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Abstract 

This paper re-examines foreign direct investment motives in the ‘FDI gravity’ model (Kleinert and Toubal, 
2010), focusing on the role of distance. More precisely, we investigate whether aggregate and pooled 
gravity models for FDI obscure relevant heterogeneities across sectors. This is possible through the 
novel MREID dataset, which provides us with FDI data at the 2-digit NAICS level for 184 countries over 
the period 2010 to 2020. Our results reveal that aggregate and pooled models mask significant sector 
heterogeneities in two aspects: (i) in the importance of horizontal versus vertical FDI motives, and (ii) in 
the distance elasticity. The latter reflects that distance potentially captures more complex sector-specific 
components than are captured in the current gravity model for FDI. 
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1. Introduction 

Foreign direct investment (FDI) is a key component of international capital flows. As of 2022, FDI stocks 
represent 29.9% of global cross-border liabilities and 30.5% of cross-border assets (Lane and Milesi-
Ferretti, 2018). FDI is chiefly characterised by the intent of an investor, usually a multinational enterprise 
(MNE), to acquire significant, active ownership in a foreign affiliate (Organisation for Economic Co-
operation and Development, 2020). Uncovering the motives that drive FDI is hence relevant to 
understand financial globalisation and why firms choose FDI instead of other forms of market interaction, 
such as exporting or arms-length offshoring. A comprehensive empirical literature, to which our paper 
contributes, has therefore estimated those FDI determinants (e.g. Davies, 2008; Blonigen and Piger, 
2014; Schneider and Wacker, 2022). 

The FDI literature traditionally distinguishes between a market-seeking, horizontal FDI motive (HFDI) 
and an efficiency-seeking, vertical FDI motive (VFDI); see Davies and Markusen (2021), Yeaple and 
Antràs (2014), and the literature review below. HFDI involves firms that replicate production abroad to 
substitute exports and reduce trade costs. In contrast, VFDI fragments production into stages based on 
efficiency considerations. MNEs relocate certain production stages to foreign countries to exploit 
comparative advantages and reduce production costs (Markusen, 2013). 

Identifying the extent to which FDI is driven by horizontal versus vertical motives is essential in order to 
assess its impact on the host economy and evaluate the effectiveness of FDI policies.1 But the evidence 
on the globally dominant FDI motive remains largely inconclusive. For decades, empirical tests of FDI 
models failed to detect dominant vertical motives in the data, prompting the overall finding that most FDI 
is horizontal in nature (Markusen, 2013). Refinements to FDI models (e.g. Davies, 2008) and advances 
in the availability of highly disaggregated data (e.g. Alfaro and Charlton, 2009) revealed growing 
evidence for VFDI, although a consensus has yet to emerge. 

This paper investigates to what extent aggregate, as opposed to sector-level, data2 mask FDI motives in 
bilateral analysis of FDI determinants, with a particular focus on the distance elasticity. FDI motives vary 
by sector. For instance, the utilities sector is typically driven by a horizontal FDI motive, whereas 
manufacturing tends to be more vertical in nature (Buch et al., 2005; Riedl, 2010). Such sector 
heterogeneities are particularly apparent for the distance elasticity of FDI, which governs how FDI 
responds to the distance between home and host country. This distance elasticity is expected to be 
fundamentally distinct for VFDI versus HFDI. In the case of VFDI, greater distance raises intra-firm trade 
costs and makes offshoring less attractive; a negative distance elasticity is hence expected in sectors 
dominated by VFDI. In contrast, the ‘proximity-concentration trade-off’ (PCT; Brainard, 1997) predicts a 
positive effect of distance on HFDI: the higher the transport costs, proxied by distance, the greater is the 

 

1  For example, Beugelsdijk et al. (2008) show that the FDI motive affects the extent to which FDI promotes growth, and 
Sirr et al. (2017) reveal that bilateral investment treaties have a stronger positive effect on VFDI than on HFDI, as it is 
more sensitive to host-country risks. 

2  In the NAICS classification, ‘sectors’ refers to 1- or 2-digit categories (‘industry’ represents more granular 
classifications).  
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incentive to avoid them through HFDI (which is hence considered a substitute of exports). This gives rise 
to a conceptual contradiction: although most FDI is assumed to be horizontal, empirical gravity models 
of FDI usually find a negative distance effect on FDI (i.e. a ‘gravity effect’). 

A plausible reason for the mismatch between dominant FDI theories and empirical data is ‘aggregation 
bias’: blending heterogeneous sector-specific parameters together may result in an ambiguous or 
misleading aggregate effect. Such aggregation biases exist in several fields, including the trade literature 
(Imbs and Mejean, 2015; Breinlich et al., 2024). The problem is, however, particularly severe for FDI 
determinants because we may not be interested only in the quantitative magnitude of an elasticity, but 
also in its qualitative implication for what motive predominantly drives FDI.  

A back-of-the-envelope example with the empirical results presented later illustrates why masked 
distance elasticities across sectors can be highly problematic. Consider Bangladesh’s FDI in Malaysia: 
increasing the bilateral distance by switching the source country from Bangladesh to Israel would, on 
average, reduce total assets invested in Malaysian affiliates by 46.28%, based on aggregate estimates. 
However, for both Bangladesh and Israel, their FDI in Malaysia is highly concentrated in the warehouse 
and storage sector, accounting for 100% and 87% of total assets, respectively. A gravity model 
estimated for this specific sector shows that increasing the distance from Bangladesh-Malaysia to Israel-
Malaysia would actually increase total assets by 87.18%, on average.3 The effects from the aggregate 
estimate and the warehouse and storage-specific estimate therefore have opposite signs and the latter 
is twice as large as the former in absolute terms. Relying on aggregate gravity models can thus be 
highly misleading. 

To address whether aggregate gravity models for FDI mask sector heterogeneities in the motive and 
distance elasticity of FDI, we rely on the reduced-form ‘gravity for FDI’ model by Kleinert and Toubal 
(2010; ‘KT’ hereafter) and the novel Multinational Revenue, Employment, and Investment Database 
(MREID) by Ahmad et al. (2025).4 The MREID offers FDI data with extensive geographical and sectoral 
coverage, spanning both developing and developed countries as well as 25 sectors at the granular 2-
digit North American Industry Classification System (NAICS) level. It thus provides a unique opportunity 
to reassess the question of HFDI versus VFDI motives using sector-level data.  

To address sector heterogeneity in FDI determinants, we estimate the FDI gravity model at three levels 
of aggregation. Initially, we aggregate the sectoral data up to the country level. This provides a 
benchmark, as it resembles what the relevant empirical literature has done. Second, we estimate a 
pooled sectoral model, where the data are included at sector level, but parameters are constrained to 
homogeneity across sectors. And third, we estimate the model separately for each 2-digit sector, which 
allows regressors, parameters and fixed effects (FEs) to vary by sector. This three-tier approach allows 
us to compare aggregate and pooled estimates to identify potential aggregation bias, and to examine 
the full sector heterogeneity in the distance elasticity.  

 

3  The calculation is based on the distance coefficients from the pooled sectoral model in Table 2, col. (4), and from a 
gravity model estimated only for the warehouse and storage sector in Table B11, col. (12) in Appendix B. Moving from 
Bangladesh (distance: 2,613 km) to Israel as the source country (7,774 km) increases the bilateral distance by 197.5%. 
For such large changes in x, the formula: ((1 + 1.975)𝛽𝛽 − 1) ∙ 100  following Kaplan (2023: 8.1.4) and Benoit (2011) is 
used to obtain the exact percentage change in total assets for an increase in distance by 197.5 %. 

4  Other foundations for a gravity model of FDI are possible. See, for example, Head and Ries (2008). 
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The key finding of our paper is that aggregate or pooled gravity models for FDI fail to clearly distinguish 
between HFDI and VFDI motives in the data. The estimated parameters for the investment motive exhibit 
substantial sector heterogeneity. This suggests that uncovering FDI motives requires sector-specific gravity 
models, rather than aggregate or pooled models. In particular, aggregate models obscure sector 
heterogeneity in the distance elasticity. This heterogeneity arises both from sector-specific FDI motives and 
also because geographical distance captures a variety of concepts beyond transport costs. The relative 
importance of these concepts and the corresponding elasticities hence vary by sector.  

To advance towards a genuinely sectoral gravity model, our key takeaway is to place more emphasis on 
theory: with the growing availability of high-quality, granular and globally comprehensive data, theoretical 
models are needed to accurately identify sector-specific effects and accommodate FDI motives beyond the 
horizontal-vertical dichotomy. These models should increasingly include regressors at sector level, where 
the effects of interest manifest. In particular, theoretical models should account for the various components 
captured by distance. What has previously been framed as an empirical puzzle – where theory-predicted 
effects do not appear in the data – should instead be reframed as a theoretical mismatch.  

This paper contributes to the literature by addressing the question of aggregation in gravity models while 
using sector-level data with global coverage. It offers a systematic, theory-led approach to sector 
disaggregation in FDI, although KT’s (2010) model fails to unambiguously distinguish between HFDI and 
VFDI. Thus, it fills a critical gap in FDI research, catching up with the trade literature, where a growing 
body of research explores sector-specific effects in gravity models (Borchert et al., 2022; Schreiber, 
2022; Fontagné et al., 2022). 
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2. Theoretical background and related literature 

2.1. HORIZONTAL VERSUS VERTICAL MOTIVES FOR FDI 

The theoretical FDI literature traditionally distinguishes two motives of FDI, each with distinct predictions 
on how distance affects FDI (see Table A1 in Appendix A). Market-seeking, or HFDI, formally introduced 
by Markusen (1984) and extended with firm heterogeneity in Helpman et al. (2004), involves firms that 
establish affiliates abroad, duplicating activities at the same production stage to directly supply the 
foreign market. HFDI substitutes exporting, thus circumventing trade costs, including tariffs. Firms face a 
‘proximity-concentration trade-off’ (PCT; Brainard, 1997, p. 520), weighing trade costs and plant-level 
fixed costs against one another. The proximity motive prevails and encourages HFDI when trade costs, 
typically proxied by geographical distance, are high. Exporting is favoured when plant-level economies 
of scale are large, as it allows for the concentration of production in a single location. The PCT hence 
suggests a positive distance effect on HFDI that contrasts with a typical gravity effect, the empirical 
evidence for which is discussed in Section 2.3. This paper seeks to reconcile this mismatch between 
theory and empirical findings by examining sector-level data. The main studies supporting HFDI as the 
dominant FDI motive include Brainard (1997), who was the first to demonstrate that FDI is driven by 
country similarities rather than factor endowment differences, and Markusen and Maskus (2002), who 
provide empirical evidence for the horizontal, but not the vertical, model.  

The second motive is efficiency-seeking, or VFDI, first formalised by Helpman (1984). VFDI views the 
production process as vertically fragmented into distinct stages with different factor intensities. For 
certain stages, the MNE establishes new production facilities in a foreign location to lower production 
costs by exploiting comparative advantages in factor endowments across countries. The standard view 
suggests that MNEs locate their skill-intensive headquarters in countries that are abundant in high-
skilled labour and establish production in countries that are abundant in low-skilled labour (Fukao and 
Wei, 2008). Consequently, VFDI increases with high-skilled labour abundance of the home country 
relative to the host country. The home country remains the primary destination market, while foreign 
affiliates produce vertically linked goods and export them back to the parent firm. Intra-firm trade, 
therefore, complements VFDI and results in an unambiguously negative effect of distance on VFDI 
(Alfaro and Chen, 2018), conditional on endowment differences. The key trade-off in VFDI lies between 
reducing input costs and incurring higher trade costs, along with forgone economics of integration. 
Support for VFDI is provided by Carr et al. (2001) and the model refinements of Braconier et al. (2005a; 
2005b) and Davies (2008), who find strong support for the vertical component in the knowledge-capital 
model. Alfaro and Charlton (2009) support the evidence of a vertical motive in FDI by accounting for 
intra-industry VFDI, where MNEs offshore activities close to the final production stage. This granular 
form requires 4-digit level data for identification, while inter-industry VFDI is visible in 2-digit level data, 
as it spans more distant production stages. 

Theoretical models often draw a strict distinction between HFDI and VFDI. However, empirically, this 
separation is less clear-cut. FDI increasingly reflects complex corporate strategies that combine market 
access and factor cost motives (Badinger & Egger, 2010; Bricongne et al., 2023), or export-platform 
motives (Ekholm et al., 2007; Yeaple, 2003b), which reflect the multilateral nature of FDI. 
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2.2. IDENTIFYING THE FDI MOTIVE IN THE DATA 

As the motive of investment is typically not disclosed by investors (Kox and Rojas-Romagosa, 2020), 
scholars have developed ex-post approaches to divide data into HFDI and VFDI. Most of these 
approaches, however, require firm-level data on the destination (origin) of affiliate sales (purchases).5 
Given that such data are not available on a global scale, a more flexible approach is to specify an 
empirical model that describes the determinants of bilateral FDI positions and allows discrimination 
between different motives.  

A key empirical model to estimate bilateral determinants of FDI is the gravity model, which posits that 
flows between two countries are directly proportional to their economic sizes (the ‘mass’; typically 
measured by their GDPs and weighted by a gravitational constant). Frictions countervail the attractive 
force of the ‘mass’, with distance as the most prominent proxy of such frictions (Yotov et al., 2016).6 For 
a long time, gravity equations for FDI remained ad hoc (Dorakh, 2020), but KT (2010) made a seminal 
contribution by establishing a first theoretical foundation of ‘gravity for FDI’. KT (2010) take 
two proximity-concentration models of purely horizontal MNEs, as well as a factor-proportions model of 
purely vertical MNEs, and derive gravity equations for foreign affiliate sales (FAS) from each model. The 
key outcome is the reduced-form gravity model presented in eq. (1) below, which accommodates both 
HFDI and VFDI, marking a significant advance from previous FDI gravity models, which were limited to 
HFDI. Critically, the horizontal and vertical FDI motives imply different predictions for the gravity 
parameters, owing to the different trade-offs they generate. Thus, eq. (1) provides testable predictions 
for the model parameters that allow for inference as to whether an HFDI or VFDI motive is dominant in 
the data. These predictions are summarised in Table 1. The gravity model for FDI in log-linear form can 
be written as: 

𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + 𝛽𝛽1 ln�𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡� + 𝛽𝛽2 ln�𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗,𝑡𝑡� + 𝛿𝛿 ln�𝐷𝐷𝑖𝑖𝑖𝑖� + 𝜗𝜗1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖,𝑡𝑡 + 𝜗𝜗2 ln�𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗,𝑡𝑡� + 𝜑𝜑𝑡𝑡
+ 𝜑𝜑𝑖𝑖 + 𝜑𝜑𝑗𝑗 + 𝜀𝜀𝑖𝑖𝑖𝑖,𝑡𝑡, 

(1) 

where 𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡 is FDI from source country i in host country j in year t. The first three regressors form the core 
of the gravity model: source and host country GDP in log form and bilateral distance in log form, 𝐷𝐷𝑖𝑖𝑖𝑖. 
Furthermore, KT (2010) include a variable to capture skill endowment differences (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖,𝑡𝑡) and the 
sum of GDPs. The estimated model parameters, when compared with the testable predictions for HFDI 
and VFDI summarised in Table 1, allow for determining which motive predominates in the data. 

 

  

 

5  For US outward FDI, such data are used by Alfaro and Charlton (2009), who identify VFDI by using the input-output 
linkages between the headquarter and affiliate industry, or by Ramondo et al. (2011), who identify VFDI based on intra-
firm trade data. 

6  In its pure, multiplicative form, the gravity model is written as follows: 𝑌𝑌𝑖𝑖𝑖𝑖 = 𝐺𝐺
𝑋𝑋𝑖𝑖
𝛼𝛼𝑋𝑋𝑗𝑗

𝛽𝛽

𝐷𝐷𝑖𝑖𝑖𝑖
𝛾𝛾  (Yotov et al., 2016).  
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Table 1 / Predictions for the gravity variables based on Kleinert and Toubal (2010) 

 Horizontal model Vertical model 
Source country market size 𝛽𝛽1 1 <0 
Host country market size 𝛽𝛽2 1 >0 
Bilateral distance 𝛿𝛿 <0 ? <0 
Skill endowment difference 𝜗𝜗1 0 >0 
Sum of GDPs 𝜗𝜗2 0 1 

  

In the vertical model, the source country’s GDP, which reflects its supply capacity, has a negative effect 
on FDI (𝛽𝛽1 < 0). This effect occurs because VFDI exploits factor abundances in foreign countries to 
minimise production costs. In contrast, the host country’s GDP has a positive effect (𝛽𝛽2 > 0). The 
vertical motive strengthens with larger skill endowment differences between source and host (𝜗𝜗1 >
0) and is hindered by distance, which impedes intra-firm trade (𝛿𝛿 < 0). The sum of GDPs serves to pin 
down market demand and is expected to have a unitary elasticity (𝜗𝜗2 = 1) (KT, 2010; Venables, 1999).  

