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This research intends to examine whether
transport and communication infrastructure
affects countries’ economic security indicators
in the foreign trade sphere (by the example of
the Ukraine’s major export commodity group —
steel and its articles). To estimate the impacts
of transport and communication infrastructure
(quality of sea ports, Internet, mobile phones,
and fixed-telephones on bilateral trade flows in
the steel industry), the author applies various
gravity model specifications, including those cap-
turing multilateral resistance terms. The study
reveals a positive influence of the quality of sea
ports, Internet and mobile phones proliferation on
strengthening of countries’ economic security in
the sphere of foreign trade through increasing
exports of steel and its articles.
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JlocridxeHo rpobriemy 8rauBy mMpaHCnopmHo-
KOMyHiKayitiHOI  iHghpacmpykmypu  KpaiHu Ha
3MiHY [HOUKamopiB eKOHOMIYHOI 6esreku dep-
)KasU y 30BHILUHLOMOP208esbHIl cehepi (Ha rpu-
K/1a0i 0OCHOBHOI 07151 YKpaiHu ekcriopmHoi mosap-
HOI epynu — cmasii ma 8upob6is 3 Hei). 1151 oyiHKu
BIM/1UBY YUHHUKIB MPaHCOPMHOI | KoMyHikayili-
HOI' IHgbpacmpykmypu kpaiHu (3okpema: sikicmb
MOPCbKUX ropmig, IHmepHem, MO6iIbHI mesie-
¢hoHU, chikcosaHi mesieghoHU) Ha 06Csi2u eKc-
rnopmy ma imnopmy 8 MemasypeiliHiti mpomuc-
JI0BOCMI 3aCMOCOBAHO PI3HI Xapakmepucmuku
2pasimayjitiHoi Moderti, 3 ypaxysaHHsIM bazamo-
CMOPOHHIX MOYOK oropy. OmpumaHi pe3syrsib-
mamu 00C/liOXeHHs1 3acsioyu/iu  no3umusHull
BIN/IUB MAKUX YUHHUKIB, SIK SIKICMb iHGhpacmpyk-
mypu MOPCbKUX r1Opmis, 3acmocysaHHs IHmep-
Hemy i MOGifIbHUX MeneghoHiB Ha 3MIUHEHHSI
E€KOHOMIYHOI 6e3reKu Oepxasu y 30BHILWHLO-

mopaose/ibHil cghepi 3a805IKU 36I/TbUEHHIO eKC-
ropmy cmavii i ii BUpobis.

KniouoBi  cnoBa:  ekoHomiyHa  Gesrieka,
30BHIWHST MOp2is/Isi, MPaHCIOPMHO-KOMYHIka-
yiliHa iHghpacmpykmypa, ekcriopm cmaii, epa-
simayjiliHa Mooesib, sIKicmb MOPCbKUX MOPMIB,
IHmepHem, MOG6iibHIi  mesie¢hoHU,  Memasyp-
ailiHa npomuc/1o8icMe.

