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Abstract
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1 Introduction

On 28 October 2015, the European Commission presented a new Single Market

Strategy aimed to reduce physical, legal and fiscal barriers between Member States

in order to achieve the free movement of goods, services, capital and labour in the

European Union (EU). Electricity, as a good, forms part of this free movement be-

ing promoted by the single market. The creation of an internal electricity market

is expected to increase competition as a result of major interconnection capacity

and hence a reduction of concentration at national and regional levels. Actors in

an integrated energy market purchase electricity on an equal basis. The single en-

ergy market improves the security of supply. In an integrated market, efficiency is

enhanced by greater interconnection, because the increase in resource availability

reduces the need for spare capacity. The lower level of spare capacity for each coun-

try leads to less costly power plants and to the use of cheaper infra-marginal power

plants available at times of peak demand.

The harmonisation of energy prices and a higher quality of service are some

of the expected outcomes of a single energy market (Correlje and Van der Linde,

2006; Glachant, 2009). Additionally, a fully-integrated internal energy market, where

providers freely compete and provide the best energy prices is expected to increase

Europe’s renewable energy potential (European Commission, 2015b). Energy Mar-

ket Integration (EMI), as such, has a number of economic impacts (Mahlberg and

Url, 2003); not least on foreign direct investment (FDI). This link between energy

and FDI is well documented in the literature. Herrerias et al. (2013) show that

energy intensity has an effect on FDI across the Chinese provinces. More recently,
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Herrerias et al. (2015) report that energy intensity impacts foreign innovation. The

empirical results reported by Pao and Tsai (2011) suggest a causal link between en-

ergy consumption and FDI. Moreover, energy and FDI raises questions related to

energy supply and geopolitics (Correlje and Van der Linde, 2006). Moreover, re-

searchers link green FDI (i.e. the increase of cleaner and/or more energy efficient

projects through foreign technologies) with sustainable development (Chakraborty

and Mukherjee, 2013; Kardos, 2014; Golub et al., 2011). Yet, despite the interest in

the relationship between energy and FDI, the literature on the subject is not very

extensive. Indeed, this study is, to the best of our knowledge, the first to explain

formally and report empirically the effect of EMI on FDI.

In recent years the main issues addressed by energy economics scholars examining

the restructuring process of Europe’s electricity markets have been prices convergence

(Zachmann, 2008), prices dependence (Lindstrom and Regland, 2012), integration

(Bunn and Gianfreda, 2010), cross-border integration (Balaguer, 2011), and renew-

able energy (Rubino, 2016). The law of one price (Fetter, 1924) has been used in

most studies of electricity market integration as the theoretical foundation for deter-

mining whether two geographic regions comprise a single market. Robinson (2007)

studied the prices in ten European countries (Denmark, Finland, France, Germany,

Greece, Ireland, Italy, Portugal, Spain and the UK), and concluded that electric-

ity prices had converged. Similarly, Armstrong and Galli (2005) analysed the four

wholesale electricity markets in the EU, which operate with similar pricing processes

and share borders (France, Germany, The Netherlands and Spain), and found that

the average price difference decreased in almost all pairs of markets. From this, they
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inferred that prices in the main continental European markets were converging.

The previous literature provides indications of price convergence and stability for

groups of energy markets. The work of De Jonghe et al. (2008) examining the effect

of market coupling on day-ahead prices in Belgium, France and The Netherlands,

shows a marked fall in price differences after the coupling. Bosco et al. (2010)

conclude that average prices in the German and French markets were integrated.

Likewise, Huisman and Kilic (2013) observed a similarity in the parameter estimates

of the Belgian, Dutch, French, German and Nordic prices modeling, and also noted a

decrease in the impact of price spikes and volatility. In addition, Bunn and Gianfreda

(2010), in an analysis of price levels and volatilities, find evidence of increasing market

integration between Germany, France, Spain, the Netherlands and the UK.

To create the European Electricity Market, the European Commission (EC) pro-

posed a bottom-up regional approach to integration: starting from regional inte-

gration between countries with similar features and moving on to the integrated

electricity market as a solution to boost the integration. The Nordic and the Iberian

integrated markets are the first inter-country markets with recognized success. The

Iberian Electricity Market (MIBEL), fully launched in July 2007, was the result of

cooperation between the Portuguese and Spanish Governments with the aim of pro-

moting the integration of both countries’ electrical systems. Indeed not only the

has the MIBEL made a significant contribution towards establishing an electricity

market at the Iberian level, it has also been an important step in establishing an

Internal Energy Market at the European level.