In the horizontal model, host country GDP has a positive effect on FDI, as establishing production 
abroad is profitable only in a sufficiently large foreign market. Otherwise, it would be more efficient to 
concentrate production at home and serve the foreign market through exports. This coefficient is 
expected to equal one, similar to the source country’s GDP, whose positive impact on HFDI arises from 
the need for domestic inputs in affiliate production (𝛽𝛽1,2 = 1). No significant effect is anticipated from skill 
endowment differences or from the sum of GDPs (𝜗𝜗1,2 = 0). KT (2010) expect a negative effect of 
distance (𝛿𝛿 < 0) because affiliates rely on some source-country inputs and because the fixed set-up 
costs of FDI are assumed to increase with distance. This is in contrast to the positive distance effect 
suggested by the theory of the ‘proximity-concentration trade-off’ (PCT), introduced in Section 2.1.   

2.3. SECTOR HETEROGENEITIES IN THE DISTANCE ELASTICITY OF FDI 

The key hypothesis of this paper is that the distance elasticity of FDI differs across sectors. This reflects 
that HFDI and VFDI motives, which are likely to vary across sectors, imply different distance effects and 
geographical distance proxies for various aspects that differ by sector and motive. For example, 
transport costs are more relevant for the utilities sector, while a shared culture and language plausibly 
plays a larger role for services.  

The dominant FDI motive across sectors has not yet been systematically analysed within the gravity 
framework,7 but vertical motives should lead to a negative relation between distance and FDI as greater 
distance raises intra-firm trade costs. For sectors characterised by HFDI, however, the PCT framework 
predicts a positive effect of trade costs, and hence distance, on the absolute volume of HFDI and its 
share in total multinational activity (Alfaro and Chen, 2018; Egger and Pfaffermayr, 2001). Empirical 
evidence in favour of the PCT is, however, scarce and limited to the transport cost component of 

 

7  Previous studies on sectoral FDI hence provide only incidental evidence, particularly for HFDI in most service sectors 
and more vertical motives in manufacturing and business services (e.g. Buch et al., 2005; Kolstad & Villanger, 2008; 
Riedl, 2010). 
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distance.8 Most empirical studies find a gravity effect for HFDI, contradicting the PCT (Neary, 2009).9 KT 
(2010) try to rationalise this with HFDI requiring headquarter (HQ) inputs from the source country, but we 
do not consider this explanation to be fully satisfactory. Instead, we propose that predictions on the sign 
of the distance elasticity of FDI should be made at the sector level. This also relaxes the assumption of 
the PCT framework that HFDI is a perfect substitute of exporting (Castellacci, 2014) in all sectors. In 
non-tradable industries, for instance, exporting is either prohibitively expensive or entirely unviable 
(Ramasamy and Yeung, 2010). 

A central argument for considering sector heterogeneities is that distance captures a broader range of 
cost components beyond transport costs (Neary, 2009), which vary in relevance across sectors. These 
key components are outlined below. Each can be assumed to correlate with geographical distance 
(Hutzschenreuter et al., 2016), thereby contributing to the negative distance effect on HFDI while 
extending the explanation of KT (2010). 

(i) Trade costs. The core assumption of the PCT is that HFDI entirely bypasses transport costs, tariffs 
and non-tariff barriers (NTBs), where distance is commonly used to proxy physical trade costs. KT 
(2010) and Irarrazabal et al. (2013), however, argue that foreign affiliate production still relies on 
intra-firm trade for inputs from their headquarters, which incurs trade costs and leads to a negative 
distance effect on HFDI.  

(ii) Fixed cost of HFDI. According to KT (2010) and Irarrazabal et al. (2013), another argument for a 
negative distance effect is the fixed cost of HFDI. This fixed cost can be divided into the costs of 
evaluating a potential investment, plant set-up costs, and adaptation costs when starting to operate 
in the host country (Cezar and Escobar, 2015). 

(iii) Cultural distance, closely tied to language, historical relationships and taste. Lankhuizen et al. 
(2011) and Beugelsdijk et al. (2018) emphasise that cultural distance complicates business 
operations abroad, owing to different organisational practices and a lack of trust. Cultural similarity, 
in turn, is bolstered by geographical proximity, but also by historical ties and a shared language, 
each of which facilitate communication and foster trust (Ly et al., 2018).  

(iv) Institutional distance. Bénassy-Quéré et al. (2007), using economic freedom indices from the 
Fraser Institute, demonstrate that institutional distance in credit and labour market regulations 
negatively affects FDI. Cezar and Escobar (2015), employing an institutional distance index based 
on the Worldwide Governance Indicators (WGIs), further clarify that the negative effect occurs both 
at the extensive and the intensive margin of FDI: institutional distance reduces the likelihood of a 
firm investing abroad, as well as the volume of FDI among OECD countries.  

(v) Frictions for information flows. This component reflects both pre- and post-investment 
information frictions. Before entry, firms face costs related to evaluating foreign markets 

 

8  Brainard (1993; 1997) demonstrates that higher freight costs positively affect the share of affiliate sales in total sales. 
Similarly, Carr et al. (2001) find a positive effect of the host country’s trade cost index on the volume of real sales of US 
multinationals’ affiliates. In contrast, Yeaple (2003a) identifies a negative effect of freight costs on total sales of US 
affiliates. 

9  This evidence is, however, limited to aggregate data: Carr et al. (2001) report a distance elasticity of affiliate sales 
ranging from -0.8 to -1.8, a magnitude similar to gravity of trade (Head and Mayer, 2014). Aggregate gravity equations 
with different dependent variables confirm this effect, including Head and Ries (2008) for global bilateral mergers and 
acquisitions (M&A) data, Ramondo et al. (2015) for the affiliate revenues of US MNEs, and Alfaro and Chen (2018), who 
use a bilateral dataset of MNE entry decisions. 
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(Hashimoto and Wacker, 2016; Carballo et al., 2021), assessing risks (Baier and Welfens, 2019), 
understanding regulations (Markusen and Strand, 2009), and navigating screening mechanisms 
(Harding and Javorcik, 2011; Gregori and Nardo, 2021). After entry, frictions persist owing to 
reliance on knowledge transfer from the parent firm – such as managerial oversight, marketing, or 
R&D – which becomes more difficult as geographical distance increases (Keller and Yeaple, 2013; 
Head and Ries, 2008). 

We expect the relevance of these five distance components to vary across sectors. Therefore, we 
expect that the distance elasticity varies across sectors, which is particularly relevant for sectors that are 
typically subject to HFDI. Predictions for these sector-specific distance effects are formulated in the 
following section.  

2.4. SECTOR-SPECIFIC CONSIDERATIONS FOR THE DISTANCE ELASTICITY 

For sectors in which VFDI is likely to predominate, such as machinery or electronics manufacturing, 
geographical distance is expected to impede intra-firm trade, thereby exerting a clear negative effect on 
FDI, although with varying magnitude across sectors. As a notable exception, in R&D- or resource-
based sectors such as mining, where access to specialised knowledge clusters or natural resources is 
key, resource availability may outweigh geographical frictions, leading to a less pronounced distance 
effect on VFDI (Castellani et al., 2013; Buch et al., 2005). 

For sectors dominated by HFDI, the distance elasticity is more ambiguous and depends strongly on 
sector characteristics, as follows:  

(1) A small negative or even positive distance elasticity is expected in tradable sectors where exporting 
is a viable alternative and the PCT develops. In these sectors, the HFDI motive strengthens with 
greater distance, especially where sectoral transport costs are high (e.g. in agriculture). Similarly, a 
small negative or positive effect is predicted for sectors where distance is integral to the business 
model, such as hospitality (Falk, 2016). 

(2) A stronger negative distance elasticity is expected in: (i) sectors with high fixed set-up costs, such 
as utilities, or high adaptation costs, such as the energy sector, telecommunications infrastructure, 
or defence production; (ii) taste-dependent sectors that benefit from cultural proximity, such as the 
arts, entertainment and recreation industry; (iii) knowledge-intensive sectors that rely heavily on HQ 
inputs that are non-routine, difficult to codify and complex, such as legal services (Keller and 
Yeaple, 2013). In these sectors, firms face the PCT, but the gravity effect is likely to outweigh the 
positive distance effect.  

(3) The strongest negative distance effect is anticipated in non-tradable service sectors where the PCT 
does not apply – e.g. in-person services (Dossani and Kenney, 2007) or highly customised service 
sectors such as business-specific software, and financial and telecommunication services 
(Castellacci, 2014). 
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2.5. LIMITATIONS OF AGGREGATE GRAVITY MODELS 

These sector-level predictions highlight why it is problematic that FDI gravity models rely on data 
aggregated at the country level: the net effect of distance on FDI in an aggregate (or pooled) gravity 
model blends sector-specific effects, which result from the FDI motive and from the different distance-
related components.  

The trade literature has begun to assess this aggregation issue in gravity models. Breinlich et al. (2024) 
recently clarified that aggregate estimates provide an average of sectoral elasticities, weighted by the 
sector shares in total trade.10 However, as illustrated by our earlier Bangladesh-Malaysia versus Israel-
Malaysia example, such averages can lead to extremely misleading predictions on an aggregate level. 
Additionally, Imbs and Mejean (2015) highlighted an econometric bias in gravity models for trade.11  

This paper is the first to extend the aggregation issue to the FDI literature. It fills a gap in this literature 
by estimating KT’s (2010) gravity model at varying levels of aggregation, extending to the granular sub-
sector level. This approach enables a clearer understanding of sectoral heterogeneities in FDI motives 
and the distance elasticity. 

 

 

 

10  The weighted average derivation applies to conventional gravity equations that do not include any sector-level 
regressor. When estimating a gravity model for each sector individually, the samples vary, based on the country pairs 
where FDI occurs within that sector. However, the regressors, including the FEs, can still be interpreted as a set of 
dummies that remain constant across sectors, although their coefficients differ by sector (Breinlich et al., 2024). 

11  This bias (which itself is not the focus of our paper) emerges when sector- or product-level heterogeneity in aggregate 
regressions is mechanically absorbed by the residual, and creates a correlation between the residual and the regressor. 
This econometric bias gave rise to the term ‘elasticity pessimism’ (Orcutt, 1950), which refers to an underestimation of 
the price elasticity of imports in aggregate data. 
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3. Data and methodology 

3.1. A SECTORAL GRAVITY MODEL 

Based on the reduced-form gravity model of KT (2010) in eq. (1) and guided by the results of Breinlich et 
al. (2024), we first estimate a gravity model using data aggregated across sectors at the country-pair-
year level. This omits the sector dimension of the data and aligns with the aggregation level most 
commonly employed in the empirical literature (e.g. Schneider and Wacker, 2022).  

𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛼𝛼 + 𝛽𝛽1ln (𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡) + 𝛽𝛽2ln (𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗,𝑡𝑡) + 𝛿𝛿 ln (𝐷𝐷𝑖𝑖𝑖𝑖) + 𝜗𝜗1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖,𝑡𝑡 + 𝜗𝜗2ln (𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗,𝑡𝑡)
+ 𝒁𝒁𝑖𝑖,𝑡𝑡𝜃𝜃 + 𝒁𝒁𝑗𝑗,𝑡𝑡𝜐𝜐 + 𝒁𝒁𝑖𝑖𝑖𝑖,𝑡𝑡𝛾𝛾 + 𝒁𝒁𝑖𝑖𝑖𝑖𝜁𝜁 + 𝜑𝜑𝑡𝑡 + 𝜑𝜑𝑖𝑖 + 𝜑𝜑𝑗𝑗� × 𝜀𝜀𝑖𝑖𝑖𝑖,𝑡𝑡 

(2) 

𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡 is FDI from source country i in host country j in year t. The variables for whose parameters KT 
(2010) provide testable predictions regarding the FDI motive (Table 1) are included in explicit form: 
source and host GDP (log), bilateral distance (log), the skill endowment difference, and the sum of 
GDPs (log). Additionally, 𝒁𝒁𝑖𝑖,𝑡𝑡 (𝒁𝒁𝑗𝑗,𝑡𝑡) is a vector of control variables that vary across time and source (host) 
country, such as the exchange rate or the host country tariff. 𝒁𝒁𝑖𝑖𝑖𝑖,𝑡𝑡 captures controls that vary across time 
and country pair, such as distance in financial development or institutions, and 𝒁𝒁𝑖𝑖𝑖𝑖 captures time-
invariant bilateral variables, such as colonial ties. All variables and their data sources are presented in 
Section 3.3 and summarised in Table A3 in Appendix A.  

Breinlich et al. (2024) find that, when regressors are constant across sectors, estimates from aggregate 
or pooled sectoral models – where data are used at sector-level s but parameters are constrained to 
homogeneity – should be identical. In the second step, we hence estimate a pooled sectoral model to 
identify any potential econometric aggregation bias. Compared with eq. (2), this model includes additive 
sector FEs 𝜑𝜑𝑠𝑠. 

𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡
𝑠𝑠 = 𝑒𝑒𝑒𝑒𝑒𝑒�𝛼𝛼 + 𝛽𝛽1ln (𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡) + 𝛽𝛽2ln (𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗,𝑡𝑡) + 𝛿𝛿 ln (𝐷𝐷𝑖𝑖𝑖𝑖) + 𝜗𝜗1𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖,𝑡𝑡 + 𝜗𝜗2 ln�𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖,𝑡𝑡 + 𝐺𝐺𝐺𝐺𝐺𝐺𝑗𝑗,𝑡𝑡�

+ 𝒁𝒁𝑖𝑖,𝑡𝑡𝜃𝜃 + 𝒁𝒁𝑗𝑗,𝑡𝑡𝜐𝜐 + 𝒁𝒁𝑖𝑖𝑖𝑖,𝑡𝑡𝛾𝛾 + 𝒁𝒁𝑖𝑖𝑖𝑖𝜁𝜁 + 𝜑𝜑𝑡𝑡 + 𝜑𝜑𝑖𝑖 + 𝜑𝜑𝑗𝑗 + 𝜑𝜑𝑠𝑠� × 𝜀𝜀𝑖𝑖𝑖𝑖,𝑡𝑡 
(3) 

The results of this pooled model serve as a benchmark for comparison with the sector-specific effects 
estimated in the final step. We estimate eq. (3) for each sector individually (omitting sector FEs, which 
are captured in the constant for each sector). This results in 23 separate regressions.12 This approach 
allows all parameters of regressors and FEs to vary by sector, while the regressors themselves vary at 
the country or country-pair level but are constant across sectors. 

  

 

12  Table A2 displays all sectors with their description and their share in total assets. Sector 92, ‘public administration’, 
which provides too few observations for precise estimates, is excluded from the regressions, as is sector 99, 
‘unclassified establishments’. 
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3.2. ESTIMATION 

We use a non-linear Poisson Pseudo Maximum Likelihood (PPML) estimator with various FEs. Year FEs 
𝜑𝜑𝑡𝑡 eliminate the effect of common shocks that equally affect all country pairs or country-pair-sector 
combinations. Country (sector) FEs 𝜑𝜑𝑖𝑖, 𝜑𝜑𝑗𝑗 (𝜑𝜑𝑠𝑠) control for unobserved, time-invariant characteristics that 
are specific to each country (sector). This identification strategy represents a rather unrestrictive FEs 
specification in the gravity literature.  

More restrictive approaches are included as robustness checks. Country-pair FEs account for time-
invariant, and potentially endogenous, components of bilateral trade costs (Egger and Nigai, 2015), but 
absorb the effect of the distance variable, which is essential to our analysis. A second robustness check 
augments the gravity equation with source-year and host-year FEs to control for the structural 
multilateral resistance (MR) terms.13 As the theoretical interpretation of MR in the context of FDI is, 
however, ambiguous (Schneider and Wacker, 2022), and the country-time FEs absorb the effect of the 
market sizes, MR terms are not included in the baseline regressions.  

To address potential serial correlation in the error term, standard errors are clustered at the directional 
country-pair level, following the standard approach in the gravity literature (Egger and Tarlea, 2015).14 
Previous research on gravity models has identified heteroskedasticity in the error term as a major issue. 
Furthermore, bilateral trade and FDI data typically include many zeros, which are omitted in a log-linear 
transformation, leading to biased estimates (Helpman et al., 2008).15 To address these two issues, we 
estimate the gravity model using the PPML estimator, as implemented through the STATA command 
ppmlhdfe for high-dimensional FEs (Santos Silva and Tenreyro, 2006; Correia et al., 2020).  

