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economic growth?

Aquije Ballon, Harry; Bahia, Kalvin; Castells, Pau

2024

Abstract

While mobile technologies have already connected billions of people, the Internet of Things
(IoT) is now adding all kinds of devices to the digital ecosystem. The potential benefits of
connecting the physical world to the internet are vast, but not well understood. This study
provides a contribution to quantify the contribution of 10T to economic growth. By leveraging a
unique dataset that measures IoT connections by vertical industry across 163 countries
between 2010 and 2022, we find that IoT made a significant contribution to GDP growth. On
average, a 10 percentage point increase in loT connections per inhabitant increased GDP by
0.7% in LMICs and 0.5% in HICs. We find that this impact is primarily driven by enterprise
loT, accounting for 80% of the total effect, while consumer IoT contributed 20%.

JEL Classifications: O47 - Empirical Studies of Economic Growth « Aggregate Productivity
* Cross-Country Output Convergence, 033 -Technological Change: Choices and
Consequences ° Diffusion Processes, L96 - Telecommunications, O11 - Macroeconomic
Analyses of Economic Development, O4 - Economic Growth and Aggregate Productivity



1. Introduction

We are entering an era of more advanced technologies in Al and loT, and with increasing adoption
and use cases there is a need to better understand the potential economic impacts these could
enable. |0oT describes the coordination of multiple machines, devices and appliances connected to
the internet through multiple networks. According to GSMA Intelligence, at the end of 2023 there
were 21 hillion 10T connections. These are expected to almost double by 2030.1 By connecting the
physical world to the internet, IoT can impact economic growth through similar channels that ICT
benefits households and industries. That is in the form of spillovers leading to greater productivity,
a more efficient allocation of resources, and new opportunities for innovation.

Despite its growing importance and range of applications, the literature on the economic impacts of
10T is still limited. Some studies look at macro-economic outcomes, for example the effects on
productivity and employment (see for example Espinoza et al. (2020); Edquist et. al. (2021);
Clemente (2022)). Other empirical studies have studied the effects on the global value chain in
specific industries, but the data is limited and restricted to specific 0T technologies (Egwuonwu et.
al. (2022); Wang et. al. (2021)). Our study aims to fill this gap and establish whether a causal link
between IoT adoption and economic growth exists.

This paper leverages a unique database on loT connections covering 163 countries in the 2010-
2022 period. This database includes two broad categories of I0T: consumer loT and enterprise
IoT. Combining these with data on digital technologies and economic indicators we find empirical
evidence of the contribution of 10T to productivity and economic growth in the period of study.
Specifically, a 10% increase in total 0T connections per inhabitant increased GDP by 0.7% in
LMICs and 0.5% in HICs. We also find that enterprise 10T accounted for 80% of the total effect,
while consumer 0T contributed 20%.

The remainder of this paper is organised as follows. Section 2 presents our research question and
how it fits with the existing empirical literature. Section 3 describes the data and Section 4 details
the empirical strategy. Section 5 provides results and Section 6 summarises key findings and
policy recommendations, as well as offering suggestions for further research.

1 GSMA Intelligence, 2023, IoT connections forecast to 2030.



2. Literature review

In the last decade the pace of development of digital technologies has dramatically increased
creating a stronger connection between the physical and digital world. These new technologies
include artificial intelligence, 10T, cloud computing and edge computing, among others. Despite the
increasing importance and use of 10T there is still limited academic literature on the economic
impacts of this technology.

In the macroeconomic literature of 10T, the focus has been on productivity, GDP and employment.
In an empirical study, Edquist et al. (2021) find that a 10 percent increase in the growth of loT
connections per inhabitant is associated with a 0.23 percent increase in total factor productivity
(TFP) growth. The authors estimate a standard spillovers equation in a panel of 82 countries with
data from 2010 to 2018. Using growth accounting parameters they calculate a contribution to GDP
of $849 billion per annum in the 2018-2030 period.

Espinoza et al. (2020) use the growth accounting framework to evaluate the likely impact of the IoT
on productivity in Europe. The results show a positive but small impact, given the low rates of
adoption. On a similar research Garcia (2015) proposes a framework based on the multifactor
productivity (MFO) approach for analysing the impact of IoT on economic growth.

