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Abstract

The paper investigates the link between the elasticity of trade to income
and production fragmentation. We argue that a change in the degree of
production fragmentation a¤ects the elasticity of trade to income, while a
mere change in production level for a given degree of fragmentation does not.
A simple model is proposed in which �rms choose whether or not to adjust
the degree of production fragmentation as �nal-good demand changes. We
show that only large demand shocks induce �rms to adjust the fragmentation
degree, determining an increase in the correlation between fragmentation
and trade elasticity. Using panel data starting from the late 90s that include
the 2008-09 global crisis we �nd that on average trade elasticity is positively
in�uenced by production fragmentation. As the model suggests such e¤ect
signi�cantly increases in extra-ordinary times such as the 2000 ICT euphoria
and the global crisis.
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1 Introduction

The sharp fall of international trade was one of the striking features of the global
�nancial crisis of 2008-09. In the �rst quarter of 2009 the value of total merchan-
dise trade of OECD countries with the rest of the world decreased by more than
17% on the corresponding period. At the same time economic activity signi�-
cantly contracted, even if not as much as trade: GDP in OECD countries fell by
4.7% (see �gure 1). These values imply an elasticity of trade to income higher
than 3. Irwin (2002) estimates the historical value of the elasticity of trade to
current income in the period 1950-2000 to be between 1 ad 2.1 Moreover Bussière
et al. (2009) and Levchenko et al. (2010) argue that the 2008-09 fall of inter-
national trade was indeed much deeper than what standard trade models could
predict. Additionally the trade collapse was extremely fast and highly synchro-
nised and involved also countries whose economies were not directly hit by the
�nancial crisis.

This surprisingly large drop of trade with respect to income sprung a big
debate on its causes. However no consensus on the very cause of the collapse
has emerged yet. Three possible explanations, which go beyond a straightfor-
ward, exogenous increase of the elasticity of trade to GDP, have been proposed:
i) compositional e¤ect; ii) trade �nance and iii) international fragmentation of
production. Those who stress the �rst driver (such as Levchenko et al., 2010 and
Eaton et al. 2011) link the smaller decrease of GDP with respect to trade to the
high share of services (more resilient to the crisis) in the �rst and the predom-
inance of manufacturing and especially of durable goods (more severely hit) in
the latter. The second approach (Amiti and Weinstein, 2009) argues that the
signi�cant reduction of trade credit may have played a role in the fall of import
and export. This would be especially important because Auboin (2009) estimates
that more than 80% of trade relies on trade �nance.2

In this paper we examine the third explanation, i.e. that production frag-
mentation ampli�ed the responsiveness of trade to outcome.3 In the presence of
a fragmented production process, a shock in the demand of the �nal good deter-
mines a change in the same direction of international �ows of the intermediate
goods used in the production of the �nal good. As we will show, this may a¤ect
trade elasticity. A widespread dissemination of fragmentation may be a cause of
the simultaneous fall of exports (of �nal goods) and imports (of intermediates)

1Values higher than 3 have only been found in the latter years of the sample for the long-run
trade elasticity both by Irwin (2002) and Freund (2009a).

2Such estimate is however considered to be signi�cantly upward biased by Freund (2009b).

3See, among others, Chinn (2005) who attributes the increase of trade elasticity for capital
goods in 2000s also to international fragmentation of production.
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in the same economy when global �nal demand falls. It may also be responsible
for an increased synchronisation of international trade. Moreover, the speed at
which orders can be dispatched from a �rm to a foreign supplier could have also
contributed in determining a high rate of fall of trade with respect to GDP.

Figure 1: International trade and GDP

Note: Growth rates, quarter on corresponding quarter.

Source: Authors�calculation using OECD data.

This paper investigates both theoretically and empirically the link between
international fragmentation of production and trade elasticity and whether it
is modi�ed in exceptional times. Its main contributions consist in rationalising
the role of production fragmentation in the transmission mechanism of demand
shocks to trade �ows and in providing an empirical analysis using panel data
which include the 2008-09 crisis.

We argue that a change in the degree of production fragmentation a¤ects
the elasticity of trade to income, while a mere change in production level for
a given degree of fragmentation does not. Should fragmentation adjustments
take place along the �rst direction during exceptional times, then the correlation
between fragmentation and trade elasticity would be stronger.

We rationalize our intuition in a simple general-equilibrium model in which
�rms optimally choose whether or not to adjust the degree of production fragmen-
tation as �nal-good demand changes. An increase in the degree of fragmentation
comes with higher �xed but lower variable costs. In equilibrium fragmentation
is proportional to production scale. We show that only large shocks induce �rms
to adjust the fragmentation degree. This is because since during a crisis (boom)
production scale decreases (increases), �rms �nd it pro�table to produce with a
lower (higher) level of fragmentation, being lower (larger) �xed costs spread on
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a smaller (larger) quantity of output. Conversely, a small shock in �nal demand
will be accommodated without changing the degree of fragmentation since its
adjustment is costly. In all cases the response is in the same direction as the
shock. A testable implication of this model is that the correlation between trade
elasticity and vertical specialisation increases during exceptional times.

The world trade collapse following the 2008-09 events provides an inter-
esting case to measure such a link. This is the aim of our empirical analysis,
which consists of two steps. We start by constructing an index of the degree of
production fragmentation which varies over countries and years. This measure
takes into account the di¤erent roles played by emerging-market and advanced
economies in the international division of labour. We then use this index in a
panel analysis on 38 countries between 1998 and 2009 to study the e¤ect of inter-
national fragmentation of production on the elasticity of trade to demand. First,
we �nd that trade elasticity is positively and signi�cantly in�uenced by interna-
tional production integration. The average e¤ect implies that a country moving
from the 25th to the 75th percentile of the fragmentation distribution, would
experience an increase in its trade elasticity to demand by more than 50% of the
sample average elasticity. Second, the e¤ect signi�cantly increases both during
ICT euphoria in 2000 and during the 2008-09 crisis, providing some explanation
of the trade collapse.

Other papers explore the link between fragmentation and the trade collapse.
However, direct comparison with our results is quite di¢ cult as no other paper
exploits the panel structure of the data in a similar manner. Escaith et at. (2010)
present a thorough investigation of the link between fragmentation and elasticity,
identifying some channels through which the �rst may have increased the latter.4

Their time-series approach leads to the conclusion that international production
can explain just some of the trade collapse. Cheung and Guichard (2009) use a
measure of fragmentation (similar to Escaith et al., 2010, but di¤erent from ours)
based on data available up to 2005 and estimate a time-series model for world
trade albeit with a di¤erent time window. They �nd a statistically signi�cant,
but quantitatively small in�uence of production fragmentation on trade in the
period from the mid-1970s to the inception of the crisis but they do not estimate
its impact on trade elasticity. Bems et al. (2010) present a global input-output
accounting exercise and show that a higher degree of fragmentation implies a
higher trade elasticity. In their framework international input-output linkages
account for roughly one half of the trade response in the crisis as well as for the
co-movement of imports and exports in response to the changes in demand.

