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Abstract

We analyse the heterogeneous effects of technical regulations and safety standards embodied in non-
tariff measures on foreign direct investment using global firm-level panel data of bilateral cross-border
ownership relationships over the period 2008-2018. To this end, we develop a novel measure of time-
varying bilateral ad valorem equivalents of sectoral non-tariff measures, which reveals that technical
barriers to trade (TBTs) played a much greater role as a trade-inhibiting factor in comparison with import
tariffs and sanitary and phytosanitary (SPS) measures over the period 1996-2018, with their relative
importance increasing in the post-Great Recession period. Estimations using the Poisson pseudo-
maximum likelihood framework reveal the importance of non-tariff measures as a driver of foreign direct
investment, with heterogeneous effects observed for the measures imposed by the host and the home
country, as well as across sectors and types of non-tariff measures. Among other results, we find that an
increase in the stringency of technical barriers to trade imposed by the host country is associated with
higher investment in the foreign subsidiaries operating in this country, pointing to the regulatory barrier-
jumping motive of foreign direct investment. The effect is much stronger for the multinational
corporations operating in the information and communications technology sector.

Keywords: FDI; non-tariff measures; ad-valorem equivalent of NTMs, TBT; SPS measures; ICT
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1. Introduction

Foreign direct investment (FDI) has been critically important for organising cross-border production
activities by multinational enterprises (MNEs). Currently, most sectors are dominated by a relatively small
number of large MNEs that establish global networks of subsidiaries via which trade, investment and
production activities are distributed. The literature on the drivers of FDI typically distinguishes two major
categories: (i) horizontal FDI, motivated by market-seeking objectives of MNEs, i.e. better access to the
final goods market of the host economy or markets in its proximity (Markusen, 1984); (ii) vertical FDI,
motivated by the efficiency-seeking motives of MNEs, i.e. the desire to improve the efficiency of the
production process by taking advantage of location advantages (access to skilled labour, lower labour
costs, relevant capital and infrastructure, natural resources and other sources of competitive advantage
(Helpman, 1984). Although to some extent overlapping with these major motives, some scholars also
distinguish additional modes of FDI, including (iii) ‘export-platform’ FDI that MNEs use to supply goods to
third markets rather than the home or the host economies (see Ekholm et al., 2007); (iv) ‘tariff-jumping’ FDI
that is used by MNEs to gain access to the host market as an alternative to more costly exports when
import tariff protection is high, i.e. to jump over’ the tariff barrier (Blonigen et al., 2004); and (v) ‘resource-
seeking’ FDI that seeks to gain access to locally sourced inputs at a lower cost, while output is exported to
other countries (see also Dunning, 1993 and 1998, distinguishing among these inputs physical resources,
labour, technological capacity and intangible capital). Along these lines, from a firm-level perspective, such
firm-specific competitive advantages of subsidiaries as intangible assets, utilisation of unique technologies,
patents, branding, organisational capital, established marketing and promotion infrastructure in the host
economy, are seen as drivers of FDI (Carr et al., 2001; Dunning, 1993).

Among the factors that serve as barriers to FDI, besides regulatory restrictions on foreign ownership and
economic activities of foreign-owned firms (Mistura and Roulet, 2019), are also political resistance
associated with the fears of increased competition that MNEs generate for domestic firms, and the
acquisition of promising national companies (‘national champions’) or those of strategic importance (e.g.
those dealing with sensitive technologies and infrastructure) by foreign-owned companies (World
Economic Forum, 2013). The role of business taxation, public research and development expenditure,
information and communications technology (ICT) infrastructure and labour costs as locational factors of
FDI are examined in Bellak et al. (2010). The importance of productivity and taxation for FDI flows has
been studied in Razin and Sadka (2007).

Conceptually, our analysis is closely related to the literature on the trade-investment choice by
heterogeneous firms, as in Melitz (2003). In this theoretical framework, the decisions by MNEs as to FDI
and trade in goods are interdependent and linked to the industrial structure, productivity heterogeneity
and the relative costs of engaging in FDI rather than exports of goods. In our case, besides other
relevant factors, the de facto intensity of non-tariff measures (NTMs) — country- and sector-specific — can
be viewed as the additional relative cost variable altering the choice by global ultimate owners (GUOs) of
investment versus trade. The impacts of trade costs on FDI were also addressed in Brenton and Di
Mauro (1999), Egger and Pfaffermayr (2004), Frenkel et al. (2004), Head and Ries (2008).
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In this respect, important factors that determine the locational choice and the intensity of investment in a
particular subsidiary by a parent company are associated with the regulatory environment of both the
host country and the home country, and are also sector-specific. The differences in the technical
standards or technical barriers to trade (TBTs) and sanitary and phytosanitary (SPS) measures — jointly
referred to as NTMs — potentially have non-trivial implications for the economic activities of MNEs. For
instance, Ghodsi (2020) finds that trade-restrictive TBTs imposed by the host economy, on which a
specific trade concern was raised by the home economy induce an increase in inward FDI stocks in the
host economy. However, regular TBTs imposed by the host economy do not seem to have any impact
on the stock of FDI, while regular TBTs imposed by the home economy may reduce the stock of FDI in
the host economy.

Cross-country differences in technical standards inhibit exports of products that are not aligned with the
standards of the importing country.! Furthermore, NTM regulations constitute an additional cost faced by
producers, which is transferred to the cost of the final product directly or via intermediate supply-use
linkages along global value chains. Meanwhile, implementation of technical standards enforces the
quality of products and their compliance with environmental standards, which is a generally positive
effect and may stimulate demand for the product. Given the important role that NTMs play in production,
one may conjecture that the intensity of NTMs is among the factors that impact the decisions of MNEs
as to in which country and sector to allocate certain tasks along its value-added chain. This, in turn, is
associated with investment decisions as to whether to establish a subsidiary as a greenfield investment
or via an acquisition of an existing company.

As NTMs constitute various regulations that are not directly comparable with one another, the literature
has struggled to properly measure them. The earlier approach of using the count of NTMs adopted in
the earlier empirical literature understandably was overly simplistic and only roughly conveyed their
intensity, but the more recent literature has developed techniques to arrive at a continuous measure of
NTMs by computing their import tariff equivalents — ad valorem equivalents (AVEs). Among the first
works on this matter, Kee et al. (2009) developed a framework for estimating AVEs of NTMs using
cross-sectional trade data at the detailed sectoral level — the six-digit level of the Harmonised System
(HS). The approach was further extended in Beghin et al. (2015), Bratt (2017) and Niu et al. (2018),
which incorporated also the notion of negative AVEs, implying that NTMs can have a positive effect on
trade. However, these techniques did not allow for the heterogeneity of the NTMs’ effects and thus their
AVEs simultaneously across sectoral, time and bilateral trading partner dimensions, as well as
distinguishing the type of NTMs, most importantly TBTs and SPS measures.

In this paper, we fill this gap and contribute to the literature along several dimensions. First, we estimate
bilateral time-varying AVEs of NTMs at the six-digit level of the HS of product classification. The bilateral
(country-sector pairs) approach allows for the proper accounting of heterogeneous effects of NTMs across
trading partners of a given importer, while the computation of AVEs allows for a more precise and
straightforward interpretation of the impact of NTMs for each country and sector, in contrast to an NTM
count variable, thereby improving upon the previous literature. Second, as an empirical application of the
devised measure, we quantify the impact of NTMs on FDI at the firm level. In this respect, thematically the
paper bridges the two distinct strands of literature discussed above — the body of research that focuses on
the estimation of the AVEs of NTMs and the literature on the drivers of FDI. Our empirical strategy takes

' More generally, the product-specific impact of NTMs on trade has been studied in Beghin et al., 2015; Bratt, 2017;
Cadot and Gourdon, 2016; Ghodsi, 2016; Niu et al., 2018.
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advantage of bilateral firm-level data tracing the ultimate ownership relationships between parent MNEs
and their subsidiaries, thereby addressing also the aggregation bias, which could be especially relevant in
this context, given that the world economy nowadays is dominated by a relatively small number of large
MNEs in each sector. Third, in addition to the assessment of manufacturing firms in general, as an
additional empirical exercise we focus specifically on MNEs in the ICT sector. This sector has become a
critical driver of the world economy and relies heavily on cross-border production sharing, with an
extensive use of FDI to gain efficiency at a global scale. Therefore, identification of the drivers that foster
FDI in the ICT sector has become an important topic of economic research. Finally, our analysis takes a
global scope as regards country coverage (data permitting), and spans the recent post-Great Recession
period (2008-2018), which may shed light on the drivers of cross-border ownership in the manufacturing
sector in general and, more specifically, in the ICT sector in the ‘new normal’.

The estimation of AVEs of NTMs reveals that over the period 1996-2018, and taking into account all
countries and all HS six-digit level products, TBTs played a much greater role as a trade-inhibiting factor
in comparison with import tariffs and SPS measures, with the relative importance increasing in the post-
Great Recession period. On a trade-weighted average basis, AVEs of TBTs over this period tend to fall
into a range of 6-16%, while AVEs of SPS measures fluctuate in a 0-6% range and import tariffs
gradually decline from 7% to 3%.

We then use the Orbis database to construct a firm-level bilateral panel dataset of foreign ownership
relationships between the holding companies — GUOs — and their subsidiaries, and the firm-level
characteristics, including the value of capital, firm size and productivity. The country and the reported
primary sector of activity of both firms in each pair linked by the ownership relationship is also used as the
basis for relating the country-sector bilateral trade flows and thus the associated NTMs for both the host
and the home countries and the sector. As mentioned above, we estimate bilateral time-varying AVEs of
NTMs and analyse whether the stringency of NTMs imposed by the home country and the host country
affect the capital of a foreign subsidiary of MNESs, which is used as a proxy for FDI intensity.2 First, we
analyse the drivers of FDI for the full sample that includes all manufacturing firms using Poisson pseudo-
maximum likelihood (PPML) estimations. Then, we focus on the sample of ICT firms (more precisely, the
ICT GUO firms, as MNEs in the ICT sector have subsidiaries in many sectors other than ICT).

