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Abstract

This paper studies the structure and the evolution of worldwide trade integration from

1880 up to 1995. Starting from historical trade and GDP data we use a state -space
model to construct a bilateral historical trade index. This index is subsequently used to

study global isation and the distance p uzzle. The increased coverage of this index allows

us to expand the period of analysis to include both the first and second global isation
waves. We find that the first wave was marked by a strong diversification in the

formation of trade links as well as a strong decrease in the effect of distance. The second
global isation wave started with a strong decrease in the importance of distance which

leveled out in the 1960s. While we do find some evidence of an increase in the
importance of distance from the 1960 s onwards, this is dwarfed by the strong decrease
preceding it.

Keywords : Trade integration - Global  isation - Distance puzzle - State -space
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Introduction

Over the past century, global isation and the increase in international trade in goods and
services has dramatically altered living conditions around the world for billions of people.
Understanding the intricacies of the changes in the worldwide trade pattern is therefore

of key importance. F rom as early as the 1980s, authors have visual ised international
trade using the instruments of network science. By representing countries as nodes and

capturing their trade relations by drawing a link (or edge) between a pair of nodes,
disaggregated trade  data can be amalgamated into a complete overview of the worldwide

trade network.

Initially, trade relations were modeled in a binary way (e.g. Serrano and Boguna, 2003),

but this was soon supplanted by a more realistic weighted and directed approach wher e

the actual flows of import and/or exports were used as edge weights (e.g. Duernecker,

Meyer, and Vega -Redondo, 2012). To grasp the fact that the importance of a trade flow

for a country is proportional to its size, some authors have normal ised the trade flows

using the countryds GDP (e. g. Fagi ol o, Reyes, and Sct
has been used to express the openness of countries, to check whether there are clusters

of closely integrated countries and to uncover the core -periphery structure proposed by

world system analysis.

In spite of their success, the aforementioned methods have one major limitation: their
high demands in terms of data availability. Constructing a proportionally weighted
network requires data on imports and exports for each country -pair as well as the GDP of
each country. This data is readily available from the 1950s onwards, which is why most
studies are limited to this period. However, before the 1950s the high percentage of

missing data restricts the use of these tech nigues. This means that the first global isation
wave that took place at the end of the 19 th century is left out entirely.

This paper proposes using a state -space model to combine several indicators of the level

of trade integration into one overall index: the Historical Trade Index ( hti ). Because of
the way it handles missing observations, the state -space model uses differences in data
availability in an offsetting rather than a reductive way. In other words, differences in

availability can compensate for each other instead of reducing the dataset to instances

when all data is available. Gaps in one measure can be imputed automatically using
information in the others without imposing strict assumptions or ad hoc manipulations to

the data. This allows us to double data availability in the period 1880 -1914 and extend
the analysis to the period 1880 to 1995, covering the first and second global isation
waves.

The index of trade integration is subsequently used to take a look at relative global isation
over this extended time period -as opposed to using trade flows to study absolute
global isation . We first construct the trade integration network using the hti values as
edge weights. An added advantage of the index is that we can use its distribution to

statistical ly identify the edges, i.e. to separate country -couples that are integrated from
those that are not. In this way, we avoid the problem of very small but positive trade

flows between countries that would otherwise necessitate choosing an arbitrary cut - off
value.

The historical trade network shows evidence of a strong diversification of international
trade during the first global isation wave. When controlling for the increase in the number




of countries, the network density increases sharply between 1880 and 1914. After
restoring to its pre -World War One levels, the density increases slightly during the
second global isation wave (which started after the Second World War).

Finally, we look at global isation within the concept of geographic neutrality that state s
that as trade becomes more global ised, distance becomes less important in determining

trade patterns. Prevalent throughout this literature is the distance puzzle, the unexpected

increase in the importance of distance from the 1960s onwards. Using the ext ended

coverage of the hti, we can reframe this discussion in a broader historical perspective.

