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EXECUTIVE SUMMARY

Landlocked developing countries (LLDCs) are important cluster of countries that are highly
disadvantaged in global trade because of geographical remoteness, lack of territorial access to the
sea, high transport and transit costs, and sometimes political or security barriers in transit countries.
The Vienna Programme of Action (VPoA) for LLDCs for the decade 2014-2024, adopted by the
international community in November 2014, is aimed at addressing these challenges through
structural economic transformation and five other priority areas that are expected to be the foci of
development interventions in LLDCs. UN-OHRLLS commissioned this study as a background
paper for the midterm review of the implementation of the Vienna programme of Action held in
December 20109.

Science, technology and innovation (STI) play critical roles in transformation of economies, and
the contributions of knowledge and technological innovation to economic progress in recent
decades are widely acknowledged. The main objective of this paper is therefore to review STI
profiles and progress made by LLDCs in structural economic transformation since the adoption of
VPoA, highlight the evidence of the contribution of STI to structural economic transformation in
LLDCs, and make recommendations that would enable increased investments in assets that
generate knowledge and innovation required for structural economic transformation of LLDCs.

The methodological approach to the paper involved extensive review of literature on the links
between STI and economic transformation, trend analysis of economic performance of LLDCs
and regional economic performances, correlation analysis between STI input and output indicators,
and use of case illustrations of the impact of STI policies and global STI initiatives on economic
performance of LLDCs. The STI actors’ competences and capacity to innovate as described in the
analytical framework of STI readiness presented in UNECA (2018) is applied to provide a review
of the roles of the actors in the national system of innovation and their capacity to foster structural
economic transformation.

The findings of the study demonstrate that overcoming the challenges associated with
landlockedness is feasible and would require an enduring international partnership that understand
how to harness the opportunities created by science, technology and innovation for structural
economic transformation of LLDCs. The results reveal that the pace of economic structural change
has been very slow among LLDCs in spite of the implementation of VPoA, and the national and
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The analysis of the STI profiles of the LLDCs showed that the effect of the implementation of
VPoA on STI actors’ competences and capacity to innovate are weak and would require more
action and incentives that would make ST1 actors pro-active in the drive for generation and use of
technological innovation in a functional national system of innovation. The analysis of the STI
profiles also indicate that though a few LLDCs in Asia performed remarkably well in structural
economic transformation in recent years, it is difficult to ascribe their good performance entirely
to the implementation of VPOA because industrial policies in these countries predate VPoA. It is
also important to state that African LLDCs generally lag behind other LLDCs in economic
performance and in their capacity to learn and harness the opportunities provided by new and
emerging technologies.

Based on the findings of this paper, eight recommendations are made as practical solutions that
would foster the employment of STI for structural economic transformation in LLDCs. The
recommendations are:

1) Embark on reform for structural economic change

It appears from the findings that most of the LLDCs have no economic reform measures that
aggressively tackle the challenge of weak productivity especially in the agricultural and
manufacturing sectors. The share of agriculture and industry in total output remains relatively
unchanged for most LLDCs since the adoption of VPoA in 2014. A few LLDCs showing
remarkable improvement in share of industry in GDP are those that have aggressive economic
reform measures before the adoption of VPoA. LLDCs should therefore embark on economic and
industrial policies that aggressively pursue structural economic transformation. As amply
demonstrated by the findings of this paper, the reform measures should foster the employment of
STI for production activities to ensure that economic transformation is real and sustainable. The
reform measures require the support of international development partners in order to encourage
technology transfer and create opportunities to learn from other countries that have successfully
achieved structural economic transformation. LLDCs need to establish clear and consistent
national policies on research and knowledge generation with effective mechanisms for
incentivizing private sector creativity and innovation, rewarding excellence in science and
technology and protecting scientific and technological rights.

2) Build human capital, technological capability and skills

The findings of this paper indicate that LLDCs especially in Africa lack local technological
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required for STEM education, and consequently boost enrolment in STEM and related disciplines.
It is also critical for public investments in education to support close interactions between the
generation of science and technology in knowledge institutions and their application in the real
sectors such as agriculture and manufacturing. Investment in education and skills should be
particularly focussed on building the capacity of LLDCs to harness the opportunities being created
by new and emerging technologies (e.g., biotechnology, nanotechnology, artificial intelligence,
machine learning, big data, cloud computing, 3D printing, etc) for economic development and
competitiveness.