Clemente (2022) investigates the relationship between loT and labour market outcomes. Relying
on static and dynamic panel data estimators in a sample of 107 countries from 2010 to 2019, the
author finds a positive and significant relationship between I0T connections per 100 inhabitants
and employment in OECD countries. The effect is mostly driven by the positive relation with the
services sector.

Frontier Economics (2018) estimates a Cobb-Douglas production function with M2M connections
as variable of interest and GDP and gross value added as dependent variables. The study covers
a sample of 27 EU and OECD countries between 2012 and 2015. The authors find that in the
industry and services sector a 10% rise in M2M connections leads to an increase of 0.7% in GDP,
although it does not address potential endogeneity concerns. In another study, Manyika et al.
(2015) estimate a potential economic impact of 10T of $11.1 trillion per year in 2025 for loT
applications in nine settings. They also find that business-to-business (B2B) applications are more
important than consumer application and can generate nearly 70 percent of potential value
enabled by loT.

GSMA (2019) finds that the productivity benefits to businesses from the use of 0T accounted for
$175 billion or 0.2% of GDP in 2018. Over half of these benefits come from the manufacturing
sector. These estimates are calculated using the GSMA Intelligence |oT Enterprise Survey 2018,



in combination with assumptions on loT business adoption rate, and sector value add from the
OECD Input-Output table. A more detailed review of the relevant macroeconomic studies is
included in Appendix 1.

In the microeconomic literature of 10T the focus has been at the corporate level. In a recent study
Wang et al. (2021) use a difference-in-differences estimator to study the economic consequences
of loT adoption in China on earnings management activities. They find that loT adoption reduces
firms earnings management, meaning that by reducing human involvement in production and
operation processes, l0T can strengthen key asset monitoring. In this way it can improve the
financing and investment efficiency of the real economy, mitigate the risk of stock price crashes,
and improve capital market resource allocation efficiency.

Egwuonwu et al. (2022) using data of an online survey of UK agri-food retailers find that blockchain
technology when combined with 10T will strengthen the global value chain. The mechanisms will be
through improving in scalability, security, and traceability combined with the loT ecosystem.

Our study uses a unigue database with total 10T connections by verticals, which is different from
licensed cellular 10T connections, the metric commonly used in the literature (Edquist et al. (2021),
Clemente (2022)).2 It should be noted that licensed cellular 10T connections represents a small
proportion of total 10T. In 2022, it accounted for 15% of total 0T connections, while the majority
corresponded to other access technologies, including unlicensed LPWA (e.g. SigFox, LoRa), short
range (e.g. Wi-Fi, Zigbee), fixed, Ethernet, satellite and others. Therefore, our study is the first to
capture the effect of total IoT devices and technologies in the economy. This also gives us the
possibility to test for heterogeneous effects between consumer IoT and enterprise 1oT. Moreover,
exploiting our extensive sample of countries we could differentiate the impacts for LMICs and
HICs, providing valuable policy insights. Finally, we also focus on ways to address the potential
endogeneity, one of them being the use of dynamic panel data models.

2 Licensed cellular 10T is the sum of cellular M2M and licenced LPWA. Licenced LPWA refers to NB-loT and LTE-M.



3. Data

Our analysis is based on country-level data for 163 countries in the 2010-2022, period. The sample
of countries is divided into low-and-middle income countries (LMICs) representing 70% of the total,
and high-income countries (HICs) accounting for 30%. These are defined based on the World
Bank’s income classifications.® The list of countries included in the study, split by LMICs and HICs
is presented in Appendix 3.

For data on 10T, we leverage a database sourced from GSMA Intelligence with 10T connections by
verticals.

lIoT connections

GSMA Intelligence defines the Internet of Things (I0T) as devices capable of two-way data
transmission (excluding passive sensors and RFID tags). It includes connections using multiple
communication methods such as cellular and short range. It excludes PCs, laptops, tablets, e-
readers, data terminals and smartphones. In simple terms, 0T is about connecting everything to
the internet, and it can have applications for households and businesses across all economic
sectors.

In the 2010-2022 period, the number of 10T connections has rapidly increased passing from 0.4 to
2.4 10T connections per capita. The countries with the highest IoT adoption were located in North
America and Western Europe, followed by Asia Pacific. On the opposite side, Africa had the lowest
IoT connections per capita. Figure 1 presents a map with the 10T connections per capita by country
in 2022.