The estimates confirm the belief that NTMs constitute an important driver of FDI, as well as pointing to
rather heterogeneous effects observed for the measures imposed by the host and the home country,
across sectors and the types of non-tariff measures (AVEs of TBTs and SPS measures). Notably, we
find that an increase in the stringency of TBTs, as measured by their AVEs, imposed by the host country
is associated with higher investment in the subsidiaries operating in this country, pointing to the
regulatory barrier-jumping motive of FDI in line with the literature. The effect is much stronger for MNEs
operating in the ICT sector. The magnitudes of the effect are also non-trivial: the estimates imply that a
1% increase in the import tariff equivalent of TBTs imposed by the host country against the imports from
the home country is associated with an increase in the total assets of a foreign subsidiary by up to
0.33% in the case of the full manufacturing sample and by up to 0.76% in the case of the ICT sector —
more than twice as much as for the manufacturing sector. The results thus show a much higher
relevance of the regulatory barrier-jumping motive for the ICT sector associated with the horizontal FDI.

2 As arobustness check, alternative specifications use total fixed assets as the dependent variable instead of total assets.
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In addition, in contrast to the full manufacturing sample, the results suggest a greater relevance of safety
standards for FDI in the ICT sector, as captured by the AVEs of SPS measures.

Although not the main focus of the study, the results also indicate the important differences in the role of
firm size and productivity in shaping FDI in the ICT sector, with the effect contingent upon the degree of
ownership (we distinguish between majority ownership and full ownership): for instance — in contrast to
the all-manufacturing sample — in the case of full ownership by ICT, the size and the productivity of the
subsidiary have a positive and a statistically significant effect on its capital.

The rest of the paper is structured as follows. Section 2 introduces the bilateral AVEs of NTMs measure,
and discusses the methodology behind and the key properties of the data. Section 3 discusses the sample
and the data, incorporating the newly developed measure of NTMs. Section 4 reports the results of the
econometric analysis focusing on bilateral firm-level FDI drivers. Section 5 presents our conclusions.
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2.Estimation of bilateral sectoral time-varying

ad valorem equivalents of NTMs

As discussed above, the first stage of the methodology deals with the estimation of bilateral annual
AVEs of NTMs for all goods at the six-digit level of the HS classification traded bilaterally across the
globe during the period 1996-2018. The methodology is based on the seminal approach by Kee et al.
(2008, 2009), which estimated the unilateral AVEs of NTMs for a cross-section of unilateral import data.
Our approach, however, extends the framework to allow the estimation of time-varying bilateral AVEs of
NTMs. In the first step of our three-step framework, bilateral import demand elasticities for each six-digit
product are estimated. The difference from the approach taken by Kee et al. (2008) is that they
estimated price-demand elasticity of a product imported from the world, while in this methodology, price-
demand elasticity of a product imported from a single exporter is estimated. In the second step, the
impact of two types of NTMs — TBTs and SPS measures — on the quantity of trade is estimated for each
six-digit product in each year. Then, in the third step, using the bilateral import demand elasticities
estimated in the first step and the estimated impact of NTMs for each product in each year from the
second step, we can calculate the annual bilateral AVEs of each type of NTM. Using a Heckman (1979)
procedure that was theoretically developed in Helpman et al. (2008) for international trade, and
econometrically implemented in Semykina and Wooldridge (2010), zero trade flows and the endogeneity
bias are controlled for in both steps — elaborated in more detail in the subsections below.

2.1. DATA

The data cover global bilateral traded goods at the HS six-digit level during the period 1996-2018. Trade
data are obtained from the UN COMTRADE provided by the World Integrated Trade Solution (WITS).
The data on the stocks of NTMs are collected from the WTO I-TIP notifications database and improved
by finding missing HS codes for some of the notifications following the methodology by Ghodsi et al.
(2017). The data on import tariffs are from TRAINS and the WTO IDB provided by WITS. Country-level
variables such as GDP and GDP deflator are obtained from the World Development Indicators of the
World Bank. The data on human capital are from the Penn World Table (PWT, 10.0) provided by
Feenstra et al. (2015).

2.2. BILATERAL IMPORT DEMAND ELASTICITIES

Calculating tariff equivalents or AVEs of NTMs in the third step of the outlined framework requires an
estimate of import demand elasticities, measuring how much (in percentage terms) the quantity of
imports changes when the import price changes by 1%. Such import demand elasticity was estimated by
Kee et al. (2008), applying a semi-flexible function of GDP (Diewert and Wales, 1988) and using
unilateral import data for the period 1988-2002. Applying a similar methodology and using bilateral
import data, this paper updates the estimated import demand elasticities for the period 1996-2018, as
well as adding a bilateral dimension. Following the theoretical framework provided by Kee et al. (2008),
the equilibrium share of product h in the GDP of country i that is imported from country j in year t is a
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function of factor endowments in both countries, and the ratio of price of the imported product relative to
the price of all other products in the GDP of the importing country. In this paper, country-level variables
such as factor endowments are controlled for using country-time fixed effects. The following equation is

estimated:
Dijne
Sijht(pijht tpijh’t) = Qop T Qjapg lnp ; + Qoijn T Aoine T Xojne T Uoijnt
ijh't
(1)
_ . . _ Vijnt
Vh=1,..HVi=1,.,Lvj=1,..,], Sijht(pijhtﬁpijh't) =5
it

where Sijht(pijht 'pijh’t) is the share of imported product h in the GDP of importing country i that is
imported from country j in year t; p;jp, is the price of the imported product; p;;,,', is the Térnqvist price
index (Caves et al., 1982) of all other goods constructed using the GDP deflator p;, of country i at time ¢,

Inpi — 5. I D5 . . )
calculated as In Pijnie = ( NPit = Sijne npuht)/(l ~ where Sine = (Suht + Sijnt 1)/2; ajisa dummy

§ijht)
variable for exporting country j that is interacted with the price index to give differentiated effects of price
on the share of imports to GDP by exporters. The intuition behind this comes from the fact that Kee et al.
(2008) estimated this equation using the unilateral import data, and hence a single coefficient was
estimated for total world imports. However, in our case the estimation considers multiple exporting
countries instead of the world total. Therefore, equation (1) can be estimated for each exporting country
separately. However, to achieve robust results with a reasonable degree of freedom and using all the
available information in one estimation, the exporting dummies are interacted with the price index.
Therefore, following the gravity literature (Anderson and van Wincoop, 2003; Head and Mayer, 2014),
importer-product-time a;y,,, exporter-product-time «,;,,., and bilateral product fixed effect a,;;, are
included to control for multilateral resistance and possible endogeneity due to the omitted variable bias.
As estimation of the full matrix of all HS six-digit products traded bilaterally is not feasible, equation (1) is
estimated for each product separately. Therefore, these fixed effects also control for factor endowments
at the country level, and all other time-invariant relations between the two trading partners.

2.3. CONTROLLING FOR THE ENDOGENEITY BIAS AND ZERO TRADE FLOWS

However, estimating demand on price gives biased results, owing to reverse causality and measurement
errors. As supply is an upward sloping function of price with respect to quantity, an increase in imported
quantity might be reflected in a higher price. Therefore, to control for the endogeneity bias, an

instrumental variable (IV) approach is used, following Semykina and Wooldridge (2010) and Kee et al.

(2008). In fact, three exogenous instruments are used to estimate the price index In :”i. And then, the
ijh't

fitted value of this index is used to estimate g;a,,. Simple and distance-weighted averages of the world
price index are two of the three instruments that are borrowed from Kee et al. (2008). Furthermore, as
the third instrument, the world average price of imports of all HS six-digit products within the four-digit

sector (other than the price of the imported product for which the estimation is performed) is used. The
calculation of these three instruments is presented in Appendix B.

As widely discussed in the literature, the omission of zero trade flows from the estimation leads to biased
results (Santos Silva and Tenreyro, 2006; Head and Mayer, 2014). PPML or negative binomial
distribution maximum likelihood (NBDML) estimators are usually used to control for zero trade flows in



ESTIMATION OF BILATERAL SECTORAL TIME-VARYING AD VALOREM EQUIVALENTS OF NTMS
Working Paper 210

the dependent variable. However, each incidence of a zero trade flow is also associated with the ‘zero’
price for that product, thereby further complicating technically our estimation relying on import price
variables. Therefore, to control for zero trade flows, and following Kee et al. (2008), the two-stage
Heckman (1979) procedure is used. More specifically, along these lines, the probability of positive
exports Pr(vi]-ht > 0) of good h imported in country i from country j in year t, or the extensive margin of
trade, is estimated using a probit model following Helpman et al. (2008). Furthermore, following
Semykina and Wooldridge (2010), the multilateral resistance and the fixed effects terms in equation (1)
should be modelled in the probit regressions as a linear function of exogenous instruments that are
averaged by country-product-year, and bilateral-product combinations. However, using the averages of
all exogenous instruments in one regression invokes multicollinearity issues, and thus only one of the
exogenous instruments is averaged by importer-product-year, exporter-product-year, and bilateral
product and other exogenous instruments are included without taking their averages. The probit model is
estimated as follows:

Pijrt = PT(Vijht > 0)
_ G _ = _ _ _
=ty + ApeXi; + Qi Zine + QinaZijne + A1nsDijnge T X1raljne + X1nsPine
+ Q1p7Dijn + Usijne »

Vh=1,...HVi=1,..,,vVj=1,..,]

where p;;,, is the probability of exporting product h from country j to country i in year t; X,-Gj includes a

set of time-invariant gravity variables such as logarithm of distance between the two trading partners,
colonial history, common language, contiguity and having been the same country historically; z;;, is the
simple average world price index as defined in equation (A1) in Appendix B; Z;;, is the distance-
weighted average world price index as defined in equation (A2); p;;n,. is the world average price of

imports of all HS six-digit level goods h within the four-digit sector H, other than the imported price under
question as defined in equation (A3); pjx¢, Pine, and p;j;, are respectively the importer-year, exporter-
year, and bilateral averages of p;;,,. as defined in equation (A4); u,;;,. is the error term. After estimating

equation (2) for each product separately, the inverse Mills ratio (IMR) is calculated as the ratio of the
probability density function to the cumulative distribution function: 7/, = @(2;jn:)/®(2{jn:), Where 2}, =
d)‘l(ﬁ;‘jht) is the probability of exports. Then, the IMR is used in the estimation of the price index, using

the exogenous instruments as follows:

Dijnt _ = _ -
In—— = ay, + Qn1Zijne + %on2Zijne + Xon3Pijnye + Qanallijne + Qaijn + Aoine + Aojne + Uzijne

Dijn't (3)

Vh=1,..HVi=1,.,LVj=1,..,]

while owing to the reverse causality of the price index ln:"’l and import share s;;,, in equation (1), price
ijh't

p”hf uoijht) # 0, and the exogenous instruments in

t

9]

index was correlated with the error term E (ln

equation (3) are no longer caused by the import share. Therefore, the fitted value of the price index
ln;"ﬂ and the IMR retrieved from equation (2) could be used in the estimation of import share as
yh't

follows:
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pl]ht

2
+ AzpaNijne T Azijn T Azine T Azjne T Usjjne

h't (4)
Vh=1,..HVi=1.,LVj=1,.,]

Sijht(pijht 'pijh’t) = azp + a;az, In

Dijht

u3”ht) = 0; and equation (4) and (3) could be
't

According to the Sargan test statistics, E (ln -
yh

simultaneously estimated using the generalised method of moments (GMM). However, as the fitted
value of the price index is interacted with the exporter dummies to give exporter-specific import demand
elasticities, running the simultaneous GMM is not feasible. Therefore, these stages are estimated
separately, and the standard errors are clustered by bilateral pairs to give robust results.?

Following Kee et al. (2008), after maximising the demand in the semiflexible GDP function, one can
calculate the bilateral import demand elasticity ¢;;, as follows:

< _1 lf aja3h > 0
F) — 5 — LS5 < 0,60 4= Syw — Lif qjas, = 0,i ()
Dijnt qijne Sijw > —1if a;as, < 0

_ aqw'ht(ptijh) Dijne _ @;Q3p
ijh = =

where 5, is the period-averaged share of product h imports to country i from country j to the GDP of
the importing country i. When the coefficient a;as, is not statistically significant at 10% level, it is
replaced with zero, and the bilateral import demand elasticity becomes 5,;,-1, which is slightly smaller

than -1, as the imports share is negative in the construction of GDP.

2.4. AVES FOR NTMS

To calculate the annual bilateral AVEs for the two types of regulative NTMs, namely TBTs and SPS
measures, the impact of NTMs on the bilateral imported quantity for each year t and each product h at
the six-digit level of the HS is estimated using the gravity model of trade framework. This approach is
based on the seminal approach by Kee et al. (2009), that was developed further to include both negative
and positive impact of NTMs by Beghin et al. (2015), Ghodsi et al. (2016), Bratt (2017) and Niu et al.
(2018). Then, using the bilateral import demand elasticity that varies across bilateral products ijh, a
single coefficient obtained from the gravity framework estimated for each year t and each product h can
be used to derive the bilateral annual AVE. The gravity equation to be estimated for each year t and
each product h separately is as follows:

Qijne = exp[ﬁoht+ﬁoht1 ln(1+Tijht)+ZnBn,ohtzNTMn,ijht+Boht3xit+ﬁoht4xjt+ﬁoht5Gij+ﬁoht6Wijt]ﬂoijt’ (6)

vh € HS, vt € {1,...,T},Vi,j € {1, ...i, ...j, ..., I},n € {TBT,SPS}

where q;;,, is the quantity of product h imported from country j to country i in year t; ln(l + T,-,-ht) is the
log of tariffs in percentages, and they are added to one because they may equal zero for some bilateral
trade flows; NTM,, ;. is the stock number of NTMs of type n which is either TBTs or SPS measures
imposed by the importing country i in force in year t on the import of product h from the exporting

3 ltis important to note that best practice would be to bootstrap the standard errors in the second stage of estimating

equation (4). However, it is not feasible to use bootstrapped standard errors when multiple fixed effects are included in
the regression.
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country j; X;, includes the nominal GDP as an indicator of the size of the economy and real GDP per
capita as an indicator of the level of development of the importing country; X;, includes GDP and GDP
per capita of the exporting country; G;; includes the traditional time-invariant gravity variables that
comprise geographical distance between the two trading partners, colonial history, common language,
contiguity and having been the same country historically, W;;, includes a dummy variable indicating

whether the two trading partners are both members of the World Trade Organisation (WTO) in that year,
respectively; 9;;, is the error term.

Following the strand of the literature on gravity frameworks (Santos Silva and Tenreyro, 2006; Head and
Mayer, 2014), dropping zero trade flows after taking the log of the dependent variable leads to the
estimation bias. In particular, when an NTM becomes sufficiently restrictive that it impedes the bilateral
trade flow completely, the zero trade flow should be taken into account in the estimation to give an
unbiased result. Therefore, the PPML estimation approach developed by Santos Silva and Tenreyro
(2006) and Correia et al. (20193, b) is used to estimate the gravity model, which addresses the zero
trade flow issue, as well as controls for the heteroscedasticity of the error term.

The main variable of interest is NTM,, ; ., and the main coefficient of interest for the AVE of each NTM
type n is B, on2- The estimation of traded quantity against NTMs may suffer from the endogeneity bias
due to reverse causality, and the measurement error.# To control for the endogeneity bias, the IV
approach is used in the literature (Kee et al., 2009; Bratt, 2017; Niu et al., 2018; Ghodsi, 2019). Log of
exports In q;;;,, 5 of product h from country i to country j in year t, and the past growth of imported
quantity in the previous period Aln g;jp;—1 = Inq;jn; — Inq;jn.—; are the two exogenous variables that
would control for the reverse causality bias. For the measurement bias, the literature (Kee et al., 2009;
Kee and Nicita, 2016; Bratt, 2017; Niu et al., 2018) is usually using an indicator of NTMs imposed by the
three or the five closest countries, which is usually weighted by the GDP of those countries. However,
imposition of NTMs could be also affected by distant countries. For instance, Chinese TBTs may be very
much affected by the NTMs imposed by the advanced countries situated very far from China. One major
reason is that advanced countries have heavily invested in China and their value chains require similar
standard and regulative settings between them and China. Therefore, similar to Ghodsi (2019), average
NTMs imposed globally on that product by all countries other than the importer i is used as the third
exogenous variable. As price (unit value) of the imported product could indicate the quality and the cost
impact of the regulative NTM, unit value is used as a weight to construct this IV NTM}, .., as shown in
equation A5 in Appendix B.

Using these three exogenous instruments and other explanatory variables in equation (6), the first-stage
equation is run by PPML for each of the NTM type n as follows:

NTM,, jjne

Bane+Bines (14T ijne) + Bt 1ea NTM 1 i o+ BanesXiet BineaX je+ BinesGij+ BintsWije+Buner In Qjine+BineshIn Qijht—1+l31ht9NTMKmt]#1i

= exp[

vh € HS,vt € {1,...,T},Vi,j € {1,...0,...J,..,I}; n,n' € {TBT,SPS},n #n' (7)

4 For further discussion on the sources of endogeneity, see Ghodsi (2019).

5 As there are zero trade values in exports and imports quantities, hyperbolic sine transformation of these traded values is
used instead of the natural logarithm, which yields asymptotic marginal effects as in natural logarithm (Bellemare and
Wichman, 2020).
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In each case, when estimating NTM of type n as the dependent variable in equation (7), the other NTM
type n’ is used as a control variable. The fitted values NTM,,,,,, are obtained from these estimations and

used in the gravity equation below:
Qijne = exp[ﬁzhtﬂ?zhn In(14Tjn¢) +Znﬁn,zhtzNTMrT,L]ht+ﬁzht3Xit+32ht4th+ﬁzhtSGij"'ﬁzhtsWijt]ﬂzijt’ (8)
Vh e HS, Vvt € {1,...,T},Vvi,j € {1, ...i,...J,..,I},n € {TBT,SPS}

According to the Sargan test statistics, E(NT’ME,ht uzl-jt) = 0. The augmented Durbin-Wu-Hausman test
proposed by Davidson and MacKinnon (1993) is used to test the inconsistency of estimating equation (6)
without the IV PPML approach. Furthermore, the exogeneity of instruments is additionally tested using the
Anderson-Rubin test (Anderson and Rubin, 1949). These test results are available upon request.

The estimations are based on all bilateral traded goods in the global economy during the period 1996-
2018. On account of mutual recognition and harmonisation of standards and regulations within the EU
single market, intra-EU trade is excluded from these gravity regressions, and the AVEs of NTMs for
intra-EU trade are considered to be zero.

2.5. ANNUAL BILATERAL AVES

After estimating the bilateral traded quantity in equation (8) by each product h for each year t
0 1n(qijnt)

, is converted to the ad
6NTMnli]-ht

separately, the marginal effect of each NTM type n on traded quantity,

valorem equivalent (price-based) AVE, ;. of NTM type n applying the bilateral import demand
elasticities ¢;;,. The marginal effect is simply the derivative of the traded quantity with respect to the
NTM type n when the coefficient S, .5, is statistically significant at the 10% level (otherwise, it is
considered to be zero). Then, the annual bilateral AVE of NTM type n is calculated as follows:

L 9 ln(Qijhc) _ e'B‘ﬂ.thz -1
&ijn ONTM,, ;e e

Vh e HS,vt € {1,..,T},Vi,j € {1,...0,...], .., I},n € {TBT, SPS}

AVE, e = x 100,n € {TBT,SPS},i # j, ©)

We truncate the resulting AVEs at the extreme values of the distribution (values below -100 at the low
end and above 10,000 at the top end of the distribution). This has only a marginal impact on the data as
the truncated observations amount to less than 1% of all estimated AVEs.® The bottom -100 is chosen
as a trade-promoting NTM that acts as a subsidy instead of a tariff can reduce the price of the imported
good by only 100%. The 10,000+ value is chosen in order to have a comparable number of observations
truncated from each side.