3) Improve Research and Development expenditure












1.2.The


http://unohrlls.org/custom-content/uploads/2018/12/USG-STATEMENT_LLDC-Ambassodorial-Meeting_18-Dec-18.pdf
http://unohrlls.org/custom-content/uploads/2018/12/USG-STATEMENT_LLDC-Ambassodorial-Meeting_18-Dec-18.pdf

despite substantial untapped potential including in renewable sources notably hydroelectricity,
solar, and wind energy

The challenge of landlockedness compel most LLDCs to depend on their neighbouring transit
countries to access international market. According to Faye et al (2004), such dependence is
classified into four: dependence on neighbours’ infrastructure; dependence on sound cross-border
political relations; dependence on neighbours’ peace and stability; and dependence on neighbours’
administrative practices.

Many landlocked developing countries are highly commodity dependent, and their export is
majorly heavy and low value goods which often lead to high transport costs. Primary commodities
accounted for more than half of the exports of 27 out of 32 LLDCs in 2017, and resource-based
goods, that is to say, primary goods and resource-



innovate as described in the analytical framework of STI readiness presented in UNECA (2018)
is applied to provide a review of the roles of the actors in the national system of innovation and
their capacity to foster structural economic transformation. Since VPoA covers 2014 to 2024, the
situation analysis in 2014 would have been based on data for 2012/2013 for different countries. In
order to ascertain what has happened since adoption of the VPoA, the trend analysis and review in
this paper cover the period 2012 to date or period of latest available data for LLDCs. The trend
analysis groups LLDCs into four: African (16 countries), Asian (10 countries), Europe (4
countries), and South America (2 countries).

Sources of data include national reports on review of progress in VPoA implementation in LLDCs,
World Bank World Development Indicators, World Bank Ease of Doing Business Reports, Global
Competitiveness Index Reports, Human Development Index Reports, Statistical Annex on LLDCs
compiled by UN-OHRLLS, FAO Stats, UNCTAD Trade Stats, UN-COMTRADE data, OECD
Stats, UNESCO Stats, World Intellectual Property Organization (WIPO)- Patents and Trademarks
Data, and Country Economic Profile/Data on country website and country statistical



2. OVERVIEW OF VPoA FOR LLDCs FOR THE DECADE 2014-2024 AND GLOBAL
STIINITIATIVES

2.1. Scope and Objectives of VPoOA

The Vienna Programme of Action for LLDCs (VPoA) is a follow up to the Almaty Programme of
Action (APoA). The VPoA was adopted at the Second United Nations Conference on Landlocked
Developing Countries in Vienna held on 3-5 November 2014. The VPoA has a holistic approach
aimed at fostering understanding and taking appropriate actions that enable LLDCs, transit
countries, and international development partners address the development challenges faced by
LLDCs. As stated in paragraph 21 of the VPoA, the overarching goal of the Programme of Action
is to address the special development needs and challenges of LLDCs arising from landlockedness,
remoteness and geographical constraints in a more coherent manner and thus contribute to an
enhanced rate of sustainable and inclusive growth, which can contribute to the eradication of
poverty by moving towards the goal of ending extreme poverty. The VPOA states that particular
attention is given to the decade 2014-2024 for the development and expansion of efficient transit



competitiveness of exports of LLDCs and reduce the costs of imports, thereby contributing
to the promotion of rapid and inclusive economic development;

c) Develop adequate transit transport infrastructure networks and complete missing links
connecting LLDCs;

d) Effectively implement bilateral, regional and international legal instruments and strengthen
regional integration;

e) Promote growth and increased participation in global trade, through structural
transformation related to enhanced productive capacity development, value addition,
diversification and reduction of dependency on commaodities;

f) Enhance and strengthen international support for LLDCs to address the needs and


https://sustainabledevelopment.un.org/post2015/transformingourworld

programmes that are aimed at fostering innovation-driven economies while taking into cognizance
the context and peculiarities of each of the LLDCs. As rightly pointed out by Giovannini et al
(2015), the VPoA and SDGs put new pressure on both national and international policies, and
actions to achieve them are needed in the following major areas:

a) National policies aimed at improving local conditions in LLDCs. These local conditions
include economic growth, prosperity, human rights, governance, rule of law, education,
health, income equality within nations, environmental protection, etc.

b) National policies and actions that have an impact on other developing regions and
countries. These may involve policy and actions that affect consumption, investment and
production patterns, Green House Gas emissions, resource use, agriculture and fisheries,
transboundary movements, environmental pollution, etc.

c) International policies and cooperation agreements. These include policies and agreements
on foreign development cooperation and integration, trade, migration, remittances,
financial systems, etc.