3.3. DATA 

We use panel data ranging from 2010 to 2020 and spanning 145 countries.16 The final dataset combines 
the MREID with data from the Penn World Tables 10.0 (Feenstra et al., 2015), the CEPII gravity dataset 
(Conte et al., 2022), the World Development Indicators (World Bank, 2024a), the Fraser Institute (2024), 
Harms and Knaze (2021), and the International Monetary Fund (2024a). From the raw MREID, domestic 
investment was excluded, as well as observations where key gravity variables, particularly the skill 
difference variable, have missing values. The excluded countries are marked in Table A6. Eliminating 
observations with missing values reduces the total volume of assets by 13.37%. The final dataset 
includes data from 3,328 country pairs, comprising a total of 239,381 observations. Table A3 shows 
descriptions and data sources for all variables, and Table A4 presents summary statistics. 

  

 

13  MR reflects the idea that trade or FDI between two countries depends not only on their bilateral relationship but also on 
their relative remoteness from the rest of the world (Anderson and van Wincoop, 2003; Yotov et al., 2016). 

14  The need to cluster standard errors arises from the fact that a country-pair enters the sample several times, depending 
on the number of sectors and years in which FDI occurs within this pair (Castellani et al., 2013). 

15  The final dataset used contains 77,502 observations with zero total assets, which account for 32.38% of the data. 
16  Table A6 lists all countries included in the final dataset. The year 2021 is excluded from the analysis to prevent 

distortions caused by the COVID-19 pandemic. 
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3.3.1. Dependent variable 

Our dependent variable Y is total assets of foreign affiliates, which represents the sum of current assets 
and fixed assets on affiliates’ balance sheets.17 Total assets proxy the FDI stock, commonly used in the 
FDI literature because of its lower volatility compared with FDI flows and its reflection of multinational 
presence in an economy (Wacker et al., 2025). Although KT (2010) base their predictions on FAS rather 
than the FDI stock, Wacker (2013) and Wacker et al. (2025) document a high correlation between 
assets and sales, supporting the application of KT’s (2010) elasticities to total assets. For robustness, 
we also use the total operating revenue as an alternative dependent variable, maintaining alignment with 
KT’s (2010) FAS framework.  

We retrieve both dependent variables from the novel MREID (Ahmad et al., 2025), which aggregates 
operational firm-level data from Orbis and thereby addresses key limitations of traditional balance-of-
payments (BOP) statistics.18 BOP data track the net financial capital that parents provide their affiliates, 
but do not necessarily reflect real economic activity (Beugelsdijk et al., 2010). Typical reasons for this 
deviation are profit-shifting or tax engineering motives of phantom FDI (Damgaard et al., 2024). In 
contrast, operational data, assets or sales offer more accurate proxies for MNE’s real activities (Wacker, 
2013). Total assets capture FDI from both parent funding and external host-country sources, mitigating 
biases linked to affiliate capital structures and avoiding the underestimation of real activity often seen in 
BOP data (Markusen, 2002).  

The MREID’s most notable feature is that it is the first dataset to achieve this combination of 
comprehensive country and sector coverage across 25 two-digit NAICS sectors. In this paper, we focus 
on exploiting this sector disaggregation, although, when estimating eq. (2), we aggregate the data at 
country-pair-year level across sectors.19 Global heat maps in Figure A2 illustrate the broad country 
coverage.  

3.3.2. Explanatory variables 

Gravity variables. The key explanatory variables are KT’s (2010) gravity variables: we proxy the market 
size (GDP) of source and host country by real GDP at constant 2015 USD from the World Development 
Indicators. Population-weighted distance (D) is retrieved from the CEPII gravity dataset. The sum of source 
and host country real GDP (in log form) is used to proxy market demand. We use the Human Capital Index 
(HCI) of the Penn World Tables to construct a bilateral skill endowment difference variable that proxies 
relative factor endowment (SkEDiff). The HCI is based on the average years of schooling from Barro and 
Lee (2013). After forecasting the value for 2020 by a country-specific linear trend, we constructed the skill 
level difference by host minus source and use its absolute value to ensure that the variable increases in 
dissimilarity. Our approach is consistent with KT’s (2010) vertical model of FDI, in which high- and low-
 

17  In a robustness check, we use total assets deflated by the US GDP deflator (using the pl_gdpo series of the Penn World 
Tables) as the dependent variable for the pooled sectoral regressions from Panel B in Table 2. We thus follow 
Schneider and Wacker (2022) in using the price level of US GDP to deflate global nominal asset prices when they are 
combined in the model with real variables such as real GDP. The results prove to be highly robust to this adjustment 
(see Table B1 in Appendix B).  

18  For definition as an affiliate, the MREID uses an ownership threshold of 50.01%, in line with the IMF and OECD 
definition of FDI to establish a lasting interest by a resident entity of one economy in another (Organisation for Economic 
Co-operation and Development, 2020; International Monetary Fund, 2024b). 

19  This country-level dataset contains 49,115 observations.  
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skilled labour constitute the production factors. VFDI is expected to increase with high-skilled labour 
abundance of the source relative to the host country. We prefer this approach to using a direct measure of 
factor costs, such as local wages, as wages are extremely heterogeneous by industry and skill level and 
are not globally available at the sector level. The skill difference variable primarily captures inter-industry 
VFDI driven by large gaps in skilled labour endowment, but fails to identify intra-industry VFDI at closely 
related production stages, which depends on more granular comparative advantages (Alfaro and Charlton, 
2009). Additionally, the variable overlooks other factor endowment differences that can drive VFDI, such as 
capital abundance or environmental regulation differences, as highlighted by the pollution haven 
hypothesis (Rezza, 2013; Gerard and Chiappini, 2025). 

3.3.3. Control variables 

Surrounding market potential. Calculated as in eq. (4) (Schneider and Wacker, 2022), a positive effect 
of the SMP variable indicates the presence of export-platform FDI in the data, which occurs when a 
parent firm invests in a host country to serve third-party markets from there. The inclusion of SMP is 
critical, as its omission biases upwards the importance of the host country market size (Schneider and 
Wacker, 2022). 

𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖,𝑡𝑡 = �
𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑙𝑙𝑡𝑡
𝐷𝐷𝑖𝑖𝑙𝑙𝑗𝑗

𝐼𝐼

𝑖𝑖𝑙𝑙≠𝑖𝑖

, 
(4) 

where 𝐺𝐺𝐺𝐺𝐺𝐺𝑖𝑖𝑙𝑙𝑡𝑡 and 𝐷𝐷𝑖𝑖𝑙𝑙𝑗𝑗 are defined as under “gravity variables” above. 

Variables controlling for other distance components 

Trade costs. We proxy trade costs using the host country’s weighted mean applied tariff (log) from the 
World Bank (2024a). Higher tariffs increase trade costs, with a negative predicted effect on VFDI and an 
ambiguous effect on HFDI. To capture NTBs, we include a ‘contiguity’ dummy, set to one if source and 
host country share a border, as neighbouring countries often facilitate FDI through streamlined 
processes.  

Colonial relationships can reduce information frictions by shaping linguistic, legal, educational and 
social structures. From the CEPII gravity dataset, we include dummies for past colonial ties (post-1945), 
a common official language and a common coloniser after 1945, all of which can be expected to 
positively influence FDI.  

Institutional distance. We use the difference in the Fraser Institute’s (2024) Economic Freedom 
Summary Index between source and host country to proxy for institutional distance. Based on 
26 components across five areas – legal system, size of government, sound money, freedom to trade 
and regulation – this index (scaled 0-10) is expected to show a negative effect on FDI.  
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International finance variables 

Exchange rates (XRs) and volatility. XRs influence international asset prices and FDI by affecting 
relative investor wealth in imperfect capital markets (Froot and Stein, 1991). This wealth effect depends 
on the direction of the XR movement and the FDI type (Blonigen, 1997). XR volatility adds uncertainty 
about the return, but its impact on FDI remains ambiguous (Lee and Min, 2011). Harms and Knaze 
(2021) show that higher expected XR volatility (i.e. more flexible XR regimes) makes exporting more 
attractive than HFDI, while no clear prediction exists for VFDI. We include official XRs for host and 
source country from the World Development Indicators and the bilateral de jure XR regime index by 
Harms and Knaze (2021). However, no clear predictions regarding the expected signs emerge from the 
literature.  

Distance in financial development. Although financial development generally boosts FDI (e.g. 
di Giovanni, 2005; Bilir et al., 2019), Donaubauer et al. (2021) find that bilateral FDI increases when both 
host and source countries have well-developed financial markets. We therefore include the difference in 
the IMF Financial Development Index (International Monetary Fund, 2024a), expecting a negative effect 
on FDI.  

Appendix A presents and discusses descriptive statistics of our sample, including moments of the 
variables, top ten source and host countries, and Sankey plots. 
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4. Empirical results 

Section 4.1 compares the results of the aggregate and the pooled sectoral gravity model, evaluating the 
predominant FDI motive in the data. Section 4.2 analyses the results of the sector-specific gravity 
regressions in relation to the estimates from the pooled model, revealing how the latter masks sector 
heterogeneities in both the FDI motive and distance elasticity. 

4.1. AGGREGATE VERSUS POOLED SECTORAL MODEL 

The key finding in this section is that PPML estimates remain largely insensitive to the use of aggregate 
data versus pooled sectoral data with parameters constrained to homogeneity. Table 2 presents this result 
by contrasting the aggregate model (Panel (a)), where data are aggregated up to the country-level, with the 
pooled sectoral model (Panel (b)). Confirming Breinlich et al. (2024), the estimated coefficients and 
standard errors are invariant to the level of aggregation, with only minor changes in the coefficients when 
going from column (1) to (3) or column (2) to (4). Hence, there is no evidence for an econometric 
aggregation bias in this particular case, which does not allow for heterogeneity across sectors.20 

Based on the full specification of the pooled sectoral model in col. (4), a HFDI motive appears to be 
dominant in the data, which is consistent with previous literature. However, there is no unequivocal 
support for the theoretical predictions from Table 1. This discrepancy could stem from homogenous 
parameters that pool sector-specific effects and mask the true underlying FDI motives at the sector level.  

The coefficients of source and host GDP are both positive and significant, although the host GDP 
estimate notably deviates from the unitary elasticity predicted for HFDI.21 The positive coefficient of 
source country GDP contradicts the VFDI prediction. As expected, the distance elasticity is negative. 
The sign contradicts the PCT argument, but does not permit a distinction between VFDI and HFDI. This 
elasticity remains robust when controlling for additional distance components (col. (3) versus col. (4)). 
None of these proxies is significant, which may reflect a blending of sector-specific effects that 
potentially offset one another. The highly significant negative coefficient for skill endowment differences 
challenges the VFDI motive, as greater endowment differences are expected to incentivise efficiency-
seeking VFDI. A vertical motive is further rejected by the negative sign of the sum of GDPs coefficient. 
Yet, both coefficients also fail to align with HFDI. In line with Schneider and Wacker (2022), we find 
evidence for export-platform FDI, as indicated by the positive and significant effect of the SMP variable.  

  

 

20  Notably, when including country-pair FEs (see Table B3 in Appendix B), aggregate and pooled estimates are almost 
identical, as the FEs account for a varying number of sectors across country pairs.  

21  Notably, when using revenue as the dependent variable, in a robustness check displayed in Table B4, these 
two coefficients move closer to unity, suggesting that the horizontal motive is stronger when using the FAS proxy as a 
measure of FDI. 
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Table 2 / Aggregate and pooled sectoral gravity model. Dependent variable: Total assets 

 Panel (a): Aggregate model Panel (b): Pooled sectoral model 
 (1) (2) (3) (4) 
DV: 
Total assets 

Aggregated at 
country level 

 

Aggregated at  
country level 
With controls 

NAICS 
2-digit level 

 

NAICS 
2-digit level 

With controls 
Source GDP (log) 1.286** 1.451** 1.292** 1.417** 
 (0.538) (0.639) (0.538) (0.642) 
Host GDP (log) 1.997*** 1.817*** 1.996*** 1.811*** 
 (0.327) (0.355) (0.323) (0.353) 
Distance (log) -0.641*** -0.649*** -0.548*** -0.570*** 
 (0.100) (0.120) (0.0969) (0.117) 
(abs.) Skill endowment diff.  -0.662*** -0.695*** -0.771*** -0.785*** 
 (0.199) (0.225) (0.204) (0.235) 
Sum of GDPs (log) -0.285 -0.384* -0.327 -0.416* 
 (0.203) (0.231) (0.215) (0.242) 
Surr. market potential (log) 0.970* 2.162*** 0.864* 2.005*** 
 (0.521) (0.571) (0.448) (0.530) 
Common coloniser  0.335  0.253 
  (0.399)  (0.391) 
Colonial relationship  0.516  0.150 
  (0.317)  (0.324) 
Common off. language  0.178  0.203 
  (0.230)  (0.220) 
Contiguity  0.439  0.432 
  (0.270)  (0.267) 
XR of host country  0.000100*  9.48e-05 
  (6.07e-05)  (5.88e-05) 
XR of source country  -6.88e-06  5.57e-06 
  (3.46e-05)  (3.76e-05) 
XR regime (de jure)  0.0370  0.0471 
  (0.0314)  (0.0306) 
Dist. in financial development  -0.873  -0.853 
  (0.741)  (0.735) 
Dist. Economic Freedom Index  -0.121  -0.118 
  (0.105)  (0.104) 
Host country tariff (log)  -0.0413  -0.0410 
  (0.0489)  (0.0491) 
Constant -34.84*** -45.50*** -32.54*** -45.18*** 
 (11.30) (13.45) (10.86) (13.20) 
     
N 36,095 30,903 239,276 214,155 
Country pairs 3,337 3,211 3,337 3,211 
Pseudo R2 0.851 0.874 0.601 0.765 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Panel (a) regressions are estimated using eq. (2), Panel (b) regressions using eq. (3) with parameters constrained to 
homogeneity across sectors. Panel (a) regressions include additive year, host and source country FEs, while Panel (b) 
regressions additionally include additive sector FEs. All regressions include additive FEs for outlier country pairs (see 
Appendix A). N decreases, owing to missing values in some control variables. Additional observations are automatically 
dropped from the PPML estimation that singletons. 



 EMPIRICAL RESULTS  27 
 Working Paper 268   

 

Robustness checks validate the baseline model’s findings. These checks include using revenue as the 
dependent variable (Table B4), controlling for multilateral resistance (Table B5), and introducing one-period 
lags of the time-varying main regressors to address potential reverse causality (Table B6), as, for instance, 
FDI might boost current GDP via productivity spillovers (Riedl, 2010).22 F-tests on joint insignificance of the 
main gravity variables reject the null hypothesis that their combined effect is equal to zero (Table B8, 
Table B10). Furthermore, Ramsey regression specification error tests (RESETs) yield no evidence of 
general misspecification (Table B7, Table B9), which lends credibility to the robustness of our results.  

The results in this section rule out an econometric aggregation bias. However, the overall findings from 
the pooled model do not provide a definitive conclusion regarding a dominant FDI motive and 
unambiguous distance elasticity in the data. This ambiguity could arise from sector-specific effects that 
are explored in the next section.  

4.2. SEPARATE REGRESSIONS AT SECTOR LEVEL 

Estimating eq. (3) individually for each of the 23 sectors reveals substantial sector heterogeneity in the 
FDI determinants, especially in the distance elasticity.23 Figure 1 illustrates this variation of parameters 
across sectors. It shows kernel density plots for the distribution of the total estimated main gravity 
coefficients for each of the 2-digit level sectors, together with the aggregate and pooled estimates as a 
red and green line, respectively. The plots visually display the key result of the previous section, as they 
demonstrate that the aggregate and pooled estimates align closely with one another. Additionally, 
confirming Breinlich et al. (2024), both estimates lie reasonably close to the mode of most sector-level 
coefficient distributions.  

The sector-specific gravity regressions do not pinpoint any sub-sector where FDI clearly adheres to a 
purely horizontal or vertical motive. This result emerges when comparing the coefficients of the sector-
specific regressions (Table B11) with the predictions in Table 1. This ambiguity surrounding the FDI 
motive, which remains when estimating at sector level, is likely due to methodological limitations. The 
parameters of the reduced-form gravity model do not provide perfect indicators for a clear-cut classification 
into HFDI and VFDI. Additionally, the 2-digit disaggregation of the dataset is still quite coarse, for instance 
masking intra-industry VFDI (Alfaro and Charlton, 2009). Finally, the mixed results may reflect the hybrid 
strategies of complex FDI, which are not captured by the binary horizontal-vertical framework.  

Below, we discuss results for the distance elasticity, which, as expected, stands out as one of the 
elasticities with the greatest sectoral heterogeneity. 

  

 

22  Even with lagged regressors, past values of the regressor may still be correlated with the error term in the current 
period, especially if feedback effects occur over time. Fully controlling for reverse causality thus requires an instrumental 
variable approach (Wooldridge, 2020).  

