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Chapter

Digitalization, Comparative
Advantages, and Digital Divide

Guang-Jong Fann, Su-Ying Hsu and Chu-Ping Lo

Abstract

This study presents a simple model to elucidate the pivotal role of digital
intensity in shaping a nation’s competitiveness on the global stage. We introduce
digitalization into Krugman’s dynamic comparative advantage model, in which we
suppose that technology development depends on an index of cumulative
experiences and these experiences have to be conducted through digitalization.

We argue that digitalization has the potential to trigger a positive feedback loop,
particularly in countries characterized by elevated digital intensity. This
phenomenon leads to heightened productivity, often translating to a competitive
edge in tradable sectors and amplified income levels relative to other nations. Never-
theless, the widening divergence in digital intensity between developing (the South)
and developed (the North) countries, referred to as the digital divide, poses a chal-
lenge by amplifying income inequality across these regions. This proposed model
emphasizes the crucial role of the disparity in access to digital infrastructure in per-
petuating the digital divide between developing and developed countries. The
dynamic comparative advantage framework in this model further suggests that digi-
talization can lead to a virtuous circle in countries with a high level of digital intensity.
However, for countries with low levels of digital intensity, the opposite may occur.
This phenomenon thus exacerbates income inequality between developing and
developed countries.

Keywords: digitalization, international trade, digital intensity, comparative
advantage, digital divide

1. Introduction

Recent technological breakthroughs, aided by digitization, have in many fields
enabled the substantial replacement of many workplaces that are normally operated
by humans. Most of these technological capabilities are based on big data, so digitiza-
tion not only helps improve efficiency (e.g., [1]) but also helps reduce trade barriers
[2]. Thus, the more digital intensity a country is, the more efficient, productive, and
traded it is (e.g., [3-6]). Many empirical studies have shown that digitalization sig-
nificantly improves trade. For example, Choi [7] found that Internet usage led to a
significant increase in services trade by looking into data from 151 countries from
1990 to 2006. Vemuri and Siddiqi [8] showed that digital infrastructure helped
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promote trade in 64 countries from 1985 to 2005. Freund and Weinhold [9] presented
that a 10% increase in the Internet abroad is associated with about a 6% increase in the
level of U.S. imports and a 4% increase in the level of U.S. exports in 1995-1999.

To echo the above empirical literature, the main purpose of this paper is to theo-
retically address how digitalization plays a role in the changes in trade patterns and
relative incomes between countries. In this model, the degree of digitalization of a
country is reflected by the digital intensity of the country. We argue that the more
developed a country’s digital infrastructure is, the higher digital intensity it is, which
helps firms in the country to increase productivity, thus giving them a comparative
advantage in more tradable sectors and earning higher incomes than countries with
lower levels of digital intensity.

The subsequent sections of this paper are structured as follows: Section 2 offers an
extended literature review concerning digitalization and its impact on global compet-
itiveness. In Section 3, the model framework is established. Moving to Section 4, we
present the equilibrium with digitalization, elucidating its effects on trade patterns
and relative incomes. Section 5 provides a comprehensive discussion of the findings
and their implications. Finally, Section 6 encapsulates the conclusions.

2. Digitalization and global competition

As is well known, investments in high-speed internet, mobile networks, and other
technologies that enable greater access to digital resources help countries to improve
their competitiveness in tradable sectors and increase their income potential (e.g.,
[10, 11]). Therefore, in order to bridge the digital divide in order to promote greater
economic equality between countries, policymakers should focus on implementing
policies that promote digital literacy, access to technology, and investment in digital
infrastructure. For example, Brynjolfsson et al. find that the introduction of an online
machine translation system significantly increases international trade by 10.9%.
Meltzer [12] shows that eBay’s machine translation service helps increase exports to
Spanish-speaking Latin America by 13.1% in trade volume. In addition, Lendle et al.
[13] found that eBay’s online platform helps reduce average trade costs by up to 65%,
which is akin to companies becoming more efficient due to accessing digital resources
and results in higher efficiency.

Furthermore, policies that promote education and training in digital skills can help
ensure that workers are equipped to take advantage of digital technologies and con-
tribute to economic growth (e.g., [14]). This is particularly important for developing
countries, where a lack of skilled labor can be a significant barrier to economic
development (e.g., [15]). All these digital infrastructure investments that help reduce
the digital divide are resource-consuming (e.g., [16-18]).