ViccnedosaHa npobaema 8usiHUsi mpaHcrnop-
MHO-KOMMYHUKaYUOHHOU  UHGbpacmpykmypbi
cmpaHbl Ha U3MEHeHUE UHOUKamopoB 3KO-
Homuyeckoli  6e3ornacHocmu  eocydapcmesa
BO BHewHemopz08ol chepe (Ha npumepe
rokasamesisi obbema 3Kcriopma OCHOBHOU
01151 YkpauHbl mosapHol epynnbl — cmasiu
u usoenud u3 Hee). [1151 OUEHKU B/IUSIHUST (hak-
mopos mpaHcrnopmHol U KOMMYHUKAUYUOHHOU
UHbpacmpyKkmypbl cmpaHbl (8 YacmHocmu:
Ka4ecmso  MOPCKUX 1opmos, VIHmepHem,
MOGU/IbHbIE  Me/eghoHbl,  (hUKCUPOBAHHbIE
mesieqhOHbI) Ha 06bEMbI IKCIIopMa U umriopma
B Memasypauyeckoll  MpoMbIl/IeHHOCMU
MPUMEHEHbI  Pa3/iuYHble  Xapakmepucmuku
2pasumayuoHHo20  MOoOe/U, C  y4emom
MHO20CMOPOHHUX ~MOYEK  COMPOMUB/IEHUS.
llonyyeHHble  pe3y/ibmamel  UcC/1e008aHUsI
roKasasziu MosIoKUMe/IbHoe B/USIHUE Mmakux
hakmopos, Kak ka4ecmso UHghpacmpyKmypbl
MOPCKUX 11opmos, npuMeHeHue ViHmepHema
U MOGU/IbHBIX MenethoHOB Ha YKpersieHue
3KOHOMuYeckoll besonacHocmu 20cyoapcmsa
B0 BHewHemopeosoli cchepe 6na2o00aps yse-
JIUYeHUIo aKcropma cmasu u ee usoesnud.
KnioueBble cnoBa: 3KOHOMUYecKas  6e3-
onacHoOCMb, BHEWHSISI MOP20&/Is, MpPaHCop-
MHO-KOMMYHUKAUUOHHasi  UHGhpacmpykmypa,
aKcropm cmasiu, 2pasumayloHHas MoOe/lb,
Kauecmso MOPCKUX —ropmos, VHmepHem,
MOGU/IbHbIE MENIeGhOHbI, Memasisypaudeckasi
MPOMBILUIEHHOCMb.

Introduction. The advances in Information and
Communication Technology (ICT) over the last
20 years, particularly proliferation of the Internet,
fixed-telephones, and mobile phones, have sig-
nificantly reshaped the way modern firms do their
business. Transport infrastructure for trade was
also considerably enhanced over the last years by
building new sea ports, logistic terminals, airports,
highways etc. The impact of these two factors on
economic security of the state can be twofold: as
an opportunity to strengthen it and as a threat to its
sustainability. Can governments be sure that devel-
opment of transport infrastructure and further ICT
proliferation will sustain country economic security
in the foreign trade sphere? The economic literature
suggests that both transport infrastructure and ICT
could be potential trade-enablers, given their abil-
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ity to reduce costs of search and communication
between trade partners.

As a consequence, there is a possibility to increase
country’s main export flows and thereby strengthen
its economic security in the foreign trade sphere. The
scientific (research) problem is to find an acceptable
equilibrium between the possibilities of strengthen-
ing the various components of the state’s economic
security in the conditions of rapid growth of ITC on the
one hand, and the risks to it arising from inadequate
development of different types of country’s transport
infrastructure on the other hand.

It should be noted that development of transport
infrastructure and ICT requires significant invest-
ments from governments and private sector, and,
therefore, a thorough scientific justification of the
effects, primarily on the socio-economic sphere and,
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through it, its impact on the economic security of the
state should be analyzed.

Review of the latest research papers and publi-
cations. Certain aspects of the analysis and evaluation
of economic security of the state in the sphere of for-
eign trade were discussed in research papers and arti-
cles of the domectic scientists, such as, V. Aranchiy [1],
Y. Bazilyuk, S. Davydenko, O. Vlasyuk [2], T. Vlasyuka
[3, 4], A. Vasil'yev [5], V. Klimchik [6], S. Pirozhkov [7],
A. Sharov [8] etc. Approaches to the construction and
use of gravity models in the sphere of international
trade were elaborated mainly by foreign scientists,
such as, J. Anderson [9], M. Melitz [10], J. Bergstrand
[11-12], Santos J. Silva [13] and others.

At the same time, a comprehensive analysis of the
impact of transport infrastructure and ICT on changes
of economic security indicators in the foreign trade
sphere requires the development of an empirical
model that could form the foundation for justifying
managerial decisions regarding the prevention of and
overcoming the threats and risks in this sphere.