23  The results of the 23 sector-specific regressions are presented in Table B11 in Appendix B.  
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Figure 1 / Distribution of key gravity parameters across sectors (kernel density plots) 

 
Notes: The figure shows the distribution of parameter estimates obtained from regression of eq. (3) performed for each of 
the 23 NAICS 2-digit sectors individually. The detailed regression results can be found in Table B11. The weighting function 
used in the kernel density estimation is Epanechnikov kernel. The red dashed line is the aggregate estimate from Table 2, 
col. (2), and the green line is the pooled estimate from Table 2, col (4). 

4.2.1. The distance elasticity of FDI 

Figure 2 compares the 23 sector-level coefficients to the pooled distance elasticity from Table 2. The 
sectoral elasticities are widely dispersed; this is obscured by the aggregate or pooled gravity model. 
Sectors with substantial deviations from the pooled estimate – those where the confidence intervals 
(CIs) do not overlap – are highlighted in green. Panel (a) shows the distance coefficients from the sparse 
regression, only with the main gravity variables. In this model, distance is likely to capture the combined 
effects of multiple related components, the relevance of which varies across sectors. The regressions in 
Panel (b) control for the variables that proxy for such components (e.g. for institutional distance), to 
examine whether the effect of geographical distance changes. As discussed in Section 4.1, at the 
aggregate and pooled levels, the distance effect remains highly robust to adding these variables. At the 
sector level, we observe some changes between Panel (a) and Panel (b), but only for a few sectors. 
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Figure 2 / Sector-specific coefficient of bilateral distance (log) with 95% CIs 

(a) Pure model (b) Full model, including other distance components 

 
Notes: The coefficients are retrieved from regression of eq. (3) separately for each of the 23 NAICS 2-digit sectors. The 
sector classification can be found in Table A2. The regression in Panel (a) only includes the main KT (2010) gravity 
variables, the regression in Panel (b) includes all other distance-related components and the full set of controls. The pooled 
estimate is indicated by the red line, with the 95% CIs as the shaded area. 

In Panel (b), sector 49, ‘warehouse and storage’, stands out with a positive distance coefficient. A 
vertical motive explains this positive effect: MNEs invest in local warehouses to manage decentralised 
inventories, reduce supply-chain risks and ensure faster deliveries. The further the target market is from 
the production site, the stronger the incentive for such vertical FDI. Consistent with prediction (3) in 
Section 2.4, in Panel (a) we see a more pronounced negative distance effect in the non-tradable sectors 
22, ‘utilities’, 48, ‘transportation’, and 81, ‘other services’. In these sectors, exporting is not viable and 
firms do not face the PCT, leading to an unambiguously negative distance effect. For instance, services 
such as electricity and water (Jenkins et al., 2011), and in-person activities such as repairs (sector 81) or 
transport (sector 48) must be provided locally, necessitating HFDI.  

In the utilities sector, several factors add to the strong negative distance effect. High transport costs for 
resources such as natural gas deter VFDI, reinforcing the non-tradable nature of utilities (Knutsson and 
Flores, 2022). For horizontal FDI in utilities, fixed entry and adaptation costs are substantial, and tend to 
increase with distance. Setting up infrastructure from scratch involves high instalment and sunk costs 
(Bergara et al., 1998). Additionally, utilities FDI is frequently subject to regulatory barriers and 
investment screening, owing to its systemic importance (Rajavuori and Huhta, 2020). In turn, investors 
often demand high government accountability and political stability to mitigate risks of opportunistic 
behaviour by local governments (Mahbub and Jongwanich, 2019). This adds to the informational and 
organisational costs, which are partly reflected in geographical distance, explaining its negative effect on 
FDI. The negative effect weakens in Panel (b) when controlling for institutional distance and colonial ties, 
indicating that distance captures these factors. 

Kolstad and Villanger (2008) identify a VFDI component in business services. The strong negative 
distance effect in the operational business services sector (sector 56) aligns with the theoretical 
prediction for VFDI. Also, the effect for knowledge-intensive business services (sector 54) shows a 
downward deviation from the pooled estimate. Controlling for colonial ties in Panel (b), which are 
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particularly relevant for language- and knowledge-intensive sectors, substantially diminishes the 
negative effect for both business services sectors.  

These results support our notion that the predicted positive distance effect from the PCT can be 
empirically rejected. However, KT’s (2010) assumption that distance solely reflects entry costs and  
HQ-affiliate input linkages is too simplistic.  

To formally test whether the visual sector heterogeneities in Figure 2 correspond to the sector group 
considerations from Section 2.4, we employ an interaction model with dummies for the following 
six sector groups. Group 1 consists of highly tradable manufacturing sectors (31-33). Group 2 contains 
sectors in which the business model centres on distance (warehouse and storage (49) and 
accommodation and food services (72)). These two groups are both related to prediction (1). Group 3 
contains sectors with particularly high fixed set-up or adaptation costs (mining, oil and gas extraction 
(21) and utilities (22)), related to prediction (2 i). Group 4 contains the taste-driven arts, entertainment 
and recreation sector (71), related to prediction (2 ii). Group 5 contains business services sectors (54, 
56), related to prediction (2 iii). Group 6 contains non-tradable in-person services sectors (transportation 
(48) and ‘other services’ (81)) as well as financial services (sector 52), related to prediction (3). We 
augment the pooled sectoral model from eq. (3) to include a summation term which captures interaction 
terms between the distance variable 𝐷𝐷𝑖𝑖𝑖𝑖 and six dummy variables, 𝑆𝑆𝑘𝑘=1,…,6, one for each of the six sector 
groups. This interaction model can be written as follows:  

𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡
𝑠𝑠 = 𝑒𝑒𝑒𝑒𝑒𝑒 �𝛼𝛼 + 𝑿𝑿𝑖𝑖,𝑡𝑡𝛽𝛽 + 𝑿𝑿𝑗𝑗,𝑡𝑡𝜋𝜋 + 𝑿𝑿𝑖𝑖𝑖𝑖,𝑡𝑡𝜗𝜗 + 𝛿𝛿 ln (𝐷𝐷𝑖𝑖𝑖𝑖) + �(𝐷𝐷𝑖𝑖𝑖𝑖 × 𝑆𝑆𝑘𝑘)𝜆𝜆𝑘𝑘

6

𝑘𝑘=1

+ 𝒁𝒁𝑖𝑖,𝑡𝑡𝜃𝜃 + 𝒁𝒁𝑗𝑗,𝑡𝑡𝜐𝜐 + 𝒁𝒁𝑖𝑖𝑖𝑖,𝑡𝑡𝛾𝛾 + 𝒁𝒁𝑖𝑖𝑖𝑖𝜁𝜁

+ 𝜑𝜑𝑡𝑡 + 𝜑𝜑𝑖𝑖 + 𝜑𝜑𝑗𝑗 + 𝜑𝜑𝑠𝑠� × 𝜀𝜀𝑖𝑖𝑖𝑖,𝑡𝑡, 

(5) 

where 𝑿𝑿𝑖𝑖,𝑡𝑡, 𝑿𝑿𝑗𝑗,𝑡𝑡, 𝑿𝑿𝑖𝑖𝑖𝑖,𝑡𝑡  and 𝐷𝐷𝑖𝑖𝑖𝑖 contain the gravity variables, 𝒁𝒁 and 𝜑𝜑 contain the control variables and FEs, 
and 𝜆𝜆𝑘𝑘  captures the parameters of the interaction terms, and thus the differential effects of the distance 
variable for each of the six sector groups relative to the remaining sectors. The regression results are 
reported in Table B12. An F-test on joint insignificance (Table B13) finds no systematic improvement in 
explanatory power compared with the reduced pooled gravity model without interactions. This suggests 
that the distance elasticity does not vary meaningfully across the six sector groups. The observed 
heterogeneity in Figure 2 appears to reflect rather random variation around the pooled estimate, with the 
exception of sector group 4 (arts and entertainment), where a negative interaction coefficient is 
significant at the 10% level. However, when the distance variable is interacted with 22 individual sector 
dummies (sector 81, ‘other services’, as base category), the F-test shows a systematic improvement in 
explanatory power.24 This formal econometric test thus confirms systematic variation in the distance 
elasticity across individual sectors. This variation is exemplified by the Malaysian warehouse and 
storage sector in Section 1. Despite this evidence for sector-specific heterogeneity, further refinement of 
theoretical sector categories is needed to determine whether this variation aligns with theory. 

Overall, this section reveals sector heterogeneity in the distance elasticity, which is obscured in 
aggregate or pooled models. The heterogeneity stems from both underlying FDI motives and other 
distance-related factors, the relevance of which varies across sectors.  

 

24  The regression results are presented in Table B14 and the F-test in Table B15. 
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5. Conclusion 

This paper examines whether aggregate or pooled gravity models mask sector heterogeneities in FDI 
motives, i.e. horizontal versus vertical FDI, and the distance elasticity of FDI. We anticipate sectoral 
variations in the distance elasticity, because the distance effect varies by FDI motive, and because the 
importance of different aspects covered broadly by distance is likely to differ across sectors. The study 
leverages the novel MREID by Ahmad et al. (2025), which provides operational FDI data at the 2-digit 
NAICS level for 145 countries over the period 2010-2020. Using this dataset, supplemented with gravity 
variables, the reduced-form gravity model of Kleinert and Toubal (2010) is estimated at three levels of 
aggregation: (i) aggregated at the country-pair level, (ii) at the sector level but with parameters 
constrained to homogeneity, and (iii) for all 23 sectors separately, allowing for full parameter 
heterogeneity. The gravity model’s testable predictions are used to identify the dominant FDI motive and 
to examine variations in the distance elasticity.   

The central finding of this paper is that neither a clear horizontal nor vertical FDI motive emerges from 
the conventional aggregate or pooled sectoral models. The ambiguity in the baseline models stems 
primarily from parameter homogeneity, while any econometric bias from aggregating data at the country-
pair level is negligible. Notably, enforcing homogeneity in the distance elasticity across sectors conceals 
significant heterogeneity. This likely heterogeneity arises from both underlying FDI motives and from 
other distance-related factors, such as cultural distance, which vary in importance across sectors. 
However, we could not prove that the heterogeneities follow the theory-driven pattern that results from 
our economic reasoning.  

This paper makes two key contributions to existing research. First, it exploits a global, sector-level 
dataset, marking a decisive advance in meeting the data requirements necessary for identifying FDI 
motives. Second, it introduces a novel methodological approach that combines KT’s (2010) gravity 
model with a systematic aggregation framework for gravity models based on recent findings from the 
trade literature. By addressing a critical gap in the FDI literature, which has traditionally been limited to 
aggregate-level analyses or narrow industry case studies (Hecock and Jepsen, 2014), this study 
provides a more nuanced and robust understanding of FDI determinants.  

Sector-specific FDI motives should be seen as indicative tendencies rather than clear-cut classifications, 
owing to methodological limitations in identifying FDI motives, pointing to important future research paths. 
One limitation of KT’s (2010) methodology is the strict distinction between HFDI and VFDI, which does not 
align well with the reality of hybrid strategies such as ‘complex FDI’. Additionally, even within the horizontal-
vertical dichotomy, the current model parameters lack precision in providing definitive classifications. The 
skill difference variable only captures traditional inter-industry VFDI, driven by large gaps in skilled labour, 
and does not account for comparative advantages in other factors, such as environmental regulation (e.g. 
Gerard and Chiappini, 2025). The model, therefore, misses non-traditional VFDI strategies relevant to 
certain sectors. Addressing these limitations requires more granular measures of comparative advantage, 
accounting for the factor intensities of sector-specific production technologies.  



32  CONCLUSION  
   Working Paper 268  

 

These challenges highlight the need for a theoretical refinement of gravity models for FDI. Sector-
specific motives should be integrated into models by adding sector-level regressors, along with country-
level variables, such as market size. Parameter predictions for these regressors must be revised to 
enable empirical parameter tests. Model refinements should further go beyond the horizontal-vertical 
dichotomy, for example by incorporating SMP.  

Identifying FDI motives is further complicated by the limitations of MREID. The dataset specifies the 
sector of the affiliate, but not the parent firm, complicating a granular data-driven differentiation between 
HFDI and VFDI that relies on firm- or plant-level data. Accurate identification of intra-industry VFDI 
requires 4-digit level disaggregation and data on foreign subsidiaries’ sales and input purchases (Alfaro 
and Charlton, 2009). Additionally, the MREID data’s overreliance on finance and management sectors 
raises concern. Our sector-level approach helps to separate such sectors, while sector imbalances are 
obscured in aggregate data that is commonly used in previous studies. 

Our paper finds a negative distance elasticity for both HFDI and VFDI, masking sector-specific variation. 
However, we could not reconcile these heterogeneities with sector groups based on a priori economic 
reasoning. Further refinement of theoretical predictions for sector group-specific effects is needed, 
alongside rigorous econometric model selection. Additionally, various distance-related components were 
controlled for in the regressions. Future research should refine gravity models to explicitly account for 
these components and estimate their sector-specific effects. 

A key question for future research is whether the focus should shift from the sector level to the firm level 
when examining FDI motives, given the firm-specific as well as industry-specific nature of production 
technologies. Buch et al. (2005) identify firm heterogeneity in determinants of German outward FDI, for 
example in the host market size. A firm-level perspective could further enhance our understanding of the 
distance elasticity. Bricongne et al. (2023) show that, across French firms, the distance effect varies by 
product category. However, firm-level studies remain limited to a few source countries (Forte and Silva, 
2017). Expanding global, publicly accessible firm-level FDI datasets could enable deeper insights into 
micro-level FDI dynamics. 

The sector heterogeneities identified in this thesis express a clear need for sector-specific FDI policies. 
A sectoral approach throughout the investment lifecycle is crucial to align a country’s comparative 
advantages with the determinants of FDI in each sector. For example, VFDI in business services 
requires a reduction of barriers to intra-firm trade, while HFDI in utilities benefits from policies that lower 
entry costs. Additionally, FDI’s impact on the host economy varies by motive and sector (Beugelsdijk et 
al., 2008). Countries aiming for economic upgrading through technology spillovers and high-skilled job 
creation, for instance, should tailor policies to attract VFDI in knowledge-intensive sectors (Blalock and 
Gertler, 2008). Although institutions such as the World Bank traditionally emphasise a sectoral approach 
(e.g. World Bank, 2006), this remains rather disconnected from academic research. Our introductory 
example of Bangladesh-Malaysia versus Israel-Malaysia reveals how aggregate models can mislead 
predictions. Thus, there is an urgent need to develop a genuinely sectoral gravity model to guide 
evidence-based policy making, particularly in developing countries where FDI is a crucial development 
strategy (World Bank, 2024c). 
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Appendix 

APPENDIX A: DATA AND DESCRIPTIVES 

Table A1 / Comparison of the two traditional motives for FDI 

  Horizontal FDI Vertical FDI 
 Strategy Duplicate activities at the same production 

stage abroad (with the same factor intensity 
of production) 

Geographically fragment activities by factor 
intensities  

Example Duplicate assembly in a foreign country  Produce a specific intermediate in a plant abroad 

Tr
ad

e-
of

f 

Benefits › Firm-level economies of scale 
› Better market access 
› Economise on trade costs 
› Strategic advantage over local competitors 

› Lower production costs by exploiting factor 
endowment differences 

Costs › Plant-level economies of scale forgone › Economies of integration forgone 
› Intra-firm trade and transaction costs 

Notes: Compilation based on Navaretti and Venables (2004). 

Table A2 / Sector coverage of the MREID 

NAICS 2-digit code Sector name  Share of total assets 
(%) 

Share of observations 
(%) 

11 Agriculture, forestry, fishing and hunting  0.11 2.29 
21 Mining, oil and gas extraction  2.47 2.69 
22 Utilities  1.69 3.09 
23 Construction  0.80 4.99 
31 Food and textile manufacturing  1.41 4.67 
32 Materials manufacturing  2.57 6.24 
33 Finished product manufacturing  4.29 6.63 
42 Wholesale trade  3.16 9.20 
44 Food and beverage stores  0.44 4.02 
45 Miscellaneous store retailers  0.20 2.73 
48 Transportation  0.70 5.07 
49 Warehouse and storage 0.07 2.00 
51 Information  1.69 4.32 
52 Finance and insurance  5.31 6.46 
53 Real estate  2.36 5.53 
54 Professional, scientific and technical services  2.20 7.91 
55 Management of companies  27.43 4.71 
56 Administrative and support, and waste 

management and remediation services  
2.12 5.54 

61 Educational services  0.02 1.45 
62 Health care and social assistance  0.18 1.97 
71 Arts, entertainment and recreation  0.22 1.71 
72 Accommodation and food services  0.26 0.31 
81 Other services (except public administration) 0.31 3.30 
92 Public administration  0.20 0.39 

Notes: Taken from Executive Office of the President, Office of Management and Budget (2024). Primary sector in orange; 
secondary sector in blue; tertiary sector in green. 
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Table A3 / Description of variables and their sources 

Variable Definition Source 
Total assets Total assets, i.e. the sum of current and fixed assets, 

including intangibles (in mn USD) 
MREID dataset Release 1 (Ahmad 
et al., 2025). 

