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Abstract
We study how increased import competition induced by falling Chinese import

tariffs affects the evolution of firm-product technical efficiencies in the small open
economy of Belgium. We observe quarterly firm-product data at the 8-digit level on
quantities sold and firm-level labor, capital, and intermediate inputs from 1995Q1-
2007Q4, a period marked by stark declines in Chinese tariffs. Using Diewert (1973)
and Lau (1976) we show how to estimate firm-product quarterly technical efficiency
shocks allowing for interactions among the production processes for multi-product
firms and without allocating firm-level inputs across the different products pro-
duced. We find import competition is strongly positively related to firm-product
level productivity, with a increase of 0.05 in the import penetration rate leading
to a 5% gain in technical efficiency. Firms appear to be less technically efficient
at producing goods the further they get from their core-revenue product. Import
competition is most highly correlated with the core-revenue products’ technical ef-
ficiency and less so for non core-revenue product efficiencies. Instrumenting import
share - while not important for the signs of the coefficients - is very important for
the magnitudes as the effect of competition increases tenfold when one moves from
OLS to IV. Up to the OLS/IV distinction our results are robust to the choice of ad-
dressing simultaneity or not (OLS, Wooldridge-OP/W-LP), hold for both single-or
multi-product firms, and are not ”affected” by the firm’s own international trade
decision.

∗We thank seminar participants at the 2014 NBB Conference, Riksbank, the 11th International Con-
ference, Monash University, Mannheim, EITI2015, IIOC2015, ATW2015, Rice University, Texas A&M,
DIEW2015, NOITS2015, Uppsala, the final COMPNET conference, ESWC2015, LSE and Hong Kong
University. A. Petrin, V. Smeets and F. Warzynski thank the National Bank of Belgium for its finan-
cial support. The authors are also extremely grateful for the support provided by the NBB Statistical
department for the construction of the dataset used. The results presented respect the confidentiality
restrictions associated with some of the data sources used. The views expressed are those of the authors
and do not necessarily reflect the views of the NBB. All errors are ours.
†Corresponding author - email : fwa@asb.dk

1



1 Introduction

Product market competition is often considered to be an important mechanism to promote

efficiency (see e.g. Aghion and Howitt, 1996 for a theoretical motivation; see also Holmes

and Schmitz, 2010 for a recent review of the literature). It is supposed to discipline

firms and provide them strong incentives to innovate and adopt new practices in order to

remain profitable or simply survive. Several important contributions in the productivity

literature (e.g. Olley and Pakes, 1996; Pavcnik, 2002; Bloom, Draca and Van Reenen,

2016) have established a clear relationship between productivity growth and increased

competition.

We study how increased import competition induced by falling Chinese import tariffs

affects the evolution of firm-product technical efficiencies in the small open economy of

Belgium. We observe quarterly firm-product observations at the 8-digit level on quantities

sold and unit prices (the PRODCOM data) from the period 1995Q1-2007Q4. We also

observe quarterly measures of labor, capital, and intermediate inputs at the firm level from

the same period. Using Diewert (1973) and Lau (1976) we show how to estimate quarterly

firm-product technical efficiency shocks without assuming multi-product production is a

collection of single-product production processes and without having to allocate the inputs

across the different products produced by the firm.

These technical efficiency shocks become the dependent variables in our import pen-

etration regressions. We construct quarterly 8-digit product-specific import penetration

rates using the international trade data hosted at the National Bank of Belgium (NBB)

coupled with the PRODCOM data. From the World bank we obtain information on the

evolution of European tariffs on Chinese imports which we use as instruments for these

import shares. We relate these quarterly firm-product technical efficiency shocks to last-

period’s - last quarter’s - technical efficiency shock, product- and quarter-specific fixed

effects, last period’s instrumented import shares, the product’s ”rank” in terms of revenue

generated at the firm, and interactions between the instrumented lagged import shares

and product rankings.

We find that firms’ strongly react to competition, with an increase of 0.05 in the import

penetration rate associated with a 5% gain in technical efficiency. We find that firms

appear to be less technically efficient at producing goods that account for a lower share of

their revenue, and that import competition is less strongly connected to technical efficiency

gains for non-core products. We also find that instrumenting, while not important for the

signs of the coefficients, is very important for the magnitudes, as the effect of competition

increases tenfold when one moves from OLS to IV. Up to the OLS/IV distinction our

results are robust to the choice of the econometric technique, to the subset of firms
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selected (all firms or only multi-product firms), and to the firm’s own trade decision.

One clear finding in our multi-product data, a finding which is consistent with other

papers that have looked at multi-product data, is that most production is multi-product

production.1 To estimate multi-product production functions we use a combination of

results from Diewert (1973) and Lau (1976) to generalize well-known single-product pro-

duction function results - existence and testable restrictions - to multi-product settings.

Single-product production relationships are defined as the set of single-product output

levels that are possible given a particular set of inputs. The single-product production

function assigns the maximal output achievable for any given set of inputs.

The multi-product generalization is similar; for any particular set of inputs the rela-

tionship gives the sets of output vectors that are producible using that input set. For

any given vector of outputs it gives the sets of inputs capable of producing that output

vector. The generalized production function is the maximal amount of one output achiev-

able holding all input and other output levels constant. The existence result is critical for

motivating estimation of each quantity as a function of total input levels and quantities

of all other products produced by the firm. Once we have motivated existence we then

show how to address the simultaneity of both inputs and outputs using a slight extension

of Olley-Pakes or Levinsohn-Petrin.

