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Abstract

The subject of trade negotiations has been a highly publicised debate in the
context of Brexit. The term ‘no deal’ has come to represent the United King-
dom leaving with no specific or comprehensive preferential trade agreement,
whereas the potentially most far-reaching deal would resemble something
along the lines of an EFTA membership. By using bilateral trade data
between 2005 and 2017 for Sweden and their top 60 trading partners, an
elaborated gravity model for trade suggests a significant long-run decline in
the magnitude of trade between Sweden and the United Kingdom. For trade
in goods, the results suggest an impact between 21.4%-25.7% in reduced
bilateral trade between the UK and Sweden, if the UK leave under WTO
terms. The findings also indicate that the impact on trade in services, for
which the United Kingdom is Sweden’s second largest trading partner, will
be significantly more pronounced between 45.7%-70.0% under a ‘no deal’
scenario. Whilst the model is such that no robust conclusions can be made
about the EFTA-type deal for goods, they suggest that terms similar to
EFTA would have a significant mitigating effect on any reduction in trade
in services. However, a less comprehensive free trade agreement would do
little to replace lost service trade when compared to the ‘no deal’ impact.

Keywords: The Gravity Model, Brexit, Bilateral trade, Free Trade Agree-
ments, European Union, EFTA.
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1 Introduction

On 23rd June 2016, British voters were asked whether the United Kingdom should
leave the European Union. The result that followed would go on to have profound
economic and political implications for both the United Kingdom and the other
twenty seven EU member states, including Sweden.

The first resemblance of a European Union was created in the aftermath of the
second world war and was known as the European Economic Community. Even
as this community evolved into deeper political and economic relationships, the
core values are such that countries who trade with each other become economically
interdependent and thus less likely to pursue conflicts. It is therefore the trade
element of the European Union that underpins its basic ideas. What began as an
economic partnership between six countries in 1958 developed into a unionship
consisting of 28 countries with shared goals and values, resulting in the largest
trade bloc in the world (European Union).

In the context of the European Union era, the United Kingdom and Sweden
have long been political allies and important trading partners. The value of Swedish
exports makes up for almost half its GDP, with the UK being their fourth biggest
export market and fifth biggest import market. Coupled with the fact that Sweden’s
trading profile with the UK is very different to that with other EU countries, the
impact of Brexit on Sweden is likely to be significant. Dependant on the type and
structure of the exit deal, one study estimates that Brexit could cost Sweden 18
billion SEK in GDP by 2020, as well as significant job losses with Stockholm’s
service sector bearing the heaviest cost (Hatzigeorgiou & Nixon, 2018).

The referendum itself was followed by a significant decrease in Sweden-UK
trade in goods. Despite no new trade barriers immediately materialising whilst
negotiations are thrashed out, the mere expectation of future tariffs appears to have
had an impact on both UK and EU based businesses willingness to engage in trade
deals.1 One estimation showed a divergence of 8-13% between the UK’s actual
aggregate exports to EU countries and a forecast ‘base case’ scenario based on

1Whilst not in scope for this paper, there exists research suggesting that trade levels adjust
prior to and in anticipation of future trade deals. See Freund & McLaren (1999) as an example.
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comparable trade levels before the referendum (Douch, Edwards & Soegaard, 2018).
In Sweden’s case, the average growth in bilateral goods trade between Sweden and
the UK was 1.03% in the ten year period to 2015, compared to a 0.05% decline
since the referendum took place.

Figure 1: Swedish Goods Trade with UK

UK’s total and share of trade in goods has decreased since the referendum in 2016 (OECD.Stat).

The UK represents a growing market in terms of trade in services for Sweden,
with an average bilateral trade annual growth rate of 9% since 2010. The UK share
of total Swedish trade in services has also been steadily increasing to 9.8% and
12.6% in 2017, for exports and imports respectively. Also worth noting, and in
contrast with goods, Sweden operates a trade deficit in bilateral service trade with
UK. Generally as a result of regulatory burdens, trade impediments to services
have been shown to be two to three times higher in comparison to goods trade,
for which costs have been declining during the last decade (Miroudot, Sauvage
& Shepherd, 2013). European Union membership, which inherently includes the
customs union and the common market agreement, seek to reduce, and in some
cases eradicate such impediments to trade.

It is therefore understandable that there is a growing concern Brexit will have
a negative impact on trade. Sweden’s EU affairs and foreign trade minister, Ann
Linde, is quoted as saying; “it is clear that it will be both more expensive and more
difficult to trade with the UK after Brexit”, following a report by Sweden’s National
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Board of Trade. The report itself highlights the fact that there will be a decline in
trade between the UK and not only Sweden, but the whole of the EU regardless of
the exit deal (Kommerskollegium, 2017).

Figure 2: Swedish Services Trade with UK

Trade in services with the UK has been a growing market, from both an export and import
perspective (OECD.Stat).

As already alluded to, arguably one of the most publicised debates in relation
to Brexit is whether or not the UK will leave the European Union with some kind
of preferential trade agreement (PTA). Should an agreement be reached, how will
this look? The answer, at the time of writing this paper, is that nobody really
knows. Anything between a ‘no deal’ or European Free Trade Associatation (EFTA)
type memberships are still on the table.2 The fact remains that EU membership
is still likely to provide a higher level of frictionless trade than even the most
comprehensive of agreements on this spectrum. This is especially true if the UK
hold to their so called ‘red lines’, illustrated in Figure 3, which would necessitate
them leaving both the single market and customs union. It would, in effect, prevent
them from negotiating anything close to a comprehensive trade agreement, similar
to the deals Norway or Switzerland have with the EU.

2‘No Deal’ refers to the possible eventuality that no preferential trade agreement is reached,
such that it results in the UK trading with the EU under standard World Trade Organisation
(WTO) rules which include tariffs and customs controls.
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Figure 3: Potential Post Brexit Deals

Presented by EU chief negotiator Michael Barnier at EU summit, December 2017.
Source: European Commission (2017).

Due to the nature of the ongoing negotiations between the UK and the EU, the
assumptions made in this paper, as well as in other recent contributions, are quite
fluid. Another challenge is that the situation is both very recent and relatively
unprecedented, in terms of a large economy leaving a major trading bloc. As
a result, there exists few ‘real world’ examples that can be used as a basis for
this kind of analysis. However, given that trade costs are likely to increase as a
result of Brexit, the consensus among economists is that there will be a significant
reduction in trade between the UK and EU member states. In line with the
results presented in section 5 of this paper, one broader study from the UK’s
perspective finds that there will be a long-run decline of between 33%-65% for
bilateral goods trade between the UK and the European Union, dependant on the
type and comprehension of the deal they leave with (Ebell, 2016). The same author
also concludes that the impact could be up to 65% for services. Similarly, but from
the Swedish perspective, Hatzigeorgiou & Nixon (2018) find that there could be a
negative 0.3% impact on Sweden’s output as a direct consequence of Brexit. Their
study considers not only on the impact of reduced trade between Sweden and UK,
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but also the knock-on impact Brexit will have on other EU trading partners and
European supply chains, which is not in scope for this paper.

The focus of this research is to forecast and quantify the potential impact
of Brexit on Sweden-UK trade. There are a number of recognised trade theory
models, presented in section 2.1, that can be used to make robust predictions about
the value and nature of this impact. However, the characteristics and empirical
accuracy of the Gravity Model, as discussed in sections 2.2, 2.3 and 2.4, make it
the preferred approach in this context. Using trade statistics and supporting data
between 2005 and 2017, I subsequently find that the potential decline in bilateral
trade will be significant for goods, but even more pronounced for services. In what
is likely a result of increased regulatory burdens, the findings also suggest that
the impact on services is highly dependent on whether the UK and the EU are
successful in negotiating preferential trade terms and that the decline could be
minimised if the exit deal is comprehensive enough to match terms inherent in an
EFTA-type membership. These results are presented and discussed in detail in
section 5, with concluding remarks and suggestions for future research following in
section 6.

2 Theoretical Framework & Literature Review

2.1 A Brief Overview of Trade Theory

International trade theory is one of the oldest branches of economics, going back to
at least the 18th century when Adam Smith discussed the role of absolute advantage
in his famous works; The Wealth of Nations (Smith, 1776). The concept that
one country can produce a particular good more efficiently than another provides
the basis for absolute advantage, and is the most simplified justification for why
countries should and do gain from trading with one another.

Some years later in 1817, David Ricardo developed what is now known as the
Ricardian model for trade (Ricardo, 1817). This model introduced the notion of
comparative advantage; that in a ‘two country - two good’ system, gains from trade
can still arise even if one country has an absolute advantage in producing both
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goods. The theory is such that a country will produce more and consume less of
a good in which it has a comparative advantage, and that the advantage itself is
born from differences in the two trading countries technologies. In producing, and
subsequently exporting the good in which the country has a comparative advantage,
as well as importing the good in which it does not have a comparative advantage
relative to their trading partner, then both countries can increase their overall
consumption. This is considered one of the most powerful discoveries in economics,
and several subsequent theories of international trade, such as the Specific Factors
model, are elaborations of the basic Ricardian model.

Another prominent extension of Ricardo’s theory is the Heckscher-Ohlin model,
which was introduced in the early 1900’s by two Swedish economists; Eli Heckscher
and Bertil Ohlin. In effect, the model introduces two factors of production (usually
labour and capital) to the Ricardian model under the same context of comparative
advantage. Therefore, if the Ricardian model can be described structurally as
2x2 (two country - two good), then the Heckscher-Ohlin can be labelled as the
2x2x2 model; a name by which it is sometimes referred to. As a result, it is the
factors of production that determine a countries comparative advantage in this case,
rather than differences in technologies. The latter is something that is difficult to
quantify or measure and consequently treated as exogenous in Ricardo’s model. By
extension, the theory suggests that countries will export factor-intensive goods in
which they have an abundance of endowments in that same factor.3 However, one
major limitation of the model is that this does not tend to hold in reality. Among
other criticisms, in one study Leontief (1953) concludes that the US exported
relatively more labour intensive goods despite being the most capital intensive
country in the world.4

In terms of welfare, prices, distribution of wealth and factor endowments, both
the Ricardian and Heckscher-Ohlin models are useful tools for analysing the impact
of trade, rather than the impact on trade. Furthermore, whilst these models can be
useful tools for prediction when it comes to policy analysis, they are best applied

3The Heckscher-Ohlin theory and its implications are not discussed in detail in this paper.
See Bradford et al. (1996) for more detail.

4This criticism of the Heckscher-Ohlin model is known as the Leontief Paradox, and is often
cited as one reason it exhibits poor predictive power in reality.
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in a two country context. For similar reasons, they also struggle to explain the
effects of regionalisation on trading patterns, which is the main focus of this paper.

2.2 The Gravity Model

Prior to the introduction of the gravity model in 1954, current trade analysis models
did not consider the impact of ‘distance’. In other words, they failed to account for
how both the physical and economic distance (e.g. the level of transportation links)
between two countries affected the level of trade between them. Therefore, the
hypothesis introduced in this model was that “an increase of imports from country
A will tend to be smaller the more distant from A is the part of the world in which
the increase in effective demand takes place” (Isard, 1954).