4 In particular Escaith et al. (2010) stress the roles of the compositional e¤ect and of the
inventory adjustment e¤ect (so called �bullwhip� e¤ect). According to the latter, inventory
adjustments are ampli�ed by the lenght of the international supply chain.
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The rest of the paper is organised as follows. The next section presents
the motivation of the research. Section 3 develops a model of international pro-
duction sharing. In section 4 we present our measure of fragmentation and the
econometric analysis. Section 5 collects some concluding remarks.

2 Motivation of the research

International fragmentation of production, or vertical specialisation (VS),5 oc-
curs when some phases of a previously integrated production process are moved
abroad, while keeping others together with the overall coordination in the home
country. At a macroeconomic level, VS generates trade �ows in intermediate
goods.

The link between VS and trade elasticity is non-trivial. The increasing
recourse to production fragmentation in�ates the volume of international trade
more than GDP, as the share of transactions in intermediates increases. The more
fragmented is world production, the higher is the absolute decrease (or increase)
in the total volume of trade as a response to a negative (positive) shock to global
income.6 From this it does not necessarily follow that the percentage change in
trade is higher than the percentage change of GDP (O�Rourke, 2009).

It is useful to adapt to our context a terminology commonly used in inter-
national economics. We de�ne the extensive margin of vertical specialisation as
a change in the fragmentation network, whereas the intensive margin consists in
a variation of the quantities �owing through a given, active production sharing
network.7

Consider a movement along the intensive margin keeping constant the ex-
tensive margin. In this case a given fall in GDP determines an equal percentage
decrease in trade of both �nal and intermediate goods. In other words the elas-
ticity of trade to output, which measures the ratio of the percentage changes, is
independent from the degree of production fragmentation.

5 In the economic literature (for a survey, see Breda et al., 2008, and Guerrieri and Vergara
Ca¤arelli, 2006 and references therein) various terms are being used to refer to a substantially
unique phenomenon: international fragmentation of production, vertical specialisation, inter-
national outsourcing, international production networks, international production sharing. We
use these terms interchangeably.

6See Yi (2003).

7A change in the network architecture can occur in the case of a re-nationalization of a
previously internationally outsourced production phase as well as in the case of the internation-
alisation of a previously domestic production phase. A change in the identity of the international
production partners however would not determine a change in the network architecture as the
network would still connect the same number of domestic and foreign �rms.
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Consider now the opposite case in which only the extensive margin changes.
Then the response of trade to income is non-linear. In particular, the destruc-
tion of fragmentation networks �for instance due to a dramatic fall in the �nal
demand �determines the annihilation of the related trade �ows in intermediates.
This is the case, for instance, when international production chains are reallo-
cated domestically. Similarly, during boom periods the establishment of new VS
networks determines the creation of new trade �ows and consequently a more
than proportional increase in trade. Hence changes of VS extensive margin a¤ect
trade elasticity.8,9

A simple and intuitive framework to introduce a nonlinear relation between
trade elasticity and (the extensive margin of) fragmentation could be borrowed
from Jones and Kierzkowski (1990). Figure 2 depicts the �rm�s fragmentation
choice. The solid grey line represents the cost function of the domestically inte-
grated technology, while the solid black line is the cost function of the fragmented
technology. Vertical specialisation determines a reduction in the marginal cost
of production (for example because labour-intensive components are imported
from cheap-labour countries) and an increase in the �xed costs (for instance due
to the establishment and coordination of a geographically-dispersed production
network). In this simple model a change in the extensive margin is the switch
from a production technology to the other. A change in the intensive margin
corresponds to a movement along the same cost function.

The intuition behind this framework is extremely simple. The optimal
degree of fragmentation depends on the scale of production. For levels of out-
put larger than the quantity identi�ed by the crossing of the �fragmented�cost
function with that of the domestically integrated production, the �rm adopts
the fragmented technology, and viceversa. So a large demand shock determines a
change in the same direction of the VS extensive margin and consequently a more
than proportional change in the volume of trade, hence a¤ecting trade elasticity.

8When trade �ows are measured in quantity this is the only channel through which elasticity
may be a¤ected by VS. Conversely when trade �ows are measured in value the elasticity may
also depend on the price of intermediates (which may change even holding the fragmentation
network constant). However we believe this e¤ect to be of second order at the aggregate level.

9Production fragmentation may also a¤ect trade elasticity via a compositional e¤ect. For
instance, this is the case if fragmented goods represent a higher share in trade than in GDP and
the change in the demand for fragmented goods in a cyclical boom is higher than that in the
demand for non-fragmented goods.
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Figure 2: Total cost in case of integrated or fragmented
production
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c

However it has been suggested that di¤erent results could arise if the �xed
costs for the adoption of fragmented production technologies are sunk. Altomonte
and Ottaviano (2009) conjecture that the presence of (high) sunk costs of frag-
mentation could cause �rms to keep the international supply chain active during
a crisis not to destroy the VS network and thus forgo the (sunk) cost. Indeed
this could reduce the responsiveness of trade to demand. In this case a non-linear
e¤ect of VS on trade would be maintained but would decrease the responsiveness
of trade to demand shocks rather than increasing it.

Hence the question of whether elasticity of trade to income is an increasing
or a decreasing function of the degree of production fragmentation is an empirical
one. Our econometric analysis will show the nature of this link and measure it in
the data. Before that, in the next section we present a simple general equilibrium
model which incorporates our intuition on VS. In particular our framework will
consider the cases of signi�cant demand shocks in either direction which we will
refer to as �euphoria�and �crisis�.

3 A model of vertical specialisation

Building on Burda and Dluhosch (2002) we propose a model which captures
the main features of the link between international production sharing and the
demand for �nal goods. The purpose of the model is to show how optimising �rms
endogenously setting the intensive and extensive margins of vertical specialisation
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adjust in response to demand shocks. In order to clarify the mechanics of the
adjustment we proceed in two steps. We �rst present a simpli�ed version of the
model in which �rms optimally respond to demand shocks changing the extensive
margin of vertical specialisation. We then extend the framework to allow for the
optimal choice to occur along both margins. In this way we show that the response
to large demand shocks takes place through the extensive margin whereas small
shocks are accommodated along the intensive margin.

Consider a short-run general-equilibrium model of the world economy in
which there are four commodities: an agricultural good, a �nal good, a con-
structed intermediate good and fragmentation services. The only factor of pro-
duction is labour and there is no accumulation. Households maximise a standard
utility function that combines a constant-return-to-scale Cobb-Douglas function
over an agricultural good, x0, and a C.E.S. aggregate of N horizontally di¤eren-
tiated manufactured goods, xi:

U = x1��0

0@ NX
j=1

x
1��
�

j

1A
��
1��

where � > 0 and (1� �) > 0 are the expenditure shares of the composite manu-
factured good and the agricultural good respectively and � > 1 is the elasticity
of substitution among manufactured goods. The agricultural good is the nu-
meraire of the economy. As usual the consumer demands are: x0 = (1� �)Y
and xi = p

��
i P

��1�Y where P =
�PN

j=1 p
1��
j

�1=(1��)
is the C.E.S. price index.