In addition, the enhancement of production efficiency through digitalization can
manifest in various ways, including shorter production cycles, reduced inventory,
lower defect rates, decreased energy consumption, and more (e.g., [9, 19-23]). Con-
versely, this trend also suggests a decreased demand for “traditional” or non-digital-
related workers. For instance, Gulshan et al. [24] illustrate that Google’s deep-learning
artificial intelligence (AI) can analyze digitized retinal images and provide diagnoses
as accurately as human physicians. This could potentially lead to reduced demand for
physicians who are not adept at utilizing digital technologies, highlighting the impor-
tance of implementing policies that promote digital literacy, access to technology, and
investment in digital infrastructure.
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3. The model

In a simple world of North and South, both labor and good markets are clear in
each country. A constant share of income is assumed to be spent on non-traded goods.
Each traded good receives a constant and equal share of expenditure. Suppose further
that each country has an exogenously given labor force at any point in time: L(t) for
the North and L (¢) the South. Both these labor forces are assumed to grow exponen-
tially at the same rate.

We also assume that a country has two sectors: one is the manufacturing sector in
perfect competition, while the other is the digitalization sector in monopolistic compe-
tition. Manufacturing labor is devoted to production. Labor devoted to digitalization,
such as data collection, cleaning, management, mining, maintenance, decoding, and
tuning the associated Al algorithms, helps improve productivity. Suppose the North
allocates r a share of its labor to the digitalization sector and the remaining (1 — r) to the
manufacturing sector. Suppose that labor is freely moveable across sectors.

The production function for a continuum of goods j € [0, 1] in the North is as

() = Ajlim (2), (1)

where [, (t) is a measure for manufacturing workers and 4; is the productivity in
sector j in the North. Here, we suppose that, within a country, only one firm exists in a
sector given that only this firm has a comparative advantage in that sector.

In real practice, it generally takes several stages of processing to produce a final
good, generating various data associated with quality such as quality control and
quality assurance. The market clears when demand equals supply. Feedback from
consumers is well-known to play an essential role in improving product quality and
production efficiency. This consumer data consists of multiple levels, including iden-
tity data, engagement data, behavioral data, and attitude data. Thus, we denote d; the
aggregate raw data generated from all stages of the processing for good j as

o—1
o

K
d;i = (Z dj(k)ﬁ) (2)
k=1

where 6> 1 is a parameter of elasticity of substitution among data and K >1
denotes the number of data varieties (e.g., [25]).

In the digitalization sector, there are variable costs and fixed investment costs
involved. Variable costs include data collection, cleaning, governance, mining, and
maintenance, among others, while fixed investment costs include encoding and
decoding to adapt the Al algorithms. For simplicity, it is assumed that all firms have
the same cost function, with Al-adapted investment as the fixed cost f, Vu. It is also
assumed that a country’s level of digital infrastructure contributes to its digital inten-
sity. Digital intensity can be defined as the level of competition and engagement
within digital channels, and a high level of digital intensity indicates that there is
fierce competition and high levels of engagement within the digital environment of a
country. This environment can enable firms in the country to have a higher rate of
digitization. We refer to a as North’s digital intensity, while the digital intensity of the
South isa*. Thus, to process k a variety of data in the sector j in the North, a firm uses
a volume of data equal tof +d;(k)/a. Its profit maximization leads to the optimal cost
for processing a variety of data as
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o w .
_0__1;9Vk3], (3)

Cd

where w denotes wage of the North. With (3), the free entry condition leads to the
optimal quantity of data for a variety k of sectorsj as

di(k) = (6 — 1)af, k.. (4)

In (4), all firms produce the same quantity of data at the same cost. With (2) and
(4), we obtain the labor market equilibrium in the digitalization sector as

K =rL/of . (5)

Plugging (4) and (5) into (2), we obtain the aggregate data in the sector j as

o1

d=(c-1) (%) af i (6)

which increases with a country’s size (L) and its digital intensity (a) as well.

In a way similar to Krugman’s [2] dynamic comparative advantage model, we
suppose that technology development depends on an index of cumulative experi-
ences, while these experiences have to be conducted through digitalization. That is,
only digital assets that are generated through digital labor matter in the accumulative
experiences:

A](t) = Dj(t)8,1>8>0. (7)

Here, the benefits of digitalization in terms of improved production efficiency
and product quality can be reflected in shorter production cycles, lower inventory,
reduced defect rates, and decreased energy consumption, among other things (e.g.,
[9, 19, 21-23]).