The closest paper to us is perhaps De Loecker et. al (2016) who study the effect of

trade liberalization in India on prices, marginal costs and markups using similar multi-

product data from India. They assume that multi-product production is a collection of

single product production functions and suggest a novel algorithm to estimate production

function parameters where they endogenously derive the share of inputs allocated to each

output. Their method delivers one technical efficiency term for each firm. Our approach

has firm-product technical efficiency shocks, it does not require multi-product production

to be a collection of single product productions functions, and it does not require us to

allocate inputs among the different products produced.2

A key empirical challenge for our approach is that the theory applies only to particular

production tuples and in a small country like Belgium the number of observations per

production tuple can be limited. For example, firms producing five products cannot all

be pooled together; only firms producing the exact same five products can be pooled

together, and in Belgium for many production tuples the number of observations is small.

We show the standard aggregation assumptions under which using a quantity aggregator

is valid for the production function. This allows the researcher to ”add back” many of

the firm-product observations that would otherwise be lost due to a lack of observations

1See e.g. Bernard, Redding and Schott, 2010a,b; Bernard et al., 2012; Goldberg et al., 2010a,b
2The production possibilities set is defined in terms of aggregated inputs and outputs.
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on production tuples. Alternatively parts of or all of the approach of De Loecker et. al

(2016) could be combined with our moment conditions in a hybrid approach that could

address paucity of data. In this sense our work is highly complementary.

Our work is related to theoretical predictions of recent theoretical papers on inter-

national trade with multi-product firms (e.g. Eckel and Neary, 2010; Bernard, Redding

and Schott, 2010, 2011; Mayer, Melitz and Ottaviano, 2014). These papers consider that

firms have a clear ordering of products based on their capability. The most important

(core) product corresponds to the core competency of the firm. Because we are able to

measure productivity at the firm-product level we can address these papers and indeed

our results are consistent with firms behaving as these models predict.

The rest of the paper is structured as follows. Section 2 describes the detailed quar-

terly firm-product dataset that we build. In Section 3, we explain the methodology that

we use to estimate the multi-product production functions. Section 4 formalizes and pa-

rameterizes the system of simultaneous production equations that comes out of the theory

of Secton 3. Section 5 addresses simultaneity, Section 6 presents our results, and Section

7 concludes.

2 Product-level Quantities and Unit Prices in Bel-

gian Manufacturing

We observe a variety of different data sets on Belgian firms that allow us to construct

quarterly firm-product observations on quantities sold, unit prices, and inputs used from

the period 1995Q1-2007Q4 period. Quantities and unit prices are available at the 8-

digit PRODCOM level (more below) from the PRODCOM survey. We use quarterly

information coming from 3 different sources - the Value Added Tax (VAT) declarations,

the Social Security declarations and the annual accounts - in order to construct quarterly

estimates of the inputs of labor, capital, and intermediate inputs. We use the international

trade data hosted at the National Bank of Belgium (NBB) coupled with the PRODCOM

data to construct quarterly 8-digit product-specific import penetration rates. From the

World bank we obtain information on the evolution of European tariffs on Chinese imports

which we use as instruments. We discuss each data source in turn.
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2.1 The Belgian PRODCOM survey

The first data set is firm-product level production data (PRODCOM) collected by Statis-

tics Belgium3. The survey is designed to cover at least 90% of production value in each

NACE 4-digit industry. All Belgium firms with a minimum of 10 employees or total

revenue above a certain threshold are covered in the survey. The sampled firms are re-

quired to disclose monthly product-specific revenues and quantities of all products at the

PRODCOM 8 digit level (e.g. 15.96.10.00 for ”Beer made from malt”, 26.51.11.00 for

”Cement clinker”). We aggregate to quarterly revenues and quantities and calculate the

associated quarterly unit price. We focus our analysis on the period 1995-2007 because

Chinese tariffs fell significantly for many products over this period.4

We keep only firms that have their principle business activities in manufacturing and

we exclude firms that report a total value of production at odds with the value that they

report in their annual accounts. Within each 4-digit industry, we compute the median

ratios of total revenue over employment, capital over employment, total revenue over

materials and wage bill over labor (average wage) and exclude those observations more

than five times the interquartile range below or above the median. Finally, we keep only

firm-product observations where the share of the product in the firm’s portfolio is at least

5%. See the data appendix for more details about data cleaning.

The Value Added Tax revenue data provides us with a separate check agains the

revenue numbers firms report to PRODCOM. Comparing the tax administrative data

revenue numbers with the revenue numbers reported in the PRODCOM data we find

that between 85% and 90% of firms report similar values for both.5

Table 1 displays the average relative share of products in firms’ portfolios when they

are producing a different number of products at various levels of aggregation (8-digit and

4-digit PRODCOM). The majority of firms are multi-product firms. They also have a

much larger weight in the economy as they contribute for around 75% of total value in our

sample. The average firm in our sample produces around 2.5 products and multi-product

firms typically have a core product that represents the major part of their sales;(77.5%

for firms producing 2 goods and 50% for firms producing more than 5 goods).

