of different products are
not comparable (e.g., when the volume of one product is recorded in kilograms and the
volume of another in no. of pieces), we compare the values of the exported amount of

different products.

4.2 Administrative Data

The financial data used in the paper has been taken from the Estonian Business Re-
gistry (Ariregister), available since 1995, that includes, in addition to the general in-
formation on companies (e.g., legal form, industry codes, etc.), their annual reports
(balance sheets, profit and loss statements, cash flow statements). The Estonian Busi-
ness Registry data has been complemented (to fill in the gaps in the time series of some
variables) with the data from the Statistics Estonia’s EKOMAR survey of structural

business statistics.

For our study, though, we consider only the manufacturing sector for the period, 2005 to
2019. Within manufacturing, based on Eurostat classification, which uses NACE 2-digit
industry codes, we consider (a) consumer manufacturing, (b) material manufacturing,

and (c) technological manufacturing.'®

8The following NACE 2-digits define each of the sectors:
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In Table 4, we present summary statistics of suitably deflated variables from the ad-
ministrative data. The statistics are presented by the number of years firms have been
in export markets. Here, we do not distinguish between current exporters and non-
exporters. If, for example, a firm exports just once then for all subsequent periods the

dummy variable, “Exported 1 or 2 Years,” takes value 1.

First, the size — as measured by the number of employees, the size (book value) of the
capital stock, revenue, and market share'® — of the firms that exported at least once
are, on average, larger than the firms that have never exported. Besides, firm size
increases with additional years in the export market. Also, compared to non-exporters,

exporters have a larger share of labour and of material inputs.
[Table 4 about here]

For estimation, we also use marketing costs and investment in intangible assets. Market-
ing expenses per employee, as shown in Figure 4f, seem to decline with the no. of years
of exporting activities. Intangible assets consists of valuations of goodwill, development
expenses, computer software, patents, licences, trade marks, and other intangible assets.
We regard the increase in the stock of intangible assets due to additions, acquisitions,
and mergers as investment in intangibles. In Figure 4g and Figure 4h respectively we
plot the stock of and investment in intangible assets against no. of years of exporting
activity. The more persistent a firm is in its exporting activities, the higher is its stock
of intangible assets. Except for the highly persistent exporters, the ratio of investments
in intangible assets to the no. of employees seem to decline with the no. of years of

exporting activities.

4.3 Data on Transportation and Insurance Costs

For transportation and insurance cost, we use the International Transport and Insur-
ance Cost (ITIC) of merchandise trade database constructed by the OECD (see Miao
and Wegner, 2022, 2017). It reports estimates of CIF-FOB margins, M;f, for more
than 180 countries and partners and for more than 1000 HS 4-digit products. The
data covers the period, 1995 to 2020. The approach used by Miao and Wegner (2022)
to develop the OECD database on ITIC is a two-step process. To estimate the CIF-
FOB margins, Miao and Wegner (2022) use trade data in the first step, which contains
CIF-FOB margins at HS 6-digit product level for 33 countries, to estimate a gravity-
type model. The methodology is similar to that in Hummels and Skiba (2004). The
gravity-type model takes into account the effects of distance, geographical situation
(contiguous partners, partners on the same continent), infrastructure quality, oil prices,

product unit values and time effect on the CIF-FOB margin. In the second step, the

Consumer manufacturing: 10 to 15, 18, and 31 to 32
Material manufacturing: 16 to 17 and 19 to 25
Technological manufacturing: 26 to 30 and 33
9The market share is the share of the firm’s revenue within NACE 5-digit industry.
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gravity-model coefficients are used to derive estimates for those countries which did not

explicitly report CIF-FOB margins.

The CIF-FOB margins are available for more than 92% of the Year-Destination-Products
(HS 4-digit). To obtain the CIF-FOB margins for the remaining 8% Year-Destination-
Products, using the CIF-FOB margin from the OECD database, we first estimate the
same gravity-type model as in Miao and Wegner (2022), though, instead of unit values
of products (FOB prices), we include log transforms of (i) weight-per-unit of the goods
shipped, W;j, and (ii) the value-to-weight ratio, Ujy, in the specification. As argued by
Lashkaripour (2020), heavier varieties of the same product are more costly to produce
and exhibit a higher product appeal or quality. Importantly, heavier varieties are not
only more costly to transport, but the cost of transportation rises more rapidly with
physical weight than the cost of production itself. The additive costs, as in Hummels
and Skiba (2004), also depend on value-to-weight ratio because more valuable goods are
likely to require higher quality transportation services such as more insurance, greater
care in handling, and more rapid delivery. However, as Lashkaripour (2020) shows, it
is weight-per-unit of the goods that explains most of the variation in cost of transport.
In the second step, using the estimates from the gravity model, we then predict the

CIF-FOB margin for the remaining Year-Destination-Products.

5 Results

5.1 Output Elasticities and TFP impact of Persistence in Export
Status

In this section, we discuss the results obtained from estimating (28). To be able to
estimate it, as discussed in section 3.1, we have to control for the aggregate demand
shifters, D = Y de X4Y 4. The total output, Y4, of a NACE 2-digit industry at
market /destination, d, is estimated as Y4 = Ry/Py, where Ry is the total revenue of
NACE 2-digit industry at destination, d, and Py is the NACE 2-digit producer price
index.?’ Since we do not observe the total output of the firms, we approximate Xy
according to the ratio of the value of exports for destination, d, to the total revenue
of the firm; this, in effect, assumes that the FOB prices for all destinations are equal.
We include year and industry dummies, which are likely to account for the two major
economic shocks, the 2007-2008 financial crisis and the 2014-2016 Russian trade shock,

that affected the demand (in particular the export demand) for firms’ output.
[Table 5 about here]

[Table 6 about here]

20Furostat’s datasets, “sbs_na_ind_r2” and “sts_inppd-q,” respectively provide official statistics for rev-
enue (yearly data) and producer price index (PPI) (quarterly data) for the NACE 2-digit industries for
EU member states. Yearly data on revenue for the NACE 2-digit industries for countries outside the
EU is obtained from the United Nations Industrial Development Organization’s (UNIDO) database.
Since PPI by industry for destinations outside the EU was not available, for destinations outside the
EU, we use the PPI for the manufacturing sector.
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For the estimation, we orthogonalise the polynomial function that approximates the
nonparametric part in (28).2! The results in Tables 5 and 7 use data from 2005 to
2019. The results in Table 6 use data from 2009 to 2019, where only those exporters

that entered the export markets after the financial crisis of 2007-2008 are considered.

First, in both the tables we find that except in technological manufacturing, where
returns to scale is larger than one, production function in all other sectors exhibit
constant returns to scale. Also, the output elasticities vary across sectors. Compared
to consumer and material manufacturing, the output elasticity of labor is larger for
the technological manufacturing, and, generally, the output elasticity of materials is
the larger for the material and consumer manufacturing. Furthermore, the estimated
output elasticities of material inputs, the flexible input, is found to be larger than the
share of material inputs (see Table 4), which indicates that firms operate in imperfectly

competitive markets.

To assess the TFP impact of export persistence, we use two measures of persistence:

2nd

(a) a dummy variable for the 15 and year of exports, a dummy variable for 3'¢ and

41 year of exports, etc., and (b) the number of years of exporting. The second measure
does not distinguish between current exporters and non-exporters. If, for example, a
firm exports twice, then in the first year of exporting and for all subsequent periods
until the second year of exporting, the variable for number of years of exporting takes
the value 1. From the second year of exporting until the last period the variable takes
the value 2. These measures allow us to assess (a) if, depending on the number of years
of exporting activities, the TFP impact of exporting is heterogeneous, and (b) the TFP

impact of an additional year of exporting.

As can be seen in Table 5 and Table 7, we do not find much evidence of a TFP impact
of exporting. There is some evidence of a TFP impact of exports in the consumer
manufacturing sector. However, the little evidence that we have indicates that it is the
persistent exporters who realise productivity gains from exporting. Now, the “Great
Trade Collapse” following the financial crisis of 2007-2008 saw the highest number of
exits from the export market, as well as reductions in the export intensities. Even
though we control for the financial crisis years, as a robustness check, in Table 6 we
consider only those exporters — exporters with no history of exporting, at least in the
customs data, prior to 2009 — who entered the export market after the financial crisis
years. Similar to the results in Table 5, we find little evidence of a TFP impact of

exporting.

These results may seem to be at odds with the plots in Figure 4, where various meas-
ures of productivity are plotted against the number of years of exporting. In Figure

4, we find that measures of revenue productivity (revenue per employee and export

21We use a modified Gram-Schmidt procedure to orthogonalise the polynomial functions. The raw and
the orthogonalised polynomial carry the same information even as the orthogonalisation helps to reduce
the problems associated with multicollinearity (see Newey, 1997, on the use of orthonormal polynomials
of several variables for addressing the issue of multicollinearity in series regression). The nonparametric
parts are not the objects of our interest. The only objective of the nonparametric parts is to control
for the confounding effects of the unobserved variables.
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revenue per employee) and export productivity (see section 4.1 for the definition of
export productivity) have increased with the number of years in the export market.
Firms’ TFP can increase with the number of years of exporting for a variety of reasons.
These include shifts in the PPF; for example, due to R&D or managerial innovation,
which are not due to learning-by-exporting. Even within firm reallocation towards best
performing or core product(s) in the face of tougher competition in export market(s)
or in response to positive demand shocks improves over all productivity (Mayer, Melitz
and Ottaviano, 2014).22

Our objective, however, is to control for current TFP, w;, and the TFP effects of
other activities as captured by the investment variable, 7;, when assessing the impact
of export persistence on future TFP, wyy1. Investments in fixed capital, as argued in
De Loecker (2013), are likely to capture the productivity effect of expenditures on new
technologies and upgrading existing production processes. And so, even if there is no
learning-by-exporting, measures of productivity that are used in Figure 4 can increase

with number of years of exporting due to any of the reasons discussed above.