Revenue Operating revenue turnover, excluding taxes (in mn USD) MREID  
Gravity variables   
GDP Real GDP at constant 2015 mn USD  World Development Indicators 

database 
(World Bank, 2024a). 

Distance Population-weighted distance between most populated 
cities (harmonic mean) 

CEPII gravity dataset 202211 
version 
(Conte et al., 2022).  

Skill endowment 
difference 

Skill endowment levels are measured by the Human Capital 
Index. Source index is subtracted from host index. The 
absolute value of this difference is used.  

Penn World Table 10.01 (Feenstra 
et al., 2015). 
Values for 2020 are forecast based 
on a country-specific linear trend. 

Surrounding market 
potential  

The surrounding market potential is calculated as the sum 
of the GDPs of all neighbouring countries, weighted by the 
inverse of their distances, excluding the source and host 
countries, for each year. 

GDP from the World Development 
Indicators and distance from the 
CEPII gravity dataset 

Control variables for other dimensions of distance 
Tariff Weighted mean applied tariff of the host country  World Development Indicators 

database 
Common coloniser (post-
1945) 

Dummy variable equal to one if a pair had a common 
coloniser after 1945 

CEPII gravity dataset 

Common official 
language 

Dummy variable equal to one if a pair shares the same 
official language 

CEPII gravity dataset 

Colonial relationship 
(post-1945) 

Dummy variable equal to one if a pair had a colonial 
relationship after 1945 

CEPII gravity dataset 

Contiguity Dummy variable equal to one if a pair has a common border CEPII gravity dataset 
Institutional distance  Measured as the difference in the Economic Freedom 

Summary Index, which is based on 26 components in the 
five areas of size of government, legal system, sound 
money, freedom to trade and regulation. Source index is 
subtracted from host index.  

Fraser Institute (2024) 

International finance variables 
Exchange rate Official exchange rate in local currency per USD calculated 

as an annual average based on monthly averages. The XR 
is defined as local currency units per USD. Hence, the 
variable rises with local currency depreciation. 

World Development Indicators 
database 

De jure exchange rate 
regime 

De jure exchange rate regime based on the IMF’s Annual 
Report on Exchange Arrangements and Exchange 
Restrictions. The index ranges from 1 to 10 (1 = hard peg; 
10 = free floating) 

Harms and Knaze (2021). 

Distance in financial 
development 

Based on the Financial Development Index by the IMF 
(2024a), which ranks countries according to the depth, 
access, and efficiency of their financial institutions and 
markets. The source index is subtracted from the host 
index. 

Financial Development Index 
Database (IMF, 2024a).  

Notes: Own compilation. 
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Figure A1 / Residuals plotted against predicted values from PPML regression with pooled 
sectoral data with inclusion of full controls 

 
Notes: Observations marked as outliers if the corresponding residual exceeded the value of 2,000,000. 

Table A4 / Summary statistics 

Variable  Obs.  Mean  Std. Dev.  Min.  Max. 
 Total assets (mn USD) 239,381 2,223.686 40,335.498 0 5,921,893 
 Operating revenue (mn USD) 239,381 588.347 5,074.737 0 1,113,036.3 
 Source GDP (USD m) 239,381 2,357,310.5 4,395,426.9 1,240.786 20,136,688 
 Host GDP (USD m) 239,381 1,606,296.3 3,484,076.6 1,986.736 20,136,688 
 Weighted distance  239,381 5,070.22 4,518.032 55 19,571 
 Absolute skill difference 239,381 .499 .413 0 2.731 
 Sum of GDPs (log) 239,381 14.444 1.273 8.834 17.355 
 Surr. market potential (log) 239,381 9.72 .66 .273 10.821 
 Common coloniser 239,381 .028 .165 0 1 
 Common language 239,381 .148 .355 0 1 
 In colonial relationship (post-1945) 239,381 .034 .18 0 1 
 Contiguity 239,381 .099 .299 0 1 
 XR host country 239,271 360.203 2,445.437 .276 42,000 
 XR source country 239,379 136.088 1,400.618 .276 42,000 
 De jure XR regime 226,431 8.186 3.261 1 10 
 Dist. in financial development 239,175 -.094 .284 -.878 .847 
 Dist. in economic freedom 239,194 .208 1.037 -4.99 4.81 
 Host country tariff (%) 227,924 2.653 2.086 0 23.97 

Notes: The data sources of the different variables are listed in Table A3. 
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Table A5 / Pairwise correlation matrix of regression variables 

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) 
(1) Total assets 1.000                 
(2) Source GDP (log) 0.052 1.000                
(3) Host GDP (log) 0.038 -0.028 1.000               
(4) Distance (log) 0.002 0.277 0.228 1.000              
(5) Abs. skill difference -0.019 0.141 0.070 0.301 1.000             
(6) Sum of GDPs (log) 0.057 0.702 0.548 0.391 0.196 1.000            
(7) SMP (log) 0.010 -0.118 0.004 -0.371 -0.267 -0.157 1.000           
(8) Common coloniser -0.006 -0.173 -0.118 -0.089 0.046 -0.208 -0.126 1.000          
(9) Colonial relationship  0.003 -0.055 0.017 0.043 0.139 0.029 -0.053 -0.032 1.000         
(10) Common language 0.038 -0.033 0.044 -0.005 0.071 0.030 -0.190 0.167 0.228 1.000        
(11) Contiguity 0.009 -0.079 -0.011 -0.488 -0.168 -0.092 0.064 0.017 0.015 0.200 1.000       
(12) XR host country -0.006 0.037 -0.048 0.059 0.075 -0.019 -0.090 -0.018 0.005 -0.045 -0.025 1.000      
(13) XR source country -0.004 -0.024 0.040 0.023 0.062 0.002 -0.011 -0.007 0.004 -0.025 -0.005 0.004 1.000     
(14) De jure XR regime 0.006 0.157 0.138 0.411 0.130 0.184 -0.202 -0.053 0.048 0.009 -0.177 0.060 0.041 1.000    
(15) Dist. in fin. dev. 0.005 -0.397 0.532 -0.024 -0.054 0.015 0.189 0.064 0.067 0.089 0.081 -0.136 0.099 -0.042 1.000   
(16) Dist. in economic freedom -0.006 0.057 -0.098 0.043 0.079 -0.007 -0.271 -0.042 -0.021 -0.052 -0.034 0.203 -0.133 0.062 -0.600 1.000  
(17) Host country tariff (log) -0.009 0.023 0.095 0.067 0.153 0.093 -0.250 -0.079 0.038 -0.077 0.014 0.073 -0.034 0.128 -0.196 0.464 1.000 

Notes: The data sources of the different variables are listed in Table A3. 
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Table A6 / List of countries in dataset, ISO-3-code in parentheses 

East Asia and 
Pacific 

Europe and 
Central Asia 

Latin America 
and the 

Caribbean 

Middle East 
and North 

Africa 

North 
America 

South Asia Sub-Saharan Africa 

Australia (AUS) Albania (ALB) Aruba (ABW)* United Arab 
Emirates (ARE) 

Canada 
(CAN) 

Bangladesh 
(BGD) 

Angola (AGO) 

Brunei (BRN) – 
only source 

Andorra (AND)* Anguilla (AIA)* Bahrain (BHR) United 
States 
(USA) 

India (IND) Burundi (BDI) – only 
source 

China (CHN) Armenia (ARM) Argentina (ARG) Djibouti (DJI)*  Sri Lanka (LKA) Benin (BEN) – only source 
Fiji (FJI) Austria (AUT) Antigua and 

Barbuda (ATG)* 
Algeria (DZA) Nepal (NPL)* Burkina Faso (BFA) – only 

source 
Hong Kong 

(HKG) 
Azerbaijan (AZE) Bahamas 

(BHS)* 
Egypt (EGY)   Botswana (BWA) 

Indonesia (IDN) Belgium (BEL) Belize (BLZ) Iran (IRN) Central African Republic 
(CAF) – only source 

Japan (JPN) Bulgaria (BGR) Bermuda 
(BMU)* 

Iraq (IRQ) Côte d’Ivoire (CIV) 

Cambodia 
(KHM) 

Bosnia and 
Herzegovina (BIH)* 

Bolivia (BOL) Israel (ISR) Cameroon (CMR) – only 
host 

South Korea 
(KOR) 

Belarus (BLR)* Brazil (BRA) Jordan (JOR) Democratic Republic of 
Congo (COD) 

Laos (LAO) Switzerland (CHE) Barbados (BRB) Kuwait (KWT) Congo (COG) – only host 
Macao (MAC) Cyprus (CYP) Chile (CHL) Lebanon 

(LBN)* 
Cape Verde (CPV)* 

Maldives (MDV) 
– only host 

Czechia (CZE) Colombia (COL) Libya (LBY)* Ethiopia (ETH) – only host 

Marshall 
Islands* (MHL) 

Germany (DEU) Costa Rica 
(CRI) 

Morocco (MAR) Gabon (GAB) 

Myanmar 
(MMR) – only 

source 

Denmark (DNK) Cuba (CUB)* Oman (OMN)* Ghana (GHA) – only host 

Mongolia 
(MNG) 

Spain (ESP) Curaçao (CUW)* Pakistan (PAK) Guinea (GIN)* 

Malaysia (MYS) Estonia (EST) Cayman Islands 
(CYM)* 

Palestine 
(PSE)* 

Gambia (GMB) 

New Zealand 
(NZL) 

Finland (FIN) Dominica 
(DMA)* 

Qatar (QAT) Guinea-Bissau (GNB) 

Philippines 
(PHL) 

France (FRA) Dominican 
Republic (DOM) 

Saudi Arabia 
(SAU) 

Kenya (KEN) 

Papua New 
Guinea (PNG) 

United Kingdom 
(GBR) 

Ecuador (ECU) Sudan (SDN) – 
only host 

Liberia (LBR) 

North Korea 
(PRK) – only 

source 

Georgia (GEO) Grenada (GRD) South Sudan 
(SSD)* 

Lesotho (LSO) – only host 

Singapore 
(SGP) 

Gibraltar (GIB)* Guatemala 
(GTM) 

Syria (SYR) Madagascar (MDG) 

Thailand (THA) Greece (GRC) Guyana (GUY) – 
only source 

Tunisia (TUN) Mali (MLI) – only host 

Taiwan (TWN)* Croatia (HRV) Honduras (HND)  Mozambique (MOZ) – only 
source 

contd. 
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Table A6 / Continued 

East Asia and 
Pacific 

Europe and 
Central Asia 

Latin America 
and the 

Caribbean 

Middle East 
and North 

Africa 

North 
America 

South Asia Sub-Saharan Africa 

Vietnam (VNM) Hungary (HUN) Jamaica (JAM)    Mauritania (MRT) – only 
source 

Samoa (WSM)* Ireland (IRL) Saint Kitts and 
Nevis (KNA)* 

Mauritius (MUS) 

 Iceland (ISL) Saint Lucia 
(LCA)* 

Malawi (MWI) 

Italy (ITA) Mexico (MEX) Namibia (NAM) 
Kazakhstan (KAZ) Nicaragua 

(NGA) 
Niger (NER) 

Kyrgyz Republic 
(KGZ) – only 

source 

Panama (PAN) Nigeria (NGA) 

Liechtenstein 
(LIE)* 

Peru (PER) Rwanda (RWA) – only host 

Lithuania (LTU) Paraguay (PRY) 
– only source 

Senegal (SEN) 

Luxembourg (LUX) El Salvador 
(SLV) – only 

host 

Sierra Leone (SLE) 

Latvia (LVA) Trinidad and 
Tobago (TTO) 

São Tomé and Príncipe 
(STP)* 

Monaco (MCO)* Uruguay (URY) Swaziland (SWZ) – only 
host 

Moldova (MDA) Saint Vincent 
and the 

Grenadines 
(VCT)* 

Seychelles (SYC) 

North Macedonia 
(MKD)* 

Venezuela 
(VEN)* 

Chad (TCD)* 

Malta (MLT) British Virgin 
Islands (VGB)* 

Togo (TGO) 

Montenegro 
(MNE)* 

 Tanzania (TZA) 

Netherlands (NLD) Uganda (UGA) – only host 
Norway (NOR) South Africa (ZAF) 
Poland (POL) Zambia (ZMB) – only host 

Portugal (PRT) Zimbabwe (ZWE) 
Romania (ROU)  
Russia (RUS) 

San Marino (SMR)* 
Slovakia (SVK) 
Slovenia (SVN) 
Sweden (SWE) 
Turkmenistan 

(TKM)* 
Turkey (TUR) 
Ukraine (UKR) 

Uzbekistan (UZB)* 

Notes: * indicates countries that are included in the MREID but not in the final dataset, as at least one of the gravity 
variables has a missing value for this country. 
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Figure A2 / Heat map of global pattern of FDI (total assets in mn USD) covered by the MREID 

Panel (a): By FDI source country 

 

Panel (b): By FDI host country 

 
Notes: Panel (a) presents the global distribution of total assets by FDI source country; Panel (b) by host country. Total 
assets are summed over the period 2010-2020.  
Data sources: MREID (Ahmad et al., 2025); World Bank Official Boundaries (World Bank, 2024b). 

Descriptive analysis 

Figure A3 presents the top 10 source and host countries for FDI in the sample, with the value of total 
assets averaged over the sample period. The Sankey plot in Figure A4 shows the country pairs with the 
largest bilateral FDI positions, where the width of the connecting lines reflects the volume of total assets 
invested between each source-host pair over time. The largest average FDI position is invested from the 
US in UK affiliates, followed by US-Netherlands and US-Luxembourg. Total assets in the dataset are 
concentrated in the sectors ‘finance and insurance’ (45.31%) and ‘management of companies’ (27.43%). 
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Figure A3 / Top 10 source and host FDI countries by total assets (bn USD) 

(a) Top 10 source countries by total assets (b) Top 10 host countries by total assets 

 
Notes: Total assets (in bn USD) are summed across source and host countries, respectively, and averaged over the period 
2010-2020. Panel (a) presents the top 10 source countries, and Panel (b) the top 10 host countries.  
Data source: MREID (Ahmad et al., 2025). 

Figure A4 / Sankey plot with the top 20 country pairs with the largest bilateral FDI positions 

 
Notes: Largest bilateral FDI positions are calculated by total assets (in bn USD), averaged over 2010-2020. Next to the 
Iso3-Code of the origin (host) country, the outward (inward) FDI stock of this country is presented, expressed as the 
average of total assets over 2010-2020 (in bn USD).  
Data source: MREID (Ahmad et al., 2025). 
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The top source and the top host countries are predominantly major industrialised nations, with the US 
the largest source and the UK the largest host country. However, the graphs also highlight the outsized 
role of several small offshore financial centres in the global FDI network. For instance, Luxembourg, with 
a population of less than a million, records an FDI inward position of USD 3.2trn, surpassing those of 
Germany and China (USD 2.1trn and USD 1.6trn, respectively). Investments of this magnitude are 
unlikely to reflect productive assets employed within Luxembourg’s small domestic economy. Instead, 
they are likely to represent examples of ‘phantom FDI’: investments originate from an ultimate investor 
and pass through shell entities in low-tax jurisdictions, such as Luxembourg, Ireland and the 
Netherlands, without contributing to real activity, before ending up in the host country (Damgaard et al., 
2024). Another form of phantom FDI is ‘round-tripping’, as seen when Chinese investments are routed 
through Hong Kong and back into China to profit from preferential treatment granted to foreign investors 
(Aykut et al., 2017).  

The MREID tries to minimise the share of phantom FDI in the data through two approaches. First, it 
seeks to exclude dormant affiliates by including only those with turnover or total assets over USD 1mn in 
at least one year of the sample period. Second, when aggregating firm-level data with explicit ownership 
details from Orbis, the MREID focuses on FDI from the ultimate investor, rather than the immediate 
investor. This approach minimises the share of multinational activity driven by the addition of layers of 
empty corporate shells in ownership chains, ensuring a focus on real activity (Ahmad et al., 2025).25 

To add greater scrutiny to this approach, and to avoid distortions in examining global FDI determinants, 
we identify individual outliers by estimating the standard pooled gravity model in eq. (3), then plotting the 
residuals against the predicted values in Figure A1, and visually pinpointing country pairs with the most 
significant deviations from the point cloud – unsurprisingly, US-UK, US-Luxembourg and US-China. 
Following Schneider and Wacker (2022), we account for these outliers by including FEs for these 
country pairs in our regressions. 