Intuitively, Isard (1954) would go on to consider that the value of trade between
two countries is positively affected by the economic ‘size’ of each country and
negatively affected by the distance between them, adjusted for the level of transport
links.5 Such an equation (1) is strikingly similar to Newton’s law of universal
gravitation, stating that the attraction between two bodies is directly proportional
to the product of their mass and inversely proportional to the square of the distance
between them.6

Fij = G×
Ma

i M
b
j

Dc
ij

(1)

where Fij is the trade flow from country i to country j, M represents the
economic dimensions or size, in terms of supply and demand, of the country raised
to constant powers a and b respectively. D is the distance raised to some constant
power c, and G is a constant similar to the gravitational constant.7

5Despite the similarity, the link between Newton’s equation and Isard’s model was not made
until Tinbergen (1962), who eventually won the first Nobel Prize in Economics in 1969.

6The square of distance is often ignored in the trade version of the Gravity Model, as empirical
analyses suggest trade flows are inversely proportion to distance raised to the power 1. This is
discussed further in section 2.3 using a derivation by Chaney (2013).

7The most common measures for F are gross bilateral trade, imports or exports. M is usually
represented by GDP. The distance between ports or capitals is commonly used to proxy for D.
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Whilst intuitive, it is worth noting the justification for the inclusion of income,
M , in the model. This is an extension of earlier work on international trade theory
that imports for any given country can be expressed as a function of that countries
income. Assuming the system of equations are in equilibrium, the output of a given
country must equal demand. Since demand is expressed as a function of income, it
then follows that the level of income, and hence the value of imports from each
country can be derived from the relationship between output and demand (Isard,
1954). This is what sets apart bilateral trade theory from more general models
considering ‘one country and the rest of the world’.

The gravity model’s main contribution to international trade theory is the
introduction of distance, D. The distance variable can therefore be considered a
proxy for transportation costs, inclusive of any bilateral trade barriers. In other
words, it introduces some measure of impedance to trade between the two countries
(Kepaptsoglou, Karlaftis & Tsamboulas, 2010). There exists several justifications,
theorised some time after the introduction of the gravity model, that seek to
explain this phenomenon. One example is Krugman (1980), which, highlights why
geographical distance has a negative impact on trade in the context of distance
providing a good proxy for trade barriers. However, despite the empirical success
of the gravity model providing motivation for Krugman’s (1980) model, it was not
able to explain anything specific about the role of distance. To understand why
this is significant, one must consider the effect distance has on the firm’s ability to
generate supplier and customer contacts once they have saturated more localised
locations. Therefore, I will return to a more elaborated theoretical justification for
the role of distance as a powerful predictive tool when it comes to international
trading patterns in section 2.3.

2.3 Theoretical Foundations

This paper has already alluded to the predictive power and empirical success of
the gravity model driving its popularity and usage in trading pattern research.
However, despite the accuracy in terms of forecasting as discussed in section 2.4,
the gravity model for international trade was, for some time, widely recognised as
having shortcomings from a theoretical standpoint (Anderson, 1979). Moreover, as
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noted by Filippini & Molini (2003), the gravity model has been often characterized
as “facts without theory”, and that its popularity is based on providing a good
fit whilst lacking the descriptive and theoretical properties needed for policy or
policy proposal analysis. However, more recent papers have somewhat succeeded
in circumventing these issues and have provided the gravity model with a solid and
more formal theoretical foundation.

Early adaptations of the model attempted to justify its use by including vari-
ables supported by a Walrasian general equilibrium systems, followed by Cobb-
Douglas and constant-elasticity-of-substitution (CES) preferences (Deardorff, 1998).
Bergstrand (1985) also discovered an important extension to the theoretical under-
pinning of the gravity model, also by making use of CES preferences. The findings
were that the elasticity of substitution for imported goods exceeds one, and that the
elasticity of substitution between importables and domestically produced goods is
below one. This implies that imported goods are gross substitutes when compared
with other imports, but not so with domestic products with which they are gross
compliments, making them hard to replace without access to external markets. It
is this discovery that makes modern applications of the gravity model an important
tool for analysing bilateral trade flows in a preferential trade agreement context.

To explain how CES preferences are approximated, I present the gravity model
derivation from Anderson & Wincoop (2003), who build on Bergstrand (1985) by
expanding a general equilibrium trade model in an iterative manner.8 In deriving
a theoretical gravity model, one must first make use of the utility maximisation
problem described in system of equations (2) & (3);

Uj =
(∑

i

β
1/σ
i c

(σ−1)/σ
ij

)σ/(σ−1)

(2)

subject to the constraint;

yj =
∑
i

pijcij (3)

8It is worth noting that Anderson & Wincoop (2003) base their derivation on Armington
preferences, which is a parameter representing elasticity of substitution in an international setting,
but that this will not be expanded upon in this paper.
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where cij represents j’s consumption of imports from i, the income constraint
is represented by yj, σ is the elasticity of substitution between all goods and βi is
a positive distribution parameter. Recognising that prices are different between
locations due to trade costs, pij is the price j’s consumers pay for goods imported
from i. With this in mind, pij can be rewritten as pitij , where pi is the price net of
the trade cost/barrier factor, tij .9 The value of exports from i to j, xij , is therefore
the sum of picij + (tij − 1)picij, which is equivalent to pijcij. Total income for i is
therefore yi = ∑

j xij.

Solving for the maximisation problem in equations (2) & (3);

xij = yj

(
βipitij
Pj

)1−σ

(4)

where;

Pj =
[∑

i

(βipitij)1−σ
]1/(1−σ)

(5)

is a price index representing the “multilateral trade resistance”.10

In equilibrium, it can be shown that;

yi =
∑
j

xij =
∑
j

yj

(
βipitij
Pj

)1−σ

(6)

In contrast to Bergstrand (1985), Anderson & Wincoop (2003) make use of an
intuitive simplification that trade costs/barriers are symmetric so that tij = tji,
and so that the equivalence in equation (7) can be made;

βipiPi = θ
1/(1−σ)
i (7)

where θi = yi/y
W is i’s proportion of world income and equation (7) is a solution

to equations (5) & (6), ∀i. The notion of a high θi in equation (7) would therefore

9tij − 1 represents the trade-cost proportion of the total import cost, assuming these costs
are passed on to the importer. It is worth noting that this derivation is also consistent with the
‘iceberg’ model for transportation costs, where tij − 1 fraction of goods are lost in transit.

10P depends positively on trade barriers t with all trading partners.
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imply, for a given βi, that prices must be low for countries with a relatively large
value of output. Similarly, high trade barriers, represented by a high Pi, would
reduce demand for i’s goods and therefore also reduce the price, pi.

Substituting equation (7) into (4) leaves the following gravity equation;

xij = yiyj
yW

(
tij
PiPj

)1−σ

(8)

subject to a constraint on the multilateral trade barrier, which can be shown
by substituting (7) into (5) so that the trade resistance index for j is described
as a function of the bilateral trade resistance tij as well as i’s multilateral trade
barrier Pi;

P 1−σ
j =

∑
i

P σ−1
i θit

1−σ
ij ,∀j (9)

Similar to Isard’s original model, the gravity equation in (8) is such that the
value of exports from i to j depends positively on the relative size of i and j’s
economies to the world. It is also inversely proportional to the bilateral trade
barriers between to the two economies (for σ > 1)11 relative to the multilateral
resistance to trade each of i and j exhibits with the rest of the world. The latter
inference that trade between two countries is dependent on the the bilateral trade
barrier relative to the general impedance to trade both countries face with all of
their respective trade partners is one that Anderson & Wincoop (2003) describe as
the “key implication” of the theoretical gravity equation.

The role of economic size is present in many trade theories and is well understood.
However, it is also worth providing theoretical support to why some measure of
physical distance is such a powerful determinant of bilateral trade flows. It is
intuitive to consider that a greater distance results in higher transport costs.
However, these only account for a fraction of overall trade costs, meaning there are
other factors to consider. An example is informational barriers which seemingly
should be less affected by physical distance, or at least should be greatly reduced by

11This assumption is consistent with empirical findings in the literature (Anderson & Wincoop,
2003).
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advancements in communications technologies. Krugman’s (1980) model, mentioned
in section 2.2, can therefore only explain the effect of ‘distance’ in terms of trade
barriers than can be circumvented by a firms ability to bear such costs. It does
not explain why distance, as shown in almost all gravity model empirical analyses,
exhibits a constant negative effect on international trade over time. In order to
provide a theoretical underpinning I present a simplified version of the findings in
a paper by Chaney (2013), whose focus is on understanding the role of distance in
more detail by making use of spatial theory at the firm level.

First, let R represent the continuous one-dimensional space in which firms are
uniformly distributed. Chaney (2013) then introduce two concepts;

ft : R→ R+ and Kt ≡
∫
R
ft(x)dx (10)

where ft(x) represents the density of contacts a firm of age t has at location
x. Kt is therefore the total mass of contacts of the firm. ‘Contacts’, in this
context, are effectively the firms local or foreign customers and suppliers whose
‘birth’ and ‘death’ are assumed to follow the Poisson distribution. The geographical
distribution of contacts can be modelled as;

∂ft(x)
∂t

= β
∫
R

ft(x− y)
Kt

ft(y)dy − δft(x) (11)

The intuition of equation (11) is that the left hand side represents the net
creation of new contacts in the geographical location dx within x, which is equal to
the gross creation less any lost contacts in time period t. The growth rate of gross
new contracts is represented by β and the ‘death’ rate by δ. The model predicts
that the older the firm, the greater the number of contacts, which is growing
exponentially through time proportional to the growth rate, β, dampened by the
‘death’ rate, δ;

Kt = K0e
(β−δ)t (12)

By extension, this implies that mature firms have a greater number of contacts
than young firms. The magnitude of the difference is dependant on the growth
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rate of the population as a whole, γ. The fraction of firms F (K) with less than or
equal to K contacts can be written as;

F (K) = 1−
(
K

K0

)− γ
β−δ

for K ≥ K0 (13)

In mature firms being shown to obtain more contracts, the model also intuitively
predicts that these contacts will be more greatly dispersed. By letting fK represent
the geographic distribution of the firms contacts, then the average (squared) distance
of the contacts is increasing with the number of contacts;

∆(K) ≡
∫
R
x2fK(x)

K
dx = ∆0

(
K

K0

) β
β−δ

(14)

where fK = ft(K) and K = Kt(K) is the age a firm has to be to achieve K
contacts.

The series of equations (10) through (14) are required to show the manner in
which a firms contacts are acquired, lost and dispersed across locations. Before
moving on to how this relates to the ‘costs of distance’, the main takeaway is that
a firms contacts increase exponentially over time, as well as becoming more greatly
dispersed as locations local to the firm become saturated.

Referring back to equation (1), which is the fundamental gravity model equation
in its most basic form, one can now consider the power c to which the distance
variable is raised. Assume now that c = − γ

β−δ , the term from equation (13) which
represents the relative growth rate of population to firm specific contacts. The
implication of this assumption is that the inverse proportional effect of distance is
determined by the extent to which firms in country i and j have made contacts,
as well as the dispersion of these contacts. According to Chaney (2013), this
feature implies that trading patterns are determined by the γ

β−δ term, for which
neither communications or technology costs are included.12 The determinant of the
distance variable’s impact on trade flows is therefore based on the magnitude and

12Noted in Chaney (2013) is that empirical analysis suggests γ
β−δ = 1, meaning that the

distribution of firm exports follow Zipf’s law. This finding is out of the scope of this paper but
can be summarised in this context as meaning that trade flows are inversely proportional to
distance raised to the power 1.
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dispersion of interactions between local and foreign firms only. If this assumption
holds, it explains why the role of distance remains constant over time, despite
the roles globalisation and innovation have played in reducing communication and
transport costs.