We also allow cross-border flows to exist to some degree, such that digitalization
from not only domestic but also foreign production enters into the index of experi-
ences:

Dj(t) = J t_wd]- (2) + 6d; * (z)dz, and D;* (1) = Jt_wadj (2) +d;* (z)dz, (8)

for the North and the South, respectively. Here, 0 <6 <1 denotes a measure of
barriers hindering cross-border data flows, where the greater the barriers, the smaller
the 6. Furthermore, as implied in (6)-(8), digitalization acts as a productivity shifter,
with higher levels of digital intensity stimulating higher levels of productivity (e.g.,
[26]). On the other hand, for (6)-(8), suppose that the North will first maximize its
objective function to find the optimal allocation of its resources between the digitiza-
tion and manufacturing sectors before trade:

1
max z = J Ajli — wly, —w(f + (6 — 1)af /a)dj 9)
=0

= [(G —1) (%) %laf] 6(1 —7)L —wL. (10)
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The first order condition of the above maximization with respect to 7(¢) leads to an
optimal resource allocation in the North as well as in the South as:

L elc—1)/o
A e e Y (1)

4. Equilibrium

From Eq. (7), the relative productivity of a firm in the North to a firm in the South
in sector j is:

Ait) <Dj(t)

Aj*(t)_ Dj*(t)) ,1>6e>0. (12)

Taking a derivative of (8) with respect to time, we obtain
Dj(t) = dj(t) + od;" (t) and D} (&) = d;* (¢) + 6d;(2). (13)
We therefore can write the changes in the experience indices as

Die) Dy () _dsle) +3d;" (1) _ dj(e) +5d;" (1) s
D;(t) D;*(z) D;(z) Di*()

A steady state in the long run leads to an equilibrium g E ; g:* 8 as all factors come

to converge; otherwise, income disparity will go to 1nf1n1ty The left-hand side of
Eq. (14) converges to zero in the steady state, so that we rewrite Eq. (14), with the
help of Egs. (1) and (2), as’

DA _ (400 (1 - 6(Dj<t>/Dj*<t>>>. (15)

Dj * (t) d]’ ¥ (t) 1-— 5(Dj ¥ (Z’)/D](t))

Plugging Eqgs. (6) and (7) into Eq. (14), we obtain

O (L <“71>fa_zs<1—5<Aj<r>/Aj*<t>)”g>g
A; (V*L*> <“> 1 5(A;% (1) /A1) ° e

There exists a marginal sector arises in which two firms might co-exist, say m, in

equilibrium as 5(2) = ﬁn "’*(2) . Combining it with Egs. (11) and (16), we obtain

' From (6), we have /5" — p (1) (1) + (D (ﬁ?) “(t)'d;" (£) and
% =D;* ()" 1d (t) + (D’i / %)D (t )71d] (t), respectively. Putting them together, in the steady state,

(
. (t) o d; 1 E(DJ )
we obtain (Di]* (t)) = (é, ) (W)'
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olf) = (I%) (=)=

where w = w(t) /w* (t) denotes the relative wage of the North to the South. In
Eq. (17), the relative wage of the North relative to the South increases with not only
their relative sizes (L/L*) but also their relative digital intensity (a/a*). This is a
version of the Ricardian model, such that we rank tradable sectors by their relative
productivities A;(¢)/A;" (¢) in order of decreasing comparative advantage of the North

ane (1= 6(An@)/An" )\
) (1—6<Am*<t>/Am<t>>‘1/€> ’ )

over the South. Then, we can illustrate Eq. (17) as a downward sloping AA curve with

an upper bond 6/¢ and a lower bond & as shown in Figure 1.>
On the other hand, the balance of payments equilibrium, as described by the
standard framework of Dornbusch et al. [27] is as

= (18)

where we define 6(¢) as the share of tradable sectors where the North has a
comparative advantage in total tradable sectors relative to the South at time £. We can
illustrate the equilibrium in (18) as an upward sloping BB curve in Figure 1. The AA

00}

w(f) B
A

57

0°

Figure 1.
Equilibrium.

* Implied in (17), we have constraints of 1 — 5(A,, () /Ay, * (t))Y* = 0 and 1 — §(A,, * (t) /Am(t)) ¢ = 0,
leading to an upper bond as A,,(t) /A, * (t) = (1/8)° and a lower bond as A, * (t) /A (t) = &, respectively.
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5—8

Figure 2.
Long-run equilibrium.

and BB curves come across an equilibrium (¢, ®) at a point of time as shown in
Figure 1. In equilibrium, the sectors along [0, 5] are located in the North while the
sectors along [5, 1] in the South.

In the long-term dynamics of specialization, digitalization, being similar to
Krugman’s model, the firms in the North will accumulate their productivity faster
than the Southern firms in the sectors along [0, 5] while slower in the sectors along
[5,1], such that the AA curve will come to have a “step” shape as shown in Figure 2.