Having the right infrastructure in place is a precondition for completing the energy
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market, integrating renewables and securing supply (European Commission, 2015a).

In particular, an effective interconnection is one of the main conditions for achieving

a fully integrated electricity market (Jacottet, 2012; Del Monte, 2013). However,

when it comes to Europe’s energy networks, Spain and Portugal might be considered

energy islands due to their isolation. Furthermore, transmission activities are closely

related to market design and regulation (Jamasb and Pollitt, 2005). The European

Network of Transmission System Operators for Electricity (ENTSO, 2015) reports

that the Iberian interconnection flows are higher within the MIBEL area than with

its neighbour France. This stylized fact suggests likely spillovers of EMI in the path

towards a single energy market.

In line with findings in the previous research, Figure 1 shows that the Spanish

and Portuguese electricity prices have converged since the creation of the integrated

market MIBEL. Moreover, the volatility of electricity prices has been reduced (as

shown by the gray line). These stylized facts invite us to examine the relationship

between EMI and FDI in greater depth.

[Figure 1 about here.]

EMI has several potential effects on the FDI of countries that have undergone

integration. First, as a result of the greater electricity price stability attributable

to integration, an increase in the attractiveness for FDI among the countries within

the integrated electricity market (as well as from neighbouring countries) can be

expected. This effect is augmented by the positive response of FDI to stronger and

more credible institutions (Ali et al., 2010).
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Second, given that electricity price harmonisation involves a readjustment of rela-

tive prices resulting in greater alignment, the flow of FDI between the two countries

is expected to increase. Furthermore, the increase in FDI can be expected to be

higher in the country with the initially higher electricity price (an input price de-

crease increases the attractiveness of the country for FDI). The aim of this paper is

to explain and test these effects of EMI on the FDI of the integrated countries.

To study these effects, we develop a stylized theoretical model and undertake

an empirical application on a global dataset including FDI data from 190 countries

for the period 2003 to 2012. This paper is, to the best of our knowledge, novel

in formally incorporating energy costs in the FDI gravity equation. In short, the

model includes energy as a production input in a standard setup in international

economics (Melitz, 2003). Heterogeneous firms afterwards gauge capital, labour and

energy costs in their decision to invest abroad. The model derives a gravity equation

which incorporates bilateral energy costs with two main predictions: First, that FDI’s

intensive and extensive margins increase with lower bilateral energy costs. Second,

the model points out how two mechanisms (price stabilization and reduction) govern

the effect on FDI after joining an EMI.

Gravity estimation results show that the electricity market integration between

Portugal and Spain in 2007 increased FDI between them. Our results highlight

the prevalence of price stabilization mechanisms over cost reduction. However, the

institutional credibility effect of EMI outweighs the cost reduction effects. The re-

sults also show that the increase in FDI flow was greater from Spain to Portugal

than vice versa. This appears to confirm that the country with an initially higher
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electricity price obtains greater gains from the integration in terms of greenfield for-

eign investments. These findings seem to suggest that, in addition to the effects

of energy market integration traditionally identified by academics and policy mak-

ers, electricity market integration facilitates investment flows between the integrated

countries. This is of particular relevance when most of the Member States within

Europe’s internal electricity market have recently started operating under a single

price mechanism, as they move closer to achieving the targeted integration.

This article is organized as follows. Section 2 presents the theoretical model

regarding the effect of electricity market integration on FDI. Section 3 describes the

empirical methodology and the data used to estimate the impact of EMI on FDI.

Section 4 presents the results and discussion from our analysis. Finally, section 5

presents the conclusions.

2 The model

2.1 Foreign production

The model follows closely standard trade and FDI setups like Melitz (2003)

and Helpman et al. (2008). The basic setup is a world of J countries with the

assumption of a Cobb-Douglas utility function Uj = Xµ
AjX

1−µ
Bj , for a two sector econ-

omy with goods A (non traded) and B (traded). The aggregate consumption of a

good in the traded sector is Xj =
[∫
xjz

ιdz
]1/ι

, where σ ≡ (1 − ι)−1 > 1 and z

is a firm. The demand is xjz =
p−σzj (1−µ)Yj

P 1−σ
j

, where price index is a CES function

Pj =
[∫
z
pijz

1−σdz
]1/(1−σ)

.
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Let firm z from country i in the traded sector produce a variety of goods. The

aggregate consumption in this sector is the sum of all goods produced by Ni active

monopolistic firms. Firms may attack the market by producing at home and export-

ing or producing the goods in country j. The standard Nerlove’s production function

allows for complementarity between capital, energy and labour inputs. In particu-

lar, we use a nested CES production function allowing in a first level substitution

between energy and capital, which are combined with labour to produce final goods.