2.4 Empirical Success

The basic gravity model is, by Isard’s own admission, a remarkably simple one.
However, despite the simplicity, it exhibits considerable “robustness and explanatory
power” for describing trade flows (Kepaptsoglou, Karlaftis & Tsamboulas, 2010).
The empirical success of the model is due, in part, to the ease of transformation
from equation (1) to the log-linear model shown in equation (15), which can be
estimated using OLS;

lnFij = α + β1lnMi + β2lnMj + β3lnDij +
n∑
k=4

βkX + εij (15)

where the variables are the same as in equation (1) and ε represents the error
or disturbance term. The sum of βkX represents the vector of control or dummy
variables in addition to M and D. The interpretation of β1, β2 and β3 is for a 1%
increase in the explanatory variable one would expect a β% increase in F . The βk
term needs to be exponentiated before its value can be interpreted.13 The model
is such that β1 and β2 are expected to have positive signs, whilst β3 should be
negative.

There have been many empirical studies of bilateral trade using some modifica-
tion of equation (15).14 Of particular relevance to this paper, and a justification
for examining this model in more detail, is that most recent studies involving
the gravity model set out to explain the effects of common markets and trade
agreements on bilateral trade patterns (Kepaptsoglou, Karlaftis & Tsamboulas,
2010). In the context of Britain leaving the EU, and therefore the trade agreement
it currently has with Sweden (and the other 26 EU member states), the empirical
success of the gravity model makes it a good basis for future research into bilateral

13See Appendix section D for the details of the dummy coefficient interpretations.
14See Appendix section A, table (10), for examples of such modifications relevant to this paper.
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trade patterns between the two countries. For this reason, I will review the findings
of the papers that focus on trade creation and diversion through common markets
as well as specific research on trade within the EU.

All the papers reviewed in Table 10 find that the gravity model provides a good
fit for modelling bilateral trade patterns. Almost exclusively, the models include
GDP as a measure of ‘economic mass’, as well as physical distance, either between
capitals or ports, as the proxy for ease and cost of transportation links.

The models vary, however, in their approach to other explanatory and dummy
variables. As one might expect, many conclude that common borders and common
languages have significant and positive effects on trade. This is an important
aspect to consider in the context of this paper given the fact that Sweden and
the UK have neither a common language or border, and thus these dummies
should be considered when analysing Sweden’s potential for increased trade with
its neighbours post-Brexit.

The introduction of GDP per capita is justified simply as a controlling factor for
rich countries generally trading more than poor ones (see Buch & Piazolo (2001),
Paas (2002), Fukao et al. (2003) and Martinez-Zarzoso & Suárez-Burguet (2005)).
Given the fact that Sweden has a considerably higher GDP per capita than the
UK, this could have potential dampening effect on Brexit’s impact on Sweden’s
imports, but a magnifying effect on the decrease in Sweden’s future exports to UK
(i.e. higher prices as a result of tariff’s could lead to the UK importing less).

With regards to potential future trade ‘deals’ between UK and EU, Buch &
Piazolo (2001) and Carrère (2006) both find that membership in regional trade
agreements does boost trade significantly. Similarly, and more relevant to this paper,
Soloaga & Winters (2001) find that membership in the EU or EFTA specifically
has greater trade diversion effects when compared with other preferential trade
agreements.15 With this in mind, it is not surprising that Ebell (2016) concludes
that the UK might find it difficult to replace lost trade if future trade deals fall
short of a comprehensive free trade agreement. However, it is worth noting that

15‘Diversion’ in this context describes the re-direction of trade from the rest of the world
towards bloc member states
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whilst Endoh (1999) also find that membership in a trade bloc has a significantly
positive impact on trade creation in the short term, this effect is weakening through
time.

2.5 The Brexit Context

The Brexit supporters argument that the UK can negotiate more valuable trade
deals with non-EU countries, particularly distant and emerging economies, is
somewhat debunked when viewing trade through the lens of the gravity model. In
simple terms, the EU, including Sweden, is much closer in proximity to the UK
than the rest of the world and trade barriers are significantly reduced through
membership in the common market. By examining an adaptation of the gravity
model proposed by Ebell (2016), which is structurally the same as the theoretical
model in Anderson & Wincoop (2003) illustrated by equation (8), one can derive
several hypotheses that I will try to either support or falsify in this paper.

First, ceteris paribus, the gravity model is such that an increase in bilateral
trade costs between two countries, relative to multilateral trade barriers, will lead
to a reduction in trade between those two countries. Assuming that any deal the
UK eventually negotiates with the EU is not a free trade agreement with the same
friction-less trade enablers as the common market offers, the first hypothesis is a
simple one;

1. Sweden’s trade with partner countries is boosted through more comprehensive
free trade agreements.

Second, the model described by equation (8) provides a useful intuition that
for a given bilateral trade barrier tij, increases in multilateral trade resistance Pi
and/or Pj will increase trade between i and j. Let i be Sweden and j be some other
country in the European Union (or vice versa), then it is fair to assume a constant
tij = tji, since both countries are in the common market and will have relatively
stable bilateral trade costs. When Britain leaves the EU, it is likely that trade
barriers between them and the European union will increase, i.e. increases in both
Pi and Pj . Given the finding by Miroudot et al. (2013) that trade costs for services
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are two to three times higher than goods, and that Sweden and UK are bilaterally
important trading partners for services in particular, this finding suggests that
services could bear a greater burden of increased trade barriers. Consistent with
the important finding by Ebell (2016), the second hypothesis can therefore be
summarised as the following;

2. Bilateral trade in services is more highly dependent on reduced trade barriers
compared with trade in goods.

Referring back to the finding by Bergstrand (1985) that imported goods are
considered gross substitutes with one another but complements with domestically
produced goods, one may derive another hypothesis that Ebell (2016) also make
reference to in their paper. Whilst most of the empirical analysis to date focuses
on the benefits of joining such agreements, there is little research on the impact
countries leaving them, both from the exiting countries perspective and the remain-
ing countries. This is by no means an oversight, but puts into context just how
unprecedented Britain’s decision to leave the EU is. However, if the finding by
Bergstrand (1985) holds true, one could expect to find that the impact on Sweden
is highly dependent on any future trade deals the UK negotiates in an effort to
‘replace’ the goods and services it currently imports from them;

3. The impact of Brexit on bilateral trade between Sweden and the UK depends on
which elements of the current free trade agreement, if any, the UK and the

European Union maintain in a future deal.

3 Data

Based on the hypotheses proposed in section 2.5 and the gravity model specification
in equation (8), I make use of bilateral trade data between Sweden and their trading
partners. It is worth noting this difference, as most gravity model analyses make
use of multiple country pairs across all countries in the sample. However, given the
aim of this paper is to analyse the effect on Sweden’s trade specifically, I choose to
examine the trading patterns exclusively from Sweden’s perspective.
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This paper uses data between 2005 and 2017 for trade in goods and between
2010 and 2017 for services (OECD.Stat).16 The salient independent variables are
Swedish exports, imports and gross bilateral trade between Sweden are their trading
partners. Gross bilateral trade is defined as the sum of exports and imports in
absolute terms, which is importantly not the same as net exports. To eliminate
the problem of zero trade, the sample was reduced to Sweden’s top 100 trading
partners, based on Swedish goods exports in 2017.17 However, due to missing data,
Taiwan, Venezuela and Greenland have also been omitted, leaving 97 countries.
Given the relative small size in both GDP and trade statistics with Sweden, I do
not expect this omission to result in materially bias estimates. Hence, there are 97
unique country pairs, each with 13 observations for goods and 8 for services.

After reducing the sample to 97 countries, it is noticeable that there are some
small country outliers. Therefore, the sample is further reduced to Sweden’s top 60
trading partners, ranked by gross bilateral goods trade in 2017. In support of this
truncation it is worth noting that the remaining trade partners account for 94% of
Sweden’s total goods exports and 93% of total service exports in 2017. Similarly,
the data is representative of 98% and 95% of Sweden’s total goods and service
imports respectively. The sample includes 24 EU countries, 3 non-EU EFTA/EEA
member states as well as 13 other OECD or BRIC economies.18

Data on GDP and population is collected from The World Development Indica-
tors database (The World Bank). Longitudinal and latitudinal data is obtained
from the standard source GeoDist database and is used to calculate the ‘great
circle’ distance between Stockholm and the capital cities of each partner country in
the sample (CEPII).19 Finally, data on free trade and other agreements, covering

16The trade in services data is taken over a shorter time period due to poor quality and missing
values.

17More general gravity model specifications have encountered the ‘zero-trade’ problem and
face issues when transforming the model using logs, since the natural logarithm of zero does not
exist.

18See Appendix section B, table 11, for the final list of countries.
19The ‘great circle’ distance represents the shortest distance between any two points on a

sphere, and is commonly used in the gravity model. See (CEPII) reference and Appendix for
more detail.
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both goods and services, is obtained from The World Trade Organization’s regional
trade agreements database (World Trade Organization).

In the interest of not over-complicating the model, it is worth noting that the
variables included in this analysis do not represent an exhaustive list of controls
that have been used in similar gravity model research. One poignant example is
the exclusion of exchange rates or exchange rate volatility. There does exist an
simultaneity problem in using such a control, as exchange rate volatility appears
to reduce trade but also countries who trade more tend to implement policies that
seek to minimise volatility (Rose, 2000). However, this is left as an interesting area
for future research, especially given the potential impact Brexit could have on the
value of British Sterling, Swedish Krona and the Euro.

3.1 Summary Statistics

Table 1: Summary statistics: Goods

Variable N n Mean SD Min P50 Max
Exports 780 13 2,470.8 3,830.4 47.4 787.9 19,083.4
Imports 780 13 2,424.6 4,493.0 0.3 568.4 32,328.6
Gross Trade 780 13 4,895.4 8,112.2 67.4 1,424.9 50,280.8
GDP 780 13 1,060,514 2,293,700 12,642 322,998 17,304,984
Population 780 13 92,388 232,852 297 28,301 1,386,395
Remoteness 780 13 1,260,182 1,676,567 14,666 698,389 10,851,990

All trade statistics and GDP are in USD millions at constant 2010 rates. Population is stated in thousands. The table
provides the descriptive statistics of the main variables before any log transformations.

Table 2: Summary statistics: Services

Variable N n Mean SD Min P50 Max
Exports 480 8 1,070.9 1,931.7 10.2 233.5 10,938.4
Imports 480 8 964.1 1,650.2 1.2 224.6 8,770.7
Gross Trade 480 8 2,035.0 3,472.5 21.7 535.0 17,383.2
GDP 480 8 1,123,459 2,403,438 13,311 342,538 17,304,984
Population 480 8 94,608 238,007 318 29,733 1,386,395
Remoteness 480 8 1,233,323 1,652,124 15,575 706,742 10,851,990

All trade statistics and GDP are in USD millions at constant 2010 rates. Population is stated in thousands. The table
provides the descriptive statistics of the main variables before any log transformations.
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The sample for both goods and services is a balanced one, meaning that no
missing values needed to be accounted for through extrapolation or other prediction
techniques. As already mentioned, the 60 countries remaining in the sample account
for almost all of Sweden’s bilateral trade. Therefore, it is worth noting that the
data provides a good spectrum of Sweden’s most strategic trading partners down
to their purely transactional foreign customers and suppliers. This is highlighted
by the range of values for exports and imports present in the sample. It is also
worth noting that the sample provides data for both the largest economies, such
as China and the US, as well as relatively tiny economies such as Luxembourg.
Similarly for the size of countries in terms of population, with Iceland representing
the smallest and China the biggest.