While we still find an increase in the importance of distance from the 1960s onwards, we

show that this is dwarfed by the sharp decrease during the first global isation wave. These
results confirm the hypothesis of OO6Rour keisgtich009) ,
wave was driven by an overall decrease in trade costs, while the second wave was

induced by geopolitical factors centered on Western Europe and No rth America.

In the next section we introduce and validate the historical trade index and show how to

construct the trade network. In the second part we see how our new technique can be

used to study global isation , focusing on the network density and the distance puzzle.
Section 4 concludes. The index can be downloaded at
http://www.sherppa.ugent.be/hti/hti.html.

Measuring historical trade integration

The definition of historical trade integration used in this paper is based on that of Actual

Economic Int egr ati on by Mongel | i, Dorrucci, and Agur
interpenetration of economic activity among two or more countries [...] as measured at a
given point in time.o The main difference is that

tra de index only focuses on traded goods.

Throughout this section, the new index will be compared with other measures used in the
literature. In decreasing order of availability, these are exports over total exports,

exports over GDP of the sender country (e .g. Fagiolo et al, 2008) and the sum of exports

and imports over GDP of the sender country (e.g. Arribas, Perez, and Tortosa -Ausina,
2011).

Sources

To measure the level of trade integration between countries we construct four measures

that indicate the i mportance of the bilateral trade flows for the sender country. In order

to correct for differences in scale the trade flows are normal ised, since for example the
importance of a million dollars worth of imports will be starkly different in the case of

Latv ia as opposed to the United States. Defining @ pas the total exports from the sender [
totarget country jinyeartand 0 j as the total imports from target j tosender i inyear
t, these measures are:

w
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Firstly, the level of trade integration is considered high when a significant fraction of total

exports go to (or imports come from) a single partner country. This normal isation has the
advantage that it can be computed using only trade data, but has the weakness that it

does not take the overall openness to trade into account. For this reason, the last two

indicators normalize import and export flows using the GDP of the sender country.

However, because of t he additional need for GDP data, the availability of the latter
indicators is significantly lower.

To the extent that all four indicators give a similar signal the resulting index will have
small confidence intervals. ! However, when these indicators start to diverge the standard
deviation will enlarge, reflecting the underlying uncertainty of the indicators. For
example, in the early sixties Russia imported between one and two million dollars from
Pakistan, but exported nothing. Using only exports or imports would give a very skewed
view of trade relations and using the sum of both misrepresents the ambiguity of the
data. Instead, exports and imports are included separately and the uncertainty of the
index is used in subs equent analyses.

This data is collected for 196 countries from 1880 up to 1995, giving us a total of
944,930 observations. Because almost all trade data is missing during the World Wars,

these periods were left out. It should be noted that because a lot 0 f countries (politically
speaking) did not exist at the beginning of the dataset, the total possible number of
observations for this period is only 1,210,480. This is far less than the more than four

million suggested by the total number of countries 2 and means that less than a quarter
(in stead of four fifths) of the data is missing.

The historical import and export data comes from the Correlates of War database
(Barbieri, Keshk, and Pollins, 2009; Barbieri and Keshk, 2012), and historical GDP data
comes from the Maddison project (Bolt and van Zanden, 2013) supplemented by data
from Barro and Ursua (2008) and the Penn World Tables version 8.0. The trade data is
measured in current US dollars, whereas the GDPs are in per capita international Geary
Khamis do llars (or constant 1990 US dollars). To put them on equal footing, we used
population data from Mitchell (2003) and computed the GDP deflator for the United
States using the Historical Accounts Database of the Groningen Growth and Development
Center (Smits , Woltjer, and Ma, 2009).

A few issues should be pointed out with respect to the data used. Firstly, to be consistent

with the trade data, the GDPs were also converted to US Dollars using exchange rates.
However, the Balassa -Samuelson effect tells us that means that the GDPs of developing
countries will be consistently underestimated, implying that their trade index values will

be skewed upwards. Nevertheless, alternative measures to control for the size of the
sender country, like population, are likely t 0 bias the measures in other and more
significant ways. Lacking an alternative, GDPs converted using exchange rates are used,

but the results should be interpreted with the necessary caution. Secondly, the trade
data we use can only capture the official tr ade flows between countries. If all trade
between two countries passes through a third country (e.g. re -exportation) or is
smuggled, this will not be captured using this dataset.