8 This is a common practice in the literature. In our case, the threshold level is less restrictive in comparison with the

literature. For instance, Bratt (2017) removes about 2% of the estimated AVEs: 1% from the top and 1% from the bottom
of the distribution.
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2.6. REVIEW OF THE BILATERAL AVE ESTIMATES AND THEIR KEY
PROPERTIES

Figure 1 shows the dynamics of the number of NTMs of both types (TBTs and SPS measures) imposed
on HS six-digit products globally during the period 1996-2018. As can be seen, the simple average
number of TBTs imposed on traded products increased notably from 0.35 in 1996 to 8.9 in 2018.
Moreover, the trade-weighted average number of TBTs over the same period increased from 0.6 to 17.4.
The difference between the weighted and unweighted averages indicates that the products with higher
values of trade have been targeted by more TBTs than the products with lower trade values. One can
find a similar pattern for SPS measures: the trade-weighted average number of SPS measures is about
three times higher than the simple average over the same period.

Figure 1/ Average number of TBTs and SPS measures imposed on HS six-digit products
during 1996-2018
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Figure 2 / Simple average of tariffs, AVEs of TBT and SPS measures imposed on HS six-digit
products during 1996-2018
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Figure 3 / Trade-weighted average of tariffs, AVEs of TBT and SPS measures imposed on HS
six-digit products during 1996-2018

-=-%---Trade-weighted average AVE of TBT Trade-weighted average AVE of SPS

Trade-weighted average tariffs

16 X
\ x - X
14 7= =X / \ /s TN
4 \ FAR ] X 4 \
12 K \ X ’ \ ' \ X \
10 x’ \\ Vs \\ 1’ ‘\ ', AN /’, \5( - -X
\ ——
X AN ,X \ /

8 v vl X d !

6 x \X‘ - K- - ){

4

2

0

1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Sources: WTO I-TIP, TRAINS and the WTO IDB provided by WITS; and authors’ collection and estimations.

Figure 2 shows the global simple average of import tariffs and AVEs of TBT and SPS measures estimated
following the methodology discussed above in 1996-2018. While import tariffs have been gradually
decreasing during this period owing to WTO commitments and preferential trade agreements, the impact of
NTMs as measured by AVEs (and thus comparable to the import tariff dynamics) exhibits a more volatile
dynamic. Notably, throughout the entire period the revealed trade restrictiveness of TBTs is much larger
than that of import tariffs and SPS measures, and continues to dominate after the Great Recession. Trade-
weighted averages of tariffs and AVEs of TBTs and SPS measures, depicted in Figure 3, show similar
dynamics. Over the entire sample period, AVEs of TBTs fall within a range of 6-16%, while AVEs of SPS
measures fluctuate within a 0-6% range and import tariffs gradually decline from 7% to 3%.

The trade-weighted average of tariffs is smaller than the simple average of tariffs, which again indicates
that the products with lower tariffs have been traded in larger gross values. A similar pattern is observed
for the traded products affected by TBTs. During the entire period, the simple average of AVEs of TBTs
is about 10.9, which is slightly higher than its trade-weighted counterpart (about 10.4). In other words,
products that are less hampered by TBT measures have been traded in higher values. However, in
contrast to tariffs and TBTs, since 2009 the simple average of AVEs of SPS measures has been almost
half of the weighted average of AVEs of SPS measures, suggesting that trade has been more prevalent
in the product lines that were covered by the corresponding SPS measures. As SPS measures certify
that the traded goods meet the safety and health requirements of the importing countries, this may be
associated with a growing greater preference for safer but more expensive products.

Table A5 in Appendix A shows the simple average of tariffs and estimated AVEs of NTMs imposed by
each country against exporting country groups, classified by their development level and GDP per capita
following the UNIDO classification (Upadhyaya, 2013): Advanced Industrial Economies (AIE), Emerging
Industrialised Economies (EIE), Other Developing Economies (ODE) and Least Developed Countries
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(LDC).” As can be seen, the revealed effects of import tariffs and NTMs are highly asymmetric across
the country groups. In particular, import tariffs imposed by the AIE group are the lowest, especially those
imposed on the imports from the LDC group. However, this is not the case for NTMs: SPS measures
imposed by the AIEs are usually very trade-restrictive for emerging and developing economies, as
indicated by high NTM AVE levels. In turn, TBTs imposed by developing countries are more trade-
restrictive in comparison with other country groups.

Taking advantage of the newly computed data, one can also calculate the overall level of trade
restrictiveness for each bilaterally traded product by calculating the trade restrictiveness index as the
sum of import tariffs and AVEs of TBTs and SPS measures. Figure 4 illustrates the trade-weighted tariffs
and AVEs of NTMs, along with the total trade restrictiveness index for all products averaged over HS
sections. As can be seen, the precious metal and stones section has the largest trade restrictiveness
index value, equivalent to an import tariff rate of 43.7%. Although the trade-weighted average import
tariff levied on the products in this section is below 2%, the trade-weighted AVE of TBTs is more than
25%, which is the highest level among all sections. The average AVE of SPS measures for this section
is above 16%, which is also the highest among all sections.

Consumption goods have the highest level of import tariffs. The largest tariffs are imposed on agri-food
product sections: vegetable products (13%), live animals and products (12.2%), animal or vegetable fats
and oils (11.6%), and beverages and tobacco (10.9%) are the sectors with the highest import tariff
protection. At the same time, import protection via NTMs has a lower importance: the AVE of SPS
measures for these products is about 2% and the AVE of TBTs about 9%.

Figure 4 | Trade-weighted tariffs and AVEs of TBTs and SPS measures imposed globally
during the period 1996-2018 by HS sections

m Trade-weighted average AVEs of TBT Trade-weighted average AVEs of SPS

Trade-weighted tariffs + Total trade restrictiveness index
45 o
40
35

25
20
15
10

4
$ 4

<
|
I e
I e
.
|
|
I e
I e
|
|
e
B <4
I e
e
K
K¢
<2

o o,
|
|

Precious Metal & Stones

Arms & Ammunition

Live Animals and Products

Textiles

Leather and Skins

Machinery

Glass & Stone

Art & Antiques

Vegetable Products

Metal

Paper & Pulp

Optical, Medical, Music
Instruments

Beverages & Tobacco

Footwear

Rubber and Plastics

Wood

Chemical products

Transport Equipment

Furniture, Toys, Misc.

Mineral Products

Animal or Vegetable Fats & Oils
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7 Detailed annual data on estimated AVEs of TBTs and SPS measures at the bilateral product level are available upon

request.



APPLICATION OF THE AVE ESTIMATES TO THE ANALYSIS OF FDI IN THE ICT SECTOR
Working Paper 210

3. Application of the AVE estimates to the

analysis of FDI in the ICT sector

As discussed in the introduction, the decisions of MNEs to alter their investment in subsidiaries abroad
are expected to be influenced by trade patterns, among other factors. Therefore, as an empirical
application using the AVEs of NTMs estimated in the previous section, we further analyse their impacts
on the capital of foreign affiliates of MNEs, focusing on the ICT sector, for which the role of
heterogeneous technical standards across countries is likely to manifest itself more strongly, as well as
taking into account the rising role of ICT and digitalisation in the world economy.

3.1. DATA AND SAMPLE

The sample covers the period 2008-2018 and includes 10,621 manufacturing firms across the globe that
are owned by 2,739 MNEs. As intra-EU trade was excluded from the estimation of AVEs as explained
above, the subsidiaries in the EU that are owned by MNEs of other EU countries are also not included in
the sample® °. The sample covers all manufacturing firms in the world that are owned by foreign GUOs.
We use a threshold of 50.01%, i.e. majority ownership, as the ownership share criterion for inclusion in
the sample.

The main firm-level variables are obtained from the Orbis database provided by Bureau Van Dijk
Electronic Publishing GmbH. We use total assets and total fixed assets as the two indicators measuring
the stock of FDI in each subsidiary. The ultimate ownership linkages between GUOs and their
subsidiaries thus identify the host and home countries of FDI. Furthermore, the primary sector of activity
reported by the owner and the subsidiary firms is used as a reference to identify the associated sectors
of investment and trade activity for the host and home economies of FDI.

Table A2 in Appendix A provides the summary statistics of the variables used in this analysis. The
sample of estimation has 54,443 observations and the table presents every variable in levels. The
average size of firms in terms of total assets that are owned by foreign MNEs is about USD 8bn, while
their average size in terms of total fixed assets is about USD 4.4bn. The average size of subsidiaries in
terms of employment is about 606, while the average employment size of the GUOs in the sample is
about 27,600. However, labour productivity in subsidiaries is much higher than in GUOs. On average,
each employee in subsidiaries is associated with about USD 122m in operating revenue, while in the
GUO the figure is about USD 2m.

8 This estimation sample includes firms that have at least two non-zero values for their total assets during the period of
analysis; otherwise, the sample of data for all manufacturing firms owned by foreign MNEs comprises about 90,393
firms owned by 13,226 GUOs abroad.