The perfectly competitive agricultural sector employs labour with a mar-
ginal productivity of 1. Manufacturing �rms face Dixit-Stiglitz (1977) monopo-
listic competition in the market for the �nal good. As we focus on the short run
equilibrium the number of �rms, N , is given. The production of each variety of
the �nal good, xi, requires as inputs the intermediate good, ti, and fragmenta-
tion services, zi, combined in a Cobb-Douglas production function with increasing
returns to scale:10

xi = �tiz

i (1)

where  2 (0; 1) and � > 0 is the total factor productivity. Input prices are pt and
pz. Both the fragmentation service sector and the intermediate good sector are
perfectly competitive, display constant returns to scale and employ only labour,
with marginal productivity � > 0 and � > 0, respectively.

10The results will remain unchanged if we postulated that manufacturing goods were produced
with fragmentation services and labour, instead of an intermediate good. However in this case
the model would focus on the choice of a �rm between vertical integration and fragmentation. We
prefer the current formulation because it clearly identi�es both the extensive and the intensive
margins of fragmentation.
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The total cost of production for manufacturing �rm i is trivially Ci =
ptti+pzzi, i.e. the total expenditure in inputs. Substituting the intermediate good
requirement obtained from the production function (1) the total cost becomes:

C (xi; zi) =
v

zi
xi + pzzi (2)

where v = pt
� . Equation (2) shows the e¤ect of VS on total production cost. An

increase in fragmentation service input, zi, reduces the marginal cost of produc-
tion, v /zi , and raises the �xed cost, pzzi, for each variety of the �nal good. The
cost function (2) generalises in a continuous framework the original intuition by
Jones and Kierzkowski (1990) described in section 2. Assuming that VS services
can take only two levels, zL and zH , we have the cost functions depicted in �gure
2.11 The advantage of this modelling choice is a higher generality as well as a
greater analytical tractability. Notice that a change in z corresponds to a dif-
ferently fragmented production technology. In the terminology of the previous
section it corresponds to a change through the extensive margin of VS. A change
in the intensive margin would correspond to a change in the intermediate good
input, ti, for a given level of zi. As zi is a continuous variable and in this version
of the model it can be changed at no cost, it will be optimally chosen for every
level of output. Consequently no change in intensive margin will occur here.

Finally we indicate with L the given supply of homogeneous labour in the
economy which is perfectly mobile across sectors. Hence the wage is unique
and equal to 1, because of the normalisation of both output price and labour
productivity in agriculture. In turn we determine the price of the intermediate
good and of fragmentation services pt = 1

� and pz =
1
� .

The pro�t function of �rm i is

�i (pi; zi) = pixi (pi)�
�
v

zi
xi (pi) + pzzi

�
We solve the model in the level of fragmentation services, z. From pro�t

maximisation (and symmetry) we obtain usual markup pricing rule p = �
��1

v
z

and optimal quantity x = ��1
�

�Y
N

z

v both as a function of z.

To compute the equilibria of the intermediate good sector and of the frag-
mentation service sector we equate demand and supply in each market N v

z x =

pt�lt and Nz = �lz. From these we obtain the non-agricultural labour demands
which combined with the agricultural labour requirement, l0 = (1� �)Y , fully
exhaust the inelastic supply of labour. Solving the labour-market equilibrium

11Actually we have to allow for a minimum extent of fragmentation as in the model the
marginal cost of production is in�nite for a zero level of fragmentation.
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condition for household income Y , we have:

Y =
L�N z

�

1� �+ ��1
� �

(3)

Let us now determine the equilibrium level of fragmentation services. The
level of VS is chosen by the manufacturing �rms in the pro�t maximisation prob-
lem. From @�i

@zi
= vz�1�i p��i P

��1�Y � pz � � = 0 and symmetry we obtain

z =
�
v�Y
Npzp

�1=(1+)
which combined with (3) gives

z� =
(� � 1)��L

(� � �+ � (� � 1))N (4)

which is the optimal level of fragmentation. As in Burda and Dluhosch (2002) an
increase in the labour endowment �which we interpret as globalisation with no
trade costs �increases the optimal level of VS. Also an increase in the marginal
productivity of labour in the fragmentation services sector has the same e¤ect, as
the VS sector becomes more e¢ cient and fragmentation services cheaper. Finally
notice that an increase in the number of �rms reduces z� because it determines a
reduction in the output produced by each manufacturing �rm which consequently
adjusts downwards the extensive margin of fragmentation.

Combining equations (3) and (4), the mark-up pricing rule and the demand
curve for the �nal good we obtain the optimal level of the manufacturing output:

x� =
(�)

v

�
(� � 1)�L

(� � �+ � (� � 1))N

�+1
(5)

which is increasing in the labour endowment and in the marginal productivity of
labour in the VS sector and decreasing in the number of varieties for the same
reasons explained above for z�. Recalling that v = pt

� = (��)�1, x� is also an
increasing function of both the total factor productivity in the �nal good sector
and of the labour productivity in the intermediate sector.

In order to appreciate the e¤ect of a demand shock to the equilibrium levels
of VS and of production, we take the derivatives of equations (4) and (5) with
respect to the preference parameter � which measures the relative preference on
the manufactured good with respect to the agricultural good:12

@z�

@�
=

L

N
��

� � 1
(�� � + �� ��)2

> 0 (6)

@x�

@�
=

L

Nv

� ( + 1) (� � 1)
(�� � + �� ��)2

�
� (� � 1)L�

N (� � �+ � (� � 1))

�
> 0 (7)

12Shocking the elasticity of substitution � would simply correspond to a change in the degree
of substitutability among the varieties of the manufactured good and would not a¤ect the
expenditure shares between agricultural and manufactured goods.
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which are both positive for all parameter values. Equations (6) and (7) indicate
that in the model �rms optimally respond to demand shocks by varying produc-
tion levels and the extensive margin of fragmentation in the same direction as the
shock.13 An implication of this simpli�ed version of the model is that demand
shocks determine a change in production levels, no adjustment along the frag-
mentation intensive margin and a movement of VS extensive margin. As argued
in the previous section the last one does a¤ect elasticity of trade to income. No-
tice however that every demand shock, large or small, would trigger this e¤ect.
Consequently no di¤erentiated response of the elasticity would occur in �normal�
and �exceptional� times. To allow for this we need to extend the model and in
particular to re-establish a role for the intensive margin of fragmentation.