Our results, which do not find a strong evidence of learning-by-exporting, could be due
to the fact that we count small exporters — those who export only within the EU and
whose export value is less than 100 thousand EUR, — among non-exporters. Since most
firms begin by exporting small quantities (Eaton, Kortum and Kramarz, 2011) and
since most Estonian firms export within the EU (88% of firm-years export within the
EU and 77% export only within the EU),?? it is, therefore, quite likely that a significant
fraction of the exporters has been in the export market for many years before appearing
in customs data.?* And therefore much of the learning is likely to have taken place

before the exporting firms show up as exporters in our data.

Since, as mentioned earlier, we are unable to perfectly control for endogenous comple-
mentary activities, such as R&D for products and process innovations or the adoption
of new technology, we are unable to separate the TFP implications of knowledge gener-
ated by exporting from the impact of any of the unobserved complementary activities.?

Since quite likely most of the small exporters do not figure as exporters in our data, the

22Tn Mayer, Melitz and Ottaviano (2014), the core product is the product that, due to higher expertise
in manufacturing it, involves low production costs and/or, given its appeal, has a higher demand.
Therefore, shifting more resources to the production of the core product, say, in response to positive
demand shocks, is likely to register as an improvement in TFP even without shifts in the PPF.

230f the 88% of firm-years that export within the EU, 90% export within Northern Europe, which com-
prise Aland Islands, Bouvet Island, Denmark, Greenland, Iceland, Latvia, Lithuania, Norway, Svalbard
and Jan Mayen, Sweden, and The Faroe Islands.

24 We saw a 22% decline in the number of exporters in 2005 because after the accession of the Baltic
countries to the European Union in 2004, only firms with total export turnover of at least 100 thousand
EUR are required to declare their transactions details.

2While the objective to condition the evolution of TFP in equation (6) on past investments, 4;—1, is
to control for the TFP effects of a “wide range of firm-level actions” (De Loecker, 2013), it is unlikely
to control for the TFP effects of some of the unobserved endogenous complementary activities, such as
innovation. Though, the TFP effects of non-complementary activities, through persistent shocks, &1,
to TFP, are captured by w:—1 = g(wt—2, x+—2)+&—1. The shocks, £:—1, which represent the uncertainties
naturally linked to productivity, as suggested in Doraszelski and Jaumandreu (2013), capture, among
others, the absorption of techniques, modification of processes, and chance discoveries. Though it is
debatable whether activities such as the absorption of new techniques are non-complementary and
exogenously affect TFP growth.
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little evidence that we find of the TFP impact of exporting is likely due to the impact
of costly productivity enhancing investments, which are more likely to be undertaken

by large and persistent exporters.

5.2 Comparing Estimates with the Estimates from an Alternative Es-

timator

In Table 7, we compare estimates obtained from the method developed here with the
estimates obtained by using the method in Malikov and Zhao (2023) (MZ). In terms
of assumed structures, it is the closest to our model, but unlike ours, their method
requires the output markets to be perfectly competitive. Another reason for comparing
our estimates with those obtained by the method in MZ is that it is the only method for
estimating the parametric production function that we know of that avoids the critique
by Gandhi, Navarro and Rivers (2020).2°

[Table 7 about here]

To estimate using the method in MZ, the law of motion of productivity in (6)7 is

specified as
wi = g(wi—1,0—1, NYrExi_1) + & = f(wim1) +7ig—1 + X(NYrEx 1) + &,  (44)

where NYrFEx is the number of years in export markets, f(.) is a cubic function, and
X(.) is a fourth order polynomial. As in their baseline specification, we include year

dummies to control for technical change.

When markets are imperfectly competitive, the coefficients of the inputs obtained from
using the method in MZ are more appropriately thought of as the revenue elasticity of
inputs. When markets are imperfect ([1 + epy] < 1), revenue elasticity of materials,
oz]\R4 = [1 + epylaas, is smaller than output elasticity, aps. As can be seen in Table
7, the elasticities of material inputs are smaller in comparison to ours. This suggests
that using methods that assume perfect competition when markets are imperfectly
competitive is likely to give erroneous results. Elasticity of labour, on the other hand,
is larger compared to ours and does not vary much. The coefficients of capital are

smaller compared to ours and with little variation across sectors.

We find that the method in MZ estimates the function, x(NYrFExz;_;), with preci-
sion. In Figure 1, we plot revenue productivity (Revenue/No. of Employees) and
Y(NYrEz;_1),® where Y(NYrEx; 1) is the estimate of X(NYrEx;_1) for the en-

26Gandhi, Navarro and Rivers (2020) argue that the proxy variable techniques, such as in LP, do not
identify (or under-identify) the production function. They show that if there are no sources of variation
in flexible input demand other than a panel of data on output and inputs, the gross output production
function is non-identified under such approaches. They accordingly use a share of material inputs to
estimate the output elasticity of material inputs.

2"Equation (3.3) in MZ describes the law of motion of productivity and in equation (5.2) of their paper,
the function, h(.), in (44) is approximated by a polynomial function.

2 The estimate of x(NYrEx;—1) is .181 x NYrEz — .043 x NYrEz? +.00406 x NYrEz® — .00013 x
NYrEx*.
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Figure 1: Revenue Productivity and Productivity Impact of Number of Years of FEx-
porting as obtained from the MZ Method
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would give estimates for the productivity impact of one additional year of exporting

tire manufacturing sector obtained using the method in MZ. Computing

as a function of the number of years of exporting. As Figure 1 suggests, the estimate,
X(NYrEz;_1), mimics the way revenue productivity changes with the number of years
of exports. This suggests that with revenue data, the methods that do not control
for prices and demand side factors are likely to identify the impacts on revenue based

measures of productivity rather than the implications for TFP.

5.3 Markups and Persistence in Export Status

In Table 8 we study how markups are associated with export persistence. We estim-
ate markups for each firm-year following the indirect or the production approach in

De Loecker and Warzynski (2012), where markup, p, is computed as

Ht = St]wgt,

where o is the output elasticity of material inputs and S &; is the share of material
inputs in the planned revenue of the firm. In perfectly competitive markets, markup is
equal 1 and the output elasticity equals the input’s share of revenue. When markets are
imperfect, markups are greater than 1, which implies that the expenditure on materials

as a fraction of planned revenue falls short of the output elasticity.
[Table 8 about here]

For estimating markups, we estimate output elasticities of material inputs for each
year. Once markups are estimated, in Figure 2a we plot the nonparametric regression
(for smoothing) of markup on log of number of employees. Since we are unable to
estimate TFP, we use number of employees as a proxy for firm productivity. This is

based on the well documented relationship between firm size and productivity. We
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Figure 2: Markup and Price
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do not use revenue or value-added productivity as these measures are contaminated
by prices, which are correlated with markups. We find that only in the technological
manufacturing, which happen to be the smallest of the three, markups increase with
firm size. This finding, which is limited mostly in one sector and only among large
firms, is in line with the findings that larger firms face a less elastic demand.? For the
large bulk of the manufacturing sector, markups either decline or remain unchanged

with firm size.

2 There could be various reasons why markups at the far end of the tail of the size distribution, especially
in the technological sector, are relatively large. It could be that due Marshal’s Second Law of Demand
larger firms face a less elastic demand (Mayer et al., 2021). It could be that larger firms produce more
expensive quality differentiated goods. If high quality products feature a high willingness-to-pay, as
suggested in BCHR, or if consumers of high quality products are price insensitive (Dépper, MacKay,
Miller and Stiebale, 2024), it could lead to firms that produce higher quality goods charge a higher
markup. It could also be because larger firms charge prices above marginal costs to cover fixed costs
they might incur. It is however beyond the scope of this paper to investigate why markups increase
quickly as large firms in the technological manufacturing become even larger.
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Now, though we do not have prices for all the firms, customs data has information
on the FOB prices of the exported products. In Figure (2b), we plot the aggregate of
In(Price) of the core products. That larger, more productive exporters are offering lower
prices suggests efficiency sorting (Melitz and Ottaviano, 2008), where products are not
quality differentiated and firms compete on prices to gain market share. However, if
exporters are setting lower prices in export markets, which are larger, it is likely that,
as the model in Melitz and Ottaviano (2008) implies, the prices in the home, too, are
lowered to increase revenue and market share. The most productive firms charge lower
prices, command a larger market share, earn higher revenues even as some of the larger

ones have higher markups.

In Table 8 we regress the firm-level markups on a measures of export persistence.?’
We control for labor and capital, which capture differences in size and factor intensity,
as well as year, industry, and firm fixed effects. We find that, except for the highly
persistent exporter in the consumer and technological manufacturing sectors, exporters’
markups, though lower, are not statistically different from that of the non-exporters’.
Using Chilean data, BCHR estimate domestic as well as foreign markups for the Chilean
exporters. They find that the exporters charge higher markups in the domestic market
but smaller markups in the foreign markets, which is why, in the aggregate, exporters
have higher markups than the non-exporters. They find that given productivity, the
demand for exporters’ product exhibit a higher domestic willingness-to-pay, likely due
to higher quality. This, they argue, could indicate why exporters’ domestic markups
are higher than the non-exporters’. While this may as well be the case for Estonian
exporters, in the aggregate, Estonian exporters’ markups are lower than that of the non-

exporters’. This finding also points toward efficiency sorting across Estonian exporters.

Under efficiency sorting, which as argued above is a more likely scenario for the Estonian
exporters, tougher markets select firms with lower marginal costs (i.e., with higher
productivity) and induce them to lower markup. The results therefore suggest that the
highly persistent exporters export to destinations where competition is tougher, that
is, destinations that have large market size, have higher income, are less remote and
the are more central (network centrality:- a measure of country’s position in the global
trade network). To continue to remain competitive in these markets, exporter must

lower their marginal costs by increasing productivity.