% Furthermore, tax haven countries are not included in the sample either, as the related FDI is associated with profit
shifting and holding activities of MNEs, and this ‘phantom’ FDI severely distorts the data. To this end, we use the list of
tax haven countries developed in Hines (2010). However, we also do robustness estimations with the sample including
these countries, which are available upon request.
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3.2. METHODOLOGY

We estimate the following specification that explains the stock of capital of subsidiary f in year t
operating in a two-digit NACE sector ¢ in country i and owned by a GUO g in sector ¢ in country j as a
function of the trade policy and other relevant variables:

Krgijeor = EXP [y + Vilge + V2lge + vaprodge + vaprodge + Vs Z arc AVE, iz + (10)

n

+ Yne Z arc AVEy ;jee +v7arcTyge +vgarcTije + Ve + Vg + Viee + Viee + Vije + Yorl X Vegijee

n

Vvh e HS,vt € {1, .., T}, Vi,j €{1,..i,..j,..,1},n € {TBT,SPS}

where K¢, is the value of total assets of the subsidiary f operating in sector ¢ in country i in year ¢ that
is owned by GUO g in sector g in country j (as a robustness test, we also use the value of total fixed
assets); I, and I, are the number of employees in the subsidiary and the GUO, respectively, to control for
the size of firms, in logarithmic form; prod;, and prod,, are the labour productivity of the subsidiary and

the GUO, respectively, in terms of the operating revenue as a share of employee (in logarithmic form).

arc AVE, ;¢ is the hyperbolic sine transformation of the average AVE of NTM type n on all six-digit products
in the two-digit NACE sector ¢ that is imposed by country i against imports from country j in year t;

arc AVE, j;¢ is the hyperbolic sine transformation of the average AVE of NTM type n on all six-digit products
in the two-digit NACE sector ¢ that is imposed by country j against imports from country i in year t;

arc Ty, is the hyperbolic sine transformation of average tariffs imposed by country i against the imports of
six-digit products from country j in year t; arc Tj;, is the hyperbolic sine transformation of average tariffs

imposed by country j against the imports of six-digit products from country i in year t.

A priori, the tariff-jumping motive (or, in the context of NTMs, the regulatory barrier-jumping motive) is
one of the main determinants of horizontal FDI. This motive suggests that when the cost of bilateral
trade from the home country to the destination country increases, MNEs intend to invest more in the
destination country as a host of their investment. One should also note that market seeking is one of the
major reasons behind horizontal FDI. However, when stages of production are integrated across borders
owing to efficiency seeking in vertical FDI in order to make production cheaper, trade costs have to be
sufficiently low that the production could be fragmented between several countries. Following these two
motives behind the FDI, one can assume that a higher AVE of NTMs in the host country can increase
horizontal FDI. However, a negative impact of AVE of NTMs imposed by either home or host country on
the FDI could indicate the vertical integration of production.

yr and y, are, respectively, firm fixed effects for the subsidiary and the GUO; y;;, v,z and y;j¢ are,

respectively, host-sector-time, home-sector-time, and bilateral sector fixed effects that control for
multilateral resistance, following the gravity model of trade literature; v, is the sector-time fixed effects
variable that controls for the global characteristics in the GUO sector; v, ;¢ is the error term that is

clustered by bilateral sector.

In addition to the full manufacturing firms sample, we then focus specifically on the sample of ICT GUO
firms and their manufacturing subsidiaries. The definition of ICT manufacturing and services sectors is
provided in the technical report of the Joint Research Centre (JRC) of the European Commission on the
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2018 PREDICT database (Benages et al., 2018). The list of the ICT sectors is presented in Table A1 in
the Appendix.

As innovation plays an important role in the ICT sector, securing intellectual property rights through
patents is an important strategy by ICT firms to gain market share. Therefore, as an additional control
variable, we include the number of patents registered by the subsidiary and the GUO that are
successfully granted by the patent offices. As different NTMs and their AVEs may be mutually
correlated, as an additional robustness check we include AVEs sequentially in separate specifications.

3.3. ESTIMATION RESULTS

We estimate the model specified in the methodology subsection using PPML. We first estimate the
model with all manufacturing firms in the global sample, followed by the estimation for the sample of ICT
GUO firms.

3.3.1. FDI in manufacturing sectors by global firms

The results for the full manufacturing sample are shown in Table 1. The benchmark specification
(column 1), is based on all firms that are reported in Orbis as being in the majority ownership
relationship, implying that the GUO owns at least 50.01% of the subsidiary’s shares. However, in some
cases information on the exact ownership share is not reported, although Orbis still classifies the owner
as the majority owner of the subsidiary. Therefore, as a robustness check, we also perform estimations
with two additional sub-samples: a sample of firms for which the information on the majority (i.e., above
50.01%) ownership is also reported by Orbis (column 2), and a sample of firms with the 100% ownership
(column 3).

Although AVEs of SPS variables pertaining to both the host and the home economies are statistically
insignificant across all specifications, as can be seen, AVEs of TBTs reveal a strong impact on FDI
dynamics as measured by the total assets of subsidiaries. Notably, AVEs of TBTs imposed by the home
country (arc AVErgr jize) have a highly statistically significant negative coefficient across all specifications.
This implies that when TBTs imposed by a country become more trade-restrictive, its MNEs that are
investing abroad are more inclined to reduce their investments. This may be associated with the higher
costs of exports from the host country (the country in which the subsidiary operates) to their home
country induced by the TBTs, leading to a disincentive for the MNEs to develop cross-border production
sharing and thus engage in vertical FDI. However, the AVEs of TBTs imposed by the host economy
against the imports from the home country (arc AVErgr ;i) have a positive coefficient statistically
significant at the 5% level for the specifications with the 50% ownership share threshold (columns 1 and
2) and at the 1% level for the specification with the 100% ownership share threshold (column 3). This
suggests that when the TBTs imposed by a country in which an MNE has established its subsidiaries
become more trade-restrictive, the MNE may tend to increase its investment in that country. This could
be interpreted as a means to mitigate the trade obstacles induced by the higher level of TBTs via FDI,
similar to the tariff-jumping motive of FDI.
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Table 1 / Estimation results for the sample of all manufacturing firms

1 2 3
Dependent variable: Kien Kiooo" Kiooe”
lge 0.048*** 0.054*** 0.023**
(0.011) (0.013) (0.011)
lge 0.14** 0.16*** 0.21***
(0.034) (0.043) (0.043)
prodg, 0.0063 0.0057 0.026**
(0.0095) (0.011) (0.012)
prody, 0.11% 0.14** 0.20**
(0.035) (0.045) (0.040)
arc AVErpr jise -0.32* -0.37*+ -0.28**
(0.14) (0.11) (0.077)
arc AVErgr e 0.19** 0.31** 0.20*
(0.090) (0.13) (0.11)
arc AVEgps jigt -0.15 -0.0013 0.0061
(0.19) (0.19) (0.14)
arc AVEgps ijet -0.11 0.0036 -0.13
(0.076) (0.093) (0.088)
arc Tjig; 0.15 0.14 2.46**
(0.25) (0.24) (1.02)
arc Tije; 2.27* 2.30*** 2.03***
(0.61) (0.85) (0.72)
Observations 54,443 40,266 22,082
Pseudo R-squared 1.000 1.000 1.000
Subsidiary FE, y¢ Yes Yes Yes
GUO FE, v, Yes Yes Yes
Destination-sector-year FE, y;z; Yes Yes Yes
Origin-sector-year FE, ;¢ Yes Yes Yes
Owner-sector-year FE, y,, Yes Yes Yes

Standard errors in parentheses, *** p<0.01, ** p<0.05, *** p<0.01

Indeed, the estimation results also point to the tariff-jumping motive behind FDI, as indicated by the positive
statistically significant coefficient associated with the import tariffs imposed by the host economy. The
import tariff imposed by the home economy has a less profound effect and is statistically significant only
when the GUO fully owns the subsidiary — positive and statistically significant at the 5% level.

The results also indicate that, in line with expectations, the firm size of both the subsidiary and the GUO
is positively associated with the capital of the subsidiary. Furthermore, labour productivity of the
subsidiary is also highly conducive to its capital. However, labour productivity of the GUO is statistically
significant only for the specification in column 3, suggesting that higher productivity of the GUO is
associated with capital-boosting effects in its subsidiaries only when it has 100% ownership.

As discussed, for robustness, Table A3 in the Appendix presents the PPML estimation results for the full
manufacturing firms sample with the total fixed assets, rather than total assets, as the dependent
variable. Fixed assets reflect long-term assets of a company that cannot be easily liquidated in the short
run, e.g. the value of equipment, land and buildings. The estimates for the control variables are similar to
the ones for the baseline estimation results. As regards the effects of NTMs, however, in this case AVEs
of TBTs imposed by the home country become statistically insignificant, indicating that the effects
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observed in the baseline model results are associated with assets other than those falling into the fixed
assets category of the subsidiary firm. AVEs of TBTs imposed by the host country still indicate a
technical barrier-jumping motive behind the FDI. In contrast to the baseline results with total assets,
AVEs of SPS measures imposed by the host economy have a statistically significant negative
coefficient. SPS measures constitute standards and regulations that protect human health, safety and
plant life, and therefore the results imply that a loosening of sanitary and safety regulations in the host
country may facilitate investment.

3.3.2. FDI in manufacturing sectors by global ICT firms

Next, we focus our attention on the results for the ICT sector — more precisely, the FDI originating from
the ICT GUO firms, which is directed not only to subsidiaries in the ICT sector, but also other sectors.
Table 2 presents the PPML estimation results for the sample of manufacturing foreign subsidiaries
owned by global ICT firms. The results for TBTs remain similar to those for the sample with all
manufacturing GUO firms presented in Table 1. However, the impact of AVEs of TBTs imposed by the
home country is less statistically significant, while the impact of AVEs of TBTs imposed by the host
country is more statistically significant relative to the all-manufacturing sample. Taking into account the
hyperbolic transformation used for AVEs, the estimates imply that a 1% increase in the tariff equivalent
of TBTs imposed by the host country against the imports from the home country is associated with an
increase in the total assets of a foreign subsidiary owned by an ICT firm of up to 0.76% (and of 0.78%
for the subsidiaries fully owned by an ICT GUO). This is more than twice the size of the TBT effect for
the full manufacturing sample. Such a large elasticity may indicate a higher regulatory barrier-jumping
motive for the ICT sector and associated with the horizontal FDI. Moreover, in contrast to the full
manufacturing sample, AVEs of SPS measures imposed by the host country on the subsidiary’s sector
of activity are now statistically significant at the 1% level, negative across all specifications, which
implies a greater relevance of safety standards for FDI by the ICT MNEs in all manufacturing sectors. In
contrast to the all-manufacturing sample, neither the size nor the productivity of the ICT GUO matter in
the case of fully owned subsidiaries, while for the majority ownership sample both productivity and GUO
firm size are still significant. Meanwhile, again differently from the all-manufacturing sample, the size and
the productivity of the subsidiary are positive and statistically significant in the case of full ownership by
ICT GUOs. Contrary to expectations, granted patents do not reveal any statistically significant effects.