3 See World Bank Country and Lending Groups. Our analysis is based on historical classifications. Available at:
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups



https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups

Figure 1: 10T connections per capita in 2022
Source: GSMA Intelligence
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GSMA Intelligence maintains two databases for 10T connections, the first corresponding to
licensed cellular 10T connections, and the second to total 10T connections by verticals. The latter is
segmented into two broad categories: consumer [0T and enterprise l0T. Figure 2 presents the
average loT connections per capita in the period of study, split by consumer IoT and enterprise
I0T. The detail of the 10T vertical splits is presented in Appendix 2. In the early years of the roll-out
of loT technologies, the majority of connections were on the consumer segment representing
around 70% of the total. However, in the last five years, the pace of growth of enterprise I0T has
accelerated overtaking the growth of consumer l0T. In 2022, consumer loT represented 55% of the
global loT connections and enterprise IoT accounted for the remaining 45%. Based on GSMA
Intelligence forecasts, by 2030, 63% of total connections will be enterprise I0T connections,
reflecting more enterprises adopting loT to drive digital transformation, and existing 10T
deployments scaling up. Such business transformation is underpinned by data, giving rise to
software tools (AR, Al/ML) and cloud.*

4 GSMA Intelligence (2021), loT market update: assessing disruption and opportunities, forecasting connections to 2030.



Figure 2: 10T connections per capita, by verticals in the 2010-2022, period
Source: GSMA Intelligence
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Other data

The macroeconomic variables used in our study are gathered from the International Monetary
Fund (IMF) World Economic Outlook (April 2024), specifically total GDP, and capital investment,
which are both expressed in constant 2017 PPP USD. Data on labour force participation is
sourced from the World Bank’s World Development Indicators (WDI 2024) and International
Labour Organization, while data on mean years of schooling (used as a proxy for human capital) is
sourced from the UN Human Development Index. We also use data on mobile connections from
GSMA Intelligence, which is primarily sourced from operators’ public reports, and data on fixed
broadband penetration from the ITU. The data on the sectoral shares of GDP is gathered from the
UN National Accounts Official Country Data. A full list of indicators used, along with the relevant
sources and a set of descriptive statistics, is provided in Appendix 3.



4. Empirical Strategy
Production function

We use the aggregate production function approach where GDP is a function of fixed capital,
labour, human capital and digital infrastructure and services — the latter includes the adoption of
communication technologies more generally, including mobile and fixed broadband, as well as l1oT
technologies. This framework is consistent with the approach employed in the existing literature
that has assessed the macroeconomic impacts of mobile and fixed broadband technologies.®

In our empirical specification, the output of a country i at time t (GDP;;) depends on its physical
capital (total investment) (K;;), labour force participation (L;;) and mean years of schooling
(schooling;;) as a proxy for human capital. The main variable of interest is 10T adoption (10T;;),
but we also include fixed broadband adoption (Fixed_BB;;) and mobile adoption (Mobile;;). The
terms y; and 6, are parameters for country and time (year) fixed effects. The former captures any
time-invariant heterogeneity at the country-level (such as geographic characteristics), while the
latter controls for time-bounded macroeconomic shocks that impact every country at the same time
(such as the Covid-19 pandemic). This addresses concerns that underlying country characteristics
lead to different levels of economic growth by conditioning on a set of covariates. Equation 1
becomes our OLS-FE estimator.

log(GDP;) = By + f1log(K;) + B2 log(Lie) + fslog (schooling);, + B4log (FixedBB;,) +
Pslog (Mobile;;) + Bslog(IoT) + p; + 60 + &;¢ 1)

The effect of 10T on economic growth for LMICs and HICs is modelled in equation 2, by interacting
IoT adoption with the binary variable HICs, which takes the value of 1 for HICs and 0 otherwise.

log(GDP;) = By + f1log(K;) + B2 log(Lie) + fslog (schooling);, + f4log (FixedBB;,) +
Pslog(Mobile;) + Bglog(IoT;) + B,(HICs;) + Pglog(IoT;) * HICS; + p; + 0, + &1 (2)

While equations 1 and 2 are used to assess the relationship between |oT adoption and GDP
growth, we are also interested in understanding whether consumer IoT or enterprise 0T can have
different effects on the economy. To do this, we estimate equation 3, which modifies the above
strategy by including the breakdown by type of loT.