6 Concluding Remarks

This paper develops a novel strategy to estimate output elasticities and the total factor
productivity (TFP) impact of endogenous treatments, such as the decision to export, in

the presence of market imperfections. The method extends the “proxy/control function”

30The dummy variables used in Table 8 are different from the dummy variables used in Table 5. The
dummy variables used in Table 8 are based on number of years of exporting, which does not distinguish
between current exporters and non-exporters. If, for example, a firm exports twice, then in the first
year of export and for all subsequent periods until the second year of export, the variable, number of
years of exporting, takes value 1. From the second year of exporting until the last period the variable
takes value 2.
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method to account for imperfect competition. The proxy for TFP in certain control
function methods is obtained by inverting the demand for flexible inputs. When mar-
kets are imperfectly competitive, the demand for material (flexible) inputs depends on
output prices and the price elasticity of demand, which, among others, are functions of
unobservable demand shifters. The proxy for TFP therefore depends on unobservable

demand shifters, which implies that the proxy for TFP cannot be identified.

Our contribution lies in treating the unobserved demand shifters, which capture the
quality and appeal of products, as non-separable errors in the proxy for TFP, the
nonparametric part of the production function, and controlling for the confounding
influence of the unobserved demand shifters. Central to our identification strategy
are (i) a specification for the law of motion of the unobserved demand shifters, which
borrows from the literature on customer accumulation, and (ii) a set of distributional
restrictions to account for the correlation between the unobserved demand shifters and
the variables of interest. These restrictions and other model specifications lead to a
partially linear model with endogenous variables. An instrumental variable method for

estimating a partially linear model is employed for the estimation.

In addition, like most researchers, we are faced with revenue and expenditures data,
which leads to an unobserved output-input price wedge in the estimating equation. We
provide an additional set of controls than is proposed in the literature to account for

the confounding influence of the price wedge.

Using firm-level data for the Estonian manufacturing sector, we find limited evidence of
the TFP impact of exports; that is, of learning-by-exporting (LBE). We attribute this
weak evidence of LBE to small exporters — those whose intra-EU export value is less
than 100 thousand EUR — being wrongly classified as non-exporters in the customs data.
The limited evidence shows that it is the persistent exporters who are likely to improve
their TFP by exporting. Since we are unable to perfectly control for complementary
activities, such as innovation, it is possible that the TFP impact for large and persistent
exporters is due to costly productivity enhancing complementary activities. Finally,
exporters are found to charge lower markups than non-exporters and this markup
difference increases with persistence in exporting. Our results suggest efficiency sorting
across exporters. So, while firms with lower marginal costs are selected into tougher
export markets, competition induces them to lower their markups. This is best achieved
by persistent exporters, who happen to be among the most productive firms. We also
show that using methods that assume perfectly competitive markets are likely to give
erroneous results for the TFP impact of endogenous treatments. We also show that
using methods that assume perfectly competitive markets are likely to give erroneous

results for TFP impact of endogenous treatments.
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Appendices

Appendix A Proofs

A.1 Derivation of the First Order Condition

The firm j’s short run cost minimisation problem is:

M;
|, min > BY My, subject to F(L, K, M(My, ..., Mpg))Q2 > Y
Ly-er M m=1
where {PM ... ,Pﬁj} are the prices of the material inputs. The first order conditions

(FOC) for the above problem are:

\OF(L K, MM, M) OM

=PM =1, ... , Al
oM OM,, mom =1 My, (A1)
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where A is the Lagrange multiplier to the constraint in the cost minimisation problem.
Multiplying the FOC for M,, in (A.1) throughout with M,, and summing over m, we

obtain:

M;

8F(L,K,M(M1,...,MMJ.))Q oM M —~
A B ZMMM:ZPMMM:M.
m=1 m=1
By Euler’s Theorem, the linear homogeneity of M (M, ..., M Mj) implies that Zgzj 1 My,

M. And therefore, we can write the above as:

AaF(L,K,M(Ml,...,MMJ.))Q M

= — =—pM
oM M ’
M . . . . M
where P | as stated in (9), is the price of M. Multiplying throughout by Py where
P, as stated in (9), is the price of output Y, we obtain
A PMpf
Z = A2
P*M = TPy (A.2)

where ajpy is the elasticity of output with respect to M and A is the marginal cost of

producing an extra unit of Y.

A.2 Condition for the Invertibility of the Material Input Demand
Function

Proposition 1 When productivity, 2, is Hick’s neutral then in the presence of market
imperfection in the goods market, the demand for material inputs M(Z,Q) monoton-

ically increase with ) if the elasticity of markup, p, with respect to productivity, €2,

EuQ = 8_52;’ is less than —.

Proof of Proposition 1 Let M(Q) := argmin,, PM M, such that F(L, K, M)Q > Y*,
denotes the demand for material inputs. Let L(M,Q) be the Lagrangian for the con-

strained minimisation problem, and write the FOC as:

OL(M, Q)
(:)T’M:M(Q) = 0.

Differentiating the FOC with respect to ), we get:

d (OL(M(Q),Q)\  92L(M(Q),Q)  92L(M(R), Q) IM(Q)
(5 - '

9 M 900 RIVE 50
OMI(Q
= Lons (M(Q), Q) + Larar (M(), Q) (%(2 ) _o.

That is,

OM(Q)  Lan(M(Q),Q)
-y a3

dM

dM,,
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Since according to the second order condition, Larp(M(Q2),Q) < 0, to derive the condi-

M(©2
((2 ) in (A.3) is positive, we have to establish the conditions for
which Lan(M(2),82) > 0. Now, we can write the FOC in (A.2) as:

tions under which

OF (L, K, M)Q P

Ly (M, Q) = ’ — —pM
M( ) ) 8M /,1/ )
M,Q PY !
where Lp(M,Q) = % and p = [;l_yﬁ + 1} is the markup over marginal

P

cost that the firm charges, and — is the marginal revenue. Differentiating Lyr(M, )
1

with respect to €2, we get:

0’y P Y OPoY 1 oY P du
Lam(M. Q) = 5o ¥ oMoy 091~ 9 12 00
_OY 1P OY OPY1 OY P ou
S OMQu  OMOY Qu OM p2 o9
ay [ 1 oP P du
8M[Q,u[ oy ] u?aa]

_o P [l _ %], (A4)

2

where the second line follows from the Hick’s neutrality of ), according to which BRI =

0 and 20 = ﬁagz the th}z:d line, we collect common terms, and the fourth line
follows because [P + Q_YY} = Z

M(Q)

Therefore, Loy (M,2)|p=m) > 0, or equivalently 0 50

1
>0, ifepn < —.
L

A.3 Elasticity and Markup

Proposition 2 (a) The inverse of price elasticity of demand, €py, is the weighted sum,
> dco SdEPY,d, where epy,q is the inverse of the elasticity with respect to producer/FOB
Ply,
Py

price, PC{, of the residual demand that the firm faces in destination, d, and sq =

is the share of revenue earned from destination, d.

—1
(b) The markup, p = [epy +1]7" = [Zde@ %] , where pg = [epy,g +1]7"

Proof of Proposition 2 (a) Since the revenue earned by the firm is ) ;.5 PC{Yd =
(X yeo PIXa)Y = PY and Yy = XY, we have:

dpP oP dPJ dP] dP] dy, apP] _,

_ = _— = _— = —_— = —X . A.

dy op! dY > X dy 2 Tay, dy dy,; " d (A-5)
deD d deD deD deD
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Y,
The above result follows from the fact that the export orientation, { X4 = d}deg, 18
predetermined; that is, it is fixed at the time of static optimisation.
Equation (A.5) and Yq = XgY imply that
dPY 2 52 P dP Yy
Y=y P Z de Z de dXdP Z ‘P aY, pl dezgsdepyvd‘

(A.6)

(b) Since u = [epy + 1]7Y, given (A.6), we can write p as:

1 —1
p=lepy +1]7' = [Z siepyd+ 171 = [st(ePKd + 1)} = [Z %] ’

de® deD de®

where the third equality follows from the fact that ;.o sq = 1 and the fourth because
pa = (epya+1)7!

Appendix B Extensions

B.1 Multi-product Firms

Firms produce multiple products and face demand for each of the products that depends
on their quality. As in Hottman, Redding and Weinstein (2016)(HRW) and Eslava,
Haltiwanger and Urdaneta (2023)(EHU), we assume that for firms producing multiple
products, the output, Y;, in equations (1) and (35) is the aggregate of quality/appeal®!
weighted differentiated products:

PO (B.1)

Re@j

The weights, ¢;., which denotes the quality/appeal of the product, jk, adjusts the
quantities, Y}, of each quality-differentiated products for quality. The constant elasti-
city of substitution (CES), o, aggregator in (B.1) also adjusts the quality-adjusted
product, ¢;.Yj., for substitutability between the various products produced by the
firm. We also assume that the set of products, ©;, produced by the firm belong to the
same product category, v, which is not unique to the firm. Though, each product, jx,

and, therefore, Y; are uniquely quality-differentiated.

HRW argue that if goods are imperfect substitutes (i.e. if 1 < 0; < 00), then the
real output of a multi-product firm is not equal to the sum of the outputs of each
product. This is because if it assumed that the quantity demanded is the sum of
the outputs of each product produced by the firms, then one implicitly assumes that

either (a) firms produces a single product or (b) that the products of the firm are

3'HRW find that higher appeal products are on average more costly to produce, which, they argue, is
consistent with a quality interpretation.
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perfect substitutes. Under these assumptions, the implied or the conventional price
index (2ne®j Y}HPJfR / Zne(%j Yj.), which is the quantity-weighted average of prices,
for multi-product firms is higher than the price index, ij , in (B.3); we return to this
point below. And, therefore, the conventional price index understates the “real” output
of the firm, a bias which tend to rise as the number of products supplied by the firm

increases.>?