The graphs in Figures 4 and 5 represent the average movements over time for
several of the key variables. It is clear that the 2008 financial crisis had a severe
negative impact trade in goods, as well as relative GDP’s. However, Sweden’s trade
did recover quickly, with both export and import values returning to pre-crisis
levels by 2011, but then steadily declined again until 2016. Notwithstanding a short
lived decline between 2014 and 2015, trade in services has been steadily increasing
throughout the sample years. Average population is largely weighted towards China,
given they are by far the largest country in the sample. According to the data from
The World Bank, their population has been increasing at a constant rate of 0.5%
annually, which explains the linear relationship between average population and
time shown in the Figures below. Finally, given that remoteness is, by definition
and as explained in section 3.4, inversely proportional to relative GDP, it makes
sense that there exists a downward sloping curve compared to the upward slope for
average relative GDP. Consistent with most economic growth theories, assuming
that the rate of technological advancement is highly correlated with GDP growth,
it makes sense that countries are becoming less remote through time.20

20See Solow-Swan or Endogenous growth theories for examples.
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Figure 4: Averages of Key Variables - Goods

Figure 5: Averages of Key Variables - Services
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3.2 Bilateral Trade

As already mentioned, the standard gravity model for trade aims to model bilateral
commodity flows between two countries; an importer and exporter. However, there
are many different approaches to how bilateral trade can be measured, as can
be seen in the literature review in Appendix section A, table 10. The aim of
most studies is to examine trade patterns between all country pairs and generally
not from the perspective of a single country, therefore placing less emphasis on
breaking down their chosen independent variable. This paper aims to determine
the potential trade implications of the UK leaving the European for Sweden in
particular. Therefore, to account for the heterogeneity between exports and imports
I will analyse gross bilateral trade as well as exports and imports separately.

In a similar vein, there are different determinants of trade between goods and
services, not least because services do not often require physical transportation. For
example, it is therefore likely that the distance variable will be less significant for
trade in services and thus justifies splitting trade between goods and services. In
the context of Brexit, it is notable that in 2017, again measured by gross bilateral
trade, the UK was Sweden’s second largest trading partner in services, after Norway
as shown in Figure 7. In comparison, as can be seen in Figure 6, it was the sixth
largest trading partner in goods so it could be argued that Brexit will have a
more significant impact on service products than goods as outlined in the second
hypothesis from section 2.5.
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Figure 6: 2017 Share of Gross Goods Trade

Figure 7: 2017 Share of Gross Services Trade
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With this in mind, this paper will analyse six different measures of bilateral
trade, XSjt, namely;

1. Gross goods trade between Sweden and trading partner j,

2. Goods exports from Sweden to trading partner j,

3. Goods imports to Sweden from trading partner j,

4. Gross service trade between Sweden and trading partner j.

5. Service exports from Sweden to trading partner j, and finally

6. Service imports to Sweden from trading partner j,

3.3 GDP & Population

Just as mass has a positive effect on a the gravitational force of an object, the
measure of country ‘size’ is a key input in the gravity model. The simple theory in
early adaptations of the gravity model is such that two large economies will trade
more than smaller ones. As already mentioned in section 2.2, this follows from
earlier work on international trade theory that the value of imports can be derived
from the relationship between output and demand (Isard, 1954). However, since
this paper is focused on the trading patterns of one specific country and its trading
partners, and to be consistent with the derivation by Anderson & Wincoop (2003),
I use relative GDP at time t, gSjt, as a measure of economic ‘size’;

gSjt = yStyjt
yWt

(16)

where ySt, yjt and yWt is the GDP of Sweden, their trading partner j and world
GDP at time t respectively.

It is worth noting that in taking the natural logarithm of this variable, it is
transformed to follow a more normal distribution, as can be seen in Figure 8. This
is important for both the interpretation and robustness of the econometric analysis.
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Figure 8: Distribution of Log Transformed Relative GDP

GDP per capita is often included as a measure of the level of demand, and
as a proxy for the state of development in a given country (see Buch & Piazolo
(2001), Paas (2002), Fukao et al. (2003) and Martinez-Zarzoso & Suárez-Burguet
(2005)). This is the same as introducing population to the gravity model, where it
is expected to have a dampening effect on GDP, since, ceteris paribus, an increased
population leads to a decrease in GDP per capita. It also follows that countries with
a lower GDP per capita, which by definition is equivalent to a higher population to
GDP ratio, will tend to import less than richer ones. Therefore, the transformed
economic ‘mass’ variable becomes;

gSjt = GSjtPopjt (17)

where Popjt is the population of trading partner j at time t.

3.4 Distance & Remoteness

In the gravity model, distance is used as a proxy for transportation costs. In a
more elaborated form, it also proxies for the bilateral trade resistance between two
countries, capturing not only transportation costs, but also other trade barriers
such as tariffs and informational barriers. In equation (8), this bilateral trade
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resistance is represented by tij. However, the derivation by Anderson & Wincoop
(2003) also emphasizes the role of relativity with respect to the multilateral trade
resistance terms, Pi and Pj. These are unobserved and should be estimated, as
without considering them would lead to endogeneity bias since an exclusion would
result in a correlation between tij and the error term, according to equation (5).
Anderson & Wincoop (2003) do so by using the observable variables in their model;
prices, distances and income shares, also represented in equation (5).

Head & Mayer (2000) suggest an alternative proxy for multilateral trade resis-
tance, namely a measure of ‘remoteness’. This is calculated in equation (18) and
describes a countries great circle distance from Sweden weighted by the relative
country share of world GDP;

RSjt = dSj
(yjt/yWt) (18)

where dSj is the non-time-varying great circle distance between Sweden and its
trading partner j. Referring back to section 2.3, the presence of both distance in
the calculation is intended to capture the effects of ‘contact’ evolution as described
by Chaney (2013). Therefore, the dampening effect provided by the relative GDP
term is included to proxy for technological advancements in communications and
transportation within the partner country, relative to the world. Whilst Chaney
(2013) find that the distance variable has remained constant through time, it does
not intend to capture any developmental effects. The diminishing effect of relative
GDP can be observed in Figures 4 and 5, section 3.1, which shows a negative
trend for remoteness over time and implies countries are becoming less remote,
relative to Sweden. This is intuitive when considering the effects of technological
advancements that aid globalisation.

Head & Mayer (2000) find that using the ‘remoteness’ variable resulted in the
distance elasticity being almost twice as large compared with using more standard
bilateral distance measures. Sweden’s second largest trading partner, Norway,
is a relatively small economy but one that shares a border with Sweden and is
therefore very close in proximity. Denmark and Finland are similar in this regard
and, without proper control, have a negative impact on the significance of the GDP
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variable.21 Therefore, the ‘remoteness’ variable is included to capture the effect of
close but small economies.

3.5 Dummy Variables

Three dummy variables are introduced to analyse the potential trade implications of
being a member of the EU or party to less comprehensive regional trade agreements,
namely EFTA or free trade agreements (FTA) and economic integration areas
(EIA). These are used to represent the type and comprehensiveness of the potential
deal the UK will leave the European union with, if any;

EU Member State dummy takes the value 1 if the trade partner is a member
of the European Union, and therefore the common market and customs union, at
time t. It is zero otherwise.
EFTA Member dummy takes the value 1 if the trade partner is party to the
European Free Trade Agreement, but is not a member of the European Union, at
time t. It is zero otherwise.
FTA or EIA dummy takes the value 1 if the trade partner is registered as having
a free trade agreement with the European Union, and by extension Sweden, but is
not a member of the EU or EFTA, at time t. It is zero otherwise.

In line with previous research, specifically in relation to regionalisation and
preferential trade agreements, three further dummy variables are introduced to
control for other potential determinants of trade;22

Common Border with Sweden dummy takes the value 1 for Norway and
Finland, whom share a land border with Sweden. Denmark also takes the value 1
given their borders are connected via a bridge and despite not officially sharing a
common land border. It is zero otherwise.

21In the context of the 60 countries present in the sample, in 2017 Norway’s GDP was ranked
24th, Denmark’s was 27th and Finland’s 41st, but all three countries are present in Sweden’s top
5 trading partners.

22See Appendix section A, table 10, for examples of dummy variable usage.
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Nordics & Baltics dummy takes the value 1 if the trade partner is a Nordic or
Baltic country. This is to control for their shared colonial history and cultural
similarities with Sweden. It is zero otherwise.
BREXIT Vote dummy takes the value 1 for UK in 2016 and 2017 only, and is
designed to test for the potential impact on trade of the referendum itself. It is
zero otherwise.

Border effects have been the subject of much research where the gravity model
is concerned. In the context of national vs. international trade, border effects such
as customs checks and tariffs increase the impediments to trade (Feenstra, 2002).
However, in the international context, and particularly for customs unions such
as the European union, a common border is likely to reduce trade impediments
since it generally leads to a reduction in transportation costs. One study found
that a common border reduces the impediments to trade exerted by the border
effect by about one half (Helliwell, 1997).23 The common border dummy as well
as an explanatory variable that accounts for cultural similarities and/or shared
colonial history are often present in econometric gravity model specifications.24

It should be noted that the EU, EFTA and FTA dummies are designed to
not overlap. The Common Border and Nordics Baltics dummies do overlap, but
are only included together in one specification, as shown in section 5. There will
therefore be some overlap between the EU/EFTA/FTA dummies and the Common
Border/Nordics & Baltics dummies, but this is intended to capture the fact that
trade with Norway, for example, is likely to be affected by both its locality to
Sweden and its EFTA membership. In other words, there will be an intended
compounding effect as a result of this overlap.

23It is worth noting that this effect also included the effect of having a common language,
which Sweden does not share with its neighbours. Therefore, the dampening effect is expected to
be less than one half for this study.

24See Appendix section A, table 10, for examples of where these dummies are included as
explanatory variables.
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4 Methodology

The approach taken is to first test the significance of the core variables in the gravity
model. Whilst the focus of this paper is not on the magnitude of the standard
gravity model explanatory variables, it is clearly important to establish that relative
economic sizes and remoteness are significant determinants of trade between Sweden
and their trading partners. The dummy variables are then added to the regression
in a structured manner, with their significance and elasticity recorded. These
will be compared not only with each other within the same regression but also
between exports and imports and across goods and services. The performance of
different specifications will be compared using R-squared values to determine each
models explanatory power. One can then quantify the effect of the various types of
preferential trade agreements, and make inferences about the potential effects on
trade if the UK leaves the European union with a ‘no deal’ or some level of trade
agreement.

4.1 Econometric Model Specification

Considering the transformations discussed in the previous section and by substitut-
ing equation (17) into the Anderson & Wincoop (2003) equation (8), the model
can be rewritten as;

XSjt = GSjtPopjt

(
TSjt
PStPjt

)1−σ

(19)

which effectively replaces the GDP term with relative GDP per capita. GSjt

is the relative GDP of trading partner j with respect to Sweden and world GDP.
Similar to equation (8), TSjt represents bilateral trade resistance between Sweden
and country j at time t. PSt and Pjt are Sweden’s and trading partner j’s multi-
lateral trade resistances respectively. This can be transformed into the log-linear
equation (20);

lnXSjt = β0 + β1lnGSjt + β2lnPopjt + βmln
(
TSjt
PStPjt

)
+ ζSjt (20)
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where βm = 1 − σ represents the elasticity of the relative multilateral trade
resistance term.