log(GDPy) = Bo + B110g(Kir) + B2 log(Lir) + Bslog (schooling);e + Bulog (FixedBB;,) +
Bslog (Mobile;;) + Bglog(IoT_consumer;;) + B,log(loT_enterprise;) + pu; + 0 + &;¢ 3)

5 See for example Czernich et al (2011), Gruber et al (2014), Koutroumpis (2019), ITU (2020) and Briglauer et al (2022).



The benefits of 10T can be spread across all industries. However, some industries are more
intensive in the use of 10T. For example, there are many applications of IoT in the manufacturing
sector (GSMA (2018)). In order to control for the effects that the industry composition can have on
the 0T economic impacts, we include as controls the shares of GDP in different industries. For this
purpose we define eight sectors, in line with the UN’s value added by industries data.® The
economic sectors are presented in Appendix 4.

Limitations

Our empirical strategy is based on the exogeneity assumption, meaning that loT can be seen as
randomly allocated within countries. However, this is not always the case and it can be that
countries that deployed this technology first or with more intensity are those that have better
conditions to promote economic growth (positive bias) or the other way around (negative bias). We
control for observable factors that explain economic growth in our empirical specifications.
However, some of these factors are unobservable and cannot be modelled, or even if some of
them are prone to measure there is not available data.

There is therefore a potential endogeneity in the form of omitted variables bias or simultaneity. One
way of addressing potential endogeneity in these cases is the use of dynamic panel data models.
We use dynamic panel data models, such as the Arellano-Bond (Arellano and Bond, 1991) and the
Blundell-Bond (Blundel and Bond, 1998) Generalized Method of Moments (GMM) estimators.
Dynamic panel data models include past values of the dependent variable to capture its short-run
autoregressive behaviour. In our model specification, we assume that the level of GDP in a country
is persistent and depends on its past values (see equations 4 and 5).

While dynamic panel data models are appealing to deal with endogeneity, they also have some
limitations. First, these models are very sensitive to the number of lags and type of transformation
to apply to the model (difference GMM or system GMM). Including too many lags can overfit the
model introducing more bias, and also weakening the diagnostic tests. Second, a dynamic model
captures better the evolution of the economy over time, however, it may not control for the
simultaneity bias arising from the market interactions in the same period. Following the same
identification strategy described before we estimate dynamic panel data models for the sample of
all countries (equation 4).

log(GDP;) = B 10g(GDP;_1) + B, log(K;e) + S log(L;) + B3log (schooling), + Balog (FixedBB;;) +
Pslog (Mobile;,) + Bslog(IoT;) + p; + 60 + &;¢ 4)

Equation 5 captures the heterogenous effects for income level, by introducing the interaction
between IoT adoption and the binary variable HICs.

5 The data was downloaded on May 2024 from: https://data.un.org/Data.aspx?d=SNA&f=group_code%3A204



log(GDP;;) = B, 10g(GDP;;_1) + B, log(K;e) + B3 log(L;) + B4log (schooling);, + Bslog (FixedBB;;) +
Belog(Mobile;,) + Blog(1oT;) + Bg(HICs;) + Polog(IoTy,) * HICs; + p; + 60, + &t %)

Equation 6 captures the effects of 10T by verticals defined as consumer IoT and enterprise loT.

log(GDP;;) = B110og(GDP;_1) + B, log(Ke) + B3 log(Ly) + Balog (schooling);, + Bslog (FixedBB;;) +
Belog (Mobile;) + B7(1oT _consumer;;) + Bg(loT_enterprise;;) + u; + 6 + €;¢ (6)

We are also considering alternative strategies to address the potential endogeneity, including the
use of instrumental variables coming from policy or regulatory frameworks, or alternative
technologies that could have driven the adoption of 10T in a country like Sigfox technology. Another
option that is being explored is the use of the Shift-Share Instrumental Variables, being the shift
the growth in the global IoT connections by vertical, and the shares the initial distribution of the
shares of GDP by industry before the 10T deployment. Note that the shifts vary at a global level,
while the industry and shares move at the country level. We will report on these strategies in the
next version of the paper.
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5. Results

This section presents static panel data and dynamic panel data results for the effect of 10T on the
economy, measured by the log of total GDP. The results are split by consumer IoT and enterprise
IoT. We also present the impacts for LMICs and HICs.