One clear implication of Table 1 is the standard approach to estimating production

functions - where the dependent variable is total deflated revenue across all of a firm’s

3See http://statbel.fgov.be/fr/statistiques/collecte donnees/enquetes/prodcom/ and
http://statbel.fgov.be/nl/statistieken/gegevensinzameling/enquetes/prodcom/ for more details in
French and Dutch, or Eurostat in English (http://ec.europa.eu/eurostat/web/prodcom).

4Two other reasons for stopping in 2007 specifically are that the product classification system was
significantly revised in 2008 and the sample sizes were reduced at that time.

5Anecdotally it has been suggested to us that many firms have one piece of software reporting the
same number to both agencies.
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products - is mixing outputs of potentially different production technologies, one for each

product produced. If so then the resulting estimates are a reduced form description

of some ”hybrid” technology, but have no structural interpretation. We will estimate

separate production technologies for each product in our analysis.

2.2 Firm Input Measurements

Quarterly measurements of firms inputs from 1995 to 2007 are obtained from three dif-

ferent data sets, including the Value Added Tax fiscal declarations of firm revenue, the

Social Security database, and the Central Balance Sheet Office database. Belgian firms

have to report in their VAT fiscal declarations both their sales revenues and their in-

put purchases for tax liability purposes. Using this information we construct quarterly

measures for intermediate input use and the investment in capital (purchases of durable

goods) from 1995Q1 to 2007Q4. For measures of firm employment we use data from the

National Social Security Office to which Belgian firms report on a quarterly basis their

level of employment and wages. To construct a quarterly measure of capital we start with

data from the Central Balance Sheet Office, which records annual measures of firm assets

for all Belgian firms. For the first year a firm is in our data, we take the total fixed assets

as reported in the annual account as their starting capital stock. We then use standard

perpetual inventory methods to build out a capital stock for each firm-quarter.6

2.3 The Increase in Import Penetration Rates: 1995-2007

We construct three separate measures of import penetration using the international trade

database and the PRODCOM database together. The trade database provides firm-level

information on international transactions of goods, by product, classified according to the

CN 8 digit product classification, and by country of destination for export or country of

6In order to build the capital stock, we assume a constant depreciation rate of 8% per year for all
firms. Real capital stock is computed using the quarterly deflator of fixed capital gross accumulation. The
initial capital stock in t = t0, where period t0 represents the 4th quarter of the first year of observation
of the firm, is given by

Kt0 =
Total fixed assetsfirst year of observation

PK;t0

The capital stock in the subsequent periods is given by

Kt = (1− 0.0194)Kt−1 +
It

PK;t

We assume that the new investment is not readily available for production and that it takes one year
from the time of investment for a new unit of capital to be fully operational.
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origin for imports. Our first measures is given as

IS1,jt =
Mjt

Yjt +Mjt

where Yjt represents the value of production of good j in quarter t as measured in PROD-

COM and Mjt represents the value of imports of good j in quarter t as measured in the

trade dataset. We compute a similar indicator - IS2,jt - using physical quantities instead

of value.

Neither one of these measures accounts for re-exports which play an important role

in Belgian trade, as a significant fraction of the product entering in Belgium are re-

shipped to other EU markets. When computing the import penetration ratio one might

want to correct the numerator and denominator should be corrected for re-export, but

this is not reported in the data.In order to proxy for such a measure, we assume that,

if a firm imports and exports the same good j, its import of that particular product

for the Belgian market is given by Max {Mijt −Xijt, 0}, which means that if a firm is

producing and importing the same product, it first exports what has been imported and

it only exports its domestic production if the amount exported is larger than the amount

imported. Net imports should be expressed in physical units:

IS3gt =

∑
i ∈ Importers

Max {Migt −Xigt, 0}

Ygt +
∑

i ∈ Importers

Max {Migt −Xigt, 0}
.

Table 2 shows that import competition at the product level displays significant hetero-

geneity both within industries and over time.7 While import competition has increased

on average for all industries shown in the table, we also observe that some producers

are facing relatively little competition for the goods that they make, while other product

markets are completely flooded with imports.

2.4 The Fall in European Import Tariffs: 1995-2007

Over the last 25 years, the competitive environment has changed quite a lot for Belgian

firms. The Single Market Program was implemented on January 1, 1993 and this has

led to increased competition within the EU. More recently, the most important shock for

firms in advanced economies has been the entry of China in the WTO.

7This table shows the summary statistics for our third measure of import share that controls for re-
export, since this is the main measure we will use in our subsequent analysis. We will also discuss the
results with the alternative measures in the subsection on robustness checks. Appendix A1 shows the
summary statistics for the other two measures.

7



In our analysis, we will require instrumental variables for our import competition

variable. We build two instruments inspired by the recent trade literature. First, we

follow Trefler and Lilleva (2010) and use tariffs at the HS6 level. While their focus is on

the unexpected change in tariffs between Canada and the US in 1991, we on the other

hand use tariff information from all potential trade partners for the period 1998-2006. The

data are obtained from the World Bank WITS website.8 We use the effectively applied

tariffs to the EU from all potential sourcing countries but we pay specific attention to

China. Our first instrument is the product-level effective tariff applied to Chinese goods

weighted by the share of China in the pre-sample period.

IV 1jt = αj,1995 ∗ Tariffjt),

This measure captures the fact that one of the most significant change in the envi-

ronment faced by firms has been the increase in imports from China as a result of tariff

reductions due to trade liberalization and China’s entry in WTO.