The index of real consumption, Y}, in (B.1) is a CES nest in
1 732
IRTRS SINTED 3 BATEES pIATY 2
J Joi>j J
which, as in (34), is the representative consumer’s utility. This is an aggregate of
consumptions of aggregate bundles, Y}, produced by a set of firms indexed, j.

If R; is the amount spent on the goods produced by firm, j, then the demand for the
quality-adjusted product, jkx, is given by

P/ 119 R. P/ \1-0i7 =5
0irYi = [ﬂ—f} _;‘7 where ij :[ Z <ﬂ> } ’is the FOB price index,
Pjr P] P] KEB; Yik
(B.3)
p/
and —% is the quality-adjusted FOB price of product, jk. Given the firm’s revenue,
Pik

B=Y vPl= % (m%) (fj—f) (B.4)

Heej KEej JH

linear homogeneity of the CES aggregator in (B.1) implies that

Y, = 2, (B.5)

R;
of
b

In other words, is the real output of the firm.

As discussed in HRW, for multi-product firms if the price index is to be economically
informed then it must consider how the quality-differentiated products of the firm
enter consumers’ utility. This is because, assuming that the preferences are CES, only
the price index, P}, is sensitive to how differentiated its products are and how many

products it supplies.

An alternative approach, such as in DLGKP and Valmari (2023), relies on treating
products, instead of firms, as separate units. This approach entails imputing input
shares for each product line, and requires knowledge of quantities and prices of each

product produced. In Valmari (2023) information on prices of intermediate inputs, too,

32 As stated in HRW, p. 1349, “for multiproduct firms, the concept of real output is not independent
of the demand system, so all attempts to measure productivity based on a real output concept contain
an implicit assumption about the structure of the demand system.”
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is used. Such detailed information, though, is not ordinarily available. EHU, on the
other hand, who have product level information, instead of setting up product specific
production functions, specify production structure directly at the establishment/firm
level. EHU, p. 9 argue that “if one queried establishments (plants) to specify input
costs (capital, labour, materials, and energy) on a product-specific basis, most would
be unable to do so since multiple costs are shared across products (i.e. there is joint
production). That is, an establishment is not simply a collection of separable lines of
production. It is, in itself, an empirically relevant object.” Besides, as pointed out by
De Loecker and Syverson (2021), product specific production function rules out physical

synergies across products as a source of economies of scope.

To obtain a measure of real output, EHU empirically construct the price index, P,
which requires knowledge of within plant revenue shares of each product. Our approach
does not require construction of such a measure. It, therefore, leaves open the possibility
that the price index, Pj, is derived from a homothetic non-CES or a non-homothetic

CES nest (see Matsuyama, 2023, for examples).

B.1.1 Demand and Elasticity for Multi-product Firms

The multi-product firm in the home country, whose demand and elasticity we seek to
derive, is denoted by j. The amount of product, jx, that it exports to destination, d,
is denoted by Yj.q.

Here we make the following two assumptions:

Assumption A The preferences of the representative consumers at all destinations

are identical.

Assumption B For a firm, j, in the home country, exporting in the year, ¢, the CIF-

FOB margins for destination, d, are identical for all products, k € ©.

The preferences over the products, {an}ne@j’ of the firm, j, is given by the utility
function, Y}, in (B.1), which is a CES nest in the aggregate utility in (B.2). According
to Assumption A, the preferences — as denoted by quality/appeal parameters ;.
in (B.1) and {a;,b;} in (B.2) — for the outputs produces by the firm, j, are identical

in all destinations.
Assumption B is based on the observation in Table 1.

Table 1: Distribution of Within Firm-Year-Destination Standard Deviation of CIF-FOB
Margin

Percentile | 5™ [ 10™* [ 20%" | 30t | 40"  50™ | 60t | 70*® | 80 [ 90" | 95 | Total Range
Std. Dev. | 0 | 0 0 0 0 0 0 [214| 3 |4.01]499 1to19

The CIF-FOB margins are expressed in percentage.

For more than 60 percent of the multi-product firms, there is no within firm-year-

destination variation in the CIF-FOB margins. Even for firms for whom there is vari-
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ation, the variation is small compared to total range of CIF-FOB margins. This also
suggests that multi-product firms produce goods that are likely to be highly substi-
tutable with each other. Assumption B, though, in line with Hummels (2007) and
Lashkaripour (2020), allows for transportation costs to be higher for more expensive

goods.

To ease notation, from here on we will suppress the weights, ¢;,, and with a slight abuse

of notations denote the quality-adjusted quantities, ¢;.Y).q, consumed at destination,

d, and the quality adjusted CIF
IRk

d, by Yj.q. Also, the quality adjusted FOB prices,

c
33

, for destination, d, are respectively denoted by Pf g and P ] C -

prices,
SDJH
Now, the revenue of the firm is

Z Z Jlide””d: Z Z ]l’vdX]”"d JE = Z P]fliyjﬁ_ Y]? (B-6)

KEO; dED; KEO; deD; KEB;
Y}nd . . . . . f
where Xj,.q = is the export intensity for product, , at destination, d. P =
Ik
> ij 4Xjrd 18 the export intensity weighted aggregate price of the product, x. The
deD;

last equality follows from (B.3), where P]fn and ij are defined.
From here on, unless necessary, we will drop the firm subscript, j.

To derive an expression for the inverse price elasticity demand, € psy-, for the aggregate
(“real”) good, Y, in (B.1), with respect to FOB price index, P/, in (B.3) we have

op!
dpl 3 opPf dp/ Z op!
ay opl dY oY dY
e K
K 6@ 8Y de
op/ p! Ply,
From (B.3) it follows that — = S, —, where S = % is the revenue/expenditure
oP] Pl Py
P/

share of product x, and —— These imply that

Y, - pr

YdP’ S,@
Z _ Pk

Epfy = m s (B?)

where % is the inverse of the price elasticity of demand of product x’ with respect

Pf Y
to the price of product k.

33We suppress the weights, ©,,, since in the CES framework, the price elasticities are independent of
the weights, ¢;.. That is, the price elasticity of quality-adjusted quantity, ¢;xYj«, of product, jx, with

ELd , of product, jx’, is same as the elasticity of unadjusted quantity,

respect to quality-adjusted price,

j
Y., with respect to the unadjusted price, Pj,/
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Following Proposition 2, % in (B.7) is written as the weighted average,

PfY

k'k k'K
Epry = E :Sndepfy,d’

de®
. Pdend . . .
where the weight, s.q = =& Foo i the share of revenue in product, k, accruing from
Py,

R 4tKR

destination, d, and &% the inverse of the price elasticity of demand at destination, d,

Pf Y,d
for the product, ', with respect to the FOB price, P,f 4~ However, as shown in section
3.2.1 of the main text (equations (32) and (33)), the price elasticity of the firm’s output
with respect to its FOB price is the product of the elasticity of its CIF price with
respect to its FOB price and the price elasticity of the output with respect to its CIF

price:

In(P/)

€;Fy,d = @fflgfy’d (B8)

Since the CIF price, P¢;, at destination, d, is the sum of FOB price and the transport-

ation costs,
v = Ply+ Tea,

(B.8) implies that est in (B.7) is given by:

Y
P, /
EPfY Z SndEPde Z Snd< >€PCYd Z Weagply,a- (B.9)
de® de® Pﬁd de®
And so, we can write epsy in (B.7) as
Ydp/ Sk

oy o
Kk'€O Z W daPCYd
deD

Let the consumption of the firm’s “real” output, as given in (B.1), at destination, d,
be Yy. Then from (B.3) we know that the demand for product, x, at destination, d, is
given by

1

PC -0 l1—0o
Yid = [ ];cd} Yy, where Pj = [ Z( ,fd)l_a} (B.11)
d

KEO

is the CIF price index of the “real” output, Y, consumed at destination, d. Since the
preference for Yy is given by the utility function in (B.2), from equation (35) in the

main text we know that the demand for Yy is given by

a—’de—Pg

Y:
d b
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This implies that the final demand for product, x, at destination, d, is

(B.12)

<[ Bt " [e=am
- |

Ps b
Using (B.12), we can therefore write 8"1%/5}/7 4 in (B.10) as

TEPYA T T (V) | dln(Yua)

. dIn(Pg,) dIn(Yysq) <UYH/d _ EY"“/d) < ﬁﬁ) (B.13)
Pg b Yd lco 8Plcd dYn/d

In deriving the above, we have used the assumption that a monopolistic firm, since it is
small compared to the size of the industry, cannot affect the aggregate demand shifter,
Yg.

Before proceeding further, we state a Lemma.
Lemma 1 Assumption A and Assumption B imply that (a) the relative prices of

the products of any given firm are equal at all destinations and (b) expenditure shares

of a product in the total revenue from a destination are equal for all destinations.

C
That is, according to part (a) of the lemma, rd g jdentical for all destinations. Ac-
Kk'd
. PiYea . .. . o
cording to (b), for a product, &, ey is identical for all destinations.
atd

Proof of Lemma 1 (a) Since by Assumption B, the CIF-FOB margins for any
destination, d, are identical for all products, let Mcf, where PS;, = Pf{d(l + M;f) =

Pg a1 Tra, be the common CIF-FOB margin — common for all goods — for destination,
f

c P
d. Then for destination, d, we have P’Zd = P—’;d. Similarly, for destination, d', we
K'd w'd
pe, Pl
have %d = %d. So,
Pli’d/ Pn/d’
f f
Psd _ Pf;:d’ ’Lf P/@d _ Pﬁd/ ) (B14)
P Poa P,f,d P,f,d,

However, since by Assumption A preferences are identical in all countries, coupled
with assumption Assumption B, which does not distort the relative prices of goods at
the foreign destination, the firm has no incentive to set FOB price of good, k, relative
to that of k' different for different destinations.