1 Since we will estimate this model using Bayesian techniques it would be more correct to use thgieest posterior
densityintervals, but for readabilit® sake, we will useonfidence intervahroughout this paper.

2 no of countries x (no of countriem 0 R y2 2F &SFENE I mMdpc P mdpp P mMmm F
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The state -Space Model

Following the methodology outlined in (Rayp and Stand aert, forthcoming), the four
indicators were combined into the historical trade index ( hti ) using the following state -
space model:

QDp 60 O@Q - § (1)

®R YO (2)

- % 0 mhO 3)

© R0 T 4)
The measurement equation (1) states that the four indicators M try to measure the
level of trade between sender i and target country j at time t. Unlike for example a
simple average the scaling parameters Z and C, the slope a nd intercept, can vary for
each indicator of trade integration. Similarly, the variance of the error term U can differ
over all indicators, in contrast to a principle component analysis where this is kept
constant. On the other hand, cross -correlation betw een the error terms of different
indicators is ruled out: o7 h nforeach k | m.

The state equation (2) allows for the trade index to depend on its previous values in the

manner of an AR(1) model. This level of dependence is assumed to be the same for all

country -couples. Allowing it to be different for each country couple adds more th an
30,000 parameters to the model and slows the regression algorithm down to an

infeasible degree. In addition, initial tests found that the time -dependency is the same
for the vast majority of country couples: 94.4% of the time “Y is not significantly
different at the 1% level from Ywith i) [ I

By defining the state equation as an AR(1) process, we implicitly restrict Ttothe[ -1,1]
interval, including the boundary values. In other words, both stationary and non -
stationary values of hti are a llowed but explosive series are not.

The issue of missing observations is solved by replacing them with information which is

entirely uncertain and does not influence the resulting index: y=0,var( O = . Tis
allows the model to run uninterruptedly wit hout fundamentally changing the nature of
missing data. This, in combination with the time dependency, enables us to increase the

number of countries and years for which the index can be calculated without having to

impute or otherwise manipulate the data (Kim and Nelson, 1999; Durbin and Koopman,
2012).

This model is estimated using a Bayesian Gibbs sampler algorithm, mainly because of the
convenience the Gibbs sampling algorithm provides. This algorithm allows us to split up

the computation of a complex (posterior) probability into several much simpler
conditional probabilities. For example, if the hti values were known, the state and
measurement equations become very simple linear regressions models. A detailed
description of the estimation procedure of this particular state  -space model can be found
in Kim and Nelson (1999, chapter 8).

The Gibbs sampler ran for 6000 iterations of which the first 4000 were discarded as
burn -in. 3 The remaining were used to reconstruct the posterior distribution of the level of

3 The size of the dataset required the use of the resources of the Flemish Supercomputer Center, which was kindly provided




trade integration of each country -couple in each year. The resulting index is a continuous

variable with values between -14 and 177. This level in itself has little meaning

and can

be rescaled as needed, but can be compared both over time and between different

countries. A higher index value corresponds to a high level of trade.

The Historical Trade | ndex

By way of illustration, figure 1 shows the standard ised index values for USA

-Mexican bi -

lateral trade from the perspective Mexico (panel a) and the USA (panel b). It plots both

the expected value of the index as well as its 95% confidence interval. It should be clea

r

from this graph that the level of trade ca n differ significantly for each partner country. In
addition, the increase in the width of the confidence interval in 1940 -1950 shows the

effect of a decrease in data availability on the index.

An important advantage of using the state -space model to comp ose the hti is its
increased data availability. Overall coverage increases with 10% relative to exports over

total exports and even with a third when compared to total trade flows over GDP.

Moreover, the increase is highest when data availability is lowest . In the period before
the First World War, the hti covers 31% of country couples, while the other indicators

only cover between 14 and 21%. After 1950, these figures rise to 95% relative to
to 85%, respectively.