For our second instrument we follow Hummels et al. (2014) and use the log of world

export supply (except Belgium) using the BACI database from CEPII.

IV 2jt = log(WESjt)

The intuition behind this IV is that other countries exports capabilities affect their ability

to penetrate foreign markets and compete with Belgian firms. These might also have

evolved over time. This variable is likely to be uncorrelated with the productivity shock

affecting Belgian firms.

3 Multi-Product Production Functions

Using Diewert (1973) and Lau (1976) we review the theoretical conditions under which a

single- or multi-product production function exists and its properties when it does exist.

Readers not interested in the details can jump directly to section 4.

The single-product production function gives the maximal output q that can be pro-

duced using N non-negative inputs denoted x = (x1, x2, . . . , xN). Under assumptions

outlined below it exists and one can write q = F (x), motivating estimating a production

function by regressing output on inputs. There are several well-known testable impli-

cations like F (x) weakly increasing in every element of x, which follows from the free

disposal of inputs (Diewert (1973)). Thus if all estimated elasticities of output with re-

spect to inputs are not significantly weakly positive then the function is not a production

function.
8See http://wits.worldbank.org/wits/wits/witshelp/Welcome.htm
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In the multi-output and multi-input setting the firm’s production possibilities set T

lives on the non-negative orthant of RJ+N and contains all of the combinations of J non-

negative outputs q = (q1, q2, . . . , qJ) that can be produced by using N non-negative inputs

x. The multi-product analog to the single product production function is given as

qj = Fj(q−j, x),

where q−j denotes all other products produced by good j. It denotes the maximal output

that can be achieved for good j given inputs x and production of other goods fixed at

q−j. The assumptions that deliver existence are similar to the single product case.

In order for the estimated function to be consistent with multi-product production

function two conditions must hold. The conditional other-output elasticities must be

negative; holding inputs constant at x an increase in production of any product in q−j

holding the others constant weakly leads to a decrease in the amount of produced output

qj. Second, the conditional input elasticities must be positive; holding other outputs

constant at q−j an increase in an input weakly holding other inputs constant leads to

more weakly output of qj. These follow from generalized free disposal assumptions in the

multi-input and multi-output setting.

In both the single product case and the multi-product case there is the possibility that

inputs or outputs suffer from ”fixity” - defined precisely below - which leads to increasing

returns to scale. Lau(1976)’s disjoint biconvexity condition extends the convexity assump-

tion on the production possibilities set in Diewert (1973) to allow for fixity in subsets of

inputs or outputs.

3.1 Single Product Firms

Single-product production relationships are defined as the set of single-product output

levels that are possible given a particular set of inputs. One can also characterize this

relationship as - for a given level of output - what sets of inputs can produce that output.

The single-product production function assigns the maximal output achievable for any

given set of inputs.

In the single-product setting the primitive of production analysis is the firm’s pro-

duction possibilities set T , which lives in the non-negative orthant of R1+N and contains

all values of the single output q that can be produced by using N non-negative inputs

x = (x1, x2, . . . , xN); if (q̃1, x̃) ∈ T if q̃1 is producible given x̃, Formally the production

function (production frontier) F (x) is defined as:

q∗ = F (x) ≡ max{q | (q, x) ∈ T}.
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Testable properties of F (x) like concavity or quasi-concavity in elements of x, or q∗ non-

decreasing in x have been derived using primitives on T , and there is an enormous litera-

ture where applied researchers have checked whether their estimated production functions

satisfy these conditions.

3.2 Diewert-Lau Multi-Product Production

The multi-product generalization is similar. For any particular set of inputs the rela-

tionship gives the sets of output vectors that are producible using that input set. For

any given vector of outputs it gives the sets of inputs capable of producing that output

vector. The generalized production function (or transformation function) is the maximal

amount of one output achievable holding all input and other output levels constant. In

this section we use a combination of results from Diewert (1973) and Lau (1976) to gener-

alize well-known single-product production function results - existence of it and testable

restrictions on it - to multi-product settings.

In the multi-output and multi-input setting the firm’s production possibilities set T

lives on the non-negative orthant of RJ+N and contains all of the combinations of M

non-negative outputs q = (q1, q2, . . . , qJ) that can be produced by using N non-negative

inputs x = (x1, x2, . . . , xN); if (q̃, x̃) ∈ T then q̃ = (q̃1, . . . , q̃J) is achievable using x̃ =

(x̃1, . . . , x̃N). For good j produced by the firm let the output production of other goods

be denoted by q−j. The multi-product transformation function is defined as

q∗j = F (q−j, x) ≡ max{qj | (qj, q−j, x) ∈ T},

if there exists a qj such that (qj, q−j, x) ∈ T , and

F (q−j, x) = −∞

if (qj, q−j, x) /∈ T ∀qj ≥ 0.9 Before turning to the assumptions on the multi-product

production possibilities set we briefly discuss notation.

In the single product case it is possibility loosen the assumption of freely variable inputs

- equivalent to convexity over inputs in the production set - to allow for the possibility of

input-fixity, that is, the inability to instantaneously change the level of an input. In the

multi-product setting, the generalization allows for the possibility of fixity both in inputs

and outputs.In the statement of the conditions on the production possibilities set and in

the proof of the multi-product extension it will be useful to divide inputs and outputs

9Note this qualification on the transformation function only arises once there are two or more outputs.
In the single product case if no output can be produced then the function takes on zero value. The multi-
product case has to account for the fact that certain couples of inputs and outputs may not be possible.
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into variable v and fixed K, and we sometimes re-express (q−j, x) as (v,K), and abuse

notation by writing both F (q−j, x) and F (v,K).