Everything else in the model being equal, we now assume that every change
in zi determines an additional cost proportional to zi. So the new cost function
for manufacturing �rm i is:

Ĉ (xi; zi) =
v

zi
xi + pzzi + �ziIf�zi 6=0g (8)

where � > 0 is the unit adjustment cost and the indicator function I takes value 1
if �zi 6= 0 and 0 otherwise. The intuition behind the formula is straightforward:
more fragmented organisations are more complex and hence more expensive to
modify, so the adjustment cost is proportional to the initial level of fragmentation
services. The model can be solved as the one without adjustment cost.

The optimal level of VS services is:

ẑ =
(� � 1)��L

((1 + ��) (� � �) + � (� � 1))N (9)

and the optimal quantity of the manufacturing good is:

x̂ =
(1 + ��) (�)

v

�
(� � 1)�L

((1 + ��) (� � �) + � (� � 1))N

�+1
(10)

which, as before, are both increasing in �:

dẑ

d�
=

(� � 1) (�� + 1)��L
(� � �+ (�� + �) (� � 1))2N

> 0 (11)

dx̂

d�
=

L� ( + 1) (� � 1) (�) (�� + 1)2
�
L
N �

��1
(1+��)(���)+�(��1)

�
Nv ((1 + ��) (� � �) + � (� � 1))2

> 0(12)

given parameters�values. Notice that the previous model is a special case of the
current, for � = 0.

13This is a key di¤erence with Altomonte and Ottaviano (2009) who conjecture that the
response is in the opposite direction.
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Di¤erently from the previous model equations (11) and (12) are not enough
to assess the e¤ect of a demand shock. Indeed the presence of a positive adjust-
ment cost for VS services may cause the optimal response to small shocks to be
no adjustment at all. In order to clarify the interaction between the intensive and
the extensive margin of fragmentation we perform some comparative statics on
the equilibrium (x̂; ẑ). As before, assume a shock in the preference parameter �.
In responding to such a demand shock the key choice for a �rm is whether or not
to adjust fragmentation services input to the level required by the new demand.
Intuitively the �rm faces the following problem: change z to the level required
by the post-shock optimal output (paying the adjustment cost) or keep z �xed
(and pay a higher production cost due the non-optimal fragmentation level). As
we will show, in the model large demand shocks imply a change in the extensive
margin while small shocks are accommodated along the intensive margin.

To uncover the optimal choice we compare pro�ts attained adjusting both
output and VS services to the new optimal level associated with the new demand,
with pro�ts earned keeping fragmentation service �xed at ẑ and adjusting output
only. As revenues do not depend on VS input we will only need to focus on the
cost function.

To construct the �rst term of comparison, consider �rm i�s optimisation
problem in terms of production output and VS level

max
xi;zi

�̂i (xi; zi) = pi (xi)xi � Ĉ (xi; zi)

where pi (xi) is the inverse demand function for manufacturing good i. Rather
than solving the problem simultaneously in both xi and zi we maximise in zi
only. The F.O.C. is:

� @

@zi
Ĉ (xi; zi) = 

v

z+1i

xi +
1

�
+ � = 0

from which we obtain

~zi (xi) =

 
�
1
� + �

! 1
1+

x
1

1+

i

which indicates for each level of production the optimal requirement of VS ser-
vices. Plugging in ~zi (xi) into the cost function (8) we obtain

~C (xi) = Ĉ(xi; ~zi (xi)) = �
1

1+

 


1
� + �

!� 
1+ � 

�� + 1
+ 1

�
x

1
1+

i (13)

which is the envelop of Ĉ (xi; zi) with respect to zi. Equation (13) represents the
cost of production for every level of xi when VS service are optimally adjusted
to the level of output. Figure 3 below shows the envelop cost function and
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the linear cost functions (including the adjustment costs) for di¤erent levels of
fragmentation.

Figure 3: Envelop cost function and technologies
with di¤erent fragmentation levels

x

c

Let us now consider the second term of comparison. Now the �rm chooses
not to adjust the VS level. Then its linear cost function is:

C (xijẑ) =
v

ẑ
xi +

1

�
ẑ (14)

obtained from equation (8) for �zi = 0 and zi = ẑ as in equation (9).

The optimal choice of whether or not to adjusting VS is obtained minimising
production costs for each output level. Solving ~C (xi) � C (xijẑ) we obtain the
threshold values m and M such that ~C (xi) > C (xijẑ) for xi 2 (m;M) and
~C (xi) < C (xijẑ) for xi < m or xi > M . In appendix A we present the proof this
statement.

The choice of a �rm is depicted in �gure 4 below. The line depicts equa-
tion (14) and the curve the envelop (13). The cost function derived from the
optimisation of the level of fragmentation is in bold. The response to a demand
shock to the equilibrium (x̂; ẑ) for which the new level of output lies within the
interval (m;M) is along the intensive margin because z is kept constant at its
pre-shock level, ẑ. Instead larger shocks, for which the output level goes outside
the interval, are accommodated paying the adjustment cost and changing z.
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Figure 4: Optimal choice of the extensive and the
intensive margin of fragmentation

x

c

x^m M

Thus the model shows that only in exceptional times, i.e. during periods
of �crisis�(a reduction of x below m) or �euphoria�(an increase of x above M),
a demand shock causes a change in the extensive margin. In those periods we
expect international trade to be more responsive to variation of world income.
Furthermore the correlation between trade elasticity and (the extensive margin
of) fragmentation should also be higher.

4 Empirical analysis

Having established a link between demand shocks and VS, we still need to ad-
dress a critical issue in taking the model to data. In order to properly measure
the change in VS extensive margin it would be necessary to collect data on the
substitution of domestic suppliers with foreign ones, and viceversa, for each �rm
in all the countries of interest. Beyond anecdotal evidence such that on the
re-nationalisation of global supply chains during the 2008-09 crisis presented in
Escaith (2009) and Freund (2009a), there is no thorough �rm-level coverage on
the actual evolution of fragmentation networks.

A possible indirect way to measure the extensive margin with aggregate
data is to calculate the number of bilateral trade links among countries. De
Benedictis and Tajoli (2010) show that the number of bilateral links between
countries in the global trade network dramatically fell in the �rst quarter of 2009.
Such a measure however underestimates the actual extensive-margin change as it
does not capture those changes (at �rm level) which do not fully annihilate the
trade �ow between two countries.
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We adopt a di¤erent (indirect) approach. We �rst construct an index of
fragmentation based on bilateral �ows in intermediate and total trade which
does not distinguish between extensive and intensive margin changes. We then
estimate the correlation between trade elasticity and the VS index in both normal
and exceptional times. An implication of the model is that in extra-ordinary
times changes on the extensive margin occur and these increase trade elasticity,
particularly in the countries with a higher degree of VS, as argued in section
2. Also in normal times trade elasticity may be a¤ected by VS: fragmentation
networks continuously adjust also in the extensive margin. Indeed the interest
in studying the response to exceptional times rests in the fact that the extensive
margin may change signi�cantly more.