The research goal of the article is to empirically
study the impact of the transport infrastructure and ICT
on changing the indicators of economic security of the
state in the foreign trade sphere using a gravity model
of trade (by the example of Ukraine’s main export com-
modity group — steel and products made of it).

Presentation of the main research material.
When choosing a methodological approach, the fol-
lowing objective factors and conditions to be taken
into account: i) suitability of the methodology for ana-
lyzing and interpreting a particular situation; ii) the
reliability of the results obtained; iii) predictive capa-
bilities; iv) availability of expert modeling tools; and,
finally, v) the laboriousness of the methodology and
the time required to carry out analytical work.

The most common methods used to perform
empirical modeling of economic impact assess-
ment are: general equilibrium calculation models (or
so-called CGE models: computable general equilib-
rium models, gravity models [9-11], dynamic inter-in-
dustry models based on input-output tables [14], and
multiple regression models for assessing the impact
of factors on GDP dynamics [15]. In practical terms,
estimation of the impacts transport infrastructure and
ICT development have on changes in economic secu-
rity of the state (primarily through indicators reflecting
the results of foreign trade) can be done by applying
a gravity model of trade that allows in a relatively sim-
ple form to assess the key factors of such influence.

In addition to the standard variables used in the
modeling of economic security in foreign trade (GDP
volume, foreign trade duty rates, transportation costs,
exchange rates etc.), the gravity model allows to take
into account the influence of institutional factors of

! Bilateral fixed effect has the same value for both exports from
country i to country j and exports from country j to country i, but
only in a given year.

a country, such as: existence of regional trade agree-
ments, cultural differences, level of transport infra-
structure development, availability and level of cor-
ruption and others. Further its main provisions and
results are outlined.

To empirically determine the impact of transport
infrastructure and ICT on export flows, | apply several
specifications of the gravity model. Similar to Baier
and Bergstrand [16] and Mattes et al. [17], the esti-
mation procedure includes both the traditional grav-
ity model and one accounting for multilateral resist-
ance. | choose to use fixed effects rather than random
effects for panel estimations as proposed by Baier
and Bergstrand [16]. The entry point to the econo-
metric analysis is a log-linearized basic specification
of the gravity equation:

LnTit = Bo + BaIn(Yi * Yi)) + B2AnDj +

BsFig + + BaFig + BsFij + BeFiir + €it  EQ. (1)

where exports from country i to country j is denoted

by Tit, Y is a country’s economic mass (GDP), D rep-

resents distance and may capture other trade costs,

tis a time subscript, &j is a bilateral error term, and f1,

B2, B3 are unknown parameters. As Table 1 depicts,

vectors Fig, Figy, Fij, and Fi: refer to the set of both

dummy and individual or bilateral country charac-

teristics that are ether time-variant (Fi;, Fir, and Fij)

or constant over time (Fi, Fj, and Fi). Notably, not all

variables are included to estimate the basic gravity
equation (Eq. 1).

The entry point to the econometric analysis is
a log-linearized basic specification of the gravity
equation.

According to Mattes et al. [17], ICT network effects
may enhance trade volumes «when both countries have
good ICT development». Noteworthy, variables that do
not change over time or across all trade partners, such
as GDP or country’'s quality of ports in a given year, will
correlate with time-varying country fixed effects. Hence,
these variables cannot be included into a model with
multilateral resistance (Yushkova, [18]). The same con-
dition applies to country specific ICT variables, therefore
the impacts of ICT are only observed through ICT inter-
action variables. The concluding model is augmented
with both bilateral' and country-and-time fixed effects to
control for any country-pairs’ unobserved characteristics
in a given year.

Having access to water transportation and better
quality of ports are reported to have positive impacts
on country’s trade competitiveness. Values of cur-
rency’s real effective exchange rate (REER) above
unity are likely to weaken a country’s competitive-
ness on foreign markets and may cause a decrease
in exports.