Two-way FE results

First, we present the main results using the two-way fixed-effects (FE) panel data estimator. Table
1 shows the impacts on GDP growth for the countries that have had 10T connections in the 2010—
2022 period. The results suggest that an increase in 0T connectivity has a positive and statistically
significant impact on GDP. Across LMICs, a 1% increase in total IoT connections per capita
increased GDP by 0.073%. Across HICs, a 1% increase in total IoT connections per capita
increased GDP by 0.047%. In the period of study the contribution of 10T to the economy was 1.5
times higher in LMICs compared to HICs. It can be explained because in the last years the growth
in advanced economies has slowed down while developing economies have had stronger
performance, in these countries the general well-being is lower and there is more room for
improvement and efficiency gains when adopting new technologies. Moreover, holding all other
variables constant HICs have had 0.091% higher GDP compared to LMICs.

Table 1: Two-way FE results for effect of log 1oT on log GDP between 2010 and 2022
Source: GSMA Intelligence

@) ) ®) (4)

Log IoT connections — all countries 0.0742*** 0.0546**
(0.0243) (0.0228)
Log IoT connections — LMICs 0.0732***
(0.0238)
Log IoT connections — HICs 0.0474**
(0.0108)
HICs 0.0918***
(0.0346)
Log consumer loT 0.0136**
(0.0060)
Log enterprise 10T 0.0632***
(0.0220)
Log Mobile penetration 0.0730***  0.0662***  0.0769*** 0.1060%***
(0.0238) (0.0220) (0.0258) (0.0364)
Log Fixed broadband penetration -0.0058 -0.0088 -0.0023 -0.0012
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(0.0075)  (0.0071)  (0.0074) (0.0095)

Log Investment 0.1866***  0.1785***  0.1811*** 0.1965%**
(0.0377) (0.0363) (0.0368) (0.0291)
Log Labour force 0.1907** 0.1982** 0.1883* 0.2809***
(0.1022)  (0.1005)  (0.1026) (0.0751)
Log Mean years of schooling 0.0523 0.0374 0.0631 -0.0208
(0.0696) (0.0692) (0.0659) (0.0716)
Country and year FE Yes Yes Yes Yes
Sector Shares No No No Yes
Observations 2,071 2,071 2,071 1,537

***n<0.01, **p<0.05, *p<0.1. Robust standard errors are presented in parentheses.

The results by verticals confirm the importance of enterprise loT for boosting economic growth
(Table 1 column (3)). Consumer loT was the most prominent use case in the early years of l10T.
However, enterprise 10T has gained traction in the last years. Across all countries, a 1% increase
in consumer I0T connections per capita increased GDP by 0.014%. Moreover, a 1% increase in
enterprise loT connections per capita increased GDP by 0.063%, meaning that the contribution of
enterprise loT was 4.5 times higher than consumer 10T, in the 2010-2022 period.

The results for the inclusion of the sectoral shares of GDP as controls are presented in Table 1
column (4). After controlling for the sectoral composition in the economy, and the effect that it has
on GDP we still find a positive and significant effect of IoT on economic growth, showing that
across all countries a 1% increase in total I0oT connections per capita increased GDP by 0.054%.
Note that when including the shares of GDP as a control variable the sample of countries reduces
from 163 to 125, which is explained because this variable is not available for all the countries in our
original sample.

Dynamic panel data results

We estimated dynamic panel data models using the Arellano-Bond GMM estimator (Arellano and
Bond, 1991). In these specifications GDP depends on the same set of controls as previously, but
also on the lag value of GDP in the year before. We also include seven lags as instruments in the
model in columns (1) and (2), and eight lags as instruments in columns (3) and (4). Table 2
presents the results, column (1) for total IoT connections, column (2) for the sample of LMICs and
HICs, column (3) for the split by verticals, and column 4 for total loT connections including as
control the shares of GDP. We find positive and significant results of the effects of I0T in the
economy in line with results of the two-way FE models.

The diagnostics test are as expected, rejecting the hypothesis of first order autocorrelation, and no
rejecting the hypothesis of second order autocorrelation. We also present the Hansen test even
though in some of our models we do not reject the null hypothesis of exogenous instruments.