 

  

 

25  Although the dataset lags behind approaches such as that of Damgaard et al. (2024), which are able to distinguish 
between investment in special purpose entities (SPEs) and non-SPEs, the selection strategy can be considered 
successful. Offshore financial centres such as the Cayman Islands and the British Virgin Islands do not appear among 
the largest FDI countries in the raw dataset. 
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APPENDIX B: ADDITIONAL ESTIMATION RESULTS 

Histograms 

Figure B1 / Histograms of the dependent variable and the main explanatory variables 

Panel (a): Total assets (log) Panel (b): GDP of source country (log) 

 

Panel (c): GDP of host country (log) Panel (d): Bilateral distance (log) 

 

Panel (e): Absolute skill endowment difference Panel (f): Sum of GDPs (log) 

 
contd. 
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Figure B1 / Continued 

Panel (g): Surrounding market potential (log) 

 
Notes: Histograms of the dependent variable (Panel a) and the main explanatory variables (Panels b-g) included in the 
gravity regressions. Normal distribution in green.  
Data source: MREID (Ahmad et al., 2025). 
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Robustness checks 

Table B1 / Pooled sectoral model with total assets deflated by the US GDP deflator 

 (1) (2) 
DV: Total assets (deflated) NAICS 2-digit level NAICS 2-digit level 
Source GDP (log) 1.296** 1.416** 
 (0.547) (0.653) 
Host GDP (log) 2.003*** 1.817*** 
 (0.330) (0.358) 
Distance (log) -0.545*** -0.567*** 
 (0.0974) (0.118) 
(abs.) Skill endowment diff.  -0.776*** -0.788*** 
 (0.206) (0.237) 
Sum of GDPs (log) -0.333 -0.420* 
 (0.215) (0.243) 
Surr. market potential (log) 0.848* 1.966*** 
 (0.443) (0.528) 
Common coloniser  0.261 
  (0.395) 
Colonial relationship  0.146 
  (0.325) 
Common off. language  0.205 
  (0.222) 
Contiguity  0.428 
  (0.269) 
XR of host country  9.10e-05 
  (5.92e-05) 
XR of source country  3.28e-06 
  (3.72e-05) 
XR regime (de jure)  0.0464 
  (0.0308) 
Dist. in financial development  -0.837 
  (0.750) 
Dist. Economic Freedom Index  -0.123 
  (0.104) 
Host country tariff (log)  -0.0441 
  (0.0504) 
Constant -35.46*** -44.82*** 
 (10.98) (13.34) 
N 239,276 214,155 
Pseudo R2 0.746 0.763 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are the same as in Table 2, Panel (b), but with total assets deflated by the US GDP deflator (using the 
pl_gdpo series of the PWT). Regressions include additive year, host country, source country, sector and outlier pair FEs. 
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Table B2 / Gradual addition of control variables 

 (1) (2) (3) (4) 
DV: Total assets NAICS 2-digit level NAICS 2-digit level NAICS 2-digit level NAICS 2-digit level 
Source GDP (log) 1.292** 1.258** 1.316** 1.417** 
 (0.538) (0.562) (0.562) (0.642) 
Host GDP (log) 1.996*** 1.914*** 1.942*** 1.811*** 
 (0.323) (0.355) (0.357) (0.353) 
Distance (log) -0.548*** -0.536*** -0.482*** -0.570*** 
 (0.0969) (0.114) (0.116) (0.117) 
(abs.) Skill endowment diff.  -0.771*** -0.851*** -0.848*** -0.785*** 
 (0.204) (0.223) (0.234) (0.235) 
Sum of GDPs (log) -0.327 -0.361 -0.458* -0.416* 
 (0.215) (0.221) (0.248) (0.242) 
Surr. market potential (log) 0.864* 0.741 1.015* 2.005*** 
 (0.448) (0.456) (0.528) (0.530) 
Common coloniser  3.04e-05 4.54e-05 9.48e-05 
  (5.72e-05) (5.94e-05) (5.88e-05) 
Colonial relationship  5.84e-05 5.90e-05 5.57e-06 
  (6.30e-05) (6.37e-05) (3.76e-05) 
Common off. language  0.0360 0.0631** 0.0471 
  (0.0296) (0.0315) (0.0306) 
Contiguity   0.0611 0.253 
   (0.591) (0.391) 
XR of host country   1.231*** 0.150 
   (0.373) (0.324) 
XR of source country   0.271 0.203 
   (0.225) (0.220) 
XR regime (de jure)   0.444 0.432 
   (0.271) (0.267) 
Dist. in financial development    -0.853 
    (0.735) 
Dist. Economic Freedom Index    -0.118 
    (0.104) 
Host country tariff (log)    -0.0410 
    (0.0491) 
Constant -35.54*** -32.56*** -35.86*** -45.18*** 
 (10.86) (11.49) (11.88) (13.20) 
N 239,276 226,325 226,325 214,155 
Pseudo R2 0.747 0.750 0.757 0.765 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are estimated using eq. (3), while stepwise adding the control variables. All regressions include additive 
year, host country, source country, sector and outlier pair FEs. N decreases owing to missing values in some explanatory 
and control variables. Additional observations are automatically dropped from the PPML estimation if singletons. 

  



 APPENDIX  53 
 Working Paper 268   

 

Table B3 / Aggregate and pooled sectoral gravity regressions from Table 2 with country-pair 
FEs 

 Panel (a): Aggregate model Panel (b): Pooled sectoral model 
 (1) (2) (3) (4) 
DV: Total assets 
 
 

Aggregated at 
country-pair level 

Aggregated at 
country pair level 

 
With controls 

NAICS 2-digit level NAICS 2-digit level 
 
 

With controls 
Source GDP (log) 1.407** 1.589** 1.406** 1.585** 
 (0.556) (0.617) (0.554) (0.615) 
Host GDP (log) 2.069*** 1.887*** 2.067*** 1.886*** 
 (0.357) (0.389) (0.358) (0.390) 
(abs.) Skill endowment diff.  -0.506 -1.313** -0.500 -1.304** 
 (0.323) (0.589) (0.324) (0.589) 
Sum of GDPs (log) -0.788 -0.941 -0.781 -0.932 
 (0.650) (0.817) (0.649) (0.816) 
Surr. market potential  -0.341 -0.860 -0.333 -0.836 
 (0.578) (1.042) (0.580) (1.037) 
XR of host country  -4.44e-05  -4.18e-05 
  (8.14e-05)  (8.16e-05) 
XR of source country  1.60e-05  1.59e-05 
  (4.14e-05)  (4.11e-05) 
XR regime (de jure)  0.00837  0.00845 
  (0.0536)  (0.0536) 
Dist. in financial development  -0.522  -0.518 
  (0.684)  (0.684) 
Dist. Economic Freedom Index  -0.142  -0.142 
  (0.100)  (0.1000) 
Host country tariff (log)  -0.0562  -0.0558 
  (0.0556)  (0.0555) 
Constant  -14.19 -23.47** -16.19 
  (15.77) (11.49) (15.70) 
N 31,822 27,266 227,703 203,710 
Pseudo R2 0.975 0.975 0.834 0.838 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Panel (a) regressions are estimated using eq. (2), and Panel (b) regressions are estimated using eq. (3). Columns 
(1) and (3) present the pure model only with the KT (2010) variables and SMP. Columns (2) and (4) present regressions that 
include all control variables. Panel (a) regressions include additive year and country-pair FEs which absorb the host and 
source country FEs and the outlier FEs. Panel (b) regressions additionally include additive sector FEs. N decreases owing 
to missing values in some explanatory and control variables. Additional observations are automatically dropped from the 
PPML estimation if singletons. 
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Table B4 / Aggregate and pooled sectoral gravity regressions from Table 2 with revenue as 
dependent variable 

 Panel (a): Aggregate model Panel (b): Pooled sectoral model 
 (1) (2) (3) (4) 
DV: Revenue Aggregated at 

country-pair level 
Aggregated at 

country-pair level 
 

With controls 

NAICS 2-digit NAICS 2-digit 
 
 

With controls 
Source GDP (log) 1.055**  0.771***  1.106**  0.776***  
 (0.476)  (0.256)  (0.476)  (0.252)  
Host GDP (log) 1.131***  0.790**  1.177***  0.827**  
 (0.252)  (0.372)  (0.248)  (0.365)  
Distance (log) -0.668***  -0.597***  -0.578***  -0.513***  
 (0.0582)  (0.0799)  (0.0551)  (0.0761)  
(abs.) Skill endowment diff. -0.368***  -0.325**  -0.423***  -0.357***  
 (0.130)  (0.130)  (0.128)  (0.127)  
Sum of GDPs (log) 0.0857  -0.215  -0.0177  -0.300**  
 (0.120)  (0.145)  (0.120)  (0.141)  
Surr. market potential (log) 0.889*  1.850***  0.783*  1.663***  
 (0.530)  (0.549)  (0.465)  (0.493)  
Common coloniser  -0.117   -0.183  
  (0.302)   (0.284)  
Colonial relationship  0.291   0.0570  
  (0.330)   (0.322)  
Common off. language  0.756***   0.713***  
  (0.166)   (0.153)  
Contiguity  0.0569   0.0481  
  (0.194)   (0.191)  
XR of host country  0.000116   0.000106  
  (8.31e-05)   (8.50e-05)  
XR of source country  -5.30e-05   -4.49e-05  
  (8.02e-05)   (7.67e-05)  
XR regime (de jure)  0.0180   0.0190  
  (0.0219)   (0.0212)  
Dist. in financial development  -0.175   -0.178 
  (0.311)   (0.309)   
Dist. Economic Freedom Index  -0.115   -0.116  
  (0.0825)   (0.0816)  
Host country tariff (log)  0.0256   0.0223  
  (0.0369)   (0.0366)  
Constant -25.63**  -22.49**  -27.06*** -22.98***  
 (10.11)  (9.218)  (9.906) (8.780)  
N 36,121 30,912 239,320 214,186  
Pseudo R2 0.842 0.863 0.597 0.614 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Dependent variable is operating revenue turnover. Panel (a) regressions are estimated using eq. (2), and Panel (b) 
regressions are estimated using eq. (3). Columns (1) and (3) present the pure model only with the KT (2010) variables and 
SMP. Columns (2) and (4) present regressions that include all control variables. Panel (a) regressions include additive year, 
host country and source country FEs. Panel (b) regressions additionally include additive sector FEs. All regressions include 
additive FEs for the country pairs that have been identified as outliers (see Appendix A). N decreases owing to missing 
values in some control variables. Additional observations are automatically dropped from the PPML estimation if singletons. 
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Table B5 / Aggregate and pooled sectoral gravity regressions from Table 2 controlling for 
multilateral resistance 

 Panel (a): Aggregate model Panel (b): Pooled sectoral model 
 (1) (2) (3) (4) 
DV: Total assets Aggregated at  

country-pair level 
 
 

Aggregated at  
country-pair level 

 
With controls 

NAICS  
2-digit level 

NAICS  
2-digit level 

 
With controls 

Distance (log) -0.658*** -0.676*** -0.564*** -0.595*** 
 (0.102) (0.122) (0.0980) (0.118) 
(abs.) Skill endowment diff. -0.676*** -0.679*** -0.790*** -0.767*** 
 (0.206) (0.221) (0.209) (0.231) 
Sum of GDPs (log) -0.283 -0.381* -0.327 -0.415* 
 (0.196) (0.226) (0.207) (0.237) 
Surr. market potential (log) 1.100* 2.456*** 0.982* 2.274*** 
 (0.602) (0.701) (0.514) (0.621) 
Common coloniser  0.271  0.207 
  (0.393)  (0.384) 
Colonial relationship  0.496  0.130 
  (0.314)  (0.322) 
Common off. language  0.197  0.219 
  (0.220)  (0.211) 
Contiguity  0.450*  0.444* 
  (0.268)  (0.266) 
XR regime (de jure)  0.0357  0.0455 
  (0.0309)  (0.0303) 
Constant 11.61* -0.401 11.14* -0.411 
 (6.546) (7.494) (6.112) (6.993) 
N 35,361 30,258 237,964 212,970 
Pseudo R2 0.863 0.887 0.757 0.775 
Source-year FEs YES YES YES YES 
Host-year FEs YES YES YES YES 
Sector FEs NO NO YES YES 
Outlier FEs YES YES YES YES 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Dependent variable total assets. Panel (a) regressions are estimated using eq. (2), and Panel (b) regressions are 
estimated using eq. (3). Columns (1) and (3) present the pure model only with the KT (2010) variables and SMP. Columns 
(2) and (4) present regressions that include all control variables. Panel (a) regressions include additive source country-year, 
host-country year and outlier FEs. Panel (b) regressions additionally include additive sector FEs. N decreases owing to 
missing values in some explanatory and control variables. Additional observations are automatically dropped from the PPML 
estimation if singletons. The inclusion of the country-time FEs omits the estimates of all variables that are country-specific 
and time-varying, such as GDP (log), as well as bilateral variables that are likely to display little variation over time, such as 
the distance in economic freedom. 
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Table B6 / Pooled sectoral gravity model from Table 2, column (4), controlling for reverse 
causality 

DV: Total assets NAICS 2-digit level 
Source GDP (log)t-1 1.513** 
 (0.684) 
Host GDP (log)t-1 1.982*** 
 (0.335) 
Distance (log) -0.581*** 
 (0.115) 
(abs.) Skill endowment diff.t-1 -0.804*** 
 (0.233) 
Sum of GDPs (log)t-1 -0.406* 
 (0.242) 
SMP (log)t-1 2.132*** 
 (0.542) 
Common coloniser 0.173 
 (0.375) 
Colonial relationship 0.191 
 (0.324) 
Common off. language 0.189 
 (0.216) 
Contiguity 0.452* 
 (0.259) 
XR of host country 9.88e-05* 
 (5.61e-05) 
XR of source country 1.07e-05 
 (3.90e-05) 
XR regime (de jure) 0.0490* 
 (0.0298) 
Dist. in financial development -0.796 
 (0.609) 
Dist. Economic Freedom Index 0.131 
 (0.0939) 
Host country tariff (log) -0.00861 
 (0.0446) 
Constant -50.36*** 
 (12.90) 
N 192,944 
Pseudo R2 0.766 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are estimated using eq. (3), but the time-varying main gravity variables are included with a one-period 
lag. Regression includes additive year, country, sector and outlier FEs. N decreases, as, owing to the lag structure, the year 
2020 is not included in the regression. 
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Post-estimation tests 

Table B7 / Ramsey regression specification error test (RESET) for the aggregate gravity 
regression in Table 2, Panel (a), Column 2 

( 1)  fit2 = 0  
chi2(  1) = 0.11 

Prob > chi2 = 0.7452 

  

Table B8 / F-test on joint insignificance of the main gravity variables from the aggregate 
gravity regression in Table 2, Panel (a), Column 2 

( 1)  lngdp_o = 0 
( 2)  lngdp_d = 0 
( 3)  lndistw = 0 

( 4)  lnsumgdp = 0 

( 5)  abs_sk_diff = 0 

( 6)  lnsmp_dest = 0 

chi2(  6) = 92.82 

Prob > chi2 = 0.0000 

  

Table B9 / RESET for the pooled sectoral gravity regression in Table 2, Panel (b), Column 4 

( 1)  fit2 = 0  
chi2(  1) = 1.51 

Prob > chi2 = 0.2193 

  

Table B10 / F-test on joint insignificance of the main gravity variables from the pooled 
sectoral gravity regression in Table 2, Panel (b), Column 4 

( 1)  lngdp_o = 0 
( 2)  lngdp_d = 0 
( 3)  lndistw = 0 

( 4)  lnsumgdp = 0 

( 5)  lnsmp_dest = 0 

chi2(  5) = 50.24 

Prob > chi2 = 0.0000 
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Table B11 / Sector-specific gravity regressions 

 (1) (2) (3) (4) (5) 
DV: Total assets 11: Agriculture, 

forestry, fishing 
and hunting 

21: Mining, oil 
and gas 

extraction 

22: Utilities 23: Construction 
of buildings 

31: Food and 
textile 

manufacturing 
Source GDP (log) -0.201 -0.928 0.713 0.855 1.479 
 (0.657) (1.024) (0.960) (0.894) (1.773) 
Host GDP (log) -0.172 -1.772* 1.003 -0.578 1.449 
 (0.798) (1.047) (0.769) (0.483) (1.220) 
Distance (log) -0.617*** -0.689*** -1.085*** -0.516*** -0.792*** 
 (0.193) (0.189) (0.231) (0.156) (0.156) 
(abs.) Skill endowment  -0.403 -0.974** -1.489*** 0.796** -1.103*** 
diff. (0.387) (0.473) (0.363) (0.404) (0.409) 
Sum of GDPs (log) 0.570 -0.272 0.423 -0.789** 0.113 
 (0.353) (0.806) (0.365) (0.339) (0.275) 
Surr. market potential  3.441* -2.786*** -0.534 -1.793 1.536** 
(log) (1.776) (0.763) (1.263) (1.588) (0.646) 
Constant -26.46 84.75*** -8.635 36.11** -44.74 
 (17.11) (22.75) (19.98) (17.12) (35.04) 
N 4,710 5,355 6,605 10,354 9,641 
Year FE YES YES YES YES YES 
Source FEs YES YES YES YES YES 
Host FEs YES YES YES YES YES 
Pseudo R2 0.626 0.840 0.739 0.714 0.666 