The intuition is that firms may invest in expensive energy efficient machinery and

use less energy inputs or less efficient and less expensive capital inputs and use more

energy inputs for production. The production of the goods xiz is given by:

xiz = θ
(
µLγ + (1− µ)

[
(K)a(E)b

]γ) 1
γ , (1)

where θ > 1 is an exogenous technology parameter. L, K and E are the amount of

labour, capital and energy units used for production. The parameters γ < 1 and

a+ b = η < 1 determine factor elasticity of substitution: η determines the elasticity

of substitution between energy and capital; 1/(1− γ) is the elasticity of substitution

between equipment (or energy) and labour. In this specification, µ governs the labour

factor shares.

Since our main focus is to study capital investments, we can simplify the produc-

tion function. Let us measure labour in units so that the total amount of labour is

L̄ = 1 and let assume that that our firm operates in a sector with a relative low labour

intensity (µ ≈ 0) and with a high labour elasticity of substitution (γ ≈ 1). With-

out losing generality, this setup turns our analysis to standard CES Cobb-Douglas
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production with decreasing returns.

Upon entry, the firm discovers its productivity 1/α, where α is the number of

input units per input bundle used by the firm to produce one unit of output. We

follow the standard assumption that the distribution of α across firms is continuous

Pareto c.d.f. G(α) with [αFDI , αExp], where 0 < αFDI < αExp. The density of G(α)

is denoted by g(α) and the distribution is the same across countries.

To produce a good in destination j, an i-country firm incurs in a marginal cost

of:

ωFDIij (α) ≡ τijα(rijK + eijE) (2)

where transaction costs τij > 1 are proportional to the distance between the countries

and τii = 1. Each unit of capital comes at a cost of rij, which reflects the capital and

interest costs. Each energy unit has a cost for the firm of eij, which captures energy

costs of a foreign firm. The firm has a fixed cost of production f (which includes fixed

labour costs) and sells its product at prices pj. Thus, the problem maximization of

the firm is:

max
K,E,L

πFDIiz = max{pjθ
[
(K)a(E)b

]
− ωij(α)− fj}. (3)

In equilibrium the market clears and the firms determines the optimal level of

capital investment and energy consumption according to the first-order conditions:

pjθaK
a−1Eb = τijαrij (4a)

pjθbK
aEb−1 = τijαeij. (4b)
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After the labour market clears, the optimal equilibrium for capital and energy

yields,

K∗ijz =

(
pjθaσ

b

τijα (rij)
1−b (eij)

b

) 1
1−η

(5a)

E∗ijz =

(
pjθbσ

−a

τijα (rij)
a (eij)

1−a

) 1
1−η

, (5b)

where σ = b/a. This parameter controls the relative intensity of each input. Energy

intensive firms (σ > 1) are relatively more constrained by energy costs than they are

by capital costs. Equation (5a) is effectively a gravity equation for foreign capital

and shows that foreign capital investment is governed both by capital and energy

costs. Foreign investment decreases with transaction costs τij, capital costs rj, and

energy costs ej.

An energy market integration can be seen as the convergence of energy costs

on both sides of the energy border. The energy prices on both sides of the border

converge to a single energy price, which is equivalent to the energy costs of both

countries. Due to economies of scale and efficiency in a larger energy market, the

single energy price is expected to be lower in the long run for both countries after

integration. In this setup, EMI has the following effect on the foreign capital invested:

Proposition. An energy market integration affects bilateral investment flows be-

tween the country members. Foreign direct investment increases in countries which

converge to a lower energy cost after the integration.

Proof. Let EMI energy costs in country j be a strictly decreasing concave function

of time eijt. After the integration, country j converges to a lower energy cost (eemi)
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than that prevailing before the integration (ej0), that is limt→∞ eijt = eemi < ej0. All

other things considered, the change in foreign capital invested by our firm z during

the convergence is:

∂K∗ijz
∂t

=
−b

1− η
e′ijt

(
pjθaσ

b

τijα (rij)
1−b (eijt)

1−a

) 1
1−η

. (6)

The variation in capital after the integration is a strictly increasing function,

∂K∗
ijz/∂t > 0,since e′ijt < 0 for a strictly decreasing concave function.

Equation 6 reveals the mechanisms by which EMI affects FDI in the short run.

The effect is governed by the magnitude of the price reduction, but also by the

stability mechanism e′ijt. During convergence in the short run, the price variation

mechanism prevails over the price magnitude. In the long run, firms reassess their

foreign investment options.