We assume T satisfies the following five conditions and we refer to these conditions as

Conditions P:

(i) P.1 T is a non-empty subset of the non-negative orthant of RM+N

(ii) P.2 T is closed,

(iii) P.3 The sets TK = {v | (v,K) ∈ T} are convex for every K; the sets T v =

{K | (v,K) ∈ T} are convex in K for every v.

(iv) P.4 If (q, xk, x−k) ∈ T then (q, x′k, x−k) ∈ T ∀x′k ≥ xk.

(v) P.5 if (qj, q−j, x) ∈ T then (q′j, q−j, x) ∈ T ∀q′j ≤ qj.

Conditions (i), (ii), (iv), and (v) are from Diewert (1973) and condition (iii) is from

Lau (1976). Conditions (i) and (ii) can be viewed as weak regularity conditions. Condition

(iv) is a free disposal condition on inputs; if you can produce qj given (q−j, x) then you

can produce qj with any x
′ ≥ x. Condition (v) is a free disposal condition on output; if

you can produce qj given (q−j, x) then you can produce any level of output q
′
j such that

0 ≤ q
′
j ≤ qj.

Condition (iii) is Disjoint Biconvexity and it allows for fixity in some inputs and

outputs. From Lau (1976) pg. 133

Biconvexity allows the existence of overall increasing returns while preserving

the properties of diminishing marginal rates of transformation (substitution)

amongst certain subsets of commodities.

For the flexible inputs v convexity in them holding the fixed inputs K constant results

in the production function continuing to be concave in these inputs. For the fixed inputs

convexity in K given v results in the production function being quasi-concave in K given

v.10

Theorem 3.1 (The Transformation Function ) Under P.1-P.5 the function F (q−j, x)

is an extended real-valued function defined for each (q−j, x) ≥ (0M−1, 0N) and is non-

negative on the set where it is finite. F (v,K) is concave in v, quasi-concave in K, and

F (q−j, x) is non-increasing in q−j and non-decreasing in x.

10Diewert (1973) maintains a stronger condition that convexity holds on the set of all inputs and
outputs, which rules out fixity in inputs and results in a function that is concave in all inputs and
outputs, and thus rules out increasing returns to scale.
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See the Appendix for the proof. The existence result is critical for motivating estimation

of each quantity as a function of the quantities of all other products produced by the firm

and total input levels. Our approach does not require multi-product production to be a

collection of single product productions functions. It also does it require us to allocate

inputs among the the different products produced by the firm because the production

possibilities set is defined in terms of aggregated inputs.

4 Functional Forms for Production

In this section we describe simple Cobb-Douglass approximations for both single- and

multiple-product production. It is straightforward to move to the trans-log by adding

higher-order terms.

4.1 Single- and Two-Product Production

We start with the case where a firm may produce one of two products or both together.

A simple example is found in Dhyne, Petrin and Warzynski (2014) who look at the bread

and cakes industry in Belgium, where some firms produce only bread, some produce only

cake, and some produce both bread and cake. They estimate four separate production

processes. Let qiBt and qiCt denote the output quantities of bread and cakes respectively

and let (lit, kit,mit) denote labor, capital and intermediate inputs (outputs and inputs are

in logs). For firms producing just bread or cakes the production model is the standard

single product production model with different parameters for the production function

depending upon whether bread or cakes is the dependent variable, e.g.:

qiBt = β0 + β0
l lit + β0

kkit + β0
mmit + εiBt (1)

with the production parameters β0 = (β0
l , β

0
k , β

0
m) now having the interpretation as the

percentage change in bread output due to a percent change in any one input holding

the other inputs constant. The function is only a production function if β0 > 0. The

analogous approach is used to estimate the cake production function.

For firms producing both bread and cakes the production function for bread is given

as a function of inputs and cake production:

qiBt = β0 + βb
l lit + βb

kkit + βb
mmit + γCqiCt + εiBt (2)

with the production parameters βb = (βb
l , β

b
k, β

b
m) now having the interpretation as the

percentage change in bread output due to a percent change in any one input holding

other inputs and cake output constant. γC is the change in bread output that results
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from increasing the output of cake by one percent holding overall input use constant. The

function is only consistent with a production function if βb > 0 and γC < 0.

For firms producing both bread and cakes the production function for cakes is given

as a function of inputs and bread production:

qiCt = β0 + βc
l lit + βc

kkit + βc
mmit + γBqiBt + εiCt (3)

with the production parameters βc = (βc
l , β

c
k, β

c
m) now having the interpretation as the

percentage change in cake output due to a percent change in any one of the inputs holding

all other inputs and bread output constant. γC is the change in cake output that results

from increasing the output of bread by one percent holding overall input use constant.

The function is only a production function if βc > 0 and γB < 0.

In the single product case there is the well-known simultaneity problem Marschak and

Andrews (1944) where input demand is in part determined by the productivity shock. In

the two-product case the same simultaneity concern remains, where part of (e.g.) εiBt -

the part of productivity known by the firm when it makes inputs choices - is correlated

with the input levels. There is the added challenge in the two-product case in that qiCt

and qiBT is a system of equations so by construction they will both be correlated with both

εiBt and εiCt, so they will have to be instrumented as we discuss further in the estimation

section.