12



We can see that the lag of the GDP has a large explanatory power in the model, and also the
effect of total IoT connections, and consumer 10T is positive after the inclusion of the instrumental
variables, though significant at the 5% level. The coefficients are of similar magnitude at the ones
obtained in the main specification. In column (2) we can see that the effect of 10T connections is
significant for LMICs but not for HICs using the dynamic panel data estimator. In column (3) the
impact of enterprise 0T is positive and significant, but consumer 10T is not statistically significant.
Moreover, in column (4) when including as additional controls the shares of GDP the sample of
countries reduces to 125 and the effect of IoT is positive and significant. The results of the dynamic
panel data models show that a 1% increase in total l0T connections per capita increased GDP
between 0.038% and 0.048%.

Table 2: Results for the effect of IoT on economic growth using Dynamic Panel Models
Source: GSMA Intelligence

@) (2) ®) (4)

Log GDP;_, 0.4474*** 0.4391%** 0.3037*** 0.5156***
(0.1165) (0.1151) (0.0988) (0.0649)
Log IoT connections total 0.0478** 0.0382*
(0.0191) (0.0213)
Log loT connections — LMICs 0.0496***
(0.0188)
Log loT connections — HICs 0.053
(0.0116)
Log consumer loT (0.0119)
(0.0194)
Log enterprise loT 0.0498**
(0.0213)
Observations 1749 1749 1749 1301
Countries 163 163 163 125
Controls Yes Yes Yes Yes
Sector Shares No No No Yes
Time dummies Yes Yes Yes Yes
Number of instruments 77 77 96 96
AR(1) -1.96** -1.94* -3.49%** -2.41**
AR(2) 0.15 0.07 0.26 0.24
Hansen test 86.14 84.70 126.88 94.22

*0<0.01, **p<0.05, *p<0.1.

Robust standard errors are presented in parentheses.
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6. Conclusions

This study represents an important contribution to empirical literature of the impacts of ICTs in the
economy, particularly digital technologies that have significantly increased in the last decade. By
leveraging a novel database on I0T connections by verticals across 163 countries in the 2010-2022
period, we find that loT adoption has a significant impact on GDP growth. On average, a 10
percentage point increase in total I0oT connections per inhabitant increased GDP by 0.7% in LMICs
and 0.5% in HICs. The larger economic contribution comes from enterprise 0T accounting for 80%
of the total effect, while consumer IoT represented 20%.

These results have important implications for policymakers. Enterprise 10T has gained momentum
in recent years and by 2030, more than 60% of total connections will be enterprise 0T connections.
Governments can implement policies to stimulate 0T adoption by businesses, which will enhance
competitiveness and benefit the wider economy. Moreover, some industries were found to drive
larger economic benefits, for example manufacturing, financial and insurance activities and the
services sector. Our results confirm the importance of enterprise 0T and present evidence that can
help policymakers in LMICs and HICs to design better policies according with the requirements of
each country. Consumer I0T has also made an important contribution to GDP, and will continue to
grow.

Our study contributes to the empirical literature of the macroeconomic effects of IoT. We exploit a
unique database of 10T connections by verticals, that allow us to differentiate the contribution for
consumer loT and enterprise loT. We were also able to calculate the impacts for LMICs and HICs,
giving valuable insights for policy makers. Additionally, we control for the potential endogeneity by
using dynamic panel data models, however, we are aware of the limitations of this approach, and
we are working on further identification strategies that will be presented in the next version of the

paper.

One of the key components that will support the development of 0T use cases across industries is
a better and more reliable connectivity. In this context, 5G is the technology that can provide benefits
to the 10T that are not available with 4G or other technologies. As indicated by GSMA (2019) these
can be grouped under three main categories: enhanced mobile broadband (eMBB), massive IoT
(known as mMTC), and critical communications.

We assume that loT contributes to the economy in the form of productivity spillovers, similar to the
more traditional ICTs, but the effects of 0T can be different especially considering the rapid
advancement of new technologies, and the interaction of 10T with Al, cloud computing, and edge
computing, giving the possibility to introduce changes in the economy not seen before. Even though

14



there is some microeconomic literature on the benefits of 10T, the evidence is limited. Therefore, we
recommend further studies to investigate the intermediate outcomes that channel these effects.
Likewise, different outcomes should be measured (employment, inequality, formalisation, etcetera)
to have a better understanding on how the loT is driving improvements in general well-being.
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Appendix 1: Literature review of loT
macroeconomic impact studies

Table A1 summarises the main studies that have attempted to quantify the macroeconomic
impacts of 10T more generally.