70%

10
19880 19IOO 1920 1940 1 9I60 19I80 1880 19IOO 1920 1940 1960 1980
(a) MexiceUSA (b) USAMexico
Fig. 1: The normal ised historical trade index.

The index was normalised such that the mean and standard deviation for all country
couples and years is respectively zero and one.

An important advantage of using the state -space model to compose the hti is i ts
increased data availability. Overall coverage increases with 10% relative to exports over
total exports and even with a third when compared to total trade flows over GDP.

Moreover, the increase is highest when data availability is lowest. In the period

before

the first World War, the hti covers 31% of country couples, while the other indicators

only cover between 14 and 21%. After 1950, these figures rise to 95% relative to 70%
to 85%, respectively.

by Ghent University, the Flemish SupercomputSnyCii SNJ 6+ { / 0 2 G KS | SNDd
department EWI.
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To ensure that the  hti values conform to expectations, we regressed it on a number of
economic and political variables that are expected to change the general level of trade

(table 1). Following Head and Mayer (2013), sender -year and target -year fixed effects
were included in ¢ olumns 4 and 5 to counter the time -varying multilateral resistance
terms in columns four and five. In order to estimate this many fixed effects, we used a

strategy outlined in Guimardes and Portugal (2009) that was adapted to a Bayesian
estimation framewor  k (details in appendix). In addition, the standard errors reported also

take into account the uncertainty of the hti (Standaert, 2014).
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Table 1: Explaining historical trade integration

1) (2) 3) 4) (5) (6)
hti hti hti hti hti edge
log(Distance) -0.028 - -0.043 -0.044 -0.044 -0.635
(0.000} (0.000p  (0.000¥ (0.000yp  (0.00422y
Contiguity 0.137 - 0.134 0.123 0.122 0.828
(0.002p (0.001p  (0.002y (0.002y (0.0149%
GDR 0.002 -0.002 -0.002 - - -0.0243
(0.000y (0.001¥% (0.001y (0.0016}
GDPR 0.035 0.034 0.04 - - 0.749
(0.000y (0.001y (0.000y (0.0027}
Interbellum  -0.065 -0.02 -0.029 - - 0.0229
(0.002p (0.002y (0.002y -0.0216
EU 0.155 0.064 0.079 0.103 0.023 0.392
(0.003y (0.002y (0.003p  (0.003y (0.008y (0.0284}
FoEU - - - - 0.024 -
(0.005y
l10 EU - - - - 0.078 -
(0.006y
Nafta 0.668 0.113 0.536 0.578 0.056 0.622
(0.025y (0.016% (0.021p  (0.023y (0.035) (0.270¥
fio Nafta - - - - 0.518 -
(0.028y
hiiAv -0.249 -0.095 -0.124 - - -0.0659
(0.003y (0.002y (0.004y (0.0380)
Year -0.002 -0.001 -0.002 - - -0.0271
(0.000y (0.000y (0.000y (0.0002}
Constant 6.512 - - - - 39.41
(0.0347 (0.381¢
Fixed Effects none sendertarget sender senderyear senderyear none
target targetyear targetyear
nObs 652912 652912 652912 959517 959517 652966

Linear (column 1) and fixed effects regression (columns 2
standard errors (in parentheses) are corrected for the uncertainty of the hti. Column 6 shows the results of a

probit regression on the edge variable

-5) on the log of the historical trade index with

. 3 Pand ¢ indicate significance at the 1%, 5% and 10% level.

For completeness sake, columns one through three use different or no fixed effects. The
last column uses the probability of their being a trade link (cf. infra) as a dependent
variable in a probit regression. However, the results are very similar over all

estimation procedures.

different

The coefficients on the traditional gravity parameters have the expected sign but are
much smaller than when using trade flows. An increase in the distance of 1% lowers the
e effect of the GDP of the target country.
A rise in the GDP of the home country lowers trade integration, which could be because

level of trade with 0.04%, which is similar to th

11



larger countries tend to be more focused on their internal markets. 4 Neighboring your

trading partner (contiguity) increases t rade with 11 p Qe pbp pub

Interestingly, both the EU (11%) and Cusfta/Nafta 5 (78%) significantly raised the level of
trade between their partner countries. In the case of the EU, the agreement was closed

between countries that were already more likely to be integrated (2%), but the
agreement also successfully raised the level of trade in the short (2%) and most
importantly long term (8%). 6 Cusfta/Nafta on the other hand was closed between
countries that were already highly integrated (67%), but it stil | succeeded in further

raising the level of trade (6%) during the first ten years.