4.2 J-Product Production Model

The general J product system of production equations is given as:

qijt = βj
0 + βj

l lit + βj
kkit + βj

mmit + γj−jqi−jt + εijt j = 1 · · · J (4)

where q−j denotes the vector of all other outputs excluding qj and γj−j denote the param-

eters that are the elasticities of the output of qj with respect to any one element of q−j

holding inputs and other outputs constant. The production parameters βj = (βj
l , β

j
k, β

j
m)

now have the interpretation as the percentage change in qj due to a percent change in

any of the inputs holding all other inputs and outputs q−j constant. The function is only

well-defined when βj > 0 and γ−j < 0. Just as in the two-product case all quantities

will generally be a function of εijt j = 1 · · · J so they will have to be instrumented in

addition to addressing the input simultaneity problem.

4.3 Quantity Aggregation

In reality, many firms produce more than 2 goods and industries are composed of firms

with different product portfolios. We generalize the theory by simplifying the problem
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and assuming we can aggregate all the other products produced by the firm (except good

g).11 We are therefore suggesting an hybrid method, and we estimate instead:

qijt = β0 + βllit + βkkit + βmmit + γjri−jt + εijt (5)

where qigt denotes the log of physical quantity of a good g produced by firm i and ri(−g)t

denote the log of deflated revenue. We also experiment with alternative quantity in-

dices. Our second index sums log of quantity of all the other goods weighted by price

(
∑

j 6=g pjlnqj) and then substracts from this sum the log of the quantity of good g multi-

plied by the price of good g. The third one aggregates the sum of the log of deflated value

(
∑

j 6=g ln(pjqj)) minus the deflated value of good g. The last one simply sums the log of

physical quantity of all the other goods except g (
∑

j 6=g lnqj) and we then substract lnqg.

Depending on the economic environment that the firm is facing, these various aggregation

methods will be more or less realistic. Our main purpose however is to use these alterna-

tive indices as robustness checks so as to verify if our results are affected by the choice of

the aggregation method chosen.

5 Estimation

We review the Olley-Pakes and Levinsohn-Petrin methodologies within the Wooldridge

(2009) framework, which allows us to address the simultaneity issue that induces a cor-

relation between the productivity residual and inputs. In the multi-product setting we

must also instrument for any quantities that are explanatory variables because they are

simultaneously determined with all other outputs in the system of output equations. We

first review the methodology for the single-product case and then show how it extends

directly to the multi-product case.

5.1 Wooldridge OP/LP Methodology: Single Product

From before we have the production function written with the log of output as a function

of the log of inputs and shocks

qt = βllt + βkkt + βmmt + ωt + εt

where we have replaced the shock with its two components, i.e. εt = ωt + ηt. ωt is the

productivity shock, a state variable observed by the firm but unobserved to the econo-

metrician and assumed to be a first-order Markov. ωt is the source of the simultaneity

problem as freely variable inputs lt and mt respond to it. kt is a state variable and is

11Roberts and Supina (2000) follow a similar procedure when estimating cost functions.
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allowed to be correlated with E[ωt|ωt−1], but it is assumed that ξt = ωt −E[ωt|ωt−1], the

innovation in the productivity shock, is uncorrelated with kt. εt denotes an i.i.d. shock

that is assumed to be uncorrelated with all of the inputs.

OP write investment as a function of the two state variables it = it(ωt, kt) and pro-

vide conditions under which investment is strictly monotonic in ωt holding kt constant.

They then invert this function to get the control function with arguments it and kt.
12

Wooldridge (2009) uses a single index restriction to approximate unobserved productiv-

ity, so in the OP setting one has

ωt = ht(it, kt) = c(it, kt)
′βω

where c(it, kt) is a known vector function of (it, kt) chosen by researchers. He also writes

the nonparametric conditional mean function E[ωt|ωt−1] as

E[ωt|ωt−1] = p(c(it−1, kt−1)
′βω)

for some unknown function p(·).13

Rewriting the production function as

yt = βllt + βkkt + βmmt + E[ωt|ωt−1] + ξt + εt (6)

yields

[ξt + εt](θ) = yt − βllt − βkkt − βmmt − p(c(it−1, kt−1)
′βω)

with β = (βl, βk, βm, βω), θ = (β, q). Let the set of conditioning variables be xt =

(kt, kt−1,mt−1, lt−1) and let θ0 denote the true parameter value. Wooldridge shows that

the conditional moment restriction

g(xt; θ) ≡ E[[ξt + εt](θ)|xt] and g(xt; θ0) = 0

is sufficient for identification of (βl, βk, βm) and E[ωt|ωt−1]. It is also robust to the Acker-

berg, Caves, and Frazer (2006) criticism of OP/LP. In equation (7) a function of it−1

and kt−1 conditions out E[ωt|ωt−1]. ξt is not correlated with kt, so kt can serve as an

instrument for itself. Lagged labor lt−1 and lagged materials mt−1 serve as instruments

for lt and mt.