4.1 A measure of fragmentation

We propose a variant of the Revealed Comparative Advantage Index introduced
by Balassa (1965) to measure the extent of the structural involvement of advanced
and emerging-market economies in the process of fragmentation. Such index
compares the share of trade in intermediate goods for each country with the
trade share in intermediates for the whole world. In order to capture the di¤erent
features of vertical specialisation we compute two measures: one based on exports
of intermediate goods and the other on imports. In detail the two indices are
de�ned in the following equations:

V S(exp)i;t =

P
j2N

XInt
i;j;t=

P
j2N

XTot
i;j;tP

i;j2N
XInt
i;j;t=

P
i;j2N

XTot
i;j;t

(15)

V S(imp)i;t =

P
j2N

M Int
i;j;t=

P
j2N

MTot
i;j;tP

i;j2N
M Int
i;j;t=

P
i;j2N

MTot
i;j;t

(16)

in which X are exports, M imports, the superscripts Int and Tot refer to
intermediate-good and total trade �ows respectively, t is time, i is the coun-
try whose exports (imports) are considered, j the partner countries and N is the
set of countries under analysis.14 Oil and agricultural commodities have been
excluded from total trade so to minimise the e¤ect of price volatility of these
goods on trade value. Both indices take non-negative values (equal to zero only
in the case the country does not trade in intermediate goods). The reference
value for both indices is one: for values higher (lower) than one, the country is
relatively (de)specialised in the trade of intermediate goods with respect to the

14The countries analysed in this paper are listed in Appendix B.
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world. Consequently if the index is greater than the unity, production in country
i is internationally fragmented. In particular, V S(exp)i;t measures the degree of
country i�s specialisation in production and export of intermediate goods while
V S(imp)i;t deals with the relative specialisation in the assembly operations of
�nal goods using imported intermediates.

The complexity of the issue under study emerges quite clearly examining
the two indices.15 Both measures exhibit signi�cant variability across countries
and across years. In some economies both of them take values greater than one.
These countries may be simultaneously producing and exporting intermediate
goods and assembling �nal goods using imported intermediates, as well.16 Such
evidence is only partially self-contradictory. Indeed not only the relative role in
the international division of labour may be di¤erent within the same country
in various sectors but also an economy may place itself in an intermediate po-
sition (between production of intermediates and assembly of �nal goods) in the
international production chains.

We have consequently chosen to use V S(exp)i;t for countries predominantly
acting as intermediate-good producers, V S(imp)i;t for those specialised in the as-
sembly of �nal goods.17 In attributing the role to the countries under analysis we
resorted to outside information. Our basis assumption is that advanced countries
are intermediate good importers and assemblers of �nal goods whereas emerging-
market economies are producers and exporters of intermediates.18 There are
however three important exceptions: China and Mexico are classi�ed among
�nal-good assembling countries and the USA are included among the producers of
intermediate goods.19 This classi�cation is supported by the fact that V S(exp)i;t
is on average higher than V S(imp)i;t for counties in the group of producers of
intermediates.

Therefore, we use in the regressions an index of fragmentation which con-
siders the share of intermediate goods in imports for assemblers of �nal goods and
in exports for producers of intermediates (and compares it with the corresponding

15Appendix C collects the plots of the two indices for some countries.

16 In the economic literature the link between the export pro�le of a country and its production
structure has been clearly identi�ed. However the link between the production structure and
the import pro�le is less direct because imports are also a¤ected by factors which do not depend
on the industrial specialisation such as demand for consumption and for spare parts.

17Moreover the correlation between the two indices advises against their simultaneous presence
in a regression equation in order to alleviate collinearity problems.

18The distinction between advanced and emerging market countries is based on the World
Bank�s classi�cation of economies by income.

19Such choice for USA and Mexico is based on the evidence of the maquilladoras (Mexican
duty-free assembly plants); for China see Asian Development Bank (2009, p. 39).
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share in world trade):

V Si;t =

(
V S(exp)i;t if i 2 P
V S(imp)i;t if i 2 A

(17)

in whichA and P are the set of �nal-good assembling countries and of intermediate-
good producers, respectively. The index V Si;t incorporates our hypothesis on the
international division of labour among the di¤erent economies.20

We use data collected by various sources. Total international trade in
current dollars comes from OECD, while the value of trade in intermediates
from UN Comtrade. According to the Broad Economic Categories Classi�cation
intermediate goods are processed food and beverages mainly for industry, primary
and processed industrial supplies not elsewhere speci�ed, processed fuels and
lubricants (other than motor spirit), parts and accessories of capital goods (except
transport equipment) and parts and accessories of transport equipment.21 Data
on nominal GDP and exchange rates come from the IMF. The combined data set
contains annual observations for 38 countries for the period from 1998 to 2008
and for the �rst quarter of 2009.

In the period under examination the average degree of fragmentation of
the producers of intermediates signi�cantly increased from 1.01 in 1998 to 1.16
in 2004, stabilising around 1.12 from then on. Final good assemblers, instead,
displayed a constant fragmentation index of about 1.01 in the period 1998-2003,
which afterwards declined to 0.97. Moreover the index presents a signi�cant
variability both between and within countries. This can be seen in �gure 5 which
presents for each country the average, the minimum and the maximum of the
fragmentation index in the period. The measure of fragmentation reaches it
minimum (0.69) in New Zealand in 2007 while the maximum (1.54) is in 2007 in
South Africa. Country averages lie between 0.75 (New Zealand) and 1.46 (South
Africa). Also the range between the minimum and maximum values of V Si;t
varies signi�cantly across countries. It is quite large in the cases of Russia and
Indonesia (greater than 0.4) and very small in Sweden and China (less than 0.05).
All this indicates the substantial between- and within-variability of V Si;t which
will be exploited in the econometric strategy in the following section.

20The overall working hypothesis is empirically tested in the regressions [1] and [2] (table 2
in Appendix D).

21With respect to the UN Comtrade de�nition of intermediate goods we actually exclude
primary food and beverages mainly for industry and primary fuels and lubricants which are
more properly commodities rather than intermediaries.
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Figure 5: Index of fragmentation

Source: Authors�calculation using UN Comtrade data.

4.2 Regression results

We de�ne the instant elasticity of trade to world demand as the percentage vari-
ation of each country�s total trade (imports plus exports) over the percentage
variation of the other countries�GDP.22 This is the dependent variable is our
econometric analysis. Table 1 in Appendix D contains the summary statistics of
the variables used in regressions. The average trade elasticity is .87. This num-
ber may not be compared with the values of the elasticity recalled in section 1.
Indeed it is the average of the elasticities in the period 1999-2009 across countries
and not the elasticity of world trade with respect to global income.23

We �rst proceed to the empirical validation of our hypothesis on the in-
ternational division of labour underlying the construction of the V Si;t measure.
This is done estimating two equations. The �rst is:

�i;t = �1d
P
i V S(exp)i;t�1 + �2d

A
i V S(exp)i;t�1 + �i + "i;t (18)

in which the regressors are lagged V S(exp)i;t and country �xed e¤ects �i, and
the dependent variable �i;t is trade instant elasticity. The measure of VS is inter-
acted with a dummy which indicates the role of each country in the international
supply chain: dPi for producers of intermediates and d

A
i =

�
1� dPi

�
for �nal-good

22Our de�nition of instant elasticity is fully appropriate for exports while for imports it may
be desirable to augment it with the county�s own GDP. As a robustness exercise we used such
an alternative de�nition: the main empirical results are con�rmed.