As a robustness check, Table A4 in the Appendix presents the PPML estimation results based on total
fixed assets of manufacturing foreign subsidiaries owned by global ICT firms. Results of the estimation
on the control variables remain similar to the results on total assets presented in Table 2. However, the
results on AVEs of NTMs change in some specifications. For instance, the AVES of TBTs imposed by
the home country become statistically insignificant, while the AVEs of TBTs imposed by the host country
remain statistically significant and positive. Furthermore, the AVEs of SPS measures imposed by the
host country remain negative and statistically significant similar to the results on the estimated total
assets presented in Table 2. However, the impact of AVEs of SPS measures imposed by the home
country on the total fixed assets of the subsidiaries now become negative and statistically significant.
This suggests that when the standards and regulations embedded within SPS measures imposed by the
home country that protect human health, safety and plant life become very trade-restrictive, the amount
of fixed assets invested by the ICT MNE in the host country decreases. This is due to the increased cost
of supply of products from the host country to the home country. Moreover, tariffs imposed by the home



APPLICATION OF THE AVE ESTIMATES TO THE ANALYSIS OF FDI IN THE ICT SECTOR
Working Paper 210

country have now a statistically significant and negative impact on the total fixed assets of the foreign
subsidiary. This is interpreted as an impediment on vertical integration of the production process of the
MNE that is expanded in other countries. In addition, the results indicate that tariffs imposed by the host
country have a statistically significant impact on the fixed assets of a subsidiary that is fully owned by the
ICT MNE, which again suggests that vertical FDI can be significantly hampered by larger trade costs
induced by these traditional trade policy measures.

Table 2 / Estimation results for the sample of on total assets of manufacturing foreign
subsidiaries owned by global ICT firms

1 2 3
Dependent variable: Kool Kioow' Kigige "
lge 0.15*** 0.19** 0.056
(0.044) (0.077) (0.042)
Lyt 0.18 0.15 0.50%**
(0.18) (0.13) (0.086)
prodg, 0.16** 0.20** 0.12
(0.074) (0.088) (0.076)
prods, 0.14 0.12 0.48***
(0.19) (0.14) (0.089)
arc AVErpr jist -0.16 -0.20* -0.26**
(0.10) (0.11) (0.12)
arc AVErpr ;jee 0.54*** 0.76** 0.78***
(0.20) (0.22) (0.26)
arc AVEsps jigt -0.30 -0.42 -0.35
(0.27) (0.26) (0.26)
arc AVEgps;jet -0.31*** -0.32%** -0.55"**
(0.098) (0.11) (0.13)
arc Tjig -2.82** -2.22 -0.20
(1.29) (1.49) (2.13)
arc Tjg 0.86 1.31 0.64
(0.85) (0.87) (0.98)
patentgy; 0.029 0.023 0.044
(0.032) (0.039) (0.055)
patent, 0.013 0.013 0.027
(0.013) (0.022) (0.021)
Observations 4532 3539 1973
Pseudo R-squared 0.980 0.980 0.987
Subsidiary FE, y¢ Yes Yes Yes
GUOFE, y, Yes Yes Yes
Destination-sector-year FE, y;;, Yes Yes Yes
Origin-sector-year FE, y;¢ Yes Yes Yes
Owner-sector-year FE, y,, Yes Yes Yes

Standard errors in parentheses, *** p<0.01, ** p<0.05, *** p<0.01
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4.Conclusion

The paper estimates bilateral time-varying AVEs of NTMs at the detailed HS six-digit sectoral level. We
show the significant heterogeneity of the NTMs and the extent of their stringency that varies over time. In
particular, the new estimates point to an increasing role of TBTs and SPS measures in the post-Great
Recession period, which contrasts with a gradually declining role of import tariffs as a trade-inhibiting
policy measure. In order to further demonstrate the implications of NTMs, we analyse their implications
for foreign direct investment in a firm-level bilateral setting, i.e. focusing on individual MNEs and the
global network of their subsidiaries. The results suggest that, controlling for other relevant characteristics
such as firm size and productivity (of both the GUO firm and the subsidiary), NTMs are of significance to
the MNE’s decisions to invest abroad. Given the rising importance of the ICT sector, we further focus on
the implications of NTMs for foreign direct investment by MNEs in the ICT sector.

From the policy perspective, the results reveal the importance of TBT and SPS regulations, their
intensity and their cross-country differences not only for foreign trade, which has been well studied in the
literature, but also for cross-border investment — a topic that has remained hitherto largely unexplored.
While harmonisation of technical and safety regulations between trading partners naturally boosts trade
between them, we show that this alters the bilateral direct investment flows. The ultimate net effect on
the host and the recipient economies are thus less clear-cut when one takes into account these spillover
effects rather than focusing on the trade aspects only. This constitutes an interesting topic for further
research, as well as policy analysis. Related to this, the database on the bilateral time-varying NTMs
opens possibilities for further research at the detailed sectoral or aggregate country levels, focusing on
trade and investment, as well as permitting a more nuanced understanding of the impacts of deeper
integration agreements, allowing measurement of the depth of the agreements, when the bilateral AVE
NTM data developed in this paper are combined with bilateral import tariff data.
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Appendix

Table A1/ List of ICT sectors included in the analysis

NACE Rev. 2 Description

26.1 Manufacture of electronic components and boards

26.2 Manufacture of computers and peripheral equipment .
o ) ICT manufacturing

26.3 Manufacture of communication equipment

26.4 Manufacture of consumer electronics

58.2 Software publishing

61 Telecommunications

62 Computer programming, consultancy and related activities ICT services

63.1 Data processing, hosting and related activities; web portals

95.1 Repair of computers and communication equipment
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APPENDIX A. ADDITIONAL PPML ESTIMATION RESULTS

Table A2 / Summary statistics of firm-level variables used in the analysis

Variable Mean Standard deviation Min. Max.
Kigie 8.51E+10 8.01E+12 0 1.03E+15
Kioie 4.72E+10 4.43E+12 0 4.86E+14
Ly 27,634.06 51,925.53 1 434,246
Ly 606.51 3,657.55 1 343,000
Prod,, 2,058,824 3.20E+07 0 417E+09
Prod, 1.22E+08 6.40E+09 0 6.04E+11
AVErgrjige 10.90 9.94 -47.93 400.90
AVErgrije 12.10 10.65 -40 177.94
AVEsps jige 0.89 4.36 -50 278.23
AVEsps ijee 2.60 8.12 -20.41 298.21
T 3.16 14.15 0 1,544.07
Tyse 6.51 6.36 0 75.67

Note: number of observations is 54,443, which is the sample size of estimation on Table 1, column 1. All variables are in
levels.

Table A3 / Estimation results based on total fixed assets, all-manufacturing sample

Dependent variable: Kia ol Kipie "
Lot 0.021** 0.026** 0.029*
(0.011) (0.011) (0.015)
lge 0.070*** 0.075** 0.15***
(0.020) (0.022) (0.033)
prodg, 0.0076 0.0061 0.033*
(0.013) (0.015) (0.017)
prody, 0.053*** 0.060*** 0.14**
(0.018) (0.021) (0.031)
arc AVErgr jige 0.060 -0.0018 -0.053
(0.16) (0.20) (0.19)
arc AVErprjee 0.21** 0.35* 0.27
(0.10) (0.18) (0.20)
arc AVEgps jige -0.38 -0.34 -0.34*
(0.24) (0.25) (0.18)
arc AVEgpg;js¢ -0.36*** -0.39*** -0.17*
(0.10) (0.12) (0.100)
arc Tz, 1.19** 1.50%* 2.11
(0.57) (0.55) (1.34)
arc Tyjg; 1.20** 1.35 0.55
(0.57) (0.90) (0.55)
Observations 53,896 39,871 21,842
Pseudo R-squared 1.000 1.000 1.000
Subsidiary FE, y¢ Yes Yes Yes
GUO FE, v, Yes Yes Yes
Destination-sector-year FE, y;;, Yes Yes Yes
Origin-sector-year FE, ¢, Yes Yes Yes
Owner-sector-year FE, y,, Yes Yes Yes

Standard errors in parentheses, *** p<0.01, ** p<0.05, *** p<0.01
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Table A4 / Estimation results based on total fixed assets of manufacturing foreign
subsidiaries owned by global ICT firms

Dependent variable: Kool Kioow' Kigig "
lge 0.21%** 0.20** 0.058
(0.066) (0.085) (0.067)
lee 0.12*** 0.13** 0.46™*
(0.042) (0.037) (0.15)
prodg, 0.21*** 0.23** 0.20**
(0.082) (0.067) (0.079)
prodys, 0.067 0.063 0.44**
(0.049) (0.042) (0.16)
arc AVErgr jigt 0.067 0.12 0.072
(0.26) (0.32) (0.29)
arc AVErprjet 1.20*** 1.34%* 1.36**
(0.39) (0.49) (0.57)
arc AVEgps jizt -0.95*** -0.94*** -0.65**
(0.34) (0.33) (0.28)
arc AVEgps ijer -0.50*** -0.70*** -0.42**
(0.12) (0.13) (0.19)
arc Tjig -6.33** -5.08* -8.90"
(2.51) (2.86) (5.12)
arc Tjje; 1.22 1.63 -3.86***
(0.97) (1.12) (1.46)
patentg, -0.0072 -0.0068 0.064
(0.035) (0.033) (0.058)
patent, 0.015 0.039 0.030
(0.027) (0.035) (0.045)
Observations 4,482 3,491 1,954
Pseudo R-squared 0.970 0.971 0.978
Subsidiary FE, y¢ Yes Yes Yes
GUOFE, y, Yes Yes Yes
Destination-sector-year FE, y;z, Yes Yes Yes
Origin-sector-year FE, vz, Yes Yes Yes
Owner-sector-year FE, y,, Yes Yes Yes