Table Al: Summary of literature on the macroeconomic impacts of loT

Study

Edquist et al.,
2021

Scope

82 countries
(2010-2018)

Finding

A 10 percent increase in the growth of IoT connections
per inhabitant is associated with a 0.23 percent increase
in total factor productivity (TFP) growth.

Espinoza et al.,
2020

Europe (2013-
2020)

Using a growth accounting methodology the authors find
a positive impact of the 10T on labour productivity growth
in Europe.

Clemente, 2022

107 countries
(2010-2019)

Positive and significant relationship between loT
connections per 100 inhabitants and employment in
OECD countries, driven by a positive relationship within
the services sector.

Frontier 27 EU and Steeming from a Cobb-Douglas production function, the

Economics, OECD countries | authors find that in the industry and services sector a

2018 (2012-2015) 10% rise in M2M connections leads to an increase of
0.7% in GDP.

GSMA, 2019 Global (2018) The world economy benefited by $175 billion or 0.2% of
GDP in 2018 from the productivity benefits to businesses
from the use of 10T. Over half of these benefits come
from manufacturing businesses.

Manyika et al., Global (2015- Calculate a potential economic impact of |oT of $11.1

(2015) 2025) trillion per year in 2025 for loT applications in nine

settings. The authors predict that that 62 percent of the
potential annual economic impact of 10T applications in
2025 will be in advanced economies and that 38 percent
will be in developing economies.
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Appendix 2: 10T vertical splits

Table A2 sets out the industry splits for consumer l0T and enterprise I0T. The distinction is primarily based on IoT device ownership, but it
should be noted that “consumer” is a loose term as some devices (e.g. smart TVs) could be used in non-residential environments.

Table A2: 10T by verticals

manufacturing
Smart
buildings
Smart health
Enterprise
others

Category Subcategory
Consumer Consumer Smart TV, home entertainment (games consoles, DVD players), personal entertainment (MP3 players, portable gaming
loT electronics devices), set-top boxes, streaming devices, smart speakers
Home appliances (fridges, washing machines), home infrastructure (routers), home security (alarms), energy
Smart home monitoring (thermostats)
Wearables Fitness trackers and smart watches
Smartvehicles | Embedded telematics, aftermarket telematics, in-car entertainment, connected bikes
Consumer Children/elderly/pet trackers, drones, robots, AR/VR headsets, wireless headphones/earphones, non-prescribed health
others devices
Enterprise Smart city Public transport, surveillance, electric vehicle charging, street lighting, parking, waste management
loT Smart utilities | Energy, water and gas smart metering, smart grid
Smart retail Point of sale (PoS), digital signage, vending machines, ATMs, beacons and stock control devices
Smart

Inventory tracking, monitoring and diagnostics, warehouse management

Heating and air con, security, lighting, hot desks, office equipment
Professionally prescribed health devices, remote monitoring of medical devices, emergency vehicle infrastructure

Fleet management, asset tracking, applications in agriculture, oil & gas, mining, construction
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Appendix 3: Data description and
statistics

Table A3.1 sets out the final list of countries included in the study, for the sample of LMICs and
HICs. The income classification presented in the table below is based on the latest WB income

classification 2022. However, in the study the income classification was applied for each year
based on the WB historical income classification.

Table A3.1: List of countries included in the study

Sample LMICs
Afghanistan Angola Albania Argentina Armenia
Azerbaijan Burundi Benin Burkina Faso Bangladesh
Bulgaria Bosnia an.d Belarus Belize Bolivia
Herzegovina
Brazil Bhutan Botswana Central African Republic | China
Cote d'lvoire Cameroon Congo,'Democratlc Congo Colombia
Republic
Comoros Cabo Verde Costa Rica Djibouti Domml.can
Republic
Algeria Ecuador Egypt Eritrea Ethiopia
Fiji Gabon Georgia Ghana Guinea
Gambia Guinea-Bissau Equatorial Guinea Guatemala Honduras
Haiti Indonesia India Iran Jamaica
Jordan Kazakhstan Kenya Kyrgyzstan Cambodia
Libya Saint Lucia Sri Lanka Lesotho Morocco
Moldova Madagascar Maldives Mexico Mali
Myanmar Montenegro Mongolia Mozambique Mauritania
Mauritius Malawi Malaysia Namibia Niger
Nigeria Nicaragua Nepal Pakistan Peru
Philippines Paraguay Russian Federation Rwanda Senegal
Solomon Islands | Sierra Leone El Salvador Serbia South Sudan
Sa.o T'ome and Eswatini Chad Togo Thailand
Principe
Tajikistan Timor-Leste Tunisia Turkey Tanzania
Uganda Ukraine Uzbekistan Saint Vl'ncent and the Venezuela
Grenadines
Vietnam Vanuatu Yemen South Africa Zambia
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Sample HICs