12LP write intermediate input demand as a function of the state variables mt = mt(ωt, kt) and provide
weak conditions under which mt(·, ·) is strictly monotonic in ωt holding kt constant. The intermediate
demand function can then be inverted to obtain the control function for ωt as a function of observed mt

and kt, written as ωt = ht(mt, kt).
13LP use mt and mt−1 instead of it and it−1 respectively for ωt and E[ωt|ωt−1].
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5.2 Multi-Product Production

In the multi-product case we have for qj:

qjt = βllt + βkkt + βmmt + β′q−jq−jt + E[ωjt|ωj,t−1] + ξjt + εjt (7)

yields

[ξjt + εjt](θ) = qjt − βllt − βkkt − βmmt − β′q−jq−jt − p(c(it−1, kt−1)
′βω)

with the new parameters β−j added to β = (βl, βk, βm, β−j, βω). Add to the set of

conditioning variables either further lags in inputs or the lagged output levels so (e.g.)

xjt = (q−j,t−1, kt, kt−1,mt−1, lt−1). The conditional moment restriction

g(xjt; θ) ≡ E[[ξjt + εjt](θ)|xjt] and g(xjt; θ0) = 0

is sufficient for identification of β and E[ωt|ωt−1]. The key difference from the single

product case is the need for instruments for q−jt, which might either be lagged values of

q−jt or inputs lagged even further back.

5.3 The link between productivity and imports

We now discuss how our productivity measures are related to import share.14 In our first

specification, we regress firm-product level technical efficiency on last quarter’s lagged

technical efficiency and lagged product import share. We also include product dummies

(νj) and year-quarter dummies (δt).

ωijt = α1ωij(t−1) + α2ISj(t−1) + νj + δt

In our second specification we control for the rank of the product by including a vector of

rank dummies (Rankijt) for the second product, the third product, and products above

rank 3 (the omitted category being the core product).

ωijt = α1ωij(t−1) + α2ISj(t−1) + α3Rankijt + νj + δt

In our third specification we interact these rank dummies with the lagged product-level

import share in order to measure whether import competition has a different relationship

with productivity depending on the rank of the product.

ωijt = α1ωij(t−1) + α2ISj(t−1) + α3Rankijt + α4ISj(t−1) ∗Rankijt + νj + δt

14We use the import share net of re-exporting in most of our analysis, but we show that the results are
robust when we consider our two other measures.
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Since input shares are dependent on all demand and supply factors and shocks in a

market, the shock to the productivity equation could very well be correlated with the

import share. As discussed in Section 2.3 we use as instruments Chinese tariffs over the

period 1995-2007 to instrument these changes in import share.

6 Results

In this section, we first present the results from the estimation of our MPPF. We start with

the estimation with physical quantities on both sides of the regression and restricting our

attention to those firms producing goods in two 4-digit product categories (what we refer

to as the ”pure” Diewert-Lau approach). We then switch to the hybrid approach where

we use an aggregate variable for all the other goods produced by the firm on the right

hand side, while keeping the physical quantity of the good considered on the left hand

side. Last, we relate our TFP estimates with product specific measures of competition

and product rank.

6.1 The pure Diewert-Lau approach

For this analysis, we first looked at the most common pairs of goods that firms were

producing at the 8-digit PRODCOM level. We realized that there were not many exam-

ples of economic environments where a sufficiently high number of firms produce exactly

the same two products (with the exception of bread and cake, or doors and windows).

Therefore, we tried to aggregate the analysis at the 4-digit PRODCOM level (equivalent

to NACE). By doing so, we were able to identify a larger subset of economic environments

where firms produce the same ”combinations” of goods. In many cases, firms produce

goods within the same 2-digit or even 3-digit product category, so it justifies the fact that

we use a common production function for both types of products.

Table 4 shows the estimates for the 12 ”combos” where we observe the largest number

of observations (after applying our Wooldridge algorithm that requires the use of lagged

instruments and lagged variables in the control function). We follow the suggestion in De

Loecker et al. (2016) and adjust for the quality differences within product code (possibly

due to input price heterogeneity bias) by adding output price in the control function.15

We observe that the coefficients behave as expected. The coefficient of logQ2 is always

negative and significant, although the size varies a lot between combos. This possibly

reflects differences in substitution patterns and economics of scope.

15De Loecker et al. (2016) also add market share in their algorithm, but it did not make a big difference
in our case. We thank Jan De Loecker and Penni Goldberg for suggesting this approach in our research
framework.
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One important problem however is that we can only apply this methodology to a

limited subsets of firms and products, in those environments where firms’ product mix

is not too complex and relatively homogeneous between firms probably facing similar

competitive environment and technology. Therefore, we next turn to our hybrid approach.

6.2 The hybrid approach

We next use our extended Diewert approach to estimate MPPF. Our left hand side variable

is now the physical quantity of a given good produced by the firm, and we pooled within

a 2-digit PRODCOM category using all observations of multi-product firms, as long as

these products contributed at least to 5% of the turnover of a firm (the analysis was also

conducted at the 4-digit and even 8-digit, although for a limited set of products for which

we had enough observations). Table 4 shows the estimates using the Wooldridge approach

and controlling for price for the 9 most important industries in Belgian manufacturing.16

We get reasonable estimates as coefficients are more or less in the range than we

would expect. The coefficient of ri(−g)t is always negative and ranges around -0.10 across

industries. Differences across 2-digit product categories were expected, as firms differ

in their technologies and product scope. In particular, the negative coefficient of ri(−g)t

captures how the constraint of producing more other goods limits the physical production

of good g, controlling for the use of inputs. In any case, it is important to note that

we have to consider the four coefficients together to interpret them. Indeed, the input

coefficients are all conditional on the production of other goods.