2.3.Implementation of VPoA

2.3.1 Overview of implementation progress

Following the adoption and implementation of the VPoA, LLDCs



Vienna Programme of Action has been tangible in some areas, it has been limited in others and
many challenges remain for the full implementation of the Vienna Programme of Action®. Support
for the implementation of the Programme of Action needs to be strengthened, and increased efforts
are needed to assist LLDCs in overcoming the geographical and structural obstacles to their
development. It is therefore necessary to accelerate the implementation of reforms in order to
ensure that the VPoA objectives are effectively realized across the LLDCs.

2.3.2. Strategies of VPoOA implementation

Landlocked Developing Countries have


http://www.lldc2conference.org/national/

vii) Diversification of production: LLDCs are in pursuit of diversification of productive base
of their economies and recognize the need to improve technological capabilities in order to
expand production, foster value addition, and move away from commodity-based
economies to higher goods and services.

viii) Planning and managing public procurement: Efforts are being made in LLDCs to plan
and enforce contracts so that there is value for money in public procurement and significant
reduction in corruption.

iX) National feedback or coordination mechanisms: Follow-up, monitoring and review of the
implementation process of VPOA are being undertaken at national, sub-regional and global
levels.

X) Promotion of science, technology and innovation (STI): Investment in science and
technology infrastructure are being encouraged because STI could tremendously help in
overcoming the major challenges faced by LLDCs.

xi) Regional integration and connectivity



building, organization of research and development, and the diffusion, transfer, and
commercialization of technology.
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https://www.unenvironment.org/explore-topics/technology/what-we-do/technology-facilitation-mechanism

3. Multi-
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3. STRUCTURAL ECONOMIC TRANSFORMATION IN LLDCs SINCE VPoA

This section reviews economic performance in LLDCs to ascertain the extent of structural
economic transformation achieved since the adoption of VPoA. As defined by Ogbu et al (2012),
economic transformation is the process involving increases in productivity, technological
capability, economic diversification, and international competitiveness that support rapid,
sustained and shared growth in employment and incomes. Structural economic transformation
accordingly includes the twin issues of sustained economic growth and structural transformation
that is inclusive.

Structural economic transformation leads to reallocation of resources from low- to high-
productivity sectors, often involving industrial development, and it can dramatically increase the
income levels of poor countries, supporting poverty eradication and sustained economic growth.
As a country undergoes economic structural change, the demand for manufactured products rises,
the share of employment in agriculture declines and employment in industry or urban-based
services rises, accompanied by productivity increases. Services then become more prevalent with
rising incomes, and the shares of manufacturing and agriculture in national output tend to fall while
the share of services sector rises. Economic growth and wellbeing are consequently sustained
especially if economic policy intervention pay sufficient attention to issues of social and
environmental protection.

3.1. Economic Growth Performance and Structural Change

Table 3.1 presents the key economic performance indicators of LLDCs from 2012 to 2017. The
trend in growth performance demonstrates that the growth declined shortly after the adoption of
VPOA in 2014 and picked up again in 2017. The growth rate decline in 2015 is apparently due to
the slump in commodity prices on the international market. It is noteworthy that the decline in
growth rate from 2014 to 2016 is less pronounced among the transit countries. This is apparently
a reflection of the challenge of landlockedness in LLDCs and the profound advantage of access to
the sea by the transit countries. Figure 3.1 demonstrates that the average economic growth rate in
most of the regional groupings declined from 2013 to 2016 and followed by some signs of recovery
in 2017, except for African LLDCs. It is noteworthy that both total GDP and total population of
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Table 3.1: LLDCs’ key economic performance indicators

Economic performance indicator 2012 2013 2014 2015 2016 2017

Total GDP in constant 2010 US$ (billion) 615.74 655.10 689.94 714.40 735.74 769.15



Figure 3.1: Annual GDP growth rates for LLDCs by region (%o)
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Figure 3.2 demonstrates that the structure of production has generally not experienced a
remarkable change in LLDCs since the implementation of VPOA, nor in transit developing
countries. The industry value added and manufacturing value added, as well as services value
added are slightly higher in the transit countries, while agricultural value added is higher in the
LLDCs. This is also a reflection of the fact that access to the sea promotes trade and consequently
more access to intermediate manufacturing inputs and opportunities for manufacturing exports. By
2017, the share of agricultural value added have not improved over the 2014 levels, with slight
improvement in manufacturing and industry value added. Table 3.1 also indicates that the growth
rates of sectoral outputs in 2017 are below 2014 levels, though there are improvements in 2017 for
industry and manufacturing share in LLDCs compared to 2016. These general trends based on
average of 32 LLDCs may not aptly represent the performance of some of the LLDCs. For
example, data on structure of production presented for all countries in Annex D indicate that a few
LLDCs had made notable improvements in manufacturing value-added between 2014 and 2017.