United Arab Emirates | Australia Austria Belgium Bahrain
Bahamas Barbados Brunei Darussalam Canada Switzerland
Chile Cyprus Czechia Germany Denmark
Spain Estonia Finland France United Kingdom
Greece Guyana Hong Kong Croatia Hungary
Ireland Iceland Israel Italy Japan

Korea, South Kuwait Lithuania Luxembourg | Latvia
Macao Malta Netherlands Norway New Zealand
Oman Panama Poland Puerto Rico | Portugal
Romania Saudi Arabia | Singapore Slovakia Slovenia
Sweden Uruguay United States of America

Data description

Table A3.2 lists the variables we consider as well as their definitions and sources.

Table A3.2: Country-level control variables

Variable Definition Source
GDP Log of GDP in constant 2017 purchasing power  IMF WEO
parity USD April 2024
Investment Log of the investment as a percent of GDP IMF WEO
multiplied by GDP April 2024
Labour Log of labour force total WB WDI
May 2024
Schooling years Mean years of schooling United
Nations
Fixed broadband Fixed broadband subscriptions per 100 ITU
inhabitants
Mobile penetration Total mobile connections, as a proportion of GSMA
population Intelligence
Sectoral shares of GDP Table 2.4 Value added by industries at current United
prices (ISIC Rev. 4) Nations
Statistics
Division
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Descriptive statistics

Tables A3.3 and A3.4 present the descriptive statistics for the sample of LMICs and HICs that
have deployed IoT connections in the 2010-2022, period.

Table A3.3: Descriptive statistics — sample LMICs

Variable Unit  Obs. Mean Std. dev. Min. Max.
GDP (billion) $ 1432 530 2017 0.60 25591
Investment (billion) $ 1432 169 838 0.05 11228
Labour force (million) N 1432 23.9 87.5 0.05 782
Mean years of schooling Years 1432 7.19 2.94 1.11 13.3
Fixed broadband (per 100 % 1432 586 759 0 41.4
people)

Total mobile penetration % 1432 0.99 0.39 0.03 2.57

loT variables

loT connections per

: : % 1432 0.40 0.59 0.00 4.75
inhabitant

Consumer IoT connections 0

per inhabitant % 1432 0.25 0.34 0 2.06
Enterprise 10T connections % 1432 0.15 0.28 0 2 69

per inhabitant



Table A3.4: Descriptive statistics — sample HICs

Variable Unit Obs. Mean Std. dev. Min. Max.
GDP (billion) $ 639 1153 2824 3.87 21566
Investment (billion) $ 639 257 595 0.64 4648
Labour force (million) N 639 123 25.7 0.14 169
Mean years of schooling Years 639 11.8 1.59 6.68 14.3
Fixed broadband (per 100 % 639 29.0 10.5 011  49.4
people)

Total mobile penetration % 639 1.33 0.27 0.47 2.79
0T variables

loT connections per % 639 283 202 000 11.1
inhabitant ' ' ' '
Con_sume_r loT connections % 639 1.75 11 0.00 505
per inhabitant

Enterprise 10T connections % 639 1.08 1.04 0.00 6.86

per inhabitant
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Appendix 4: Industries

Table A4 presents the link between the United Nations value added by industries, and the sectors

considered in the study.

Table A4: Correspondence between United Nations Industries and economic sectors

United Nations Industries

Economic Sectors

A Agriculture, forestry and fishing

B+C+D+E Manufacturing

F Construction and Real Estate

G+H+I Accommodation and food service activities

J Information and communication

K Financial and insurance activities

M+N Services

O+P+Q Public administration and defence; compulsory

social security
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