While inclusion of the individual country-specific
terms may be a sufficient measure to control for multilat-
eral resistance in a cross-section dataset, in the panel,
one needs to account for time-varying country-specific
characteristics (Baier and Bergstrand, [17]).
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Lastly, the estimation procedure for three different
samples (hereinafter referred to as «total trade sam-
ple», «steel sample», and «articles of steel sample»)
starts with basic gravity equation and continues by
adding various forms of fixed effects such as time,
country, country-and-time, and country-pair effects.

There are several issues that determine the esti-
mation order and, thus, need to be clarified. First, to
check the adequacy of the aforementioned model
specifications, instead of steel exports | begin mod-
eling with total exports as a dependent variable. This
exercise permits (i) to find out whether obtained coef-
ficients support theoretical findings; and (ii) to com-
pare obtained coefficients with those of steel products
later on. Second, due to the distinction between steel
and articles of steel in the HS classifications? | esti-
mate impacts of ICT on both «raw» and «processed»
steel. This approach allows for finding differences in
ICT impacts on both types of steel products.

Estimation of the impact of ICT in all samples
is conducted using panel data over the period of
12 consecutive years (2001-2012). The number of
exporting countries depends on which export flow is
selected. For the sample with total exports there are
153 exporting countries; for the sample with exports
of steel — 127 reporters; and for the sample with
exports of articles of steel, the number of exporting
countries is 128. Unavailability of historical data on
ICT variables prior to 2000 hampers the extension of
both the time period and country sample.

Even though | discuss the results obtained in all
six specifications across three samples, | typically
interpret coefficients from the specifications that
include all possible unobserved fixed effects, unless
otherwise stated. Because | employ log-liner models,
all of the coefficients, with the exception of dummies,
can easily be interpreted as a percentage change in
respective export flow caused by percentage change
in an independent variable. The results are laid out
in the following order: country-specific and dummy
variables; the results on the impacts of three ICT
variables, namely the Internet, mobile phones, and
fixed-telephones.

Transport infrastructure. Maritime transport is
one of the major transportation tools for international
shipments of steel and its articles. There are sev-
eral reasons for that: (i) price of shipping by marine
vessel per metric ton may be ten times cheaper as
that by airfreight; (i) marine transport has a compar-
ative advantage against railway because railroads
are limited by continent boundaries; and (iii) marine
vessels can transport significant tonnage and by
doing so increase returns to scale. To see whether

2 The distinction is further explained in Chapter 6.

3 Steel billet futures are traded on the London Metal Exchange,
hot rolled coil futures — on the New York Mercantile Exchange
(NYMEX), and rebar and wire rod futures on Shanghai
Futures Exchange. Source: The Platts Steel Futures Guide,
https://www.steelbb.com/steelfutures/
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quality of ports or ease of getting to the ports to land-
locked countries has a significant effect on trade per-
formance, | present estimation results on quality of
ports infrastructure. In steel, quality of ports is only
significant for exporters —a 10 percent increase in the
ports index on average causes a 6 percent increase
in steel exports. In articles of steel, the ports index
improvement by 10 percent increases exports only by
2.5 percent. At the same time, an importer’s quality of
ports improvement of 10 percent predicts 0.9 percent
higher imports of articles of steel. Thus, the impor-
tance of quality of ports for exporters is confirmed in
both steel samples. Indeed, ports infrastructure basi-
cally determines how accessible ports are for other
transportation means, how advanced storage yards
are, whether cranes prevent cargo damages, and
eventually how fast cargo will be loaded on board and
shipped to customers.

Internet. The number of fixed broadband subscrip-
tions appears to be positively significant for exporters
in all specifications in total trade and articles of steel
samples. The coefficients on the Internet variable
lie between 0.05 and 0.3. On average a 10 percent
increase in the number of fixed broadband subscrip-
tions in the exporting country leads to a 0.68 per-
cent increase in total exports and 0.48 percent rise
in exports of articles of steel, respectively. The same
variable happened to have no effect on imports, giv-
ing significant estimates only in basic specifications.