Figure 3.3 shows the shares of manufacturing in merchandise imports and exports increasing
between 2013 and 2016, with decreases in 2017. The economies of the LLDCs remain heavily
dependent on manufacturing imports, with almost 70% share, while only around 22% of LLDCs’
exports were manufactured goods in 2017. In effect, the trends demonstrate that improvement in
the share of manufacturing exports is powered by imported intermediate manufacturing inputs in
the LLDCs. Compared to the transit developing countries, the share of manufacturing in exports
is much lower in the LLDCs throughout the period. It is worth noting however that large portion
of transit countries” manufactured exports can be attributed to China, India and Pakistan. The share
of manufacturing imports in total merchandise imports is slightly higher in LLDCs compared to
transit countries from 2012 to 2017.



Figure 3.2: Structure of production in LLDCs and transit developing countries, 2012-2017
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Figure 3.3: Manufacturing share in merchandise exports and imports of LLDCs
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The LLDCs have been overly dependent on imports of manufactures while export of manufactures
has remained relatively small because LLDCs lack capacity to effectively participate in global
trade and manufacturing is mainly in consumer products (See Annex D). Two major components
of the manufactured imports are: consumer goods and capital goods imports. The consumer goods
imports, when disaggregated, show imports of basic manufacture that LLDCs could easily import-
substitute. Three things explain the rise in share of manufactures in merchandise imports: the
middle class with taste for imported commodities; trade liberalization; and the general lack of
competitiveness of the LLDCs’ manufacturing sector. The manufactured exports are composed
largely of refined minerals (e.g., diamonds, oil and gas), agro-food and textile consumer products
and intermediate products which signify that manufacturing in LLDCs composes of mainly low
technology activities.

Figure 3.4 shows the trend in high tech exports in manufacturing exports for regional groupings
from 2012 to 2017. The share of high-tech exports in manufacturing exports is generally very low
for LLDCs in Africa, Europe and South America. Asian LLDCs had low share of high-tech exports
before 2014, but it compared favourably with world average from 2014 to 2016. This may suggest
that the implementation of VPoA among Asian LLDCs are beginning to positively affect trade
performance in goods with high technology content.

The country average for LLDCs is generally higher than the country average for the transit
countries. This should not be misconstrued to imply a better performance of LLDCs in high tech
exports because only a few LLDCs have relatively high share of high-tech exports while other
LLDCs have relatively very low share. LLDCs with relatively high share of high-tech exports
include Rwanda, Mongolia, Lao PDR, Mongolia, Kazakhstan and Kyrgyzstan.

Figure 3.4: High-technology exports (% of manufactured exports)
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According to the national reports on implementation of VPoA submitted to UN-OHRLLS in
preparations for the high-level comprehensive midterm review on the implementation of the
VPoA, several LLDCs are making efforts to diversify and transform their economies. For example,
Nepal is currently implementing its 14th Periodic Plan and the strategies adopted by the Plan
reflect the priority areas of the VPoA which includes structural economic change through the
agricultural sector’s transformation and expansion of tourism sector, industries and small and
medium enterprises (SMEs).1° Other illustrative examples of efforts at diversifying the economies
of LLDCs are highlighted in Box 3.1.

Box 3.1: Hlustrative cases of LLDCs’ efforts to diversify and transform their economy

1. Uzbekistan follows import-substitution industrialization focused initially on labour
intensive industries with a gradual increase in their technology intensity. Also, Uzbekistan
and other independent commonwealth states collaborated with ITU in organising a
workshop on big data and cloud computing to enhanced the capacity of participants on the
benefit these technologies bring to support e-commerce and global markets.

2. Kazakhstan’s development targeting is currently aimed, among others, at transport
services, energy efficiency and agriculture.

3. Mongolia’s National Development Strategy 2030 targets agriculture, tourism, energy and
industrial materials processing as priority sectors for economic development.

4. Kyrgyzstan’s economic diversification includes developing textile industry.

5. Lao PDR saw the establishment of many new manufacturing firms in Lao PDR’s special
economic zones, with the cooperation of China.