During the Interbellum the average level of trade decreased by about 3%, but the
number of links between countries increased significantly. This might be indicative of
significant changes in trade relations between countries brought on by World War |,
leading to many new links being formed. At the same time, this period was marked by a
de-global isation wave that lowered the average strength of those links. The negative
coeff icient on time, while statistically significant, is too small to have any economic
significance.

Finally, we find confirmation of selection bias issues in the earliest values of the hti. The
initial values of the hti (before 1948) are marked by many missi ng observations, most
likely between countries that do not or barely trade with each other. If left uncorrected,

this makes the world seem more integrated in the earliest years of our dataset. We find

that as the coverage of the index 7 increases, the average index levels decrease, fitting

this selection bias theory. This issue will resurface in later analyses, necessitating
circumspection when interpreting results.

The Historical Trade Network

In order to combine the historical trade indices into a network, the index values
corresponding to countries that are integrated need to be separated from those
corresponding to countries that are not. A natural way of making this distinction is to

contrast countries that trade with each other ( @ 7> 0) to those that do not ( Qf=0).
The problem is that this approach is skewed by a large number of very small non -zero
trade flows. For example, almost two thirds of (available) export flows are greater than

zero, but less than half of whi ch is higher than 100,000 USD (which corresponds to
setting the cut - off for the total trade flows to GDP at 0.0005%).

Rather than choosing an arbitrary cut -off value, the hti allows us to use significant
differences to determine which countries are linked. To start, we identified a country -

4 Since the index is already normalized for the size of the sender country, the GDP of the sender country should actually be
left out of the gravity model regressions. Hoveeyvexcept for an even stronger negative effect of the Interbellum, its

inclusion did not affect the results in a significant way.

5The European Union, the Canadaited States Free trade agreement (1978) and the North American Free Trade
Agreement(1994)

6f,0EU andib EU are, respectively, the 10 year leading and lagged variable of the EU membership dummy.

! availability is the fraction of country couples in our dataset versus the total possible number in that year. The latter is
computed using the maber of countries in the world (nt) from the Correlates of War database as:

nz (kb MO @
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couple that did not, or barely trade with each other for as long as possible, with as few

missing observations as possible. From 1880 to 19 48, official imports and exports

bet ween Great Britain and Ecuador amounted to | ess
total flows; and from 1948 to 2000 there was no trade between Iraq and Honduras. 8

Labeling these observations as "@Q,, we define si gnificant levels of trade in the following

way: An edge exist from country i to country j if, and only if, its level of trade in year tis
significantly higher than that of @W@QdQr pP WY @Q; in at least 99% of all

iterations of  the (converged) Gibbs sampler.

Table 2: Summary of the different edge definitions

hti @ OT & 0 Tood
Cutoff "@Q, 800000 0.015 0.00004
% edges 9.6 10.7 10.9 10.6
Correlations
o Tk 0.403 1
o Tk 0.7341 0.4704 1
® 0 TO® 0.7352 0.4225 0.6821 1

Using the "@'Q; definition, 92,612 edges were identified (9% of observations). The highest

index value that was deemed insignificantly different from "@Q, was 29.17, while the
lowest significant index value was 22.36. In contrast, if a simple cut -off was set halfway
between these values (at 25.76), a third of the edges would no longer be identified. To

get a similar fraction of edges the cut -off of total tra  de flows to GDP would have to be set
at 0.04% and that of exports to total exports at 1.5%. As can be seen from the pairwise
correlations in table 2, the edge identification using the hti lies somewhere in between

those two: the correlation of hti with bot h indicators is around 0.73.