23Moreover the values of the elasticity in section 1 refer to the 2008-09 trade collapse.
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assemblers. If the measure is correct we expect the coe¢ cient �1 to be signif-
icantly greater than zero and �2 not. The second equation is identical to (18)
except that we replace V S(exp)i;t with V S(imp)i;t. Here we expect only the co-
e¢ cient of the interaction term with the assembler-dummy to be signi�cant. The
outcome of the �rst two regressions (columns [1] and [2] in table 2 in Appendix
D) supports our hypothesis on the di¤erent roles of countries in the international
supply chain. The export-V S index is signi�cantly correlated with the trade
elasticity of those countries which produce intermediate goods. The import-V S
index, instead, is positively (but insigni�cantly) correlated to trade elasticity of
�nal-good assembling countries. Hence our measure has been validated in the
data.

We can now proceed to the core of our econometric analysis. We estimate
the e¤ect of V Si;t on trade elasticity both on average and distinguishing between
ordinary and exceptional times. In the regressions, which include other control
variables, we use the �rst lag of the degree of fragmentation to take into account
possible simultaneity problems. We estimate three di¤erent equations.

We �rst regress trade elasticity on lagged V Si;t and country �xed e¤ects:

�i;t = �V Si;t�1 + �i + "i;t (19)

Estimation results of equation (19), are reported in column [3] (table 2 in
Appendix D). Controlling for countries��xed e¤ects, V Si;t is positively and sig-
ni�cantly correlated with trade elasticity. The coe¢ cient (of 2.2) implies that as
we move from the 25th to the 75th percentile of the V Si;t distribution (increasing
its V Si;t index by 0.21), the trade elasticity to global demand would increase by
0.45. This amount corresponds to a 52% increase of the sample average elasticity
(0.87).

Second we estimate as a robustness check an equation in which we augment
the speci�cation (19) with year �xed e¤ects. Our result are con�rmed (column
[4]). Year �xed e¤ects absorb all the shocks simultaneously a¤ecting the 38
countries. In particular they control for country-invariant events such as the
global business cycle as well as global trade shocks, e.g. changes in transportation
costs or the global component of trade-�nance shock.24

Previous regressions suggest that countries experiencing changes in the ex-
tensive margin of fragmentation larger than the average display a higher trade
elasticity. Our theoretical analysis implies that the correlation between VS and
elasticity increases in exceptional periods. Our time span includes two global

24Some residual noise may be left in the estimates due to the e¤ect of price and exchange rate
changes.
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extra-ordinary events: the ICT euphoria (2000)25 and the global crisis.26 We
expect these two years to stand out quite distinctly in the regression.

To this purpose we �nally let the coe¢ cient of V Si;t vary year by year:

�i;t = �V Si;t�1 +
X2008

�=1999
���V Si;��1 + �i + "i;t (20)

where the V Si;t�1 coe¢ cient, �, captures the e¤ect of vertical specialization on
trade elasticity in the reference year, 2009. The coe¢ cients t of the interaction
terms of V Si;t with year dummies, �t, instead, capture the way the e¤ect of
vertical specialisation di¤ers in each year with respect to 2009. The estimates
are in column [5]. As expected in each year of our sample the contribution of
fragmentation to trade elasticity is signi�cantly lower than in the reference period.
This con�rms the exceptionality of the crisis events that a¤ected the extensive
margin of fragmentation and hence the trade elasticity. Figure 6 depicts the
di¤erence of the VS e¤ect in every year with respect to 2009 together with the
5% con�dence interval. The �gure shows another �nding which is consistent
with our model. The coe¢ cient of V Si;t interacted with the dummy 2000 is not
statistically di¤erent from that on 2009.

Figure 6: Di¤erence of the yearly e¤ect of V S
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Note: Di¤erence with respect to the e¤ect in 2009, with

5% con�dence intervals.

25 In 2000 the ICT euphoria reached its peak. There was a widespread perception that the
di¤usion of ICT could generate an ever increasing labour productivity. The Nasdaq Composite
Index reached its all-time high reaching 5048.62 on March 10th , 2000. To this positive climate
contributed also the fact that the Y2K problem (millennium bug) eventually caused extremely
limited damages. Most likely all this amounted to a large and signi�cant positive demand shock.

26Notwithstanding the events occurred in 2001, it was not a globally exceptional year. As
noted by the CEPR (2003) there was a recession in the US, but not in the Euro Area.

20



Finally for every year we can compute the partial e¤ect of V Si;t in that
year, which is the sum of the coe¢ cients of V Si;t and of the year interaction
term. Partial e¤ects represent the net impact of vertical specialisation in the
year and are presented in table 3. As discussed above the highest e¤ects are in
2000 and in 2009. The e¤ect in 2008 is negative because the elasticity of trade
to income was negative in that year, but not signi�cantly di¤erent from zero
(t = �0:19; p-value = 0:85).

To conclude, the econometric analysis uncovers a positive correlation be-
tween the trade elasticity to world demand and (the extensive margin of) pro-
duction fragmentation. This correlation is, as expected, much stronger during
exceptional times such as the ICT euphoria and the 2008-09 crisis.

4.3 Robustness: Alternative Measures of Fragmentation

In this section we check that our results are robust to di¤erent measures of frag-
mentation which overcome two possible concerns with the V Si;t measure. Our
�rst and main caveat rests with the relative nature of a Balassa-type index. By
construction it captures how much each country is specialized in exporting or
importing intermediates with respect to the world average in a given year. Thus
V Si;t well accounts for cross-sectional variability of fragmentation but it is much
less powerful in taking into account its time-varying component. The use of such
measure in our framework could possibly bias the results, via the elimination
of the time-series component of the panel. Indeed, as we previously speci�ed,
regressions in section 4.2 may be considered as a repeated cross-section analysis.

To fully take into account this observation, we depart from Balassa (1965)
and we measure vertical specialization through the country�s share of export
(import) of intermediate goods in its total export (import) �that is the numerator
of the VS index in equation (17). We refer to this index as the intermediate share,
ISi;t. The drawback of this measure is the lack of a comparison group: a given
time pattern of the intermediate share of one country does not allow us to infer
whether the country became more or less involved in fragmentation activities
than the rest of the world. By its absolute nature, this index is less precise
in capturing the role of a country in the international supply chain. With this
measure of fragmentation we expect to �nd a stronger e¤ect along the temporal
dimension due to its higher time variability.