2.2 Extensive margin

The firm gauges production costs to determine the productivity level at which it

enters the foreign market (Melitz, 2003). Exporting firms combine inputs at home

and ship the products abroad. The firm faces the following problem:

max
K,E,L

πExpiz = max{pjθ(K)a(E)b − τijα(riK + eiE)− fi}. (7)
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As in Helpman et al. (2004), the firm engages in foreign production if πFDIijz > πExpiz .

Therefore, the cut-off productivity is:

α∗ =
fi − fj

τij((rij − ri)K + (ej − ei)E)
.

Only a fraction of the active firms invest in country j, from the most productive

firm with αL to least productive with α∗ > αL. In the long run ej − ei = 0, EMI

removes the energy border between the two countries:

α∗EMI =
fi − fj

τij((rij − ri)K)
. (8)

Firms no longer consider energy costs a constraint on their decision to invest

(i.e., the extensive margin). For similar fixed costs, the capital threshold for invest-

ing abroad is governed by the differential wage to interest ratio in both countries.

Additionally we expect a positive effect on the number of firms investing since EMI

relaxes the investment threshold (α∗EMI > α∗).

2.3 Multiple firms

Aggregating across firms, we obtain the aggregate capital investment:

˜FDI ij = Ni

∫ α∗
EMI

αL

K∗ijz
g(α)

G(α∗EMI)
dα =

= Niρ

(
pjθaσ

b

τij (rj)
1−b (ej0)b

) 1
1−µ ∫ α∗

EMI

αL

α
1

µ−1
g(α)

G(α∗EMI)
dα, (9)
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where ρ = (ej0/eemi)
b

1−µ > 1 is the energy cost markdown after the integration.

We can re-write equation (9) as follows:

˜FDI = NiK(αL)Vij, (10)

where

Vij ≡
∫ α∗

EMI

αL

(
α

αL

) 1
µ−1 g(α)

G(α∗EMI)
dα., (11)

and

K(αL) = ρ

(
pjθaσ

b

τijαL (rj)
1−b (ej0)b

) 1
1−µ

, (12)

captures the investment of the most productive firm.

Earlier we assumed that 1/a follows a Pareto distribution. We define G(α) =

ακ−ακL
ακEMI−α

κ
L

, with κ > 1
1−µ . Therefore, we can re-write Vij in (11) as:

Vij =
κ

κ− 1
1−µ

Wij, (13)

whereWij ≡ max


(
α∗EMI
αL

)κ− 1
1−µ
−1(

α∗
EMI
αL

)κ
−1

, 0

 selects which firms engage in FDI. Wij, is

controlled by the cut-off variable α∗EMI in (8). Using this expression, we can obtain

a log-linear and estimable equation from (10):

fdiij = θ0 + ni +
1

1− µ
pj −

1− b
1− µ

rij −
1

1− µ
ln τij −

b

1− µ
eij + wij, (14)

where lowercase variables are the natural log of the uppercase. θ0 is a constant that
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bundles the rest of parameters. Using a standard parametrization for the transfer

cost:

1

1− µ
ln τij = ζdij − uij, (15)

where dij is the log of bilateral distance between countries, and uij ∼ N(0, σ2
u) is an

unobserved i.i.d investment friction. Recurring to standard notation we can obtain

an empirical gravity-like equation:

fdiij = θ0 + ni + sj − ζdij − ζ(1− b)rij − ζbeij + wij + uij, (16)

where ni and sj ≡ 1
1−µpj are the fixed country supply and demand masses.

In sum, we have derived a gravity equation for multiple heterogeneous which

incorporates bilateral energy costs with the following predictions:

1. Reducing bilateral energy costs increases FDI in the intensive and extensive

margins

2. Energy costs convergence of EMI increases FDI following two mechanisms:

(a) Cost reduction via price difference converge and

(b) Prize stabilization via variance reduction (which prevails in the short run).

In the next section we describe the estimation procedure to quantify these effects,

which focuses on the estimation of ζb, which represents the bilateral energy costs.
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3 Empirical methodology and data

The goal of this section is to describe the empirical methodology for estimating

the impact of EMI on FDI. Our model presents a gravity-like equation for foreign

capital investments. In equation (16), the capital invested by foreign firms (i.e., for-

eign direct investment or FDI) increases with demand (prices) and decreases with

distance (transaction costs), financial costs (interest rates) and energy costs (en-

ergy prices). The most appropriate methodology for measuring the impact of EMI

on FDI is, therefore, the gravity equation. Gravity for FDI is grounded in theory

(Bergstrand and Egger, 2007; Portes and Rey, 2005; Kleinert and Toubal, 2010) and,

consequently, provides an adequate empirical technique for estimating the effect of

EMI unequivocally.