The hti and edge data were subsequently used to build the weighted, directed historical

trade network in each year with the hti values serving as edge weights. Figure 2 shows
the shape of this network over time. The higher the indegree (the sum of all incoming
edges), the more central its position. The larger the pagerank (similar to the indegree,

but it gives a higher weight to edges coming from countries that are themselves
important), the bigger the size of the node. Finally , the higher the index value the darker
the edge color.

As figure 2 shows, the number of countries in the network increases notably over time.

With a few exceptions, the indegree and pagerank come to a similar conclusion as to a
countryb6s i mpoe netwarlc énitiallyn Frabhck and Great Britain are the most
central players, but over time the USA replaces them. After World War I, Germany starts

to overtake both France and Great Britain rising to the second most central position. Also
interesting is t he slow rise of Japan throughout the late twentieth century. Other
important countries according to their indegree and pagerank include Italy, the
Netherlands and Belgium. The 1979 oil -crises also temporarily increases the position of

8 For robustness sake, we also computed the edge using the index values of a fictional country couple
that never traded with each other and the results were unuied.
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Saudi Arabia to thet op ten position. For more information, these and other yearly graphs
are made available together with the indicator at
http://www.sherppa.ugent.be/hti/hti.html

Tracking Global isation

Since the 1980s, the term global isation has been used in several scientific disciplines,
each using its own definition(s). In general, a common denominator to most definitions is

the decreasing importance in economic transactions of the local market in favor of the
global market. From this point of view three phases stand out in the period covered in

our dataset: 1880 -1914,1918 -1940 and 1945 -1995.

As stated by OO6Rour ke isétian0 phage,precedng WWIlwas driven by
decreasing trade costs brought on by political and technological improvements. With
Great Britain in the lead, the mercantilist era was replaced by the idea of a more free

trade regime. The European colonizers also imposed this new trading regime on their
colonies and even forced independent countries to open up their trade. From a
technological point of view, the use of steam engines and the installation of an extensive

railway network lowered transaction costs, enabling a more internationally oriented
trading pattern. At the same time, the g old standard offered a stable international
trading climate (Crafts, 2004).

This liberal ising trend was undone by the First World War and the subsequent conference
of Versailles which further afflicted international relations. The situation was further
exacerbated by the Great Depression and the protectionist policies it induced. At the
time, the United States took over the leading role in the world economy but failed to

further the free trade agenda and could not pull the world economy out of the recessio n.
International relations were further deteriorated by the 1917 Russian revolution. World

War Il strengthened the anti -imperialist nationalist and communist states, the
disintegrating effect of which lasted until the 1990s. As a result, the post -war effor ts to

improve international relations, with for example the GATTs and WTO, had a more
regional character limited to Western Europe and North America. Intensification of trade

relations took place in these regions, but did not extend to the rest of the worl d
(O6Rourke, 2009; I rwin and O6 Rourke, 2011).
The remainder of this paper tracks global isation through the trade network from 1880 to

1995. To do this, we narrow the focus down to two key elements that are often studied

in the trade literature: diversification of trade links and geographic neutrality. The
intensification of trade links is left out because the hti measures trade integration in a
relative rather than absolute manner. As a result, a decrease in the index value is not
necessarily the result of a decrease in actual trade, but could also be caused by growing
GDP or an increase in trade wi  th a different trading partner.

The N etwork Density

To capture diversification of trade links we look at the density of the network: the
number of existing links between countries divided by the total number of possible links.

14
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If global isation is accomp anied with diversification, we expect the density to increase
over time. Examples of studies that look at the network density are Kastelle, Steen, and
Liesch (2006); De Benedictis and Tajoli (2011); Kali and Reyes (2007); Kim and Shin
(2002) and Grinin, Il yin, and Korotayev (2012).
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Fig. 2: The historical trade network over time.

The higher the indegree of the node, the closer to the middle the node lies. Thi
of the nodes igdetermined by their pagerank. The higher the edgeight is, the
darker the edge.