Coupled with the ‘remoteness’ variable, the dummies are designed to proxy for
the multilateral resistance to trade relative to the bilateral trade barriers. Thus
this term from the second half of equation (8) is estimated as follows;

ln
(
TSjt
PStPjt

)
= β3lnRSjt +

∑
k

βkZkjt +
∑
l

βlZlj + νSjt (21)

where Zkjt and Zlj are vectors containing the time-variant and time-invariant
dummy variables respectively.

Substituting (21) into (20) yields the following log-linear gravity model specifi-
cation to be used in this paper;

lnXSjt = β0 + β1lnGSjt + β2lnPopjt + β3lnRSjt +
∑
k

βkZkjt +
∑
l

βlZlj + εSjt (22)

where one expects β1 to be positive but β2 and β3 to be negative. The β’s for
the common border and Nordics & Baltics dummy variables are also expected to
be positive, with the rest yet to be determined dependent on their relevance to and
impact on Swedish trade in goods and services.

4.2 Econometric Challenges

Panel data is commonly used in estimating the gravity model, with two main
techniques usually prevailing; fixed or random effects. Given the sample and aim
of this paper is to establish the trade impact of the comprehension of free trade
agreements Sweden shares with its trading partners, the model is such that time-
invariant dummies are used within panels. However, due to collinearity constraints,
the fixed effects model becomes problematic. Similarly, the fixed model is more
appropriate when one is only interested in analysing the impact of variables that
vary over time, and in the context of this sample, for almost all countries, the EU,
EFTA and FTA dummies do not do so. The model also introduces controls for
other time invariant country characteristics via the common border and Nordics
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& Baltics dummy variables in order to reduce the issue of omitted variable bias
and endogeneity between the error term and the regressors. It should however be
noted that fixed effects are generally preffered when using country panels, largely
because it is easy to justify country specific effects in variables such as GDP.

Despite this, the Hausman test, which is widely recognised as the standard
test, is used on a reduced form of the model specification to determine whether
the fixed or random effects estimations are more efficient (Hausman, 1978). The
results are such that the null hypothesis cannot be rejected. This suggests that
the fixed effects model is consistent and unbiased, but that random effects model
is consistent, unbiased and relatively more efficient. Given that random effects is
the more efficient estimator, I proceed using this technique. It is also worth noting
that a test for significant panel effects is performed to determine that a simple
pooled OLS model is not appropriate.25

One common issue that arises when estimating the gravity model is heteroskedas-
ticity, usually arising from mass points at certain levels of trade (Baltagi, Egger &
Erhardt, 2017). One such point is at zero trade, which, as already mentioned in
section 3, has been accounted for through truncation of the sample by removing
countries who do not trade with Sweden. The other mass point, in the context of
this data, is for Sweden’s largest trading partners. The fact that these are a mix of
relatively small economies and very large ones presents a challenge, since without
accounting for this would result in non-reliable statistical inferences. In line with
previous research, robust standard errors are used to control for this.

Also already mentioned, recent adaptations of the gravity model have been
used extensively to analyse and assess the impact of regionalisation in terms of
bilateral trade. This has been achieved by introducing monopolistic competition,
increasing returns to scale, price terms and more robust measures of transport
costs to avoid, or at least reduce omitted variable bias (Baier, Bergstrand, Egger
& McLaughlin, 2008). Through introducing a more robust measure of GDP and
distance, namely relative GDP and ‘remoteness’, as well as further dummy variables

25See Appendix section 13 and C.2 for the test specifications and results.
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for the non-observable determinants of and impediments to trade, this problem is
minimised.

Similarly, in relation to preferential trade agreements and trade bloc mem-
berships, recent advances in the econometric foundations of the gravity equation
sought to recognise the problem of endogeneity. For example, Baier & Bergstrand
(2007) suggest that countries whom trade with each other might be more likely
to form a trade agreement of some description. Therefore, from an econometric
standpoint, when introducing dummy variables to control for, or to measure the
effect of trade agreement membership, it is important to account for the fact that
these variables may be correlated with the error term. However, it is worth noting
that Sweden’s free trade agreements with non-EU countries are set at the European
Union level.26 Sweden are therefore signed up to all external FTA’s by default via
the customs union, and as such it can be considered exogenous.

A final issue that can lead to spurious results is non-stationary data, generally
caused by trends in the mean. Observationally, from figures 4 and 5, this would
appear to be an issue with this sample, particularly for relative GDP, remoteness
and population. In testing the variables in their logged formats, the issue of
non-stationarity was reduced but not eliminated. Whilst acknowledging that this
issue can lead to unreliable coefficients for the affected variables, I do not intend to
quantify the impact of the standard gravity model explanatory variables on trade
in this paper. The focus is on the effect of trade agreements, and as such this issue
is not circumvented and is left for future developments in the research. Despite the
affected variables inclusion as control variables only, in the interest of providing
robust results, this caveat is an important one.

5 Empirical Analysis & Results

The results of the regression analysis outlined in the previous section will be
presented in two sections; goods and services. As previously discussed, a number of
specifications have been tested by systematically introducing explanatory variables.

26See WTO preferential trade agreements (World Trade Organization) for more information.
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The results are therefore presented as a series of nine regressions for each independent
variable; gross trade, exports and imports for both goods and services. The headline
result is that, for both goods and services, membership in the European Union
is associated with a boost in bilateral trade when compared with either a less
comprehensive trade agreements or no trade agreement at all.

Table 3 provides a summary of results for bilateral trade in goods and services.
Should the UK leave with no deal, the impact on goods is estimated to be a long-run
decline of between 21.4% and 25.7%. In comparison, and broadly in line with
the conclusions in Ebell (2016), the impact on services is much higher; between
45.7%-70.0%. Whilst the estimations are not robust enough to say anything about
the impact of potential different exit deals for goods, one can make important
inferences with respect to trade in services. I find that the long-run decline in
trade is likely to be minimised to under 5% should the UK leave with similar terms
to those present in the EFTA membership. However, a less comprehensive FTA
is shown to have little effect in mitigating the reduction in trade, and the result
suggests Sweden-UK bilateral service trade to halve in the long-run under this
scenario. The results are explained in more detail in sections 5.1 and 5.2.

Table 3: Summary of Results

Gross Goods Trade Gross Services Trade
EU Membership → No Deal 21.4% - 25.7% 45.7% - 70.0%
EU Membership → Less Comprehensive FTA N/A 56.4%
EU Membership → EFTA type deal N/A 4.5%

Expected long-run decline in trade based on results provided in Tables 4 and 7. ‘EU
Membership → No Deal’ is provided as a range based on the ‘worst’ and ‘best’ case scenarios.
‘EU Membership → Less Comprehensive FTA’ and ‘EU Membership → EFTA type deal’ are
estimates based on the best specification when using R2.

5.1 Goods

As expected and shown in Table 4, relative GDP, population and remoteness are
all found to be significant determinants of Swedish gross bilateral trade in goods,
at least at the 5% confidence level in all tested specifications. Furthermore, GDP
is found to be positively correlated with gross goods trade implying that richer
countries, relative to Sweden and the rest of the world, are more likely to participate
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in bilateral trade than poorer ones. In contrast, population and remoteness are
negatively associated with trade, which is in line with the theory and reasoning
presented in sections 3.3 and 3.4.

Table 4: Goods: Gross Bilateral Trade

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Log of relative GDP 0.385∗∗∗ 0.407∗∗∗ 0.385∗∗∗ 0.394∗∗∗ 0.405∗∗∗ 0.428∗∗∗ 0.502∗∗∗ 0.512∗∗∗ 0.519∗∗∗

(2.92) (3.19) (2.92) (2.93) (3.22) (3.65) (4.12) (4.07) (4.09)

Log of population -0.287∗∗∗ -0.258∗∗∗ -0.279∗∗∗ -0.290∗∗∗ -0.234∗∗ -0.206∗∗ -0.168∗∗ -0.171∗∗ -0.172∗∗

(-3.22) (-2.85) (-2.96) (-3.22) (-2.48) (-2.36) (-2.24) (-2.25) (-2.26)

Log of remoteness -0.714∗∗∗ -0.665∗∗∗ -0.711∗∗∗ -0.706∗∗∗ -0.653∗∗∗ -0.578∗∗∗ -0.529∗∗∗ -0.529∗∗∗ -0.524∗∗∗

(-8.31) (-7.89) (-8.43) (-7.94) (-8.30) (-7.60) (-6.82) (-6.59) (-6.48)

EU Member State 0.241∗∗∗ 0.274∗∗∗ 0.297∗∗∗ 0.287∗∗∗ 0.280∗∗∗ 0.281∗∗∗

(3.07) (3.24) (3.16) (3.24) (3.23) (3.22)

EFTA Member 0.191 0.437 0.190 -0.105 -0.102 -0.104
(0.41) (0.91) (0.51) (-0.59) (-0.51) (-0.52)

FTA or EIA -0.0344 -0.0410 -0.0419
(-0.38) (-0.46) (-0.47)

Common Border With Sweden 1.181∗∗∗ 0.260
(6.19) (0.95)

Nordics & Baltics 1.256∗∗∗ 1.375∗∗∗ 1.383∗∗∗

(3.75) (5.58) (5.58)

BREXIT Vote -0.216∗∗∗

(-15.17)

Constant 20.32∗∗∗ 18.62∗∗∗ 20.13∗∗∗ 20.06∗∗∗ 18.06∗∗∗ 16.02∗∗∗ 13.06∗∗∗ 12.90∗∗∗ 12.70∗∗∗

(6.74) (6.16) (6.65) (6.47) (6.07) (5.50) (4.07) (3.85) (3.75)
Observations 780 780 780 780 780 780 780 780 780
Overall R2 0.779 0.785 0.779 0.778 0.789 0.819 0.844 0.841 0.840
t statistics in parentheses
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Notes: Robust standard errors have been used in all specifications.

EU membership is also determined to have a positive coefficient. This is also in
line with the theory and literature on comprehensive free trade agreements designed
to boost frictionless trade by reducing trade barriers and costs. Interestingly, EFTA
membership and other, less broad free trade agreements do not appear to have a
significant impact on Sweden’s trade in goods. However, it should be noted that
the most prominent EFTA member, from Sweden’s perspective, is Norway; an
effect which is better captured in the Nordics & Baltics dummy variable. This is
significant in specifications (7), (8) and (9) at the 1% level. The implication is
that Norway is an important trading partner in goods for Sweden because of its
proximity as well as a shared colonial history and culture, rather than Norway’s
EFTA status.
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Using R2 as a measure of how well each specification describes the relationship
between gross goods trade and its determinants, specification (7) provides the best
fit. Using this model suggests, for countries outside of the Nordics & Baltics in
particular, that EU membership has a positive impact on gross goods trade with
Sweden. If one assumes that the UK leaves the EU with no deal (EU=1, EFTA=0,
FTA=0 → EU=0, EFTA=0, FTA=0), the long-run effect can be quantified as an
expected 24.9% decline in gross goods trade between the UK and Sweden.27 Since
neither the EFTA or FTA coefficients are shown to be significant, it is difficult to
compare EU membership to another less comprehensive trade agreement. Therefore,
in the Brexit setting, the only noteworthy inference one can take from the results in
Table 4 is that EU membership boosts bilateral gross goods trade when compared
with the ‘no deal’ scenario.