Our baseline specification is the following augmented gravity equation:

lnFDIijt = β1 ln (Yit ∗ Yjt) + β2 ln (Dij) + β3borderij + β4colonyij + β5langij+

β6smctryij + β7relij + β8lockedij + β10BITijt + β11FTAijt + β12crisisijt+

β13Pricediffijt + ρ2PriceSDijt + λt + λi + λj + uijt, (17)

where FDIijt is the aggregate investment, and total number of investments, between

home country i and host j in year t. The equation measures market demand through

a number of variables; Y denotes the domestic gross product (GDP); D is the dis-

tance in kilometers between countries; border takes a value of one when the countries

share a common border and zero otherwise; colony is set at 1 if the two countries

have ever had a colonial link; lang (Common language) takes a value of 1 if both
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countries share the same official language; smctry (Same country) is a dummy that

indicates whether both countries where part of the same country in the past; rel (Re-

ligion) is a composite index which measures the religious affinity between country

pairs with values ranging from zero to one; and locked is the number of landlocked

countries (0,1 or 2). BIT (Bilateral Investment Treaty) is a dummy that takes a

value of one if the country pair has a bilateral investment treaty in force; FTA (Free

Trade Agreement) is a dummy that indicates whether both countries have a free

trade agreement in force. The dummy variable crisis is the number of countries in

the pair (0,1,2) with credit constraints during year t. This variable captures the

impact of financial frictions. Pricediff is the difference in electricity prices between

Portugal and Spain. This variable captures the effect of a reduction in the difference

in prices. PriceSD is the standard deviation of the price difference and captures

the price stability mechanisms proposed by the model. The baseline specification

includes a full set of country and time fixed effects (λ). Lastly uijt represents a

stochastic error term.

The baseline gravity equation (17) suffers from several biases. In the first instance,

theoretical developments of the gravity equation show that the benchmark equation

is mis-specified due to the omission of time-varying multilateral resistance terms.

Secondly, the log version of the gravity equation has a self-selection bias, which

stems from the omission of zeros. Thirdly, the estimation of FDI capital expenditure

flows suffers a potential over-aggregation bias. To combat theses biases, we adopt

different empirical strategies.

As in Helpman et al. (2008) (HMR), we define the first stage as a probit estima-

16



tion:

%ijt = Pr(Tijt = 1|Observed variables)

= Φ(λi, λj, λt, Zijt, ηijt) (18)

where Tijt takes a value of 1 when country i invests in country j in year t and zero

if the value is zero , Φ(.) is the cumulative normal standard distribution function,

λ are the fixed effects for host and home countries and year and Zijt are the usual

gravity variables. The error term, which is correlated with the error term of gravity

equation is noted as ηijt.

The second step runs a log-likelihood maximization estimation and includes vari-

ables control that for non-random firm selection (zeros) and firm heterogeneity1:

lnFDIijt = βZijt + λi + λj + λt + ˆ̄w(κ) + θ ˆ̄ηijt + vijt (19)

where ˆ̄η∗ijt = φ(ẑijt)/Φ(ẑijt) is the inverse Mills ratio and ẑ∗ijt = Φ−1(%̂ijt) . The prob-

abilities obtained in the first probit step of equation (18) are denoted %̂ijt and φ(.) is

the standard normal density function2. The parameter which affects both firm selec-

tion and firm heterogeneity is defined as w(κ) = ln
{

exp
[
κ1(ẑ∗ijt + ˆ̄ρ∗ijt)

]
− 1
}
,where

κ is the parameter obtained from Wij in (13).

Additionally, Silva and Tenreyro (2015) show that HMR imposes too strict home-

1For identification, this step exclude variables which affect the probability of trade or FDI but
not its volume. HMR proposes to drop religion.

2Following HMR, some dyads are such that their probability of investment indistinguishable
from 1. The inverse Mills ratio would be undefined for predicted probabilities close to 1, therefore
all probabilities >0.9999999 are converted to equal 0.9999999.
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cedastic restrictions on the error term, which are hardly present in FDI or trade data.