(b) Since by Assumption B, at the destination, d, PS¢, = P,fd(l + M;f), where M;f
is the common CIF-FOB margin, P§ in (B.11) and Y,.q in (B.12) are

Py Z[Z( £d)1‘”] = :[wa{d)l—a} ﬁ(1 + My =PI (1 4+ M) and

KEO KEO
v _[Pa] ™y _[Bea] T [a=aYa— Py _ Pl Ta—9Ya— Pl (1 + M7
S I B =T b Pl b

(B.15)
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respectively. This implies that for a product, k,

—0

_ f
P17 INE¥
5] ool

PCY. pe¢ Pf l1—0o
Slid = KCﬁ Hd = g = f Cf - ( Hd‘)f . (B16)
PrYq PiYq PI(1+ M) > (PI)te
KEO
( f )170
However, by part (a), it can be shown that "‘df in the above equation is identical
Z P[Qd) -7
KEO
for all destinations.
oP§ Py PLY;
Consider equation (B.13) again. In (B.13), oPs, = P‘i Syq, where Sjg == Yl'jP%d is the

expenditure share of good, I, in the total revenue, Yde, generated at destination, d.
However, as shown in Lemma. 1, .S)4 is identical for all destinations. That is, Sy = .5 for

all d. This also implies that Sj4 in (B.16) is equal to S;, where S}, as defined in (B.7),
F'Y;
PIY
the share of revenue due to the product, k, at a destination, d, in the total revenue

is the revenue share of product [ in the total revenue: S; = In other words,

generated at d is identical for all destinations, and is equal to the share of revenue due

to the product, k, in the total revenue of the firm.

Equation (B.13) can, therefore, be written as

dIn(Y, 1P
O’e’f;de % + <U % Yd> ZSIEPCYd for each Kk € © . (B.17)
Kk'd d lco
L. 1t dln(YH/d) . . .
By definition, ef5 = ———— =1, and since by Lemma 1 the relative prices of the
’ dln(YH/d)
. . ’ dln(YHd) . .
11 l, ebff, = —— = h
goods at all destinations are equal, €Y A0 (Yorg) in the above is
! d1n(Y.q) dln( ) dln( v)  dln(Yep) !
€y, d = = = =&y
~ dIn(Yeg) dln( ') dln( ) dn(Yea)

In the rest, we denote €Yd = 6Yd, by ¥/

For each product, ', and destination, d, (B.17) gives K = |©]| equations, which

. o ey / ’ / .
can be solved to obtain the K elasticities, {e%l, ,...e%5% ,...en& 1 in terms of
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(el enn KK,

/ 3 bYd 1 ’
(- Sy

KEO

K K E{/(R/ bYq 1 KK /
epva= """ |\pc 3 Z Skey™, for any k' € ©. (B.18)
d KEO
Since for any k' € O,
Ellgﬁg/,d 5'135Yd81§'€7 (B.19)
we can use it to write epsy in (B.10) as
dZ@ WndEPch
ded
Epfy = Z S . (B20)
KEO ng
K E@

Plugging the values of '3y ; as derived in (B.18) in (B.20) and rearranging, we obtain

bY, 1 1 2, Wra
d ded
Epry = — ZS(ZWM )JFEZLS’,Q<ZVV,M>—;Zs<ZS,6 >
KEO deD KEO deD KEO o Y
(B.21)

Note, however, that for any destination, d, the weights, {W4}«co, defined in (B.9) are
identical for all the products. To see this, consider the weights as defined in (B.9). For

a product, x, and destination, d,

pc
Wnd = Smdid, (B22)

p/

rd

P{dYnd
Z d nd
deD
product, k. Now, since by Assumption B, the CIF-FOB margins for a destination,

C
Pﬁd

f )
Plid

where s, = , is the destination’s d share of revenue in the revenue due to

d, are identical for all products, the ratio, in (B.22) is same for all the products.

P/

Pl
From B.15, we know that demand for product, x, at destination, d, is Y,.q = [id] Yy
d
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where Y; =b— Yy , and therefore

alPy
Pf —0 P 1—0o
pf [_Hd} Yy [_ﬁd] Ply;,
d d
. "L P 1P _ SaPlYys Py, .
Kka = —0 - —0 - - '_ ’
f Pl p/ f > S«aPlY, X Py,
2: fzd —F Yy - fayﬁ deD deD
deD Py deDL Py
(B.23)

f
Kkd

pl

product, k, in the total revenue from the destination, d. The fourth equality follows

l1—0o
where the third equality follows because [ } = S.4, the revenue shares of a

from part (b) of Lemma 1, according to which, Skq = S.

Since for a given destination, d, the weights {Wy4}xeco, as shown above, are identical,

denoting by W, the common destination specific weight, we can write

E: kad

1 e | w2 (S| |
— Sk Wea — in (B.21) as — Wal|l—
LR (SRl X s
K'€© K'€O

S 34 . . . . . .

It can be shown that = 1,°* which implies that €psy in (B.21) is given
KREO Z S ’5Y
K'€©

by

bY,
Epty = Z Sk <Z Wia d> (B.24)
KEO deD
a—yYy—Pj

which — given the demand for real output, Y, at destination, d, Y; = 5

— can be written as

—Yq
Epfy = Z ZSnd s [ Pe }, (B.25)
wcoden  Lhd d

where S,y = S.s4, the revenue shares of a product, x, from the destination, d, in the

total revenue of the firm. The above reduces to (38) in the main text if the exporting

firm produces a single product, and to (37) for firms that do not export.

34Suppose that the firm produces two products so that © = {1,2}. In this case, 3 Se
KEO Z Sn’sy
Kk'€O
given by
S1 SQ S 2,1
. Multiplying and dividing —————-— by €y}, we get
SielT 4 5 T S0 4 e pyms € 51elT 1 Gpen? Y Y VOB
Sl SQ Sl SQS%}I

+ = +
T1 21 T2 2.2 T1 21 T1 21
S18Y + SQEY S18Y + SQEY S1EY + SQSY S18Y + SQEY



50 Estimating Production Function under Market Imperfections

We can write the elasticity, epsy, as

—~Y
€PfY—ZZ PfY Pf [1—7(1 P;Z d]zz

()b

KEO deD de KEO
a— Y XqY4
PiYy a—7Yy cf deD
:pry[l— ] S a1 4 MO - 1B
deD d deD
—cf a — 5
=M - (B.26)
. Pl Y
where the first equality follows because S,y = ; v In the second, we aggregate
over products, &, to obtain ) P¢Y.q = P{Yy in the third, where Pj is the CIF price

KEO
of the “real” good, Yy, exported to destination, d. This CIF price is P§ = Pg(l + M;f),

where PC{ is the FOB price of the “real” good, Yy. The fourth follows because in
Assumption B we have assumed that the CIF-FOB margins for a destination, d, are
identical for all products. Also, in the fourth, X  is the share of the real good, Y,

f
that is exported to destination, d, and sq = Pded is the share of revenue earned by
exporting to destination, d. In the fifth, M s the aggregate CIF-FOB margin and
D= XY
de®

Now, we can write the revenue of a firm as

R=> > P! ) 4 Md:Z(ZPngnd):ZPde:PfY, (B.27)

KEO; dED; de® k€O de®

where Yy is the amount of real good exported to destination, d, and Pg is its FOB
price. This allows us to write the price index, Py, as the weighted average of FOB

Y,

prices: P/ = Y Pf d
de®

we can write the aggregate demand function as

PF=3"X4P] =3 Xula —bYy —7Yq) = P1Y" sqMy’

=5, PJ{Xd. As for the single product firm in the main text,
de®

de® de® de®
1
=P/ = —%(a—bYX — D) (B.28)
M

where D and M are defined above and X = S g X2

The expression for the price elasticity for multi-product firms in (B.26) is the same
as that for the single product firms in (39) and the expression for the inverse demand
function for multi-product firms in (B.28) is the same as that for the single product
firms in (40) in the main text. These are outcome of (a) the real output, Y, being a
CES aggregate of multiple products and (b) common, destination specific, CIF-FOB
margin for all products exported by the firm.
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B.2 Markets Characterized by Oligopolistic Competition and Nested
CES Demand System

As is common in many studies (e.g., Eslava, Haltiwanger and Urdaneta (2023) (EHU)
and HRW), here we assume that demand follows a nested CES utility system. An
advantage of nested CES demand is that the price elasticity of demand, as we show in
Proposition 3, is independent of price and unobserved demand shifters. This can allow
one consistently estimate the output elasticity of quality differentiated material inputs
and the ex-post shock using the FOC.

While the assumption of nested CES preference is arguably a stronger restriction, along
with oligopolistic competition, it allows for variable markups. When markets are charac-
terized by oligopolistic competition, where the number of firms is finite, firms internalize
the effects of their actions on market aggregates. That is actions — setting prices or
quantities — by nonatomistic firms also affect the demand shifters, and consequently

the price elasticity depends on the firm’s share in the total industry revenues.

Before we begin, we list the assumptions made in this section.

Assumption 1 As in EHU and others, consumers derive utility from a nested CES
utility function, with a CES layer for firms, indexed j, and another for products,
jk, within firms. Utility, U, of representative consumer is a CES aggregate of

real products, Yj,

U__l ﬁ
U(Yl,...,Y},...,YN):[Z(%Y») v } : (B.29)
JEF
where F, with V' = |F|, is the set of firms selling their products. The term, ¢;,
reflects consumers’ relative preference for the real output, Y}, of the firm j, which,

as in (B.1), is given by

= <sojnm>0%1] o (B.30)

RG@]'

where the weights, ¢;,., denotes the quality/appeal of the product, jx, and ©;
is the set of products produced by the firm, j. The elasticity of substitution
between the outputs of the various firms is denoted by o, and o; is the elasticity

of substitution between products, s, of the firm, j. Also, as it is natural, o; > o.