If the disparity in digital intensity between the North and South narrows as a/a *
decreases, the AA curve will be pushed downward as shown by the dashed line curve
as in Figure 3. The two curves intersect at a new equilibrium point (¢*, ®* ), which
indicates that a country with a higher level of digital intensity tends to have more
tradable sectors and achieve a higher relative wage than a country with a lower level of
digital intensity as 6* <& and o™ <w. The above illustration suggests that countries
with higher digital intensity tend to have a comparative advantage in more tradable
sectors, implying that digitalization can significantly improve trade (e.g., [7-9]).
However, it also implies that an increase in the digital divide, specifically a growing
disparity in digital intensity, between the North and South could exacerbate income
inequality between them (e.g., [28]).

5. Discussion and implications

In this section, we outline some broader significance of our theoretical model,
which help address the practical implications of the model’s findings and provides
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Figure 3.
Digital intensity and trade pattern.

some recommendations for addressing the challenges posed by the digital divide.
First, this paper emphasizes that digital intensity is a key determinant of a country’s
competitiveness in the global market. It asserts that countries with higher levels of
digital intensity are likely to have higher productivity, which in turn grants them a
competitive advantage in tradable sectors. The model suggests that digitalization can
initiate a virtuous cycle of enhanced productivity, leading to increased income and
global market presence. Second, the paper highlights that digitalization has the
potential to reshape trade patterns and income distribution between countries. The
model demonstrates how a country’s digital infrastructure contributes to its digital
intensity, influencing its comparative advantage in tradable sectors. However, it also
points out that the growing digital divide between technologically advanced countries
(i.e., developed countries) and less-developed countries (i.e. developing countries)
could exacerbate income inequality among them.

The main thrust of the paper’s discussion is to offer policy implications for
addressing the challenges posed by the digital divide. It suggests that policymakers
should focus on strategies to bridge this divide, particularly in developing countries.
The proposed strategies include: implementing policies that promote digital literacy
and skills development among the population. This ensures that individuals are
equipped to leverage digital technologies for economic and social advancement. Invest
in digital infrastructure, such as high-speed internet and mobile networks, to ensure
widespread access to digital resources. Improved connectivity can contribute to
increased competitiveness and economic growth.

Although this model simplifies certain aspects, such as treating digital infrastruc-
tures as exogenous endowments rather than investments, it indicates that there might
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be additional factors and dynamics at play in the real world. If we further relax this
assumption, it could lead to more nuanced policy implications. Nevertheless, despite
that, this current model advocates for proactive policy measures to bridge the digital
divide, enhance digital literacy, and promote digital infrastructure development.
These actions are crucial to ensure that countries can effectively harness the benefits
of digitalization for both economic growth and greater equality.

6. Concluding remarks

This paper has demonstrated that the digital divide between developing (the
South) and developed (the North) countries is mainly due to differences in access to
digital infrastructure. Developing countries often lack the necessary resources to
invest in digital infrastructure, resulting in a growing digital divide between devel-
oped and developing countries. This divide has far-reaching implications for income
inequality between countries, as countries with higher digital intensity have a com-
petitive advantage in trade, allowing them to generate higher income. In contrast,
developing countries with lower digital intensity are left behind and unable to com-
pete in the global market, resulting in increasing income inequality between devel-
oped and developing countries.

The dynamic comparative advantage framework in this model further suggests
that digitalization can lead to a virtuous circle in countries with a high level of digital
intensity. Digitization can increase productivity, leading to more production and
trade, which in turn can make the country more capable of advancing digitalization
further. However, for countries with low levels of digital intensity, the opposite may
occur. A low degree of digital intensity can trigger a vicious circle, leading to a decline
in productivity relative to other countries, resulting in a loss of comparative advan-
tages in more industrial sectors. This phenomenon can exacerbate income inequality
between countries, highlighting the importance of promoting digital infrastructure
and technology in developing countries to reduce the digital divide and increase their
competitiveness in the global market.

In summary, the digital intensity of a country plays a crucial role in its rate of
digitization and competitiveness in the global market. Therefore, it is essential, par-
ticularly for developing countries, to prioritize digital infrastructure when allocating
their resources to reduce the digital divide and promote global economic growth and
development. By investing in digital infrastructure and technology, developing coun-
tries can increase their digital intensity to enhance their competitiveness and then
generate higher income, thus promoting a more equitable distribution of wealth
globally. However, in this paper, we treated digital infrastructures as endowments,
rather than endogenous investments. Relaxing this limitation could lead to more
nuanced policy implications. We leave it for future research.
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