Alternatively, the authors show that the simpler PPML method yields similar results

as the two-step procedure. To overcome this caveat, we use a non-linear variant of

the gravity equation in line with that proposed by Silva and Tenreyro (2006), which

does not require a log-linearization of the variables:

FDIijt = exp

(
Zijt + β13Pricediffijt + β14PriceSDijt + λt + λi + λj

)
+ εijt (20)

We apply Pseudo-Poisson Maximum likelihood (PPML) to estimate (20). PPML

offers additional advantages to the log-linear specification. First, it is robust to

heteroskedascity in the error term (Silva and Tenreyro, 2010). Second, it ensures the

convergence of the maximum likelihood estimation by prior inspection of the data

(Silva and Tenreyro, 2011). Additionally, Baltagi et al. (2014) claim that the PPML

estimator is appropriate for panel gravity data.

Since Anderson and Van Wincoop’s (2003) seminal solution to McCallum’s (1995)

border puzzle, multilateral resistance has been standard in all gravity specifications,

including gravity estimates of bilateral FDI (Anderson, 2011). Multilateral resistance

is commonly interpreted as the home incidence of transaction costs from origin i

and the host incidence from destination j. The home and host incidence measures

are usefully explained as the incidence of Total Factor Productivity (TFP) frictions.

Therefore, multilateral resistance varies substantially by country because of changing

expenditure and supply shares (Anderson and Yotov, 2010). TFP may vary with time

in each country, thus Baldwin and Taglioni (2006) note that country fixed effects

(CFE) are more appropriate in cross-sectional data. To capture dynamic TFP, the
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gravity equation is accompanied with the interaction of time and CFE dummies

(Baier and Bergstrand, 2009). The specialized literature refers to these estimates as

country-year fixed effects (CYFE).

In our framework, the CYFE represents an additional gain. Independent vari-

ables which are time varying and fixed per country (i.e. GDPs, institutional quality

indicators, population, market size) are perfectly controlled with CYFE. Hence, with

CYFE we control unobservable country specific variables that might affect the afore-

mentioned bilateral FDI.

Our empirical strategy would not be complete without the estimation of the

extensive margin. We follow similar studies (Paniagua and Sapena, 2014; Gil-Pareja

et al., 2013) and substitute the left-hand side variable of (20) for the number of

foreign investments between country pairs. The estimation of the extensive margin

reduces an over aggregation bias of capital flows in the estimation of the gravity

equation Hillberry (2002). Additionally, the extensive margin reveals information

about the creation of new partners (Felbermayr and Kohler, 2006).

The gravity framework is adequate to measure institutional and third-country

effects. To do so, we use the standard approach that uses dummies to measure

MIBEL’s effect. In particular, we use EMI as dummy set at 1 for investments

between the countries that signed an EMI (Spain and Portugal since 2007) and

captures the effect within the EMI ; EMIROW captures the effect of the FDI from

the rest of the world within the EMI area with a dummy set at a value of 1 for

all source countries that invested in the EMI area, excluding neighboring countries;

EMIFRA specifically captures the effect of neighboring countries with a direct energy
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connection to the EMI area with a dummy set a at value of 1 if a neighboring country

(France) invested in the EMI area.

3.1 Data

The data used in this study is standard in FDI gravity literature and similar to

previous studies (see for instance Myburgh and Paniagua, 2016 or Cuadros et al.,

2016). The Financial Times Ltd. cross-border investment monitor (FDIMarkets,

2013) is the source of the FDI dataset. The extensive margin is measured in firm-

level projects counts, while the intensive margin is measured in capital flows in

constant 2005 USD. The dataset covers bilateral firm-level greenfield investments

from 2003 to 2012, aggregated between 190 countries. Greenfield projects initiate

foreign production from scratch and are prone to have energy costs constraints.

Consequently, greenfield investments are optimal for measuring the influence of EMI

on FDI. Overall, the database is heavily unbalanced with 70% of zero observations,

meaning that not all countries received investment in all years. We follow Paniagua’s

(2016) procedure to construct efficiently the datasatet reducing the self-selection bias.

Data on electricity prices is unique for this study and comes from the MIBEL

market operator (OMIE) and the Portuguese energy regulatory authority (ERSE),

for Spain and Portugal respectively. The prices are averaged yearly and are measured

in euro/MWh. The evolution of the prices can be seen in figure 1.

As for the control variables, the World Bank (2013) is the source of GDP data,

measured in constant 2005 US dollars. Distance, common language, colony and

border come from the CEPII (2011) database and control for freight, information,
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cultural, historic and administrative transaction costs between country pairs. Re-

ligion is calculated with data from the CIA World Factbook (2011) according to

the following formula for country each country pair: %Christiani ∗%Christianj +

%Muslimi ∗%Muslimj + %Hindui ∗+%Jewishi ∗%Jewishj. Institutional agree-

ments such as Free Trade Agreements and Bilateral Investment Treaties reduce the

foreign institutional uncertainty (Bergstrand and Egger, 2013). BITs are manually

constructed with data from UNCTAD (2013). The source of FTA is Head et al.