Meanwhile, neither specification yields significant
results for the exports of raw steel. There are sev-
eral possible explanations to why the Internet has
no impact on trade in raw steel. First, technological
advancements in the industry are somewhat slow,
that is, mills can successfully work using technological
inventions of the early 20th century. Supposedly, those
firms who have cheaper raw materials or low labor
cost, not high Internet proliferation, get competitive
advantage. Second, products like slabs, billets, ingots,
and flat-rolled coils are rather homogenous and often
used for further processing. Thus, quality control can
supposedly be performed without having extensive
information technology software as compared with
drilling pipes for hydraulic fracking. Third, these prod-
ucts not only can be purchased from mills, but also on
open exchanges?, which implies that the path from mill
to customer may involve resellers in other countries
and the use of transfer pricing schemes.

The most consistent positive effect of the Internet
interaction variables of both exporter and importer in
all six specifications is observed in articles of steel,
confirming the hypothesis of positive influence of ICT
network effects on trade (Mattes et al., [18]). The
specification with a country-pair and time-varying
effects implies that a 10 percent increase in the Inter-
net interaction variable predicts 0.14 percent higher
exports of articles of steel. In steel, coefficients on
the same interaction variable receive positive values.
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Though, in the last specification the Internet interac-
tion loses its significance, which implies the presence
of negative unobserved bilateral bias. That is, bilateral
fixed effects may have caught unobserved bilateral
factors, such as long-lasting contract relationships,
supply chains within multinational steel companies, or
transportation costs from country to country. A slightly
lower coefficient on the Internet interaction is reported
in total trade sample: its 10 percent increase leads to
0.06 percent higher volume of exports. Noteworthy, in
total trade the Internet interaction variable becomes
positive only in the last specification, when coun-
try-pair effects are included. Thus, the results demon-
strate more significant impacts of Internet network
effects on articles of steel rather than on total trade,
and no particular effect on exports of raw steel.

As Mattes et al. [18] point out, in the presence of
interaction terms, marginal effects of the term’s com-
ponents need to be duly calculated. The obtained
coefficient, thus, reports «the effect of exporting
country i's ICT level on its exports for given levels of
destination country j’'s ICT endowment» (Mattes et
al., [18]). Calculation of marginal effects gives some
insight. The coefficient remains almost the same for
the exporter’s Internet endowment (0.066) in total
trade. Coefficients in steel as reported earlier con-
tinue being insignificant. In articles of steel, the mar-
ginal effect of the Internet variable for the exporter
rises to 0.08 as compared to previous coefficient's
value of 0.05. Moreover, the marginal effect of the
Internet for the importer is positive at 0.06.

Mobile phones. Increases in the number of mobile
phone connections, which serves as proxy for mobile
connectivity, positively affect exports capabilities of
steel exporters. Notably, the estimates in steel are
almost twice as high as those in articles of steel. On
average a 10 percent increase in mobile usage in the
exporting country leads to 7.4 percent more exports
of raw steel and a 3.4 percent increase in exports of
steel articles. Positive coefficients on mobile phone
proliferation are also observed for importing coun-
tries. Again, higher values are reported in raw steel.
A 10 percent increase in mobile phone use implies
8.9 percent higher imports of steel and a 5.7 increase
in consumption of articles of steel. Mobile phone var-
iables appear to be insignificant in total trade, when
country and time effects are applied.

Unlike the Internet, network effects are not
observed for the use of mobile phones when coun-
try-pair and time-varying fixed effects are included.
Specifications yield somewhat mixed results with
coefficients varying from -0.17 to 0.09. This might
be explained by the high cost of international calls
and that one would rather call to an office landline
phone or would use Internet-supported applications

such as Skype or a corporate Voice over Internet
Protocol network.