 
 (6) (7) (8) (9) (10) 
DV: Total assets 32: Materials  

manufacturing 
33: Finished 

product 
manufacturing 

42: Wholesale  
trade 

44: Food and 
beverage stores 

45: Miscellaneous 
store retailers 

Source GDP (log) 1.874 0.209 0.590 -2.370** 1.817 
 (1.214) (0.638) (0.497) (1.182) (2.593) 
Host GDP (log) 1.478*** 0.831 0.976** 0.435 0.256 
 (0.536) (0.717) (0.466) (0.781) (1.051) 
Distance (log) -0.382*** -0.857*** -0.694*** -0.331 0.185 
 (0.115) (0.132) (0.104) (0.261) (0.320) 
(abs.) Skill endowment  0.0377 0.157 -0.161 -0.971* -0.969 
diff. (0.198) (0.222) (0.165) (0.513) (0.714) 
Sum of GDPs (log) 0.151 0.0611 -0.000154 0.105 -1.170** 
 (0.188) (0.156) (0.132) (0.295) (0.579) 
Surr. market potential  3.067** 4.724*** 6.847*** 2.597** -4.224*** 
(log) (1.344) (1.347) (1.354) (1.322) (1.237) 
Constant -70.56*** -46.45*** -77.15*** 10.92 32.08 
 (23.91) (16.53) (15.25) (23.50) (36.40) 
N 13,132 13,673 19,140 8,293 5,488 
Year FEs YES YES YES YES YES 
Source FEs YES YES YES YES YES 
Host FEs YES YES YES YES YES 
Pseudo R2 0.763 0.799 0.839 0.592 0.698 

Standard errors clustered at country-pair level in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are estimated using eq. (3) separately for each sector, without sector FEs. The regressions include 
year, source and host country FEs. For space reasons, the table only reports coefficients of the main gravity variables. 
Outlier FEs are omitted as for each sector sample, there are different outlier country pairs, which would render comparability 
of the results difficult. 

contd. 
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Table B11 / Continued 

 (11) (12) (13) (14) (15) 
DV: Total assets 48: Air 

transportation 
49: Warehouse 

and storage 
51: Information 

services 
52: Finance and 

insurance 
53: Real estate, 

renting and 
leasing 

Source GDP (log) 0.755 1.342 2.355 0.360 1.187 
 (0.628) (1.497) (1.461) (1.032) (0.899) 
Host GDP (log) 1.344* 0.769 0.895 1.974*** 1.786** 
 (0.762) (0.707) (0.553) (0.558) (0.839) 
Distance (log) -1.012*** 0.575*** -0.844*** -0.623*** -0.795*** 
 (0.147) (0.220) (0.252) (0.203) (0.173) 
(abs.) Skill endowment  0.0144 -0.785* -0.567 -0.499 -0.452 
diff. (0.336) (0.472) (0.444) (0.432) (0.307) 
Sum of GDPs (log) -0.330 -0.0842 -0.916** -1.319*** -0.251 
 (0.344) (0.321) (0.465) (0.407) (0.214) 
Surr. market potential  6.113*** 0.790 2.913 1.916*** 4.919*** 
(log) (1.639) (2.335) (1.976) (0.713) (1.773) 
Constant -70.79*** -36.87 -48.12 -14.46 -72.87*** 
 (21.81) (32.96) (33.28) (19.43) (27.46) 
N 10,226 4,022 8,933 13,094 11,672 
Year FEs YES YES YES YES YES 
Source FEs YES YES YES YES YES 
Host FEs YES YES YES YES YES 
Pseudo R2 0.659 0.715 0.725 0.749 0.682 

 
 (16) (17) (18) (19) (20) 
DV: Total assets 54: Professional, 

scientific and 
technical 
services 

55: Management 
of companies and 

enterprises 

56: Administrative, 
support, waste 
management 

services  

61: Educational 
services 

62: Health care 
and social 
assistance 

Source GDP (log) 1.333* 2.432*** -0.588 -0.807 0.684 
 (0.707) (0.832) (1.004) (1.486) (0.835) 
Host GDP (log) 2.833*** 4.148*** 0.322 0.110 4.145*** 
 (1.093) (0.707) (0.331) (1.366) (1.038) 
Distance (log) -0.785*** -0.530*** -0.708*** 0.0614 -0.219 
 (0.120) (0.175) (0.199) (0.271) (0.301) 
(abs.) Skill endowment  -0.407* -1.306*** 0.352 -0.237 -0.680 
diff. (0.211) (0.368) (0.271) (0.543) (0.527) 
Sum of GDPs (log) 0.437** -0.653** 0.399 -0.305 -0.0345 
 (0.213) (0.323) (0.273) (0.456) (0.655) 
Surr. market potential  2.713** 2.879*** 5.327*** 1.450 7.053* 
(log) (1.054) (0.594) (1.537) (2.885) (3.899) 
Constant -77.80*** -97.10*** -40.06* 5.066 -128.5*** 
 (23.71) (17.14) (21.50) (44.94) (46.64) 
N 17,302 9,954 11,772 2,987 4,156 
Year FEs YES YES YES YES YES 
Source FEs YES YES YES YES YES 
Host FEs YES YES YES YES YES 
Pseudo R2 0.862 0.898 0.906 0.798 0.704 

Standard errors clustered at country-pair level in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are estimated using eq. (3) separately for each sector, without sector FEs. The regressions include 
year, source and host country FEs. For space reasons, the table only reports coefficients of the main gravity variables. 
Outlier FEs are omitted as for each sector sample, there are different outlier country pairs, which would render comparability 
of the results difficult. 

contd. 
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Table B11 / Continued 

 (21) (22) (23) 
DV: Total assets 71: Arts, 

entertainment  
and recreation 

72: 
Accommodation 

and food services 

81: Other 
services  

Source GDP (log) 1.849 -0.0694 0.289 
 (2.152) (0.465) (1.639) 
Host GDP (log) 3.184*** 0.982* 1.008 
 (0.853) (0.570) (1.962) 
Distance (log) -1.269*** -0.311** -1.808*** 
 (0.362) (0.144) (0.308) 
(abs.) Skill endowment  0.0634 -1.195*** 0.0535 
diff. (0.825) (0.338) (0.471) 
Sum of GDPs (log) -1.359** -0.838*** -0.716* 
 (0.558) (0.169) (0.366) 
Surr. market potential  2.743 -2.857** 15.68*** 
(log) (1.837) (1.252) (4.183) 
Constant -62.77* 36.87*** -138.8*** 
 (36.15) (13.67) (49.53) 
N 3,666 6,517 6,452 
Year FEs YES YES YES 
Source FEs YES YES YES 
Host FEs YES YES YES 
Pseudo R2 0.781 0.827 0.827 

Standard errors clustered at country-pair level in parentheses  
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are estimated using eq. (3) separately for each sector, without sector FEs. The regressions include 
year, source and host country FEs. For space reasons, the table only reports coefficients of the main gravity variables. 
Outlier FEs are omitted as for each sector sample, there are different outlier country pairs, which would render comparability 
of the results difficult. Sector 92, ‘public administration’, which provides too few observations for precise estimates, is 
excluded from the regressions. 
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Table B12 / Distance interacted with six sector groups 
 (1) 
VARIABLES Total assets 
Source GDP (log) 1.418** 
 (0.642) 
Host GDP (log) 1.811*** 
 (0.354) 
Distance (log) -0.533*** 
 (0.126) 

Distance (log) x Sector group 1 -0.114 
 (0.105) 
Distance (log) x Sector group 2 0.00644 
 (0.123) 
Distance (log) x Sector group 3 -0.116 
 (0.163) 
Distance (log) x Sector group 4 -0.288* 
 (0.164) 
Distance (log) x Sector group 5 0.0407 
 (0.144) 
Distance (log) x Sector group 6 -0.0501 

 (0.113) 
(abs.) Skill endowment diff.  -0.786*** 
 (0.235) 
Sum of GDPs (log) -0.418* 
 (0.241) 
Surr. market potential (log) 2.008*** 
 (0.530) 
Common coloniser 0.257 
 (0.391) 
Colonial relationship 0.149 
 (0.324) 
Common off. language 0.205 
 (0.219) 
Contiguity 0.429 
 (0.267) 
XR of host country 9.55e-05 
 (5.87e-05) 
XR of source country 5.53e-06 
 (3.76e-05) 
XR regime (de jure) 0.0465 
 (0.0305) 
Dist. in financial development -0.851 
 (0.735) 
Dist. Economic Freedom Index 0.118 
 (0.104) 
Host country tariff (log) -0.0409 
 (0.0491) 
Constant -45.19*** 
 (13.18) 
N 214,155 
Pseudo R2 0.765 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Dependent variable are total assets. The regression is estimated using eq. (5). Only the distance variable is 
interacted with six dummy variables for six sector groups, as follows. Group 1 for manufacturing sectors 31-33. Group 2 for 
the warehouse and storage sector (49) and accommodation and food services (72). Group 3 for mining, gas and oil 
extraction (21) and utilities (22). Group 4 for the arts and entertainment sector (71). Group 5 for the business service sectors 
54 and 56. Group 6 for in-person services sectors 48 and 81, IT services (51), and financial services (sector 52). The 
coefficients of the main gravity variables reflect the average effect for all other sectors. The sector classification can be 
found in Table A2. The regression includes additive year, host, source country, sector and outlier pair FEs. 
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Table B13 / F-test on joint insignificance of the interaction terms between distance (log) and 
each sector group dummy from the regression in Table B12 

( 1)  lndistw_1 = 0 
( 2)  lndistw_2 = 0 
( 3)  lndistw_3 = 0 
( 4)  lndistw_4 = 0 

( 5)  lndistw_5 = 0 

( 6)  lndistw_6 = 0 

chi2(  6) = 5.75 

Prob > chi2 = 0.4519 

  

Table B14 / Distance interacted with 22 sector dummies 

 (1) 
VARIABLES Total assets 
Source GDP (log) 1.418** 
 (0.642) 
Host GDP (log) 1.811*** 
 (0.354) 
Distance (log) -0.393*** 
 (0.151) 

Distance (log) x Sector 11 -0.249 
 (0.177) 
Distance (log) x Sector 21 -0.196 
 (0.294) 
Distance (log) x Sector 22 -0.357** 
 (0.173) 
Distance (log) x Sector 23 -0.415** 
 (0.172) 
Distance (log) x Sector 31 -0.331** 
 (0.153) 
Distance (log) x Sector 32 -0.232* 
 (0.135) 
Distance (log) x Sector 33 -0.248* 
 (0.127) 
Distance (log) x Sector 42 -0.106 
 (0.117) 
Distance (log) x Sector 44 -0.376** 
 (0.169) 
Distance (log) x Sector 45 -0.116 
 (0.240) 
Distance (log) x Sector 48 -0.346*** 
 (0.119) 
Distance (log) x Sector 49  -0.186 
 (0.144) 
Distance (log) x Sector 51 -0.278** 
 (0.114) 
Distance (log) x Sector 52 -0.189 
 (0.125) 

contd. 
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Table B14 / Continued 

 (1) 
VARIABLES Total assets 

Distance (log) x Sector 53 -0.430*** 
 (0.134) 
Distance (log) x Sector 54 0.0700 
 (0.204) 
Distance (log) x Sector 55 -0.118 
 (0.136) 
Distance (log) x Sector 56 -0.249 
 (0.156) 
Distance (log) x Sector 61 -0.0323 
 (0.104) 
Distance (log) x Sector 62 0.101 
 (0.165) 
Distance (log) x Sector 71 -0.431*** 
 (0.162) 
Distance (log) x Sector 72 -0.118 
 (0.141) 

(abs.) Skill endowment diff.  -0.788*** 
 (0.235) 
Sum of GDPs (log) -0.417* 
 (0.242) 
Surr. market potential (log) 2.006*** 
 (0.530) 
Common coloniser 0.254 
 (0.391) 
Colonial relationship 0.150 
 (0.325) 
Common off. language 0.203 
 (0.220) 
Contiguity 0.425 
 (0.267) 
XR of host country 9.54e-05 
 (5.87e-05) 
XR of source country 5.38e-06 
 (3.76e-05) 
XR regime (de jure) 0.0463 
 (0.0304) 
Dist. in financial development -0.850 
 (0.735) 
Dist. Economic Freedom Index 0.119 
 (0.104) 
Host country tariff (log) -0.0410 
 (0.0491) 
Constant -45.20*** 
 (13.18) 
N 214,155 
Pseudo R2 0.766 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Dependent variable are total assets. The regression is estimated using a version of eq. (5). The distance variable is 
interacted with 22 dummy variables for each individual sector (using sector 81, ‘other services’, as the base category). The 
coefficients of the main gravity variables reflect the effect for the base category, sector 81. The sector classification can be 
found in Table A2. The regression includes additive year, host, source country, sector and outlier pair FEs. 
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Table B15 / F-test on joint insignificance of the interaction terms between distance (log) and 
each sector dummy from the regression in Table B14 

 ( 1)  lndistw_11 = 0 (11)  lndistw_48 = 0 (21)  lndistw_71 = 0 
 ( 2)  lndistw_21 = 0 (12)  lndistw_49 = 0 (22)  lndistw_72 = 0 
 ( 3)  lndistw_22 = 0 (13)  lndistw_51 = 0  
 ( 4)  lndistw_23 = 0 (14)  lndistw_52 = 0  
 ( 5)  lndistw_31 = 0 (15)  lndistw_53 = 0  
 ( 6)  lndistw_32 = 0 (16)  lndistw_54 = 0  
 ( 7)  lndistw_33 = 0 (17)  lndistw_55 = 0  
 ( 8)  lndistw_42 = 0 (18)  lndistw_56 = 0  
 ( 9)  lndistw_44 = 0 (19)  lndistw_61 = 0  
(10)  lndistw_45 = 0 (20)  lndistw_62 = 0  

chi2( 22) =   57.29   
 Prob > chi2 =    0.0001   

  

APPENDIX C: SECTOR HETEROGENEITIES IN THE RESPONSE TO A 
DISTANCE SHOCK: A DESCRIPTIVE PANEL EVENT STUDY 

Although geographical distance remained constant, the British population’s vote on 23 June 2016 to 
leave the European Union (EU) triggered a substantial increase in costs related to different components 
partially captured by geographical distance, such as regulatory barriers or trade costs. We therefore 
conceptualise the referendum as a shock to distance-related costs. The analysis of sector 
heterogeneities in the shock response of FDI provides deeper insights into the interdependence 
between the different cost components and sector-specific FDI motives, which ultimately contributes to 
the ambiguous aggregate distance elasticity. 

Comparing results from the pooled and the sector-specific gravity model reinforces a key finding of this 
thesis: pooled estimates mask sector heterogeneity in the FDI response to a plausible distance shock. 
The adverse effect of the shock on UK inward FDI is more pronounced in the financial sector than in 
non-financial sectors. This disparity is likely to be driven by the financial sector’s reliance on the EU 
single passport rule, which enabled a strong export platform motive that is effectively dismantled post-
Brexit. Export platform FDI centres on the intent to serve the host country’s neighbouring markets (see 
also the discussion of the SMP variable in Section 3.3.3). This sectoral heterogeneity in the shock 
response of FDI strengthens the notion of sector-specific distance elasticities, which result in an 
ambiguous net effect of distance on FDI in aggregate gravity models. 
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Identification 

Because the disruption of FDI is expected to unfold gradually, we employ a graphical event study.26 
Credibility of event studies hinges upon an unexpected shock (Miller, 2023). The plan to hold the Brexit 
referendum became political reality in December 2015, with the official referendum date announced on 
22 February 2016 (Serwicka and Tamberi, 2018). Although this is likely to have heightened uncertainty 
in the run-up to the event, the referendum outcome can still be deemed unexpected for two reasons. 
First, the market-implied chance that the UK would vote ‘leave’ averaged 12% in the year leading up to 
the referendum. Second, when the result was revealed, the sterling experienced a sharp depreciation, 
signalling that markets had not priced in a ‘leave’ vote beforehand (Crowley et al., 2020). This qualifies 
the referendum as a ‘natural experiment’, exploited by a quasi-experimental literature that estimates the 
short-term effects of the referendum (e.g. Breinlich et al. 2020; Crowley et al., 2020). 

This event study extends the literature on the referendum effects on UK inward FDI by examining 
sectoral and temporal heterogeneity in the unfolding of the effects, including M&A alongside greenfield 
investment, and using total assets as the dependent variable. In contrast to the project count, assets 
better reflect the size of projects and thus real activity. Applying a synthetic control method, Serwicka 
and Tamberi (2018) find a 16-20% decline in greenfield projects in the UK through 2018 because of the 
referendum. Frenkel and Stefan (2024), using a gravity model, find that the number of greenfield 
announcements in the UK decreased by 23% more than in other host countries of the European Single 
Market (ESM) between the referendum and 2019. This effect is driven by non-ESM investors.  