(2010) in conjunction with UNCTAD (2013). The source of banking crises is Laeven

and Valencia (2013). We include this variable because the MIBEL integration period

overlaps with that of the great recession period. Hence, to ensure that we are not

capturing any spurious effects, we follow the procedure described in Gil-Pareja et al.

(2013).

4 Results and discussion

To evaluate the effect of the creation of MIBEL on FDI we performed two sets

of estimations of equations (17) and (20) for both the aggregate capital investment

flows and the extensive margin. The results reported in Table 1 show that the

gravity equation performs well when explaining bilateral FDI. The R2 values are

acceptable (nearly 80% for the extensive margin) and most of the variables of interest

are significant and present the expected signs3.

[Table 1 about here.]

3The variable religion was excluded in column two to ensure identification (HMR).
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The estimates show the expected negative signs for the two control mechanisms

predicted by the model (i.e., electrical price difference and its standard deviation).

The effect is similar in both margins and quite robust to the choice of estimators and

fixed effect combinations. The effect of price difference and variance is negative and

significant in both margins. However, the results of column 1 suggests that these

mechanisms do not affect the probability of FDI. Column 2 reports the estimates of

the HMR method, which indicate that a reduction of one euro/MWh in difference

increases the volume of FDI in approximately 0.14%. With this specification, which

is subject to academic critique (Silva and Tenreyro, 2015)4, price variance has no

significant effect on FDI volumes.

Our preferred estimates, which use PPML and include time-varying country fixed

effects, are reported in column 5 for the intensive margin and in column 8 for the

extensive margin. These estimates indicate that reducing one euro/MWh in price

difference increases 0.16% FDI flows and 0.14% foreign investment projects on aver-

age. Furthermore, reducing 1 standard deviation the price difference increases 1.6%

FDI flows and 1.3% foreign investment projects on average. Our results suggest, as

predicted by our model, that in the context of EMI the price stability mechanism

has a greater effect on FDI than price converge. Intuitively, for FDI this means that

foreign investors prime predictability over cost reduction.

[Table 2 about here.]

In the second set of estimations presented (see Table 2), we evaluate the overall

institutional credibility effect of the creation of EMI on FDI. In line with our previous

4Additionally, HMR does not include country*year effects due to lack of convergence.
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results, these estimates confirm that the creation of an integrated electricity market

between Spain and Portugal exerted a significant and positive effect on the countries’

FDI, for both capital invested and number of projects (see Table 2). The most

conservative estimates indicate that EMI increased bilateral capital investment in

Iberia by 64% on average5. Since the reduction in the variance of price difference

was of 3 standard deviation (which would total an increase of 4.85), the results

indicate that the institutional effect of the MIBEL is greater than the cost effect.

The signal that Portugal and Spain sent to the foreign market had a positive effect

that outweighed the pure cost analysis.

It should be stressed that the effect of EMI was similar for both margins. However,

EMI had no effect on the probability of FDI, as indicated by the first step of HMR

in column 1. If we look beyond the number of investment projects, the scale of

these was significantly affected by the implementation of a common input market.

Additionally, the results from the extensive margin regressions show that FDI from

neighboring countries also increased after integration.

The positive effect of EMI is consistent and robust across the several specifications

we tested. Furthermore, we manage to isolate the effect of EMI from those of the

Great Recession. Several studies have shown that FDI has been affected by credit

constraints following the 2007 crisis (Gil-Pareja et al., 2013; Paniagua and Sapena,

2015). The unfortunate coincidence in time of the two events is controlled by the

negative coefficient of the crisis dummy in the regressions.

EMI does not, however, appear to have affected FDI from the rest of the world.

5Calculated by (e0.495 − 1) ∗ 100%
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This seems to be capturing the fact that, relative to other EU markets, the falls

in electricity prices within an EMI might not have been sufficient to attract any

significant volume of this type of investments from the the rest of the world into

the Iberian peninsula6. France, the neighboring country, is an exception in this

regard, because since the creation of MIBEL French enterprises have increased their

new projects by 148% on average. The volume invested by French firms remains

unchanged.

In the third set of estimations (see Table 3) we decomposed the effect for the

countries integrated so as to appreciate more fully the intensity of the effects on

investment flows in two directions (i.e. from Spain to Portugal and from Portugal to

Spain). Results from Table 3 show the direction of FDI flows. The theory underly-

ing a gravity-like specification provides predictions on unidirectional bilateral trade

rather than on two-way bilateral trade7. In this paper, we use unidirectional FDI

data (i.e, FDIij 6= FDIji). Our specification is not only more closely grounded in

theory; it allows us to inspect the direction effect attributable to the MIBEL.