Assumption 2 As in EHU and others, market structure in all countries is character-

ized by oligopolistic competitive.

Assumption 3 Assumption A and Assumption B also hold. According to As-
sumption A, the preference parameters — ¢; in (B.29) and ¢j, in (B.30), which
denote quality — for the products of a unique firm, j, are identical in all destin-

ations.
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In the rest of this section, except when necessary, we suppress the firm and time sub-
scripts, j and t. Also, the lower case notations are used to denote the logarithm of the

respective upper case notations.

Proposition 3 Under Assumption A and Assumption B and the assumption that

the market shares of a domestic firm in foreign markets are negligible, the inverse

of price elasticity of demand for, Y, in (B.30) with respect to the FOB price indez,
i

Pl = [z%@ <E>1%} " (see B.3) is

1D 3D 3L CERTORNIES By DEM ey N1

d#0 KEO d#0 KEO

where Siq 1s the revenue shares of product, , from the destination, d, in the total
revenue of the firm, MS is the market share — firm’s share in the total industry
revenues — of the firm in the home country, o, and M;f 1s the destination, d, specific

common CIF-FOB margin for products, k.

The elasticity, epy, consists of three observable terms, (a) M = % Ska(l +
d#0 KEO;

Mjf), the aggregate CIF-FOB margin, (b) S, := (1— > > Skq), the share of revenue
d#0 KEO®
obtained from selling in the home country, o, and (c) the market share, MS, of the

firm in the home country. In deriving the elasticity, epy, we have assumed that the
market share of the firms in foreign market is negligible. This follows the observation
in Roberts, Xu, Fan and Zhang (2018), where the market share of the firms in foreign

market are found to be very small.

B.2.1 Proof of Proposition 3

The proof of Proposition 3 follows the results in subsection B.1.1, where the demand
for the firm’s “real” output — a quality weighted CES aggregate of multiple products
produced by the firm — in (B.30) followed a non-homothetic preference over “real”
outputs of various firms. Asin B.1.1, the multi-product firm in the home country, whose
demand and elasticity we seek to derive, is denoted by j. The amount of product, jx,
that it exports to destination, d, is denoted by Yj.q. Let the CES aggregate in (B.30)
of the quantities, {Yjxa}xeco,, be denoted by Yjg.

For a given Yjq (the amount of “real” output of the firm, j, consumed at destination,

d), from (B.3) we know that the demand for product, s, at destination, d, is given by

P’c/@d I gﬁd 1= ﬁ
md=<¢jn>%1[ﬂ—c] Y4, where P;dz{z ( s ) ] (B.32)
de RG@]' SD']H
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is the CIF price of the “real” output, Yj4. Since the preference for Y;, is given by the
utility function in (B.29), we know that the demand for Y}, is given by

Pe1° Pt l1-o Py l-o7 =
de:(gpj)(’_l[ﬁ] Y, WherePd:[<%> + Z <—> ] , (B.33)

vi e

where Fy, with Ny = |Fyl, is the set of firms selling their products at destination, d.

Y, in the above is ﬁg’ where
d

Ry = Z nd + Z Z YikaPikd (B34)

KE@ I1#],lEF 4 KEO,

is the total expenditure of the consumer at destination, d. Note that in the summations
n (B.33) and (B.34 ), we have use the subscript, [, to denote other firms who sell their
produce at destination, d. The price, Pj.q, could be another CIF price if [ happens to
be another exporter selling at d. In case [ is a firm operating at destination, d, Pjq
will be the FOB price of the product, xk € ©;.

The above implies that the final demand for firm j’s product, x, at destination, d, is

PC —0j PC —0
Yieg = (i) H0s [ J“d} [ﬂ] Y. B.35
jk (SDJH) (%DJ) P]c P, ( )

To lighten notations, from here on, unless needed, we drop the script, j.

Given (B.35), the equivalent of (B.17) is given by

k'K dln(ymd) !
OEply g = ) + <aj —o(1l— MSd)> g@:) Slapclxd for each k € ©®, (B.36)

where M S, is the market share of the firm, j, at destination, d. To derive the above,
dIn(R dIn(P

n( g) _ dIn( g) _ M,
dIn(Pg;)  dIn(Pj,)

The rest of proof follows the proof in subsection (B.1.1). The equivalent of (B.18) for

we have used Shephard’s Lemma according to which

a nested CES demand system is given by

A1 O G S ZS o
PeY,d = g o(1—MSy) 0]

8/{’/{ _ _EI;/R _ 1 Z S 8/{/@/
peY.d o o(1—MSy) O'J Ry

k' K E{/(R/ 1 KiK' /
Epeyg=——— — — g Skey”, for any k' € ©. (B.37)
J
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The equivalent of (B.21) is given by

}: vvkd
epry = - Zs@jffim) ZS(ZWRC!> Zs(d@ >
KEO deD a) J keo deD J keo Swef®
KO
(B.38)

The equivalent of (B.24) is given by

epry == Sk ( > %) (B.39)

KEO de®

PC
Since W,q = sdp’}d (see (B.22) and (B.23)), where sy is the destination’s d share of

K
revenue in the total revenue, and since the market share of the firms in the foreign

destinations is assumed to be negligible, the above reduces to

So

1~
- |\pmef 2o
ey =M T ATy

(B.40)

where M = > Sea(l + M;f) is the aggregate CIF-FOB margin, S, = (1 —
d#0 KEO

> > Ska) is the share of revenue obtained from selling in the home country, o, and

d#0 KEO

M S is the market share of the firm in the home country. The term, S,y = Sk Sq, in the

above expressions is the revenue shares of product, k, from the destination, d, in the

total revenue of the firm.

B.3 Estimation Method 2: Nonparametric Identification of the TFP
impact of exports.

In the following, we discuss estimation of the TFP = on productivity, where, unlike in
equation (20) of the main text, we do not restrict the function, g(w;—1,x¢—1), which in
equation (6) of the main text governs the evolution of TFP, w;. This implies that (28)

in main text is written as

re = aply + agcky + anring + Bms; + glai—1, Wi_1) + . (B.41)

Now, the average partial effect (APE) of changing = at x = by Ax is

APE,_; == / [g(”t’fJ“Ax)_g(”t’f) dF (wy), (B.42)

Az

where the expectation is with respect to unconditional distribution of w. The APE
is difference between the average structural functions (ASF), [ g(w, 2)dF (w), at z =
Z+ Az and x = Z. The notion of ASF is due to Blundell and Powell (2004), who study

it in the context of binary response models.
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Note that, though suppressed, the function, g(w¢,x), includes investment in fixed cap-
ital, i;, as an argument. But we, as in the main text, have suppressed it. So the

integration in (B.42) over the joint distribution of w; and i;.

Now, adding and subtracting g;y1 in (B.42), we write the APE as

/ [g(wt,:i + Az) — g(wt’j)}dF(wt) _ / [(g(wt,f + Az) + 0141) — (9(wt, @) + 0141) dF (i, 0r41).

Ax Az

To ease notation, from here on, unless necessary, we drop the time script, t. The APE,

therefore, is

/ |:g(o.), z+ Az) — g(w, f)] dF (w)

Az
_ / [(g(w, T + Ax) +Ag; — (g(w, ) + Q)]dF(w, )
- / e Zgi B Q)]dF(Z,C“, 0)
_ // [(Q(Z,Cu, 7+ Az) +AQ:2 — (g(Z,¢", ) + Q)]dF(Z,Cu, olms, W)dF (ms, W)
N / . AX; ~gtme 7, x)]dF(ms, W)
= / [g(W,  + AAx; — 9w, m)] AF(W), (B.43)

where the second equality follows because w; is shown to be a deterministic function of
{Z,¢}'}. The third is due to the law of iterated expectations, where the conditioning is
on {msy1, W;}. The fourth equality follows because Z; is contained in W;. The fifth
is due to the restriction in (27) according to which g(ms,.) is assumed to be separable
in ms. The function, g(W, z), in (B.43) is obtained by estimating the partially linear
model in (B.41).

The APE in (B.43) is point identified if the average structural functions (ASF) in
(B.43),

/ G(W, 7 + Az)dF(W) and / G(W, 7)dF (W),

are point-identified. To point-identify the ASF, it is required that g(W,z + Ax) and
g(W,Z) be evaluated at all values of in the support of the unconditional distribution
of W. This requires that the support of the conditional distribution of W, conditional
on T and T + Ax, be equal to the support of the unconditional distribution of W. This
ensures that for any group of firms defined in terms of W, a positive measure of firms
experience T + Az and Z. This is analogous to the overlap condition in the program

evaluation literature, where treatment is discrete.

The support requirement is of concern because W includes transportation and shipping
costs for the exporting firms. And, therefore, if x is, say, export status, conditioning on

any particular value of x will restrict the conditional support of W: e.g, transportation
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costs are zero for the non-exporters and positive for the exporters.>®> The support
requirement could be fulfilled if the transportation costs are made inclusive of retail,
distribution and domestic transportation costs. This would not restrict the conditional
support of W as non-exporters, too, would be facing positive transportation costs.

Although, such data for all destinations might not be easily available.

In the absence of common support, usually bounds on the APE are estimated (see Liu
et al., 2024, for a discussion and results on partial identification). This requires a prior
knowledge of the upper and lower bounds of g(W, z) for all values of {W,z}. Without
prior restrictions that place bounds on g(.), it is unlikely that bounds on APE can be

estimated.

Another option is to estimate average of local average effect (LAR) (Altonji and Matzkin,
2005). LAR averages changes in the conditional response over the conditional distribu-
tion of the heterogeneity, (¢}, 0¢+1)-

9g(W, z)

LAR,_; = 207 B.44
B (B.44)

where g(W, z), as defined in (B.43). For inference, the bootstrap procedure discussed

in the main text can be used.