An important result worth noting is that the Brexit vote itself, represented
by the introduction of a BREXIT Vote dummy variable in specification (9), is
associated with a significant decline in bilateral goods trade between the UK and
Sweden. Referring back to the introduction, this is in line with findings by Freund
& McLaren (1999), among others, that trade levels adjust prior to future trade
deals. In this case, the negative coefficient suggests that both British and Swedish
business have been more reluctant to engage in bilateral trade since the referendum,
in anticipation of the introduction of tariffs and/or other trade impediments.

To capture any heterogeneity between the type of goods exported or imports,
the same specifications are tested after splitting gross goods trade as such. These
results are shown in Tables 5 and 6.

27See Appendix section D for the details of the coefficient interpretations.
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Table 5: Goods: Exports

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Log of relative GDP 0.105 0.0913 0.101 0.0940 0.0906 0.141 0.219 0.215 0.218

(0.72) (0.63) (0.70) (0.64) (0.63) (1.08) (1.64) (1.60) (1.62)

Log of population -0.151 -0.169∗ -0.128 -0.149 -0.147 -0.130 -0.112 -0.111 -0.112
(-1.61) (-1.75) (-1.38) (-1.59) (-1.49) (-1.44) (-1.42) (-1.43) (-1.43)

Log of remoteness -0.784∗∗∗ -0.815∗∗∗ -0.777∗∗∗ -0.796∗∗∗ -0.803∗∗∗ -0.721∗∗∗ -0.674∗∗∗ -0.697∗∗∗ -0.694∗∗∗

(-10.39) (-10.92) (-10.59) (-10.34) (-11.29) (-10.11) (-9.14) (-9.43) (-9.42)

EU Member State -0.147∗∗ -0.115∗∗ -0.0973 -0.103∗ -0.111∗ -0.108∗

(-2.17) (-2.00) (-1.58) (-1.67) (-1.81) (-1.75)

EFTA Member 0.497 0.392 0.167 -0.0317 -0.00678 -0.00577
(1.08) (0.85) (0.40) (-0.13) (-0.03) (-0.02)

FTA or EIA 0.0646 0.0615 0.0608
(1.45) (1.32) (1.31)

Common Border With Sweden 1.092∗∗∗ 0.477
(4.74) (1.63)

Nordics & Baltics 0.860∗∗ 1.062∗∗∗ 1.066∗∗∗

(2.50) (3.89) (3.90)

BREXIT Vote -0.212∗∗∗

(-15.49)

Constant 24.40∗∗∗ 25.46∗∗∗ 23.99∗∗∗ 24.76∗∗∗ 24.92∗∗∗ 22.40∗∗∗ 19.72∗∗∗ 20.12∗∗∗ 19.99∗∗∗

(8.14) (8.54) (8.07) (8.18) (8.52) (7.92) (6.20) (6.26) (6.20)
Observations 780 780 780 780 780 780 780 780 780
Overall R2 0.791 0.794 0.797 0.792 0.798 0.824 0.847 0.846 0.846
t statistics in parentheses
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Notes: Robust standard errors have been used in all specifications.

Interestingly, the basic gravity model assumptions do not hold for goods exported
from Sweden. Remoteness, the proxy for trade impediments and costs, is still
significantly negative at the 1% level. Physical goods require transportation whose
costs (e.g. fuel) are, intuitively, positively correlated with distance. However,
neither the relative economic ‘mass’ or the population of the trading partner is
shown to be a significant determinant of trade values for goods exports. This
is likely due to the fact that Sweden exports a greater proportion of goods to
non-European regions, in particular Asia and Africa, who have relatively smaller
and poorer per-capita economies.28 This might also explain the negative coefficient
on EU membership which, despite its significance in some specifications, is not
in line with the intuitive theory that customs unions and common markets boost
trade between members of such agreements.

28See Appendix section B.2 for split of exports and imports by continent.
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Table 6: Goods: Imports

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Log of relative GDP 0.522∗∗ 0.607∗∗∗ 0.528∗∗ 0.518∗∗ 0.607∗∗∗ 0.655∗∗∗ 0.821∗∗∗ 0.830∗∗∗ 0.840∗∗∗

(2.19) (2.82) (2.20) (2.21) (2.84) (3.05) (3.51) (3.56) (3.56)

Log of population -0.288 -0.179 -0.289 -0.288 -0.124 -0.0997 -0.0548 -0.0556 -0.0558
(-1.40) (-0.93) (-1.26) (-1.43) (-0.57) (-0.48) (-0.26) (-0.26) (-0.26)

Log of remoteness -0.876∗∗∗ -0.667∗∗∗ -0.874∗∗∗ -0.873∗∗∗ -0.634∗∗∗ -0.524∗∗∗ -0.427∗∗∗ -0.413∗∗∗ -0.409∗∗∗

(-4.54) (-3.86) (-4.59) (-4.49) (-4.00) (-3.19) (-2.75) (-2.64) (-2.59)

EU Member State 0.965∗∗∗ 1.061∗∗∗ 1.101∗∗∗ 1.074∗∗∗ 1.074∗∗∗ 1.074∗∗∗

(4.65) (3.95) (3.88) (4.08) (3.99) (3.98)

EFTA Member -0.000408 0.933 0.620 0.0973 0.0870 0.0851
(-0.00) (1.24) (1.01) (0.18) (0.17) (0.16)

FTA or EIA -0.0440 -0.0587 -0.0591
(-0.16) (-0.21) (-0.21)

Common Border With Sweden 1.476∗∗∗ -0.0950
(5.25) (-0.13)

Nordics & Baltics 2.151∗∗ 2.119∗∗∗ 2.136∗∗∗

(2.48) (3.46) (3.45)

BREXIT Vote -0.220∗∗∗

(-6.66)

Constant 18.39∗∗∗ 11.57∗∗ 18.25∗∗∗ 18.45∗∗∗ 10.10∗ 7.132 1.355 0.997 0.729
(3.23) (2.04) (3.13) (3.26) (1.68) (1.14) (0.18) (0.13) (0.10)

Observations 780 780 780 780 780 780 780 780 780
Overall R2 0.562 0.613 0.561 0.564 0.618 0.641 0.653 0.654 0.653
t statistics in parentheses
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Notes: Robust standard errors have been used in all specifications.

Whilst the gravity model does not appear to be the best estimation technique
for goods exports, it provides a good fit for explaining Sweden’s goods imports.
Relative GDP and remoteness are significant in all model specifications. Population
is not a significant determinant, but this is to be expected as the per capita income
of the partner country is not likely to have an impact on Swedish demand for
imports.

Again, using R2 to choose the model which provides the best fit, one must
consider specification (8). Whilst neither EFTA membership nor the presence of a
less comprehensive FTA are found to be significant, EU membership is associated
with increased imports to Sweden. The results suggest that a country leaving the
EU with no trade agreement can expect to experience a long-run decline of 65.8%.
The value of the EU membership coefficient is consistent in specification (9), where
the Brexit dummy is introduced. Also consistent with the finding for gross goods
trade, this is found to be significantly negative. However, the result should be
viewed with some caution due to the limited time period between the referendum in
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June 2016 and the end of the sample data in December 2017, making it indicative
at best.

5.2 Services

Table 7: Services: Gross Bilateral Trade

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Log of relative GDP 0.600∗∗∗ 0.715∗∗∗ 0.594∗∗∗ 0.562∗∗∗ 0.776∗∗∗ 0.862∗∗∗ 0.936∗∗∗ 0.892∗∗∗ 0.883∗∗∗

(3.88) (4.33) (3.83) (3.63) (4.98) (5.65) (6.02) (5.44) (5.38)

Log of population -0.519∗∗∗ -0.465∗∗∗ -0.494∗∗∗ -0.512∗∗∗ -0.350∗∗∗ -0.308∗∗ -0.293∗∗ -0.302∗∗ -0.302∗∗

(-4.59) (-3.92) (-4.07) (-4.50) (-2.69) (-2.46) (-2.35) (-2.38) (-2.38)

Log of remoteness -0.659∗∗∗ -0.492∗∗∗ -0.653∗∗∗ -0.700∗∗∗ -0.355∗∗ -0.202 -0.162 -0.261∗ -0.268∗

(-6.08) (-3.11) (-6.12) (-6.61) (-2.38) (-1.37) (-1.13) (-1.83) (-1.87)

EU Member State 0.613∗ 1.060∗∗∗ 1.202∗∗∗ 1.205∗∗∗ 1.104∗∗∗ 1.092∗∗∗

(1.77) (2.79) (3.23) (3.39) (3.15) (3.12)

EFTA Member 0.471 1.453∗∗ 1.238∗∗ 1.075∗ 1.058∗ 1.050∗

(1.33) (2.43) (2.45) (1.87) (1.73) (1.72)

FTA or EIA 0.305∗∗∗ 0.274∗∗ 0.275∗∗

(2.75) (2.41) (2.42)

Common Border With Sweden 1.556∗∗∗ 1.019∗∗∗

(6.60) (2.95)

Nordics & Baltics 0.743∗∗ 1.140∗∗∗ 1.133∗∗∗

(1.99) (3.67) (3.64)

BREXIT Vote 0.213∗∗∗

(11.74)

Constant 10.86∗∗∗ 4.995 10.46∗∗∗ 12.08∗∗∗ -0.351 -5.067 -7.491 -5.047 -4.772
(3.30) (0.95) (3.21) (3.73) (-0.07) (-0.95) (-1.39) (-0.93) (-0.87)

Observations 480 480 480 480 480 480 480 480 480
Overall R2 0.781 0.785 0.784 0.780 0.800 0.827 0.834 0.825 0.826
t statistics in parentheses
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Notes: Robust standard errors have been used in all specifications.

As hypothesised in section 2.5 and in line with the recent research by Ebell (2016),
the results for services are much more pronounced than for goods. The control
variables, namely relative GDP, population and remoteness are all significant in
the majority of specifications, and with the expected signs.

Of greater importance for the focus of this paper is that EU membership, EFTA
membership and less comprehensive free trade agreements also provide significant
results at least at the 10% level, in almost all specifications. The implication of
this significance is that one can compare the effect of different levels of preferential
trade agreements on trade in services with Sweden. Focusing on specification (8),
which includes all three dummies, the coefficient on EU membership is slightly
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greater in magnitude than it is for EFTA membership.29 Similarly, an even more
prominent difference exists between EU membership and a less comprehensive FTA.
Therefore, the impact of leaving the European union with no trade agreement at
all can be quantified as a long-run decline of 66.8%, compared with a 56.4% decline
if leaving with an FTA and just 4.5% decline if leaving with EFTA membership.
This highlights the importance of free trade agreements in the context of gross
bilateral service trade, which is likely a consequence of the finding by Miroudot et
al. (2013) that, ceteris paribus, trade costs are higher for services than goods.

The point has already been made that the UK represents a growing market for
trade in services for Sweden. Therefore, whilst counter-intuitive when taken at face
value, the fact that the Brexit referendum itself did not appear to have a negative
impact on gross bilateral service trade is not that surprising (see the BREXIT
Vote variable in specification (9)). In fact, there seems to have been an increase
in service trade since the vote in June 2016, which can be seen in Figure 2. This
could be due to the length of contracts negotiated in the service sector being longer
in nature than those for goods, or simply that service firms are not anticipating as
significant an increase in trade barriers post-Brexit. However, without analysing
this in greater depth using more a more detailed data set, this is purely conjecture.