Table 4 in Appendix D presents the results of our set of regressions using
the ISi;t measure (instead of the V Si;t).27 A simple inspection of the table shows

27These are validation equation (18), its import-based counterpart, elasticity equation (19),
its year-�xed-e¤ect augmented speci�cation and the time-varying coe¢ cient model (20).
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that the validation hypothesis regressions (columns [1] and [2]) con�rm those in
table 2: the validation equation for producers of intermediates fully passes the
test, while the validation for �nal-good assemblers is less powerful since, as before,
the coe¢ cients are not statistically signi�cant (and in this case they also have
the wrong sign). Concerning the empirical analysis, we �nd that, although in the
simple regression with only �xed e¤ects (column [3]), ISi;t does not explain trade
elasticity, once year �xed e¤ects are included (column [4]) our absolute measure
of fragmentation is strongly correlated with trade elasticity and the di¤erential
e¤ect for normal and extra-ordinary years (2000 and 2009) is fully con�rmed
(column [5]). In particular the e¤ect is even stronger than the one obtained with
relative measure and signi�cance is very high.

The second caveat with our VS (and with IS measure as well) is that it rests
on our international labour division hypothesis: emerging-market economies, with
the exception of China and Mexico, are producer and exporter of intermediate
goods, whereas advanced countries, with the exception of USA, assemble �nal
goods using imported intermediates. We �nd this assumption reasonable and
we indeed verify it empirically holds. It could however be objected that our
results are biased because they are based on an index of fragmentation which
incorporates this assumption.

As a solution we measure fragmentation considering a country�s total trade
in intermediates, instead of exports and imports separately. We now compute
another Balassa (1965) - type Revealed Comparative Advantage Index for in-
termediate goods calculated on total trade �ows (instead of imports or exports
only).28 In particular we use the following:

V S(trade)i;t =

P
j2N
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XInt
i;j;t +M
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i;j;t
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i;j;t +M

Tot
i;j;t

� (21)

where, as usual X are exports, M imports, the superscripts Int and Tot refer to
intermediate-good and total (excluding commodities) trade �ows respectively, t
is time, i and j are the country indices and N is the set of countries. Rather than
distinguishing the di¤erent roles that a country may play in the international
production chain, the index (21) measures fragmentation as the overall involve-
ment in trade of intermediate goods, both on the import and on the export side.
Values greater than one indicate a relative specialisation of the country in the
trade of intermediates which is evidence of engagement in international produc-
tion sharing.

28A similar measure is used in Guerrieri and Vergara Ca¤arelli (2012).
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With this measure we do not need to estimate the validation equations,
since V S(trade)i;t is not based on our assumption on the international labour
division. The regression outcomes are presented in table 5 in Appendix D and
fully con�rm the previous results. In the �rst equation we �nd that the e¤ect
of vertical specialisation on trade elasticity is positive and signi�cant and higher
than in the original model. Including year �xed e¤ects reduces the coe¢ cient
of the fragmentation measure leaving the statistical signi�cance unchanged at
1%. Finally, letting the coe¢ cient of VS vary over time results in a large and
signi�cant e¤ect on trade elasticity in 2000 and 2009, which is also signi�cantly
larger than the one recorded in the other years of the sample.

As a �nal robustness check, we repeat the analysis using a fourth measure of
fragmentation that simultaneously takes into account both caveats. We consider
each country�s trade (export+import) in intermediates as a share of its total trade
and we label it IS(trade)i;t. Again, the results of our analysis are fully con�rmed
(table 6).

5 Concluding remarks

We have analyzed the e¤ect of international production fragmentation on trade
elasticity to global demand. In the model, �rms optimally set both the inten-
sive and the extensive margin of vertical specialization (VS) depending on the
scale of production. We show that large shocks induce �rms to adjust the VS
extensive margin whereas small shocks are accommodated along the intensive
margin. When for instance a large negative demand shock hits, �rms adjust VS
networks cancelling relations. This happens through re-nationalization as anec-
dotal evidence on recent crisis has shown. Trade elasticity is then a¤ected since
intermediate trade �ows decrease proportionately more than trade in �nal goods.

We use recent data, a clear de�nition of fragmentation and a panel frame-
work to test this prediction. We �rst uncover a positive correlation between trade
elasticity to world demand and VS. We then show how this correlation becomes
much stronger during extra-ordinary times, such as the ICT-euphoria in 2000 and
the 2008-09 global crisis.
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A Existence of the optimal adjustment thresholds

The thresholds m and M are found equating the cost function with the adjust-
ment of VS, ~C (xi) ; with the one with VS level kept at its initial(ly optimal) level
ẑ, C (xijẑ):

~C (xi) = C (xijẑ) (22)

which is

�
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i = ẑ��xi +
ẑ

�
: (23)

It is rather di¢ cult to �nd a closed-form solution of equation (23) because
the exponent 1

1+ may be an irrational number. We can however prove that
equation (23) always admits two and only two positive solutions. To this aim it
is su¢ cient to show that both functions are monotone and continuous and then
that one lies above the other for some values, below for others and above for
further others. This is enough to prove the existence of a double crossing, which
gives us the thresholds m and M .

Proposition 1 There exist two positive numbers, m and M , such that that
~C (xi) > C (xijẑ) for xi 2 (m;M) and ~C (xi) < C (xijẑ) for xi < m or xi > M .

Proof. Subtracting �ẑ from both sides of equation (22) and rearranging we
obtain:

~C (xi)� C (xijẑ)� �ẑ = ��ẑ (24)

De�ne now G (x) = ~C (x)� (C (xjẑ) + �ẑ). Notice that:

C (xjẑ) + �ẑ = ẑ��xi +
ẑ

�
+ �ẑ = Ĉ (xi; ẑ)

which is one of the linear cost functions whose envelop is ~C (x) ; speci�cally the
one for zi = ẑ. Consequently the function G (x) is the di¤erence between the
envelop and one of its tangents. Thus G (�) is piece-wise monotonic and strictly
concave: G0 (x) = �

1
+1
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+1 < 0 for all x > 0. FurthermoreG (0) = � ẑ

���ẑ, G (x̂) = 0
and limx!+1G (x) = �1. By the intermediate value theorem, for each interval
[0; x̂) and [x̂;+1) there exist one point (unique by piece-wise monotonicity of
G (�)) in which G (�) takes the value ��ẑ. We call these two points m and M
respectively. The thesis follows by strict concavity of G (�).
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B Country classi�cation

Our classi�cation of countries is based on the World Bank�s classi�cation of
economies by income, supplemented with anecdotal evidence for China, Mexico
and USA.

Final-good assembling countries are: Australia, Austria, Belgium, Canada,
China, Denmark, Finland, France, Germany, Greece, Ireland, Iceland, Italy,
Japan, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Portugal, Slove-
nia, South Korea, Spain, Sweden, Switzerland and UK.