35 Although, conditional on being an exporter, the APE, e.g., of increasing the export intensity can be
computed.



Table 2: Description of Export Related Variables for Estonia

(a) Distribution of Current Export Status against the No. of Years of Exporting

Consumer Material Technological
Manufacturing Manufacturing Manufacturing
Current Export Status
Non-Exporter | Exporter || Non-Exporters | Exporter | Non-Exporter | Exporter
Never Exported 7766 0 10157 0 3685 0
Exported 1 or 2 Years 488 261 798 404 266 115
Exported 3 or 4 Years 55 170 170 284 63 62
Exported 5 or 6 Years 33 106 67 145 20 35
Exported 7 or 8 Years 15 52 11 75 9 12
Exported 9 or 10 Years 3 20 9 38 1 7
Exported 11 Years or More 1 17 0 12 3 4
Total 8361 626 11212 958 4047 235

(b) Summary Statistics of some Export Related Variables

Consumer Manufacturing Material Manufacturing Technological Manufacturing
Export In(Export Revenue Export In(Export Revenue Export In(Export Revenue
Intensity per Employee) Intensity per Employee) Intensity per Employee)
Mean | Median | Mean Median Mean | Median | Mean Median Mean | Median | Mean Median
Exported 1 or 2 Years 0.20 0.06 7.97 8.04 0.22 0.09 8.42 8.56 0.14 0.05 7.92 8.09
Exported 3 or 4 Years 0.39 0.27 9.21 9.56 0.38 0.30 9.33 9.82 0.25 0.16 8.55 8.99
Exported 5 or 6 Years 0.48 0.46 9.38 9.80 0.43 0.41 9.59 10.09 0.40 0.30 9.43 9.53
Exported 7 or 8 Years 0.54 0.62 9.56 10.32 0.39 0.37 9.44 9.95 0.39 0.21 9.53 9.47
Exported 9 or 10 Years 0.50 0.57 9.39 9.80 0.45 0.39 9.68 10.25 0.46 0.55 9.62 10.17
Exported 11 Years or More | 0.43 0.38 9.38 9.54 0.66 0.90 10.03 10.99 0.56 0.62 10.20 10.24

Note: Number of years of exporting is based on customs data from 2005 to 2019.
The sample of firms used for the table is the same as used for estimation.
Variable Definition: Export intensity is the share of export revenue in the total revenue and logarithm of export revenue per employee is reported.

WDMAT 3] YSIUDUL PUD OSSDJ UDD[
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Table 4: Descriptive Statistics of Variables from the Administrative Data

In(Revenue) In(Capital) In(Materials) || In(No. of Employees) || Market Share | Share of Materials | Share of Labor
Mean ‘ Median | Mean ‘ Median || Mean ‘ Median || Mean ‘ Median Mean ‘ Median || Mean ‘ Median Mean ‘ Median
Consumer Manufacturing
All Firms 11.38 | 11.42 10.18 | 10.05 10.43 | 10.53 1.23 1.1 0.04 0.01 0.49 0.5 0.3 0.25
Never Exported 11.18 | 11.22 10.04 9.89 10.17 | 10.29 1.13 0.92 0.03 0.01 0.48 0.48 0.31 0.26
Exported 1 or 2 Years 12.42 12.5 10.95 | 10.71 11.69 | 11.79 1.63 1.61 0.05 0.02 0.57 0.56 0.25 0.21
Exported 3 or 4 Years 12.92 | 13.03 11.41 11.48 12.13 | 12.46 2.07 2.08 0.08 0.03 0.53 0.56 0.24 0.18
Exported 5 or 6 Years 12.93 | 13.11 10.88 | 11.02 12.12 | 12.47 2.12 2.2 0.09 0.04 0.49 0.52 0.24 0.19
Exported 7 or 8 Years 13.11 12.96 11.18 | 11.24 12.3 12.33 2.32 2.3 0.08 0.04 0.48 0.53 0.25 0.25
Exported 9 or 10 Years 13.1 12.92 1146 | 11.24 12.18 11.7 2.4 2.77 0.06 0.04 0.44 0.44 0.29 0.3
Exported 11 Years or More | 12.35 | 12.32 10.65 | 11.01 11.58 | 11.64 1.94 1.79 0.08 0.02 0.49 0.53 0.36 0.38
Material Manufacturing
All Firms 11.63 | 11.71 10.64 | 10.57 10.84 | 10.96 1.12 1.1 0.04 0.00 0.52 0.52 0.26 0.2
Never Exported 114 11.5 10.49 | 10.45 10.56 | 10.72 0.99 0.89 0.03 0.00 0.51 0.51 0.26 0.2
Exported 1 or 2 Years 12.52 | 12.63 1144 | 11.15 11.8 11.81 1.62 1.61 0.07 0.01 0.57 0.56 0.23 0.19
Exported 3 or 4 Years 12.92 | 13.09 11.31 | 11.13 12.18 12.3 1.86 1.95 0.09 0.02 0.56 0.56 0.2 0.19
Exported 5 or 6 Years 13.19 13.5 11.28 | 11.26 1248 | 12.83 2.1 2.3 0.09 0.02 0.55 0.56 0.25 0.23
Exported 7 or 8 Years 13.43 13.7 11.63 11.45 12.87 13.06 2.29 24 0.13 0.03 0.57 0.58 0.23 0.2
Exported 9 or 10 Years 13.39 134 11.63 | 11.39 12.7 12.63 2.23 2.2 0.08 0.03 0.54 0.57 0.23 0.25
Exported 11 Years or More | 13.31 13.37 11.56 | 11.47 12.42 | 12.38 2.11 2.4 0.06 0.02 0.45 0.46 0.31 0.3
Technological Manufacturing
All Firms 11.61 11.73 10.05 10 10.65 | 10.78 1.06 0.69 0.05 0.01 0.47 0.46 0.31 0.22
Never Exported 11.41 11.51 9.9 9.89 10.39 | 10.57 0.92 0.69 0.04 0.00 0.46 0.45 0.31 0.22
Exported 1 or 2 Years 12.8 12.95 10.82 | 10.66 12.01 | 12.24 1.79 1.95 0.1 0.02 0.52 0.51 0.28 0.21
Exported 3 or 4 Years 12.88 | 13.07 10.94 10.9 12 12.31 2.06 1.95 0.22 0.07 0.51 0.5 0.27 0.23
Exported 5 or 6 Years 13.05 | 13.39 11.58 | 11.95 12.26 | 12.42 2.04 1.95 0.2 0.08 0.54 0.51 0.27 0.24
Exported 7 or 8 Years 13.74 | 13.65 11.68 | 12.25 13.09 | 13.06 2.55 2.48 0.31 0.18 0.54 0.56 0.25 0.22
Exported 9 or 10 Years 13.74 14.13 11.56 11.97 13.1 13.04 2.68 3.04 0.38 0.32 0.56 0.58 0.25 0.24
Exported 11 Years or More | 13.12 | 12.86 1242 | 12.53 1243 | 12.39 2.18 1.79 0.17 0.04 0.53 0.52 0.18 0.14

! The number of years of exporting is based on customs data from 2005 to 2019, where only those exporters that entered the export markets after 2004
are considered.

2 The Table uses administrative data from 2005 to 2019.

3 Market share is the share of the firm’s revenue within NACE 5-digit industry Share of materials is the ratio of expenditure on material to the total
revenue and the share of labor is the ratio of labor expense to the total revenue.

4No. of Firm-years: 8897 in the Consumer Manufacturing, 12168 in the Material Manufacturing, and 4282 in the Technological Manufacturing
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Table 5: Output Elasticities and TFP impact of Export Persistence (Data from 2005

to 2019)
All Consumer Material Technological
Manufacturing | Manufacturing Manufacturing Manufacturing

Labor 0.253%** 0.275%%* 0.279%** 0.559%**

(0.001) (0.003) (0.001) (0.006)
Capital 0.122%%* 0.118%** 0.1227%%* 0.107%%*

(0.000) (0.001) (0.000) (0.000)
Materials 0.697*** 0.672%** 0.638*** 0.429%**

(0.001) (0.003) (0.002) (0.005)
Dummy for 1% and 279 -0.071 -0.051 -0.124 -0.141
Year of Export (0.043) (0.052) (0.081) (0.094)
Dummy for 3'9 and 4% -0.195 -0.061 —0.181% —0.4197F
Year of Export (0.121) (0.062) (0.096) (0.220)
Dummy for 5" and 6™ -0.091 -0.026 -0.133 -0.137
Year of Export (0.061) (0.100) (0.121) (0.160)
Dummy for 7 and 8% -0.131 -0.019 -0.191 -0.134
Year of Export (0.162) (0.179) (0.121) (0.271)
Dummy for 9" and 10t" 0.121* 0.410%* 0.102 0.307
Year of Export (0.049) (0.201) (0.106) (0.504)
Dummy for 11" or Higher 0.151" 0.308 0.608 -0.901
Year of Export (0.078) (0.186) (0.321) (0.905)
No. of Observations 24721 8748 11829 4143
Significance levels :  + : 10% #: 5% k1 1%  xx*: 0.1%. Standard Error in Parenthesis

Note: Time period for administrative data: 2005 to 2019. The export related
variables are based on customs data from 2005 to 2019, where firms that entered the
exports market prior to 2005 are dropped.