[Table 3 about here.]

The estimated increase in FDI flows is stronger from Spain to Portugal than vice

versa. These results seem to confirm that although both countries obtained benefits

from the integration in terms of greenfield foreign investments, it is the country

6Although the MIBEL price has significantly decreased during the period cover in this study,
around 28% until 2012, by that year while the Iberian price was 49 ¿/MWh on average, the price in
other European regional markets was lower, for instance 45 ¿/MWh in PHELIX and 31 ¿/MWh
in NordPool markets.

7Some authors treat the average of two-way bilateral trade as the dependent variable (e.g., Rose
2000). Baldwin and Taglioni (2006) referred to this procedure as the silver medal mistake.
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with the initially higher electricity price that obtains the highest gains. As for the

effects on FDI from the neighboring country, our results are in line with the previous

estimations. Thus, EMI has a positive and significant impact on extensive margin

FDI from France to both Spain and Portugal.

5 Conclusions

This paper is unique in incorporating energy considerations in a formal FDI

setup and thus contributes to a better understanding of the relation between energy

and international economics. Specifically, we have developed a model to explain

the mechanisms by which EMI is related FDI. EMI signals institutional credibility

and alleviates energy costs in a foreign market, thus encouraging FDI. We tested

the model’s predictions using the gravity equation and EMI created by Portugal and

Spain in 2007. The estimates show that price stability mechanism has a greater effect

than the cost reduction and converge on electricity prices. Moreover, the institutional

credibility effects have a greater impact on foreign investment than cost analysis.

The paper’s findings provide a number of insights into the economic implica-

tions of electricity markets integration. Specifically, the members of the integrated

markets increase their bilateral investment. Moreover, EMI has a positive effect on

the investments of neighboring countries. However, FDI from the rest of the world

remains unchanged.

This paper suggests that energy market design and the way in which such markets

operate have a direct effect on the cost-driven investment choices made by foreign
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firms, via energy prices. Thus, we identify additional policy implications that, in

fact, extend beyond the energy sector and which have an effect on the whole of the

economy. The expected effects of EMI require an effective energy market intercon-

nection with sufficient cross-border energy interconnections. Our results point to the

need to reformulate the methodology used in assessing cross-border priority energy

investment plans so as to include the positive impact on FDI in the cost-benefits

analysis.

Furthermore, major public investment plans in energy infrastructure (e.g., the

current EU Commission’s programme) are expected to have a greater impact on the

Member States’ economies than initially thought. Likewise, and from a broader per-

spective, the results from this paper suggest that the participation of supra-national

financial institutions would be helpful in other contexts, such as the Mediterranean

or Latin American countries, in providing soft loan and/or financial facilities for

investment to accommodate the infrastructure required by EMI and its effects on

FDI.

In short, the policy implications derived from this study stress the importance of

considering the broader effects of energy market design. Moreover, future research

of other single electricity markets and related features (i.e., domestic investment,

environmental policies and sustainable development) is certainly encouraged. Poli-

cymakers pursue EMI as a policy to facilitate the development of renewable energy.

Therefore, new research could explore the link between EMI and green FDI. Ad-

ditionally, our theoretical setup allows to explore bilateral energy trade. Further

research that explores the effect of energy integration dynamics on electrical trade is
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a promising avenue of future research.
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Table 3: Results within EMI

FDI flows Extensive Margin

(1) (2) (3) (4)

EMIROWijt -0.293 -0.223 -0.167 0.809
(0.25) (0.92) (0.15) (0.52)

EMIFRAijt 0.402 -1.000 0.905*** 1.931***
(0.30) (0.91) (0.18) (0.53)

POR→ ESP 1.154*** 0.908** 1.014** 0.861**
(0.34) (0.36) (0.40) (0.43)

ESP → POR 1.358*** 1.716*** 1.722*** 1.928***
(0.47) (0.28) (0.23) (0.20)

Observations 38253 36796 38253 36796
R2 0.514 0.481 0.864 0.890
Year FE Yes Yes
Country FE Yes Yes
Country*Year FE Yes Yes

Robust standard errors in parentheses. PPML estimation.

Only variables of interest are reported (gravity control variables included)

* p < 0.10, ** p < 0.05, *** p < 0.01
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Figure 1: Price Difference (Portugal - Spain)
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