Intermediate-good producing countries are: Brazil, Czech Republic, Esto-
nia, Hungary, India, Indonesia, Poland, Russia, South Africa, Slovakia, Turkey
and USA.
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C Graphs

Figure A: Index of fragmentation
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Figure A (cont.): Index of fragmentation
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Figure A (cont.): Index of fragmentation
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Figure A (cont.): Index of fragmentation
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D Tables

Table 1.
Summary statistics

Obs. Mean St. dev. Min Max

Total trade 454 370,59 502.27 0.372 3390.00

GDP 532 51,03 155.15 0.003 1467.58

Trade elasticity 416 .87 1.12 -1.68 5.62

VS(imp) 412 1.03 .19 .64 1.60

VS(exp) 412 1.04 .17 .67 1.54

VS 412 1.04 .18 .69 1.54

Note: Total trade and GDP are in billions of current US dollars.
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Table 2.
Elasticity of trade to income

[1] [2] [3] [4] [5]

VS(imp) � d_assembler 1.33

(1.30)

VS(imp) � d_producer 0.10

(1.50)

VS(exp) � d_assembler 0.72

(1.42)

VS(exp) � d_producer 2.86**

(1.13)

VS 2.19** 1.72** 2.75***

(0.82) (0.72) (0.80)

VS � d_2008 -2.89***

(0.15)

VS � d_2007 -1.49***

(0.11)

VS � d_2006 -1.18***

(0.12)

VS � d_2005 -0.66***

(0.16)

VS � d_2004 -1.25***

(0.13)

VS � d_2003 -1.53***

(0.12)

VS � d_2002 -0.97***

(0.21)

VS � d_2001 -1.99***

(0.17)

VS � d_2000 -0.19

(0.27)

VS � d_1999 -2.12***

(0.22)

Num. observations 400 400 400 400 400

R2 within 0.002 0.012 0.012 0.595 0.602

Country �xed e¤ects yes yes yes yes yes

Year �xed e¤ects no no no yes no

Note: robust standard-errors in parenthesis; ***: signi�cant at 1%; **: signi�cant

at 5%; *: signi�cant at 10%. Dependent variable is the elasticity of country i�s

trade to contemporaneous GDP of all other countries in the sample. Annual data

from 1999 to 2008 and quarterly data for 2009Q1. We exclude the �rst and the

last percentile of the dependent variable.
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Table 3.
Annual Partial E¤ects

Year Ann. part. e¤.

1999 0.630
2000 2.553***
2001 0.754
2002 1.773**
2003 1.214
2004 1.496*
2005 2.089**
2006 1.567*
2007 1.252
2008 -0.148
2009 2.746***

Note: Estimated e¤ect of VS in

listed years.***: signi�cant at

1%; **: signi�cant at 5%; *: sig-

ni�cant at 10%.
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Table 4.
Elasticity of trade to income

[1] [2] [3] [4] [5]

IS(imp) � d_assembler -1.19
(2.61)

IS(imp) � d_producer -0.60
(3.36)

IS(exp) � d_assembler -0.90
(2.96)

IS(exp) � d_producer 5.45**

(2.62)

IS 2.35 3.62** 5.61***

(1.79) (1.43) (1.58)

IS � d_2008 -5.79***

(0.29)

IS � d_2007 -3.00***

(0.23)

IS � d_2006 -2.35***

(0.23)

IS � d_2005 -1.29***

(0.32)

IS � d_2004 -2.45***

(0.25)

IS � d_2003 -3.03***

(0.23)

IS � d_2002 -1.93***

(0.43)

IS � d_2001 -4.01***

(0.35)

IS � d_2000 -0.49

(0.53)

IS � d_1999 -4.28***

(0.43)

Num. observations 400 400 400 400 400

R2 within 0.001 0.010 0.004 0.596 0.602

Country �xed e¤ects yes yes yes yes yes

Year �xed e¤ects no no no yes no

Note: robust standard-errors in parenthesis; ***: signi�cant at 1%; **: signi�cant

at 5%; *: signi�cant at 10%. Dependent variable is the elasticity of country i�s

trade to contemporaneous GDP of all other countries in the sample. Annual data

from 1999 to 2008 and quarterly data for 2009Q1. We exclude the �rst and the

last percentile of the dependent variable.
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Table 5.
Elasticity of trade to income

[3] [4] [5]

VS(trade) 2.99*** 2.40** 3.35***

(0.87) (0.75) (0.76)

VS(trade) � d_2008 -2.68***

(0.14)

VS(trade) � d_2007 -1.36***

(0.11)

VS(trade) � d_2006 -1.05***

(0.12)

VS(trade) � d_2005 -0.59***

(0.16)

VS(trade) � d_2004 -1.12***

(0.11)

VS(trade) � d_2003 -1.36***

(0.11)

VS(trade) � d_2002 -0.86***

(0.18)

VS(trade) � d_2001 -1.83***

(0.17)

VS(trade) � d_2000 -0.26

(0.23)

VS(trade) � d_1999 -1.96***

(0.19)

Num. observations 400 400 400

R2 within 0.024 0.603 0.586

Country �xed e¤ects yes yes yes

Year �xed e¤ects no yes no

Note: robust standard-errors in parenthesis; ***: signi�-

cant at 1%; **: signi�cant at 5%. Dependent variable is

the elasticity of country i�s trade to contemporaneous

GDP of all other countries in the sample. Annual data

from 1999 to 2008 and quarterly data for 2009Q1. We

exclude the �rst and the last percentile of the depend-

ent variable.
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Table 6.
Elasticity of trade to income

[3] [4] [5]

IS(trade) 3.82** 4.82*** 6.72***

(1.73) (1.52) (1.52)

IS(trade) � d_2008 -5.40***

(0.27)

IS(trade) � d_2007 -2.72***

(0.22)

IS(trade) � d_2006 -2.10***

(0.23)

IS(trade) � d_2005 -1.16***

(0.32)

IS(trade) � d_2004 -2.16***

(0.21)

IS(trade) � d_2003 -2.68***

(0.22)

IS(trade) � d_2002 -1.70***

(0.37)

IS(trade) � d_2001 -3.69***

(0.34)

IS(trade) � d_2000 -0.63

(0.45)

IS(trade) � d_1999 -4.00***

(0.38)

Num. observations 400 400 400

R2 within 0.011 0.604 0.586

Country �xed e¤ects yes yes yes

Year �xed e¤ects no yes no

Note: robust standard-errors in parenthesis; ***: signi�-

cant at 1%; **: signi�cant at 5%. Dependent variable is

the elasticity of country i�s trade to contemporaneous

GDP of all other countries in the sample. Annual data

from 1999 to 2008 and quarterly data for 2009Q1. We

exclude the �rst and the last percentile of the depend-

ent variable.
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