Methodology 

We estimate the dynamic effects of the Brexit referendum on the UK’s inward FDI by the following 
equation:  

𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡
𝑠𝑠 = 𝑒𝑒𝑒𝑒𝑒𝑒 �𝛼𝛼 + 𝑿𝑿𝑖𝑖,𝑡𝑡𝛽𝛽 + 𝑿𝑿𝑗𝑗,𝑡𝑡𝜋𝜋 + 𝑿𝑿𝑖𝑖𝑖𝑖,𝑡𝑡𝜗𝜗 + 𝑿𝑿𝑖𝑖𝑖𝑖𝛿𝛿

+ � 𝛽𝛽𝑡𝑡
𝑝𝑝𝑝𝑝𝑝𝑝𝐷𝐷𝑖𝑖,𝑗𝑗=𝐺𝐺𝐺𝐺𝐺𝐺,𝑡𝑡 + � 𝛽𝛽𝑡𝑡

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝐷𝐷𝑖𝑖,𝑗𝑗=𝐺𝐺𝐺𝐺𝐺𝐺,𝑡𝑡 + 𝜑𝜑𝑡𝑡 + 𝜑𝜑𝑠𝑠 + 𝜑𝜑𝑖𝑖𝑖𝑖

2020

𝑡𝑡=2016

2014

𝑡𝑡=2011

� × 𝜀𝜀𝑖𝑖𝑖𝑖,𝑡𝑡 

(6) 

where 𝑌𝑌𝑖𝑖𝑖𝑖,𝑡𝑡
𝑠𝑠  are bilateral total assets by sector s and year t. The 𝑿𝑿 variables contain the main gravity 

variables. Eq. (6) augments the pooled sectoral model of eq. (3) with a time trend specific to the UK as 
the host country, by including two sets of dummy variables, 𝐷𝐷𝑖𝑖,𝑗𝑗=𝐺𝐺𝐺𝐺𝐺𝐺,𝑡𝑡 (equal to one if the UK serves as 
the host country in the respective year): one set for all pre-referendum years to identify potential pre-
trends, and one for all post-referendum years to identify the dynamic treatment effects. These two sets 
are captured by the two summation terms.27 The pre-event dummy for 2015 is excluded from the 
regression to establish it as the baseline year (Clarke and Tapia Schythe, 2020).  

  

 

26  Reduced-form regressions of the pooled gravity model with a dummy for the post-referendum period (2016-2020) show 
a weakly significant negative post-Brexit effect for both the financial and non-financial sectors (see Table C1). This 
prompted further analysis of the dynamic treatment effects, as the weak significance may reflect gradual effects. 

27  Section C2 discusses the possibility of pre-trends.  
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In methodological terms, this approach is a dynamic Difference-in-Differences strategy (Miller, 2023): the 
𝛽𝛽𝑡𝑡 yield the change in the UK’s inward FDI in year t versus 2015, relative to the average change in total 
assets across all other host countries during the same period. Significant 𝛽𝛽𝑡𝑡 indicate a systematic 
deviation of the UK-specific time trend from the global time trend. Alongside the event dummies, the 
main gravity variables are included together with the XRs, which control for effects of the sterling 
depreciation following the referendum (Baier and Welfens, 2019). Eq. (6) imposes homogeneity on 
parameters across sectors as no variable is included that varies at sector-level. In addition, eq. (6) is 
estimated separately for the ‘finance and insurance’ sector (sector 52), and for the group of the 
remaining sectors, allowing all parameters to differ between these two groups.28  

Results 

Figure C1 illustrates the results of the event study graphically, based on the regression outputs in  
Table C2 and Table C3. The event study with pooled sectoral data (Figure C1, Panel (a)) reveals a 
significant negative effect of the referendum year 2016 on UK inward FDI and in the two subsequent 
years before fully recovering in 2020. This pattern masks heterogeneity by sector and geographical 
region of the source countries. The sector-specific gravity models in Panel (b) contrast financial and non-
financial sectors: they show that the negative effect in 2018 is entirely driven by the financial sector, and 
within this sector, is almost entirely attributable to non-EU investors (Panel (c)): in 2018 relative to 2015, 
UK financial inward FDI was 45.61% below that of other host countries of non-EU investors, significant 
at the 5% level.29 

This effect is particularly striking, as the referendum shock directly impacts the economic distance between 
the UK and the EU27, while its influence on the relationship between the UK and non-EU countries is only 
indirect. The disruption of financial sector FDI hinges upon the UK’s key function as a host for export-
platform FDI. Prior to Brexit, non-EU firms with UK affiliates could access the ESM at lower intra-union 
trade costs. Although this motive was exploited across all sectors, it played a critical role in the financial 
sector: this sector accounted for 48.61% of the UK’s inward FDI between 2010 and 2016 in the present 
dataset, with 76.78 % of these assets invested by non-EU parents, primarily from the US.  

Brexit abolished the EU single passport rule, which had previously allowed non-EU financial firms with a 
UK affiliate to offer services seamlessly across all EU countries. The abolition forces non-EU banks to 
serve EU markets by obtaining a banking licence in these markets (Kalaitzake, 2022). Effectively, this 
removes the key incentive for financial export-platform FDI, as the intra-union trade costs at which EU 
countries can be served from UK affiliates increase (Neary, 2009). The referendum thus offers a 
plausible motive for non-EU financial firms to scale back investments in their UK operations and relocate 
to an EU27 country to preserve the passport privilege.  

The rebound effect in 2019 and 2020 in Panel (c) is surprisingly strong, but aligns with broader evidence 
for London’s resilience as a leading global financial hub after an initial deterrence effect. After first 
withholding investments in a ‘wait and see’ approach (Kalaitzake, 2022, p. 623), London’s locational 

 

28  To avoid confounding the results with catch-up-effects from the global financial crisis (UNCTAD, 2011), the initial 
sample year 2010 was omitted from the analysis. Additive country-pair FEs are included to control for time-invariant 
unobserved heterogeneity specific to each country pair while also absorbing the outlier-pair FEs. 

29  The coefficients of the event time dummy variables need to be transformed by (𝑒𝑒𝛽𝛽 − 1) ∙ 100 (Wooldridge, 2020). 
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advantages, such as its large economies of scale and offshore jurisdiction, seem to have outweighed the 
loss of its export-platform function. Additionally, global investment banks eventually opened additional 
branches on the European continent, in order to maintain operations under the passport privilege, while 
keeping their assets invested in the UK (Iliopoulous et al., 2024).30  

When examining the EU27 source countries that are directly affected by the change in distance-related 
costs, in Panel (d), no significant differences emerge between financial and non-financial sectors. The 
distance shock appears to have a slightly negative and, notably, a permanent effect on FDI across both 
financial and non-financial sectors, unlike the temporary effect observed in all other panels. The negative 
effect aligns with the overall negative distance effect on FDI identified throughout this thesis and 
strengthens the evidence against the PCT. EU firms do not seem to engage in significant tariff-jumping 
FDI to secure market access to the UK and save future trade costs. Instead, EU investors across all 
sectors appear to be permanently deterred by the increased distance-related costs. Individual analysis 
of more sectors beyond the financial sector could provide deeper insights into whether the negative 
effects vary across sectors typically characterised by HFDI or VFDI motives, or across sectors that are 
highly reliant on specific distance-related components, such as regulatory barriers. Such further 
exploration of heterogeneity in the FDI response to the distance shock is left to future research.  

This application of the sectoral gravity model to a real-world case study corroborates the findings from 
Section 4.2 regarding sector heterogeneities in the distance elasticity that are masked in aggregate or 
pooled gravity models. The analysis reveals distinct differences in the shock response of financial and 
non-financial sectors. These differences are potentially driven by the financial sector’s strong reliance on 
the export-platform FDI motive and the sector-specific relevance of different cost components that are 
partially captured by geographical distance in gravity models. These findings underscore the critical role 
of sector-level gravity models in capturing the multifaceted response of FDI to geopolitical distance 
shocks. Such insights are essential to inform effective policy responses in the context of the escalating 
frequency and intensity of geopolitical tensions. 

  

 

30  In 2019, for instance, Goldman Sachs launched its new European HQ in London. In 2018, Bank of America extended 
the lease of its HQ in London for a further decade. Also, JP Morgan confirmed that it would keep its HQ in London, while 
using a small branch in Paris for EU27 business (Kalaitzake, 2022).   
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Figure C1 / Results of a graphical event study of the Brexit referendum 

Panel (a): Pooled sectoral gravity model Panel (b): Sectoral gravity model for financial sector versus non-financial sectors 

   

Panel (c): Panel (b) regressions for non-EU source countries Panel (d): Panel (b) regressions for EU source countries 

     
Notes: Coefficients with 95% CI from an event study showing the impact of the Brexit referendum on total assets of foreign affiliates in the UK. The coefficients are retrieved from pooled 
sectoral and sector-specific gravity regressions presented in Tables C2 and C3. The financial sector comprises sector 52, ‘finance and insurance’. Non-financial sectors are all other 
sectors. 
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Table C1 / Results of a reduced-form regression of the pooled sectoral gravity model 

 (1) (2) (3) 
DV: Total assets Full sample Financial sector Non-financial sectors 
Source GDP (log) 1.522*** 0.481 1.374*** 
 (0.528) (1.027) (0.526) 
Host GDP (log) 1.889*** 1.977*** 1.975*** 
 (0.373) (0.637) (0.548) 
(abs.) Skill endowment diff.  -0.456 -0.383 -0.367 
 (0.296) (0.435) (0.299) 
Sum of GDPs (log) -0.872 -0.913 -0.370 
 (0.634) (0.922) (0.804) 
Surr. market potential (log) -0.581 0.524 -1.038 
 (0.571) (0.565) (0.953) 
Post-treatment (2016-2020) -0.263*** -0.231* -0.241* 
 (0.0946) (0.123) (0.130) 
Constant -18.79* -13.79 -21.35* 
 (10.62) (16.84) (12.31) 
N 227,703 13,943 211,068 
Pseudo R2 0.834 0.958 0.819 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Regressions are estimated using eq. (3) augmented with a ‘post-treatment’ dummy, that equals one if UK is the host 
country and the year is between 2016 and 2020. The dummy yields the effect of the referendum shock averaged over all 
post-event years. All regressions include additive year, sector and country-pair FEs. Column (1) includes all sectors, column 
(2) only the financial sector (sector 52, ‘finance and insurance’), and column (3) all other, non-financial, sectors. The sector 
classification can be found in Table A2. 

Pre-trend analysis 

The credibility of event studies relies on an unexpected shock that triggers significant post-event effects 
after a flat pre-trend (Miller, 2023). In Figure C1, across the different panels, the pre-trend is mostly 
insignificant, indicating no anticipation effects or omitted confounders that could influence the likelihood 
of the event occurring. When significant, the pre-trend is positive, i.e. not in the direction of the post-
event trend (except for the financial sector in Panel (d), where the pre-treatment effects already follow a 
downward trend). Overall, even if no causal effects can be derived, the event study in its most 
conservative interpretation at least provides descriptive evidence of the FDI disruption following the 
Brexit shock. 
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Table C2 / Estimation of dynamic treatment effects of the Brexit referendum (event study) 

 (1) (2) (3) 
DV: Total assets Pooled model Financial sector Non-financial sectors 
 All source countries All source countries All source countries 
Source GDP (log) 1.221*** 0.0896 1.191** 
 (0.471) (0.977) (0.488) 
Host GDP (log) 1.929*** 1.871*** 2.117*** 
 (0.331) (0.679) (0.504) 
(abs.) Skill endowment diff.  -0.374 -0.313 -0.324 
 (0.283) (0.410) (0.306) 
Sum of GDPs (log) -0.381 -0.294 -0.0386 
 (0.591) (0.985) (0.755) 
Surr. market potential (log) -0.243 0.808 -0.665 
 (0.527) (0.526) (0.960) 
XR of host country -6.14e-05 8.98e-05 -0.000125 
 (6.06e-05) (7.75e-05) (8.43e-05) 
XR of source country 9.18e-05 0.000186 5.66e-05 
 (7.02e-05) (0.000122) (8.29e-05) 
Dynamic treatment effects   

β2011 0.131 0.136 0.0720 
 (0.101) (0.106) (0.173) 
β2012 0.0817 0.0244 0.107 
 (0.0784) (0.0988) (0.140) 
β2013 0.117* 0.00291 0.205 
 (0.0642) (0.0745) (0.126) 
β2014 0.218*** 0.0793** 0.325*** 
 (0.0644) (0.0355) (0.109) 
β2015 (omitted) - - - 
    
β2016 -0.132*** -0.0655 -0.174*** 
 (0.0474) (0.0610) (0.0511) 
β2017 -0.196*** -0.179* -0.196*** 
 (0.0633) (0.106) (0.0683) 
β2018 -0.266** -0.483** -0.0815 
 (0.134) (0.223) (0.136) 
β2019 -0.142 -0.100 -0.137 
 (0.0919) (0.0932) (0.132) 
β2020 -0.00638 0.0396 0.0398 

 (0.123) (0.159) (0.161) 
Constant -25.92*** -18.94 -29.50** 
 (9.814) (16.01) (12.11) 
N 206,899 12,612 191,807 
Pseudo R2 0.836 0.962 0.821 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Dependent variable are total assets. Regressions are estimated using eq. (6). All regressions include additive year, 
sector and country-pair FEs. Column (1) includes all sectors; column (2) only the financial sector (sector 52, ‘finance and 
insurance’); and column (3) all other, non-financial, sectors. The sector classification can be found in Table A2. 
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Table C3 / Event study estimation separated by non-EU versus EU source countries and 
financial versus non-financial sectors 

 Panel (a): Non-EU source countries Panel (b): EU source countries 
 (1) (2) (3) (4) 
DV: Total assets Financial sector Non-financial 

sectors 
Financial sector Non-financial 

sectors 
Source GDP (log) -0.532 1.364 1.082 0.754 
 (1.764) (1.039) (0.984) (0.547) 
Host GDP (log) 1.918** 2.543*** 1.829*** 0.421 
 (0.869) (0.458) (0.465) (0.581) 
(abs.) Skill endowment diff.  -0.447 -0.369 0.00276 0.0977 
 (0.493) (0.330) (0.519) (0.298) 
Sum of GDPs (log) 0.367 -1.120 -2.711* 1.727* 
 (1.435) (1.095) (1.402) (1.029) 
Surr. market potential (log) 0.594 -0.689 2.721 -1.183 
 (0.638) (1.037) (2.283) (1.129) 
XR of host country 7.00e-05 -0.000118 0.000113 -0.000146 
 (9.19e-05) (8.63e-05) (0.000147) (0.000102) 
XR of source country 0.000166 5.82e-05 0.0316** -0.00296 
 (0.000121) (8.88e-05) (0.0150) (0.00236) 
Dynamic treatment effects      

β2011 0.0117 0.265 0.343* -0.248 
 (0.110) (0.233) (0.197) (0.298) 
β2012 -0.0723 0.216 0.257** -0.0869 
 (0.0690) (0.204) (0.104) (0.206) 
β2013 -0.0902 0.408*** 0.223** -0.151 
 (0.0684) (0.137) (0.0871) (0.199) 
β2014 0.0913** 0.521*** 0.0376 -0.0207 
 (0.0377) (0.138) (0.0599) (0.0564) 
β2015 (omitted) - - - - 
     
β2016 -0.0339 -0.161*** -0.204*** -0.179* 
 (0.0494) (0.0328) (0.0295) (0.102) 
β2017 -0.206 -0.171*** -0.174*** -0.204* 
 (0.153) (0.0521) (0.0650) (0.113) 
β2018 -0.609** 0.0683 -0.259** -0.286** 
 (0.290) (0.0830) (0.131) (0.121) 
β2019 -0.0691 -0.0251 -0.230 -0.264 
 (0.116) (0.0717) (0.150) (0.216) 
β2020 0.103 0.238*** -0.277* -0.251 

 (0.216) (0.0808) (0.165) (0.247) 
Constant -18.36 -20.56 -15.68 -20.61 
 (23.74) (13.64) (27.02) (14.79) 
N 7,290 97,860 5,322 93,947 
Pseudo R2 0.960 0.841 0.973 0.774 

Standard errors clustered at country-pair level in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
Notes: Dependent variable are total assets. Regressions are estimated using eq. (6). All regressions include additive year, 
sector, and country-pair FEs. Panel (a) regressions only include observations with non-EU source countries; panel (b) 
includes only observations with EU source countries. Columns (1) and (3) include only the financial sector (52), while 
columns (2) and (4) include only the other, non-financial, sectors. The sector classification can be found in Table A2.  
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