29If using R2, then specification (7) provides the best fit. However, coupled with the fact that
this version does not allow a comparison between EU or EFTA membership and less comprehensive
FTA agreements, remoteness is found to be insignificant in this model.
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Table 8: Services: Exports

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Log of relative GDP 0.597∗∗∗ 0.616∗∗∗ 0.579∗∗∗ 0.606∗∗∗ 0.683∗∗∗ 0.785∗∗∗ 0.863∗∗∗ 0.877∗∗∗ 0.871∗∗∗

(4.64) (4.20) (4.60) (4.68) (4.88) (5.86) (6.51) (6.33) (6.29)

Log of population -0.463∗∗∗ -0.456∗∗∗ -0.414∗∗∗ -0.464∗∗∗ -0.346∗∗∗ -0.303∗∗∗ -0.291∗∗∗ -0.303∗∗∗ -0.303∗∗∗

(-4.96) (-4.51) (-4.25) (-4.97) (-3.27) (-3.06) (-2.91) (-2.93) (-2.92)

Log of remoteness -0.624∗∗∗ -0.598∗∗∗ -0.617∗∗∗ -0.614∗∗∗ -0.459∗∗∗ -0.287∗∗ -0.243∗ -0.285∗∗ -0.289∗∗

(-6.40) (-3.98) (-6.53) (-6.23) (-3.20) (-2.19) (-1.90) (-2.14) (-2.17)

EU Member State 0.0869 0.527 0.691∗∗ 0.703∗∗ 0.634∗∗ 0.625∗∗

(0.26) (1.58) (2.15) (2.30) (2.07) (2.05)

EFTA Member 0.904∗∗ 1.396∗∗ 1.179∗∗ 1.035∗ 1.031 1.025
(2.27) (2.49) (2.37) (1.76) (1.55) (1.54)

FTA or EIA -0.0679 -0.0841 -0.0836
(-0.46) (-0.60) (-0.59)

Common Border With Sweden 1.657∗∗∗ 1.165∗∗∗

(6.43) (3.23)

Nordics & Baltics 0.689∗ 1.204∗∗∗ 1.199∗∗∗

(1.73) (3.34) (3.32)

BREXIT Vote 0.177∗∗∗

(10.34)

Constant 8.873∗∗∗ 7.967 8.288∗∗∗ 8.571∗∗∗ 2.552 -2.798 -5.331 -4.853 -4.662
(2.93) (1.61) (2.77) (2.79) (0.51) (-0.58) (-1.11) (-0.98) (-0.94)

Observations 480 480 480 480 480 480 480 480 480
Overall R2 0.794 0.793 0.807 0.793 0.808 0.842 0.848 0.835 0.836
t statistics in parentheses
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Notes: Robust standard errors have been used in all specifications.

Whilst seemingly less robust than for gross trade, the results for service exports
follow the same directional trend. That is EU and EFTA memberships are associated
with a boost to Swedish service exports. However, in this case EFTA membership
has a greater coefficient suggesting that the less comprehensive trade agreement it
is associated with results in higher service export values, which is counter-intuitive.
This is partly explained by the fact that Sweden exports a high value of services to
Switzerland, whom are an EFTA member, in comparison to some of the smaller
EU countries. Based on the nature of the Swiss economy, one could make the
reasonable assumption that the types of services exported to Switzerland are of the
banking or financial services variety. Given that the UK’s financial services sector
is also a major part of its economy, it could well be that an EFTA type deal would
provide a good substitute for EU membership in terms of mitigating the impact of
leaving on Swedish exports. However, a split of service exports by industry is not
provided in the data so this is left for the reader to investigate further.
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Table 9: Services: Imports

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Log of relative GDP 0.552∗∗ 0.774∗∗∗ 0.557∗∗ 0.463∗∗ 0.841∗∗∗ 0.927∗∗∗ 1.019∗∗∗ 0.901∗∗∗ 0.891∗∗∗

(2.48) (3.66) (2.46) (2.09) (4.19) (4.58) (4.85) (4.07) (4.00)

Log of population -0.618∗∗∗ -0.501∗∗∗ -0.624∗∗∗ -0.603∗∗∗ -0.381∗∗ -0.340∗ -0.320∗ -0.329∗ -0.329∗

(-3.83) (-3.03) (-3.54) (-3.73) (-1.98) (-1.78) (-1.69) (-1.74) (-1.74)

Log of remoteness -0.801∗∗∗ -0.470∗∗∗ -0.799∗∗∗ -0.901∗∗∗ -0.323∗ -0.174 -0.124 -0.294∗ -0.302∗

(-5.26) (-2.65) (-5.30) (-6.33) (-1.88) (-0.93) (-0.68) (-1.71) (-1.75)

EU Member State 1.259∗∗∗ 1.730∗∗∗ 1.878∗∗∗ 1.882∗∗∗ 1.736∗∗∗ 1.719∗∗∗

(3.32) (3.55) (3.79) (3.95) (3.72) (3.68)

EFTA Member -0.0989 1.509∗∗ 1.333∗∗ 1.125∗ 1.077∗ 1.066∗

(-0.29) (2.11) (2.15) (1.81) (1.75) (1.73)

FTA or EIA 0.741∗∗∗ 0.697∗∗∗ 0.698∗∗∗

(3.02) (2.80) (2.81)

Common Border With Sweden 1.426∗∗∗ 0.738∗∗

(5.35) (2.01)

Nordics & Baltics 0.951∗∗ 1.153∗∗∗ 1.143∗∗∗

(2.39) (3.70) (3.65)

BREXIT Vote 0.256∗∗∗

(10.85)

Constant 14.49∗∗∗ 2.820 14.47∗∗∗ 17.43∗∗∗ -2.892 -7.548 -10.61 -5.634 -5.281
(3.16) (0.49) (3.19) (3.97) (-0.46) (-1.12) (-1.54) (-0.82) (-0.76)

Observations 480 480 480 480 480 480 480 480 480
Overall R2 0.674 0.707 0.674 0.667 0.720 0.734 0.743 0.737 0.737
t statistics in parentheses
∗ p < .10, ∗∗ p < .05, ∗∗∗ p < .01

Notes: Robust standard errors have been used in all specifications.

Similar to the results for goods, the gravity model provides mostly significant
results with respect to Swedish imports of services. Furthermore, the distinction
between the different types of potential exit scenarios is even more pronounced.
Again by using specification (8) as the basis for comparison, the results suggest
an 82.3% long-run decline in Swedish imports should the United Kingdom leave
with no deal. This is hugely significant given the fact that Sweden imported more
services from the United Kingdom than any other country in 2017, emphasising
just how close a relationship the two countries have in terms of service trade. The
reduction should the UK leave with a preferential trade agreement is estimated to
be 64.6%, which is markedly less than the ‘no deal’ scenario but still represents a
sizeable impact. Leaving with terms similar to EFTA mitgates this impact further
to around 48.2%.

It should be noted that the extremity of these results is likely to be influenced
by the fact that Sweden imports the majority of its services from a select few
countries. The top 5 trading partners, in this respect, accounted for more than
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half of Sweden’s service imports in 2017. Three of these countries (UK, Germany
& Denmark) are in the EU, one is an EFTA member (Norway) and the remaining
country is the United States. Therefore, the model could be providing bias results
by placing too much emphasis on the role of the EU and EFTA dummy variables,
which fail to capture potential other determinants.

6 Conclusion & Discussion

The topic of Brexit has dominated the headlines in both the United Kingdom and
across Europe in recent years. The, in many ways unexpected, result has given
rise to vigorous debate between politicians, journalists and economists as to what
happens next. One highly publicised, and ongoing discussion is about the nature
of exit terms the UK will leave under. A ‘no deal’ scenario is seen to be the most
extreme, in terms of cutting ties with the European Union. In at least the short
term, this type of exit would necessitate the UK trading with EU member states
under WTO rules which govern general international trading principles in their
least comprehensive form. At the other end of the spectrum would be a deal that
mirrors terms similar to those in the European Free Trade Agreement under which
Norway, Iceland, Switzerland and Lichtenstein trade with the European Union.
This kind of deal would represent a deep relationship that includes access to the
single market. However, agreeing to such terms relies on the United Kingdom
compromising on, or even abandoning their so called ‘red lines’, such as no free
movement of people.

The aim of this research is to estimate the impact of the United Kingdom’s
decision to leave the European Union on its trade with Sweden, dependant on the
terms under which they will leave. Proxy terms, namely full EU membership, EFTA
membership and less comprehensive, exogenously formed free trade agreements
are used to compare the increases in trade associated with each. Consequently,
EU membership is found to be associated with a significant long-run increase, for
which an inference that leaving said membership will result in a long-run decline
can be made.
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The magnitude of this decline under a no deal scenario is found to be between
21.4%-25.7% for bilateral goods trade. The results of this study are not robust
enough to say anything about how a deal might affect the magnitude of this decline.
Similarly, in ‘zooming in’ on exports specifically, the model can not make any
meaningful conclusions. However, EU membership is found to have a significant
positive association with Swedish imports, suggesting the UK might find it difficult
to maintain anything close to the same level of exports to Sweden in the long-run.

The negative impact is found to be significantly more pronounced for services,
between 45.7%-70.0%. Furthermore, the results for services can be broken down
by comparing the impact of EFTA and a less comprehensive FTA. They suggest
that the former would have a significant mitigating impact on the decline, reducing
the impact to 4.5%, whilst agreeing to a less comprehensive trade agreement is
associated with a 56.4% decline. The suggestion that Brexit will have a greater
impact on trade in services is important from Sweden’s perspective since the UK
are their second largest trading partner in this area.

To summarise by returning to the hypotheses presented in section 2.5, the
results indicate that Sweden’s trade is boosted through more comprehensive free
trade agreements, that bilateral trade in services is more highly dependent on
reduced trade barriers and finally that the impact of Brexit is therefore highly
dependent which elements of the current free trade agreement are maintained.
The findings raise interesting questions for areas of future research. Free trade
agreements and their level of comprehension are clearly powerful determinants of
trade. Examining such deals in more detail would provide an understanding on
which elements affect trade in goods and services to a greater extent. Similarly,
in breaking down bilateral trade between imports and exports this paper was
unable to say anything meaningful about the latter. The results for imports, on
the other hand, were proven to be more robust. However, further research into
how preferential trade terms impact exports and imports separately is suggested.
Answers to these questions would go somewhat further in explaining how Brexit will
impact the UK’s and Sweden’s important trading relationship. Whether the UK
leave the European Union with a deal or not, further research could also provide
guidance on how future trade agreements should be designed in order to provide
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efficient and frictionless trade opportunities. From the UK perspective, this could
be important as they look to replace such opportunities that are lost as a result
of Brexit. From Sweden’s point of view however, the results of this paper suggest
that they should seek to maximise trade with both the remaining EU countries
and current EFTA members in order to mitigate the impact by replacing lost trade
with the UK.
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Appendices

A Literature Review

Table 10: Empirical studies using The Gravity Model (1999-2016)

Year Authors Objective Scope Dependent
Variable

Explanatory
Variables

Estimation
Technique Findings

1999 Endoh,
M.

Analyse the
effects of trade
creation /
diversion in
three economic
organisations

EEC,
LAFTA
& CMEA
(1960-1994)

Exports

GDP, popula-
tion, distance,
common lan-
guage, trade
bloc member

OLS

Trade creation / diver-
sion dummies are sig-
nificant but weakening
through time

2000 Rose, A.

Estimating the
effect of com-
mon currencies
on trade

186 coun-
tries, panel
data (1970-
1990)

Bilateral
trade value

GDP, popula-
tion, distance,
common bor-
der, common
language,
colony, com-
mon currency,
fx rate volatil-
ity

OLS

Large, significant posi-
tive effect of a currency
union and small, signifi-
cant negative effect of fx
rate volatility on trade

2000 Arghyrou,
M.

Estimating the
trade effect
caused by
Greece joining
the EU

Greece &
major trad-
ing partners
(1970-81,
1981-92)

Imports &
Exports

GDP, pre-
& post-
integration
period, fx
rates, mone-
tary policy

OLS

Only a modest increase
in Greek exports to EU
countries, imports re-
oriented from rest-of-
world to EU, Greece
lost some of its compar-
ative advantage in sec-
tors where it previously
existed.