Fixed phones. The number of fixed landline
phones has negative coefficients in both steel sam-
ples and no particular impacts on total exports. How-
ever, it does not necessarily mean that higher level
of fixed-telephone subscriptions reduces trade due to
the presence of the interaction variable. While land-
line marginal effects were expected to be insignificant
in the total trade sample, those turn insignificant in
the steel sample. The only significant value of land-
line marginal effects is obtained for importers of arti-
cles of steel. Accordingly, marginal effects for import-
ers receive a value of -0.31, somewhat lower than
the ordinary importer’s coefficient of -0.5. It can be
inferred that fixed phones do not play a critical role in
trade anymore, and have eventually been replaced
by other communication channels such as emails,
mobile connectivity, and Internet-based voice appli-
cations. Even fax machines got their Internet-based
software substitutes. Though, landlines are still in
use by businesses and primarily serve their domestic
needs and often are used in combination with email
communication.

Conclusions. The empirical analysis has found
that the Internet penetration high quality of port infra-
structure positively affects countries’ capabilities to
export articles of steel: a 10 percent increase in the
number of fixed broadband subscriptions would lead to
about a 0.48 percent growth in exports. Furthermore,
the Internet network effects are observed in articles of
steel, that is, one would expect higher volumes of trade
if both partners are Internet advanced. Mobile phones
also appeared to have positive influence on export
performance. Accordingly, a 10 percent increase
in mobile usage in exporting country would lead to
approximately a 7.4 percent rise in steel exports and to
about a 3.4 percent growth in exports of steel articles.
The results on fixed-telephone use did not confirm the
importance of landlines on exports of neither steel nor
its articles. Quality of ports received positive coeffi-
cients and thus enhances export performance.

The study reveals a positive influence of the quality
of sea ports, Internet and mobile phones on strength-
ening economic security of the state in the sphere of
foreign trade through increasing exports of steel and
its articles. Potential avenue for further research may
include employing firm-level data to examine whether
the impacts ICTs vary among individual firms different in
size, revenue, location of assets etc. Finally, additional
research needed to clarify whether the development
of deep-water port terminals capable to accommodate
large bulk-carriers, such as Capesize and Newcastle-
max vessels, could maintain country’s economic secu-
rity in the energy and foreign trade spheres.
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EVALUATION OF THE INFLUENCE OF TRANSPORT AND ICT INFRASTRUCTURE IMPACT
ON THE STATE ECONOMIC SECURITY IN THE FOREIGN TRADE SPHERE

This research intends to evaluate the influence of transport and communication infrastructure on countries’
economic security indicators in the foreign trade sphere (by the example of the Ukraine’s major export com-
modity group — steel and its articles). To estimate the impacts of transport and communication infrastructure
(quality of sea ports, Internet, mobile phones, and fixed-telephones on bilateral trade flows in the steel indus-
try), the author applies various gravity model specifications, including those capturing multilateral resistance
terms. Three different panels for total exports, exports of steel, and exports of articles of steel are analysed
over the period 2001-2012.

The empirical analysis has found that the Internet penetration high quality of port infrastructure positively
affects countries’ capabilities to export articles of steel: a 10 percent increase in the number of fixed broadband
subscriptions would lead to about a 0.48 percent growth in exports. Furthermore, the Internet network effects
are observed in articles of steel, that is, one would expect higher volumes of trade if both partners are Internet
advanced. Mobile phones also appeared to have a positive influence on export performance. Accordingly, a
10 percent increase in mobile usage in exporting country would lead to approximately a 7.4 percent rise in
steel exports and to about a 3.4 percent growth in exports of steel articles. The results on fixed-telephone use
did not confirm the importance of landlines on exports of neither steel nor its articles. Quality of ports received
positive coefficients and thus enhances export performance.

The study reveals a positive influence of the quality of sea ports, Internet and mobile phones on strength-
ening the economic security of the state in the sphere of foreign trade through increasing exports of steel and
its articles.
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