Standard errors in parentheses, *** p<0.01, ** p<0.05, *** p<0.01
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Table A5 / Simple averages of tariffs and AVEs of TBT and SPS measures imposed by each
importing country against exporting groups during the period 1996-2018

Simple average AVE of TBTs  Simple average AVE of SPS

Simple average levied tariffs
imposed against exporting measures imposed against P 9

Group Importer’s Name group: exporting group: against exporting group:
AIE EIE ODE LDC AIE EIE ODE LDC AIE EIE ODE LDC
AIE Australia 11.69 1178 1039 1231 358 320 352 4.00 376 404 402 135
AIE Austria 11.14 1117 1083 1183 358 329 284 38 365 332 245 176
AIE Bahrain 1322 1598 1290 1482 380 210 1.7 1.97 448 447 362 420
AIE Belgium 1153 1252 1054 1158 324 309 199 249 346 297 200 0.81
AIE Canada 11.28 1131 1039 1092 140 119 012 0.68 428 421 540 1.27
AIE Czechia 12.81 1207 1229 1510 360 328 240 333 425 368 279 211
AIE Denmark 10.74 1156 1068 13.15 442 317 255 047 350 351 261 049
AIE Estonia 10.61 1263 1484 1730 229 255 032 -038 169 249 214 1.13
AIE Finland 1124 1134 1371 1927 382 335 268 0.00 346 341 269 1.28
AIE France 10.65 10.88 10.71 10.98 323 306 244 275 379 318 228 137
AIE Germany 10.81 11.00 992 1081 413 371 356 966 373 320 248 1.30
AIE Hong Kong 1421 1374 1556 1654 310 370 6.87 825 0.00 0.00 0.00 0.00
AIE Hungary 13.04 1196 1154 934 344 359 269 354 449 409 399 211
AIE Iceland 13.28 13.92 15.00 23.62 3.01 173 -019 -143 357 521 949 10.83
AIE Ireland 11.34 1239 1289 1464 408 341 085 191 384 364 292 1.29
AIE Israel 1252 1177 946 1297 182 134 083 -1.00 381 490 7.02 7.26
AIE Italy 11.00 1191 1112 1124 411 449 427 1134 342 283 196 049
AIE Japan 9.72 1125 1070 1164 330 341 351 584 391 392 515 1.70
AIE Kuwait 13.69 14.87 1567 17.06 4.13 3.11 120 090 442 436 342 444
AIE Lithuania 827 1137 1012 954 243 284 195 071 245 3.00 312 342
AIE Luxembourg 1223 1518 1391 1854 418 366 117 095 313 338 254 1.29
AIE Macau 1257 14.09 1363 16.00 261 209 233 -055 0.00 000 0.00 0.00
AIE Malaysia 12.85 13.17 1194 1250 340 315 352 260 828 783 756 9.68
AIE Malta 1213 1588 10.67 4937 266 272 048 -0.88 473 391 282 257
AIE Netherlands 10.97 1083 962 1260 271 303 221 370 366 320 2.00 0.54
AIE New Zealand 13.06 12.53 10.05 11.30 296 2.61 125 193 356 392 468 0.90
AIE Norway 13.14 1213 1087 1357 370 300 112 137 450 371 516 2.67
AIE Portugal 10.89 1126 11.06 1146 492 326 330 4.07 333 325 157 0.80
AIE Qatar 13.82 14.01 1256 1949 554 375 312 195 432 427 319 4.09
AIE Russia 400 519 425 634 045 042 013 055 994 849 829 977
AIE Singapore 1346 1325 1267 1559 188 186 157 207 016 021 049 0.20
AIE Slovakia 12.74 1255 1310 1547 366 343 112 -014 414 343 265 1.88
AIE Slovenia 12.66 14.43 1336 1637 346 350 186 0.06 553 447 4.04 3.67
AIE South Korea 12.22 1244 1089 1418 396 365 293 537 850 9.67 10.77 9.56
AIE Spain 1045 11.32 1161 1284 395 408 264 179 355 316 212 1.08
AIE Sweden 11.74 1061 9.39 12,04 389 415 110 2.01 345 323 260 0.61
AIE Switzerland 1278 1072 983 11.09 420 300 384 441 420 416 6.22 149
AIE Taiwan 10.36 11.21 1168 1277 440 382 431 810 557 624 715 8.09
AIE United Arab Emirates 13.28 1368 1325 1324 458 364 380 353 450 440 339 4.26
AIE United Kingdom 10.87 11.12 946 1141 462 383 310 520 370 3.08 218 0.74
AIE United States 10.87 1085 962 1022 099 093 029 -022 368 333 375 5.08
EIE Argentina 11.33 1289 9.79 1871 346 329 165 -0.31 13.71 10.87 12.81 23.02
EIE Brazil 11.20 11.00 10.66 12.04 353 365 346 575 1432 1281 1479 20.52
EIE Brunei 13.76 1397 1221 1199 094 065 -0.76 -127 213 139 1.08 0.99
EIE Bulgaria 13.30 1425 1210 1193 420 359 106 -091 747 668 739 6.83
EIE Chile 12.05 1223 1269 17.09 2.21 192 122 165 455 453 501 4.02
EIE China 986 9.97 10.31 1140 281 228 405 599 1038 942 876 6.56
EIE Colombia 1165 13.14 1331 1535 3.06 320 276 6.93 932 824 9.77 13.50
EIE Costa Rica 1271 1369 1257 16.78 319 244 266 -011 520 554 410 10.74
EIE Croatia 11.59 13.24 1360 2045 367 295 229 -0.01 239 446 478 835
EIE Cyprus 11.75 13.08 1111 1623 270 239 226 012 517 562 483 5.31
EIE Greece 10.86 13.84 11.16 1221 442 437 234 144 337 328 230 0.62
EIE India 1144 1114 887 1051 3.00 333 564 9.09 17.08 1557 13.59 13.64
EIE Indonesia 12.69 1340 1238 1310 402 356 328 387 7.04 6.16 6.27 7.87

contd.
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Table A5/ Contd.

Simple average AVE of TBTs  Simple average AVE of SPS

i . . i i Simple average levied tariffs
imposed against exporting measures imposed against

Group Importer’s Name against exporting group:

group: exporting group:

AIE EIE ODE LDC AIE EIE ODE LDC AIE EIE ODE LDC
EIE Kazakhstan 2.57 3.12 2.96 4.89 0.26 0.10 0.08 -0.02 5.70 5.59 4.62 7.27
EIE Latvia 10.62 12.19 11.21 28.30 2.76 2.79 5.44 0.46 2.89 3.14 2.99 1.67
EIE Macedonia 11.31 1272 959 1724 2.06 1.87 1.83 1.09 484 622 972 1558
EIE Mauritius 11.96 13.94 11.99 14.14 1.61 2.1 0.42 1.07 8.82 8.56 7.57 488
EIE Mexico 11.71 11.39 10.53 12.14 2.44 2.39 1.92 259 8.02 10.20 12.06 14.42
EIE Oman 12.74 1551 1197 11.16 3.03 2.79 282 215 406 4.65 3.70 3.18
EIE Poland 13.39 13.05 1295 13.85 3.30 3.08 235 165 7.51 737 817 6.26
EIE Romania 13.35 13.53 12.08 19.78 4.50 3.28 1.75 1.21 5.00 5.53 6.94 7.46
EIE Saudi Arabia 10.51 12.72 9.96 9.57 3.54 2.78 1.76 4.92 6.16 6.11 5.73 5.61
EIE South Africa 1259 13.21 11.52 1248 2.97 3.14 1.55 292 6.65 9.81 10.16 7.66
EIE Thailand 1212 1229 1240 1226 285 3.05 410 6.61 12.06 1217 13.16 12.24
EIE Tunisia 1454 16.42 1531 1578 4.08 3.03 3.30 228 16.91 19.66 21.62 25.61
EIE Turkey 12.72 12.67 13.53 15.09 3.88 3.67 224 410 2.54 3.65 4.64 3.96
EIE Ukraine 8.67 10.40 9.15 14.43 2.10 1.62 0.79 0.72 460 487 5.56 7.38
EIE Uruguay 1260 1349 1194 17.82 399 3.18 1.73 -048 1275 7.82 12.84 18.37
EIE Venezuela 13.49 1233 11.23 9.93 5.32 3.83 390 284 13.37 11.31 1294 16.10
ODE  Albania 1291 13.72 11.70 2294 3.21 2.06 1.56 -1.56 5.01 6.07 6.99 6.65
ODE  Antigua and Barbuda 12.53 13.98 12.26 15.41 1.76 0.66 017 -146 1346 1485 10.74 16.72
ODE  Armenia 12.01 14.81 1283 2736 238 0.87 126 237 422 464 480 7.32
ODE Barbados 12.74 13.35 11.36 14.05 2.43 1.33 1.46 0.66 14.41 16.45 14.63 21.19
ODE Belize 1250 12.61 11.61 8.49 1.32 1.11 0.68 1.00 11.76 1246 11.67 12.89
ODE Bolivia 12.75 1499 13.18 17.74 3.16 2.68 1.51 0.32 9.94 7.09 8.38 24.86
ODE Botswana 1250 16.08 1255 1270 359 388 039 066 9.63 521 9.00 6.04
ODE  Cameroon 13.03 12.28 10.10 10.49 2.97 2.70 1.37 0.33 18.46 19.65 1948 17.28
ODE Cape Verde 8.39 9.30 7.90 8.78 1.40 0.54 0.36 1.07 1424 1710 17.32 17.72
ODE Congo 1545 15.69 13.64 12.36 3.77 2.83 2.27 1.20 18.36 19.18 1259 19.61
ODE  Cote d'Ivoire 11.65 11.37 10.86 11.23 3.41 2.26 1.26 1.08 1295 13.73 1275 7.58
ODE Cuba 10.98 11.96 9.62 8.28 2.38 3.23 3.50 0.71 11.64 1144 1254 13.67
ODE  Dominican Republic 1247 1299 11.99 15.26 0.79 0.74 0.29 -0.79 8.73 9.88 9.53 12.76
ODE  Ecuador 13.16 13.38 13.36 2288 4.35 3.24 282 260 10.44 9.11 11.29 18.40
ODE  Egypt 1285 13.19 11.84 16.93 1.83 1.04 073 093 10.31 1048 7.93 13.37
ODE El Salvador 13.76 13.59 1228 24.66 4.02 2.62 2.28 -0.52 5.03 5.44 518 11.77
ODE  Fiji 1217 12.64 8.91 9.53 0.62 066 -0.30 -0.42 13.19 13.34 16.19 13.76
ODE  Georgia 13.58 13.78 14.12 15.63 2.64 2.27 0.89 -2.74 249 208 2.40 1.97
ODE Ghana 11.99 1272 10.13 1129 352 3.36 1.22 1.58 12.85 13.22 1250 10.82
ODE Grenada 949 871 8.59 6.09 0.08 -1.22 -140 -3.85 1224 13.83 8.31 12.63
ODE  Guatemala 13.71 1425 13.31 1292 3.67 3.02 273 -1.10 5.28 5.13 4.69 10.02
ODE Guyana 12.89 12.18 12.16 9.24 1.35 0.68 0.89 1.27 1118 11.77 9.57 13.77
ODE  Honduras 13.34 1342 1473 1448 259 193 195 -039 557 6.27 7.00 10.82
ODE Jamaica 12.92 13.76 12.04 10.93 2.90 2.51 158 -1.31 9.09 10.29 10.97 13.82
ODE Jordan 11.91 13.45 12.08 17.29 3.05 231 1.91 1.07 10.87 11.87 10.48 14.01
ODE Kenya 11.27 12.39 10.01 10.50 3.12 2.14 242 283 13.71 1396 13.95 8.58
ODE  Kyrgyz Republic 1261 1417 1133 18.64 294 176 -0.14 022 376 429 377 397
ODE  Moldova 12.53 13.30 12.75 18.53 217 1.56 0.17 7.47 5.16 5.26 7.39 9.95
ODE  Mongolia 12.20 13.18 13.54 33.51 0.47 0.62 017 -1.22 493 5.02 5.10 5.06
ODE  Montenegro 8.09 9.22 1047 1558 0.86 0.77 0.40 -0.81 1.83 3.56 3.68 5.70
ODE  Morocco 1444 1484 13.18 1599 4.71 437 248 325 1051 14.64 1477 20.69
ODE  Namibia 12.87 15.65 13.29 14.09 2.92 2.41 0.57 0.61 8.42 487 524 4.09
ODE Nicaragua 12.83 12.82 12.93 16.11 2.49 1.53 120 -0.39 4.61 4.72 3.87 11.63
ODE Nigeria 1242 1219 11.09 11.86 3.20 1.93 2.47 1.67 15.03 1445 13.00 13.97
ODE  Pakistan 1098 1170 993 1189 284 317 202 548 1457 1415 1454 13.36
ODE Panama 14.68 14.67 15.62 26.76 3.88 4.22 1.55 5.54 7.56 7.65 7.97 10.22
ODE Papua New Guinea 12.38 11.71 10.90 10.66 0.88 1.39 0.44 1.64 6.15 7.90 7.54 6.12
ODE  Paraguay 12.08 14.05 14.48 15.82 3.22 2.68 3.09 212 11.04 6.61 11.63 18.44
ODE  Peru 11.77 1223 13.14 1743 3.38 3.22 1.61 233 6.23 578 7.39 10.65

contd.
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Table A5/ Contd.

Simple average AVE of TBTs  Simple average AVE of SPS

i . . i . Simple average levied tariffs
imposed against exporting measures imposed against

Group Importer’s Name against exporting group:

group: exporting group:

AE EIE ODE LDC AE FEIE ODE LDC AE EIE ODE LDC
ODE Philippines 1246 1423 1038 1165 473 440 348 116 492 390 468 611
ODE  Saint Lucia 1258 11.36 1187 886 144 -027 060 -287 1148 1372 7.89 12.96
opg SaintVincent and the 1193 1134 1078 835 119 077 016 -1.08 1153 1280 823 13.11

Grenadines

ODE  Seychelles 350 386 355 270 034 033 067 -001 819 825 694 1057
ODE  SriLanka 1310 1393 1258 1524 259 147 317 541 1070 967 9.95 1047
ODE  Swaziland 1292 1560 1524 2145 114 240 117 102 1125 531 1356 13.11
ODE Trinidad and Tobago 12095 1337 1086 1625 336 318 042 7.81 989 1154 1279 1529
ODE  Vietnam 893 973 937 903 115 125 153 278 997 802 920 826
ODE  Zimbabwe 1296 14.83 1268 1347 323 295 147 175 17.84 1440 1572 10.94
LDC  Afghanistan 384 409 425 524 -049 -032 -016 -009 7.58 7.34 7.78 8.44
LDC  Benin 1233 1240 1060 1141 229 179 100 129 1349 1489 1150 824
LDC  Burkina Faso 1327 1428 1245 1146 284 318 163 184 1247 1348 1095 9.07
LDC  Burundi 1299 1417 1273 1372 127 189 088 320 1557 1542 650 5.15
LDC  Cambodia 1089 11.80 12.05 869 201 152 246 -033 1357 1146 10.72 12.49
LDC  Central African Republic 1195 1179 1189 1498 301 090 182 -017 17.70 1967 1241 2057
LDC  Gambia 1148 1148 993 1131 099 026 029 262 1614 1607 1548 12.51
LDC  Guinea 1227 1246 1118 1339 287 140 199 057 1077 12.00 1153 10.83
LDC Laos 1075 1050 912 1041 008 067 -017 248 7.69 143 103 4.34
LDC  Madagascar 1320 1274 1052 1001 264 195 127 052 915 928 1040 881
LDC  Malawi 1309 1535 1148 1317 281 252 247 078 1436 1139 908 624
LDC  Mali 1257 1267 992 1216 233 202 304 -007 1267 1348 1256 10.79
LDC  Mozambique 1334 1356 11.09 1150 1.86 149 047 -013 1070 947 10.38 8.38
LDC  Nepal 1348 1551 1557 17.68 054 073 165 070 1411 1237 1527 1565
LDC  Rwanda 1340 14.86 1307 1377 167 189 166 096 1679 1625 489 614
LDC  Samoa 597 824 609 022 -030 -0.22 1286 11.87 12.66
LDC  Senegal 1391 1556 1013 911 340 316 068 126 1314 1415 13.04 10.50
LDC  Tanzania 1288 13.08 1222 11.08 395 321 247 193 1481 1429 1044 1049
LDC  Togo 1217 1225 1075 1091 190 135 068 297 1344 1485 1287 8386
LDC  Uganda 1303 1341 1274 1219 313 270 203 156 1229 1292 569 672
LDC  Yemen 168 261 171 172 019 018 013 042 575 600 415 7.07
LDC  Zambia 1326 1462 1285 11.79 363 270 455 072 1538 1197 11.14 10.40

Note: AVEs of TBTs and SPS measures are estimated by authors. Exporting country groups are defined in terms of their
development levels and GDP per capita following the UNIDO classification (Upadhyaya, 2013). These four distinct groups of
countries are Advanced Industrial Economies (AIE) , Emerging Industrialised Economies (EIE), Other Developing
Economies (ODE) and Least Developed Economies (LDE).
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APPENDIX B. TECHNICAL DETAILS ON THE EXOGENOUS INSTRUMENTS
USED IN THE AVE ESTIMATIONS

The two exogenous instruments for the price index in import demand elasticities are defined as follows:

The simple average world price index is calculated as follows:

(me{;liptk) <Z] k:tlstkjh>l Z]Zkatlptk]h

; eln ZZk::Lptkjh I—1 Uxpn-1 Uxpn-1
T Uxp -1 1 <Z Z;c#ll _tkjh> (A1)
Uxpn-1

Vh=1,..HVi=1.,LVj=1,.,]i#j

For the distance-weighted average price index, we use the following calculation:

Zztijh
] 1-1
dk]
=In 14 STwi-1 s Ptkjn
7 k% k::z kj
dy; dyj dyj
lnz L—j ) (Z] i 5 >1nz i Ptkj
( N Ty - z’z,mdk, ) g P (A2

(Z] k tk h>
:“Z]ka dk] /

Vh=1,..HVi=1,.,Vj=1,..,],i#]
where d,; is the geographical distance in kilometres between importing country k and exporting country j.

The world average price py;;,, of imports of all six-digit goods h within the four-digit sector H, other than
the imported price under question is calculated as follows:

J 1-1
Z kaxtk}h
ptuh4 Z ZZ
heEH, j k¢l k*thk’h (A3)

Vh=1,.. . HVi=1 ., LVj=1,.,]i%]j

The world average price py;;p, of imports is averaged by importer-product-year, exporter-product-year,
and bilateral product, which are used in the estimation of first-stage Heckman in equation (2). These
averages are calculated as follows:

= ZI ptl]h4,
Ptjn = i
¥ Deijn
vin = — ]” : (A4)
= 2? ﬁtl}h4
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Therefore, the exogenous instrument NTM, ..

import of product h from country j is constructed as the price-weighted average of NTMs of all countries

for each NTM of type n imposed by country i against the

in the world other than the importing country i under question as follows:

Yk Pkjnt
vh e HS,vt € {1, ...,T}, Vi, j,k € {1, ...i, ...J, ...k, ...,I},n € {TBT,SPS}

Nl = > Y <P NT My, ke A% A L% K, (A5)
j k

where py . is the unit value of product h in year ¢ imported from country j to country k, which is different
from country i that is the importing country in equation (6).
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