Table 6: Output Elasticities and TFP impact of Export Persistence (Data from 2009

to 2019)
All Consumer Material Technological
Manufacturing | Manufacturing | Manufacturing | Manufacturing
Labor 0.267%** 0.265%** 0.272%** 0.566%**
(0.001) (0.003) (0.002) (0.007)
Capital 0.122%** 0.115%** 0.131%** 0.095%**
(0.002) (0.001) (0.001) (0.003)
Materials 0.661%** 0.6827%** 0.644%** 0.4277%%*
(0.002) (0.003) (0.002) (0.006)
Dummy for the -0.035 -0.092 0.035 -0.214
First Year of Export (0.041) (0.062) (0.045) (0.294)
Dummy for the 0.071 0.121 0.055 0.026
Second Year of Export (0.036) (0.071) (0.081) (0.201)
Dummy for the 0.081* 0.1297" 0.084 -0.026
Third Year of Export (0.039) (0.051) (0.086) (0.388)
Dummy for the 0.079+ 0.131 -0.058 0.071
Fourth or Higher Year of Export (0.041) (0.105) (0.071) (0.281)
No. of Observations 19625 6991 9235 3394
Significance levels :  + : 10% x: 5%  wx: 1% xxx: 0.1%. Standard Error in Parenthesis

Note: Time period for administrative data: 2009 to 2019. The export related
variables are based on customs data from 2009 to 2019; that is, only those exporters
that entered in the export markets after the Financial Crisis are considered.
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Table 7: Output Elasticities and TFP impact of Export Persistence: Comparison of Estimates From Different Methods

All Consumer Material Technological All Consumer Material Technological
Manufacturing | Manufacturing Manufacturing Manufacturing | Manufacturing | Manufacturing | Manufacturing Manufacturing
Estimates using the method in this paper. Estimates using the method in Malikov and Zhao (2023).
Labor 0.253%** 0.275%** 0.279%** 0.558%** 0.7434%** 0.7265%** 0.7628%*** 0.7802%***
(0.001) (0.003) (0.001) (0.006) (0.007) (0.010) (0.011) (0.017)
Capital 0.121%** 0.117%** 0.125%** 0.105%** 0.0884%** 0.0824*** 0.0982%*** 0.0835%**
(0.004) (0.001) (0.003) (0.000) (0.004) (0.005) (0.005) (0.009)
Materials 0.699%** 0.672%** 0.638%** 0.429%** 0.2927%%* 0.257#+* 0.351%** 0.222%**
(0.001) (0.003) (0.002) (0.005) (0.003) (0.006) (0.004) (0.007)
No. of Years of Exporting -0.0511 0.0202 -0.1561%* 0.0334 0.1814%** 0.2578%** 0.1109** 0.1637*
(0.051) (0.119) (0.069) (0.251) (0.031) (0.043) (0.037) (0.080)
(No. of Years of Exporting)? -0.031 -0.029 0.0271 -0.1109 -0.043** -0.0724%* 0.0005 0.0066
(0.038) (0.059) (0.029) (0.168) (0.014) (0.022) (0.003) (0.007)
(No. of Years of Exporting)? 0.002 0.0014 -0.0021 0.0204 0.004* 0.0074* -0.0181 -0.061
(0.002) (0.008) (0.006) (0.033) (0.002) (0.003) (0.020) (0.045)
(No. of Years of Exporting)? -0.0001 0.000 0.000 -0.001 -0.0001+ -0.0003+ 0 -0.0002
(0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000)
No. of Observations 24721 8748 11829 4143 25297 8956 12077 4264

Significance levels :  + : 10%

*: 5% % 1 1% x %% : 0.1%. Standard Error in Parenthesis

Note: Time period for administrative data: 2005 to 2019. The export related variables are based on customs data from 2005 to 2019, where firms
that entered the export markets prior to 2005 are dropped.
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Table 8: Markups and Export Persistence

All Consumer Material Technological

Manufacturing | Manufacturing Manufacturing | Manufacturing

Dependent Variable: In(Markups)
Dummy for -0.016 -0.026 0.009 -0.055
Exporting 1 or 2 Years (0.029) (0.047) (0.038) (0.093)
Dummy for -0.028 -0.077 0.014 -0.013
Exporting 3 or 4 Years (0.045) (0.078) (0.056) (0.141)
Dummy for -0.075 -0.017 -0.006 -0.423*
Exporting 5 or 6 Years (0.055) (0.092) (0.067) (0.182)
Dummy for -0.087 -0.073 -0.027 -0.307
Exporting 7 or 8 Years (0.060) (0.096) (0.075) (0.222)
Dummy for -0.078* -0.041 0.046 -0.493*
Exporting 9 or 10 Years (0.038) (0.144) (0.101) (0.228)
Dummy for -0.230* -0.347** -0.028 -0.291
Exporting 11 or More Years (0.110) (0.163) (0.120) (0.357)
No. of Observations 25751 8814 12861 4076
Significance levels : 4+ : 10% *: 5% sk 1%  xxx: 0.1%. Standard Error in Parenthesis

Note: (1) The sector specific output elasticities of material inputs used to computing
the markups are from Table 5. (2) All estimates use fixed effects regression. (3) All
specifications include In(No. of Employees), In(Capital), and time and industry
Dummies. (4) Time period for administrative data: 2005 to 2019. Number of years of
exporting activities is based on customs data from 2005 to 2019.
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Figure 3: Exporting Behaviour of Firms
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Figure 4: Revenue Productivity, Export Characteristics of the Core Products, Market-
ing Expense, and Investment in Intangible Assets against Number of Years of Exporting
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SISUKOKKUVOTE

Tootmisfunktsiooni hindamine ning piisiva eksportimise tootlikkuse
moju mootmine turu ebataiuslikkuse korral

Kaesolevas artiklis pakutakse vélja uudne meetod tootmisfunktsiooni hindamiseks ning
tootmistegurite kogutootlikkuse ekspordi méju mootmiseks. Seeldbi on uurimuse eesmargiks
arendada metoodikat ekspordist 6ppimise (inglise keeles, learning by exporting), s.t. ek-
spordi tootlikkuse moju, mootmiseks. Ekspordist oppimine, s.t. ekspordiga alustamise
tottu kasvanud ettevotte tootlikkus, viitab erinevatele mehhanismidele, nagu naiteks
turundustegevustesse investeerimine, toodete kvaliteedi parandamine, innovatsioon (uuen-
dustegevus) ja vilismaa klientidega suhtlemine, mis koik voivad eksportimisega alustam-
ise korral suurendada eksportiva ettevotte tootlikkust. Kuigi eksportimisega alustam-
isel voib olla niisiis positiivne moju, tuleb seejuures arvesse votta eksportimise moju
hindadele ning hinnalisandile, s.t. eksportimise positiivset moju heaolu voib vahendada
see, kui eksportoorid saavad kiisida korgemat hinnalisa, samas v6ib konkurentsitihedal
rahvusvahelisel turul tegutsemine ka hinnalisandit vidhendada. Tiitipiliselt uurijate kas-
utada olevates andmetes ei ole taielikku infot ettevotte poolt miitidud koguste ja kiisitud
hindade kohta nii eksportturgudel kui ka siseturule miiiigi korral, ning eelneva tottu
mitgitulude andmete kasutamisest tulenevad véljakutsed motiveerivadki kéesolevat

uurimustood.

Mainitud eesmérgi saavutamiseks kirjutame tootmisfunktsiooni osaliselt lineaarse mudelina,
kus mitteparameetriline osa, tootlikkuse ldhend, soltub mittevaadeldavatest noudluse
nihutajatest. Tootmisfunktsiooni identifitseerimine pohineb (i) mittejalgitavate noudluse
nihutajate liikumisseaduse postuleerimisel, kusjuures nende diinaamika on endogeenne,
ning (ii) téenédosusjaotusele seatud piirangutest kontrollinaks korrelatsiooni mittevaadel-
davate noudluse nihutajate ning uurijatele huvipakkuvate muutujate (siinkohal nt eks-
portimise ja tootlikkuse) vahel. Seeldbi tehakse voimalikuks identifitseerida toodangu
hinnaelastsused ning tuvastada endogeensete sekkumiste (nt eksportimisega alustamise)

moju tootlikkusele.

Kasutades Eesti tootleva toostuse sektori ettevottetasandi andmeid leidsime meie poolt
vilja pakutud meetodi abil iiksnes piiratud toendusmaterjali ekspordi positiivsest mojust
tootmistegurite kogutootlikkusele, st ekspordi kaudu 6ppimise kohta. Me omistame sel-
lise norga toendusmaterjali ekspordist oppimise kohta véikestele eksportocridele, kelle
Euroopa Liidu sisese ekspordi vaartus on alla 100 tuhande euro, mistottu nad on uuri-

jatele kasutatavas

tollistatistikale tuginevas andmestikus ekslikult klassifitseeritud mitteeksportijateks. Piiratud
toendusmaterjal nditab samas, et just piisivad (lile mitme aasta) eksportijad suudavad
toendoliselt parandavad oma tootmistegurite kogutootlikkust ténu eksportimisele. Kuna

meil ei olnud voimalik analiitisis taielikult arvesse votta eksportimist tdiendavaid tegevusi,
néiteks uuendustegevust (muutusi tooteportfellist voi tootmisprotsessides), siis on voimalik,
et eksportimise moju tootmistegurite kogutootlikkusele on suurte ja piisivate eksporti-

jate puhul tingitud kulukatest tootlikkust suurendavatest taiendavatest tegevustest.
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Lisaks eelnevatele tulemustele leidsime, et eksportijate hinnalisand on madalam kui
mitteeksportijatel, ning see erinevus suureneb koos ekspordi piisivusega (s.t. ekspor-
timise aastate arvuga). Meie tulemused néitavad niisiis efektiivsuse alusel grupeerumist
eksportijate seas - ehki madalamate piirkuludega ettevotted sisenevad raskematele ek-
sporditurgudele, sunnib konkurents neid oma hinnalisasid alandama. Viimast suudavad
saavutada koige paremini piisivad eksportijad, kes juhtumisi kuuluvad ka koige tootliku-
mate eksportijate hulka. Samuti néditame, et taiuslikku konkurentsui eeldavaid hindam-
ismeetodeid kasutades saadakse toendoliselt vadrad tulemused endogeensete sekkumiste

(antud juhul eksportimise) mojust tootmistegurite kogutootlikkusele.
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