2000 Nitsch,
V.

National bor-
ders impact on
trade within
the EU

10 EU coun-
tries (1979-
1990)

Exports

GDP, dis-
tance, remote-
ness, common
language,
common
border

OLS & Fixed
Effects

International trade is 10
times higher for com-
mon border countries
than for other EU part-
ner countries with simi-
lar proximity and size.

2001

Buch,
C. &
Piazolo,
D.

Effect of EU
enlargement
process on EU
members trade
and capital
flows

10 OECD
and their
partner
countries
(1998)

Exports &
Imports

GDP, GDP
per capita,
distance, EU
Membership

OLS

EU countries trade more
with other EU members
than non-EU member
states.



Year Authors Objective Scope Dependent
Variable

Explanatory
Variables

Estimation
Technique Findings

2001

Soloaga,
I. &
Winters,
A.

Analysis on
regionalism
and trade
agreement
effects

58 countries
(1980-1996) Imports

GDP, popula-
tion, distance,
common
border, land
area, island,
common
language,
bloc mem-
ber, trade
agreement

Tobit &
Fixed Effects

‘New wave’ of regional-
ism in the 90’s did not
boost trade significantly,
EU and EFTA did ex-
hibit significant trade di-
version compared with
other PTA’s.

2002 Paas, T.

Analyse bilat-
eral trade flows
between EU
and candidate
countries

EU coun-
tries (1998-
2000)

Exports

GDP per
capita, pop-
ulation,
distance,
preferential
trade factors,
common bor-
der, Nordic
country

OLS

Pull factors affecting
trade flows are economic
size of country and also
cultural proximity, push
factor is distance.

2003

Fukao,
K.,
Okubo,
T. &
Stern, R.

Trade diver-
sion effects of
NAFTA

US, Mexico
& Canada
(1992-1998)

Imports

GDP per
capita, tariffs,
commodity
exports, coun-
try specific
factors

OLS & Fixed
Effects

Trade diversion signifi-
cant from Asian suppli-
ers to NAFTA members
in some sectors.

2004 Egger, P.
Estimation re-
gional trading
bloc effects

OECD
countries
(1986-1997)

Exports

GDP, similar-
ity, capital-
labour ratio,
high and
low skilled
labor ratio to
transporta-
tion costs,
exporter and
importer
viability,
rule of law,
EU, EFTA
and NAFTA
membership

Two-way
Fixed Effects
& Two-way
Random
Effects

Findings motivate a vari-
able splitting method
where trade bloc mem-
bership dummies are in-
cluded twice, no sig-
nificant short-term im-
pact on trade-volumes
but significant long-term
trade creation effects of
bloc membership.



Year Authors Objective Scope Dependent
Variable

Explanatory
Variables

Estimation
Technique Findings

2005

Martinez-
Zarzoso,
I. &
Suárez-
Burguet,
C.

Investigate the
relationship
between trade
and transport
costs

5 Latin
American
and 12 EU
countries
(1998)

Exports &
Imports

GDP, GDP
per Capita,
transport
costs, dis-
tance, vol-
umes of trade,
common
language,
landlocked,
transporta-
tion infras-
tructure

OLS & Fixed
Effects

Treats transport costs
as endogenous (decreas-
ing as trade increases),
also trade significantly
deterred by high trans-
port costs.

2005

Antonucci,
D. &
Man-
zocchi,
S.

Investigate
whether
Turkey has a
special trade
relationship
with the EU

Turkey and
EU trading
partners
(1967-2001)

Exports

GDP, similar-
ity measure,
EU member-
ship, trade
agreement or
partnership,
border type

OLS & Two-
Way Random
Effects

Gravity model is a good
fit of Turkey’s trade pat-
terns, no increased trade
following customs union
introduction in 96.

2006 Carrère,
C.

Assess ex-post
regional trade
agreements

130 coun-
tries (1962-
1996)

Imports

GDP, popula-
tion, distance,
common
border, land-
locked, in-
frastructure,
remoteness,
fx rate

OLS & Two-
Way Random
Effects

Regional agreements re-
sult in significant in-
crease in trade between
members at expense of
rest of world.

2011

Egger,
P.,
Larch,
M.,
Staub,
K. &
Winkel-
mann,
R.

Assessing
the impact
on trade of
endogenous
preferential
trade agree-
ments

All PTA’s
according
to WTO
(2005)

Exports

PTA, dis-
tance, com-
mon border,
common
language,
continent,
GDP, colony,
capital-
labour ratio,
relevant polit-
ical factors

OLS, Fixed
Effects, Pois-
son & Probit

Proposes non-linear
econometric techniques
for the analysis of policy
implications on bilateral
trade flows, and the
impact of endogenous
PTA’s on members’
relative to nonmembers’
trade flows is about
188 percentage points
higher than in a model
which assumes PTA
membership to be
exogenous.

2016 Ebell,
M.

Assessing the
impact of
FTA’s on trade
with a focus on
UK leaving the
EU

42 countries
(2014) Exports

EEA member-
ship, distance,
common bor-
der, common
language,
colony, same
continent

OLS

UK might find it difficult
to replace lost trade if it
opts for a less compre-
hensive FTA than EEA
membership. offers.



B Data

B.1 Country List

Table 11: Final Country Sample

Country EU Member
Non-EU,
EFTA/EEA
Member

Non-EU, Non-
EFTA, FTA/EIA
Agreement

OECD BRIC

Algeria No No From 2006 onwards No No
Argentina No No No No No
Australia No No No Yes No
Austria Yes No No Yes No
Belgium Yes No No Yes No
Brazil No No No No Yes
Bulgaria Joined Jan-07 No No No No
Canada No No No Yes No
Chile No No Yes Yes No
China No No No No Yes
Czech Republic Yes No No Yes No
Denmark Yes No No Yes No
Egypt No No Yes No No
Estonia Yes No No Yes No
Finland Yes No No Yes No
France Yes No No Yes No
Germany Yes No No Yes No
Greece Yes No No Yes No
Hong Kong No No No No No
Hungary Yes No No Yes No
Iceland No Yes No Yes No
India No No No No Yes
Indonesia No No No No No
Iran No No No No No
Iraq No No No No No
Ireland Yes No No Yes No
Israel No No Yes Yes No
Italy Yes No No Yes No
Japan No No No Yes No
Korea No No From 2012 onwards Yes No
Latvia Yes No No Yes No
Lithuania Yes No No Yes No
Malaysia No No No No No
Mexico No No Yes Yes No
Morocco No No Yes No No
Netherlands Yes No No Yes No
New Zealand No No No Yes No
Norway No Yes No Yes No
Pakistan No No No No No
Peru No No From 2014 onwards No No
Philippines No No No No No
Poland Yes No No Yes No
Portugal Yes No No Yes No
Qatar No No No No No
Romania Joined Jan-07 No No No No
Russia No No No No Yes
Saudi Arabia No No No No No
Singapore No No No No No
Slovak Republic Yes No No Yes No
Slovenia Yes No No Yes No
South Africa No No Yes No No
Spain Yes No No Yes No
Switzerland No Yes No Yes No
Thailand No No No No No
Turkey No No No Yes No
Ukraine No No From 2015 onwards No No
United Arab Emirates No No No No No
United Kingdom Yes No No Yes No
United States No No No Yes No
Vietnam No No No No No



B.2 Continental Split of Swedish Exports and Imports

Figure 9: Continental Split - Swedish Goods Exports

(OECD.Stat)

Figure 10: Continental Split - Swedish Goods Imports

(OECD.Stat)



Figure 11: Continental Split - Swedish Services Exports

(OECD.Stat)

Figure 12: Continental Split - Swedish Services Imports

(OECD.Stat)



B.3 Great Circle Distance

The great circle distance is calculated using the following formulae, where φ and λ
represent the geographical longitude and latitude respectively, and r is the sphere’s
(i.e. earth’s) radius;

∆σ = arccos[sin(φ1) sin(φ2) + cos(φ1) cos(φ2) cos(λ2 − λ1)]

d = r∆σ

C Econometric Tests

C.1 Hausman Test

In the context of this paper, the Hausman test is used to test the consistency of the
random effects against the fixed effects estimator. The Wu-Hausman statistic is;

H = (Bf −Br)
′(V ar(Bf )− V ar(Br))−1(Bf −Br)

where Bf & Br are the vectors of coefficients obtained from the fixed and
random effects estimations respectively.

The results this test are shown below, where, since Prob > χ-statistic is greater
than 0.1, we cannot reject the null and therefore proceed using the random effects
estimator;

Table 12: Hausman Test Results

Gross Goods Trade Gross Services Trade
χ-statistic 5.90 2.16
Prob > χ-statistic 0.2070 0.7071



C.2 Breusch-Pagan Lagrangian multiplier test for random
effects

To determine significant panel effects the Breusch-Pagan Langrangian multiplier
effects test is used. The results below imply that there are significant panel effects
and that we can reject the null that a simple OLS regression is appropriate;

Table 13: Breusch-Pagan Lagrangian multiplier Test Results

Gross Goods Trade Gross Services Trade
χ-statistic 3691.24 1315.43
Prob > χ-statistic 0.0000 0.0000

D Interpreting the Regression Coefficients

The purpose of this paper is to analyse the potential impact on trade with Sweden
of a country leaving the European Union. The regression Equation (22) represents
the expected value of trade based on the set of determinants used as explanatory
terms. Using specification (8) from the tables of results as an example, it can
therefore be expressed as;

E(XSjt) = exp(β0 + β1lnGSjt + β2lnPopjt + β3lnRSjt + β4EUj

+ β5EFTAj + β6FTAj + β7N&Bj + εSjt)

Ceteris paribus, to compare the impact of being an EU member to having no trade
agreement at all, one must consider the ratio;

E(XSjt|EUj = 0)
E(XSjt|EUj = 1) = e(−β4)

In percentage terms, the long-run effect can therefore be quantified as (1− e(−β4))×
100%.

Similarly, one can compare the effect of going from EU membership to a less
comprehensive, EFTA type deal;



E(XSjt|EUj = 0, EFTA = 1)
E(XSjt|EUj = 1, EFTA = 0) = e(β5−β4)

and, again in percentage terms, the long-run effect can be quantified as (1 −
e(β5−β4))× 100%.

Finally, the impact of leaving the EU with a free trade agreement that is less
comprehensive than EFTA membership can be quantified as;

E(XSjt|EUj = 0, FTA = 1)
E(XSjt|EUj = 1, FTA = 0) = e(β6−β4)

which is expressed in percentage terms as (1− e(β6−β4))× 100%.
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