6.3 The link between productivity and imports

Table 5 displays the results of the link between firm-product level productivity and

product-level import share. All specifications include quarter-year and product dummies.

In column 1, we find that the import competition is positively related to firm-product

level productivity, in line with our theoretical prior that competition provides incentives

to innovate and remain competitive. In column 2, we control for the rank of the product

and find that firms appear to be less productive the further away from their core product.

This is consistent with recent theories of multi-product firms in the trade literature, as

previously discussed. The coefficient of import share and productivity remain relatively

unchanged when adding these variables. Finally, in column 3, we add an interaction be-

tween a dummy for the rank of the product and the import share for the product. The

16Appendix A2 shows the coefficients when we do not control for price. As in De Loecker et al. (2016),
some coefficients were out of the usual range. Note that controlling for price does not affect our results
in the next subsection.
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coefficient of import share (related to the core product) increases, while the coefficients

of import share interacted with the rank dummies become more negative the higher the

rank, suggesting that import competition is less strongly connected to productivity the

further is the product from the core competence of the firm.

As discussed previously, we suspect our measure of import competition might be en-

dogenous and we therefore instrument import competition with tariffs and world export

supply. The last three columns of table 5 show the IV results for our three main specifi-

cations.We observe that the coefficient of import share increases almost by a magnitude

of ten from 0.1 to 0.9. Moving to column 5 where we control for product rank, the result

remains robust, and we find again evidence regarding the productivity ranking by product

order. Finally, our third specification is also similar to the OLS, although the magnitude

of the coefficients is much larger.

These results suggest that import competition affects the various products that firms

produce very differently. Firms tend to be more efficient in the production of their core

product (relative to non-core products), as suggested by recent theoretical contributions

(see e.g. Bernard, Redding and Schott, 2011; Mayer, Melitz, Ottaviano, 2014) but they are

also increasing their core-product efficiency in response to increase in foreign competition.

6.4 Robustness checks

We perform several additional robustness checks to see if our results depend on the econo-

metric method chosen, on the aggregation method chosen or on firms’ international trade

decisions.

The first column of table 6 shows the results from our main specification when we add

a price control in the control function. In the second column, we also add a quadratic

term for logR. None of our results appear to be affected. The next two columns show

that our results are also relatively similar if we use our TFP measures obtained using

OLS or WOP (results are a bit less strong in the latter case, as two coefficients are not

significant).

In table 7, we use the productivity measures obtained from the pure Diewert-Lau

approach in table 4. Even if we have a smaller sample size and if the coefficients were

sometimes a bit ”out of range”, we still find a similar result that firm-product level

productivity is positively associated with the import share; that the second product is

around 20% less productive than the core product; and that the interaction between

import share and second product has a negative coefficient, although not significant in

this case. It might be because of the limited variation in this limited sample with only a

few product combinations being considered.
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In the first two columns of table A3, we consider only multi product firms (without

and with price control). In the next two columns, we control for the firm’s decisions to

import and/or export at the firm-product or firm level. Our coefficients of interest are

unchanged. In table A4, we use alternative measures of TFP obtained with the different

aggregate measures discussed in section 4. It does not appear to affect our results. Last,

in table A5, we show the results when we use our alternative measures of import shares

(IS1 and IS2). Results are a little bit less convincing when not correcting for re-export,

but most of the results hold through.

7 Conclusion

In this paper, we develop several tools to estimate TFP with multi-product firms using

detailed quarterly data on physical quantities produced by firms. We use our estimates

to study the link between productivity and import competition. We show a generally

positive relationship between firm level productivity and import competition, pointing

towards the disciplinary effect of competition on efficiency. In addition, based on our

firm-product analysis, it seems that the disciplinary effect of import competition on firm

efficiency is not uniformly distributed across the various manufactured goods of the firm’s

products portfolio. Our results indicate that this disciplinary effect is at play only for

the core products. When non core activities are considered, increased foreign competition

does not seem to generate efficiency gains. On the contrary, it may be associated with

lower efficiency, what might lead to a relative withdrawal in the production of those goods.

Our analysis also confirms recent predictions of theoretical models of multi-product firms

in trade (e.g. Bernard, Redding and Schott, 2011; Mayer, Melitz and Ottaviano, 2014)

as firms are shown to be more productive for their core products.
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Table 1: Product portfolio of firms

Note: the number of products is computed after removing the products with 0 or
missing value. Products are defined as 8-digit and 4-digit PRODCOM codes.
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Table 2: Summary statistics on import share at the product level

Note: import shares are computed at the 8-digit prodcom level. To classify the product groups,

we use the following definition: chemicals (prodcom2=24), food and beverages (prodcom2=15),

machinery and equipment (prodcom2=29), fabricated metal products (prodcom2=28), rubber

and plastic products (prodcom2=25).
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Table A-1: Summary statistics on import share at the product level for the other import
share measures

Note: import shares are computed at the 8-digit prodcom level. To classify the product groups,

we use the following definition: chemicals (prodcom2=24), food and beverages (prodcom2=15),

machinery and equipment (prodcom2=29), fabricated metal products (prodcom2=28), rubber

and plastic products (prodcom2=25).
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