6. Ethiopia’s national development plan has the key objective of bringing about a structural
change in the economy by broadening the industrial base, supporting small and medium-
sized enterprises, increasing productivity and strengthening linkages among industries.
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development (in energy, ICT and transportation) are key features of efforts aimed at
promoting the diversification of the Macedonian economy.
Source: UN-OHRLLS (2018c); Delgado, 2019

3.2. Agricultural Productivity

Most of the LLDCs are agricultural economies and structural transformation cannot take place
without significant increase in agricultural productivity. For example, a recent report on Africa’s
economic transformation emphasized the critical importance of agriculture in powering African
economic transformation (see ACET, 2017). Stiglitz (2017) also in a framework for learning-led
growth, stated that agriculture which is the basis of employment in most developing countries, can
be restructured in ways that are more dynamic, with more learning, learning to learn, in order to
achieve a kind of in situ transformation of African economies. The trend in agricultural
productivity is therefore an important indicator of the potential for structural economic
transformation in agricultural economies.

Table 3.2 presents data on agricultural productivity as measured by agriculture value added per
worker and cereal yield in LLDCs from 2012 to 2017. The performance of agricultural productivity
does not show any remarkable improvement across the LLDCs since the adoption of VPOA in
2014. The agricultural productivity among African LLDCs is considerably lower than in other
regions suggesting that African LLDCs would require relatively more learning on how to improve
productivity as a means of transforming the agricultural sector and fostering structural economic
transformation.
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Table 3.2: Agricultural productivity in LLDCs

2012 2013 2014 2015 2016 2017
Region Agric Cereal Agric Cereal Agric Cereal Agric Cereal Agric Cereal Agric Cereal

prod. (Kg | yield (Kg | prod. (Kg | yield (Kg | prod. (Kg | yield (Kg | prod. (Kg | yield (Kg | prod. (Kg | yield (Kg | prod. (Kg | yield
per per per per per per per per per per per (Kg per
worker) hectare) worker) hectare) worker) hectare) worker) hectare) worker) hectare) worker) hectare)

African 908.21 1353.61 915.07 1314.97 943.16 1352.13 946.16 1332.21 961.42 1277.03 1019.69

LLDCs*

Asian 1547.60 2539.00 1746.77 2644.01 1934.21 2671.33 2080.79 2684.55 2187.38 2739.28 2207.25

LLDCs*

Europe 3711.24 2617.38 3850.21 2999.48 3902.46 3146.83 3772.26 2909.38 4040.26 3284.08 4389.48

LLDCs*

South 2540.85 2574.45 3617.64 2700.55 3801.80 2617.4 4243.20 3214.65 4042.22 3258.95 4273.72

American

LLDCs*













Mongolia 35.4 .. 26.4 .. 23.3 . 18.8 ..
Tajikistan .. 37.4 36.1 35.2 . 27.8 23.5 23.2
Uganda 22.4 .. 9.6

Source: World Bank, World Develo
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4. ROLE OF STI IN ECONOMIC TRANSFORMATION AND ACHIEVEMENT OF
2030 AGENDA

The section focuses on the links between Science, Technology and Innovation (STI) and the
Structural Transformation of the economy of Landlocked Developing Countries (LLDCs) in
progress towards achieving the 2030 Agenda for Sustainable Development.

4.1. Science, Technology and Innovation, Society and the Economy

Science and technology are global public goods, but innovation is localized and therefore
understanding the context for replication and diffusion is essential. With the emergent of the fourth
industrial revolution, lessons learnt from the first three about the speed and range of societal impact
of STI should help optimize the economic transformational outcomes of new technologies. STI
investments have accordingly become more critical than ever before in facilitating macroeconomic
stability and expansion as well as profits and market shares of the firms at micro level. In addition,
social development occurs if a society can make STI advances and mainstream them for use in the
social and cultural spheres. On one hand, technological progress enhances wealth creation by
increasing income levels, while on the other hand, it causes social and environmental challenges
that threaten the ability of future generations to sustain human wellbeing. For the advanced
industrial economies of the OECD, technology has produced enormous wealth at the expense of
the environment and global social welfare considerations. The 2030 Agenda strives to reverse the
external diseconomies of global industrial establishments and introduce social considerations of
equity and inclusiveness as well as environmental considerations in economic development.

4.2. Science, Technology and Innovation in SDGs

Science, technology and innovation (STI) have been recognised as the main drivers of productivity
increases and major determinants of long-term economic growth and prosperity. In contrast to
MDGs, STI features as a crosscutting issue and strategic input into the process of implementing
SDGs. In this respect, STI appears strongly both in Goal 17 on Means of Implementation, as well
as a cross-cutting input for achieving several sectoral Goals and Targets, most prominent of which
is Goal 9 Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation. The Addis Ababa Action Agenda (AAAA), which is an integral part of the 2030
Agenda, has also identified concrete policies and actions - including STI — as supportive for
meeting the SDGs. Furthermore, the negotiations for the UNFCCC COP in December 2015
addressed STI issues, most notably underlining that cooperative action is key to facilitate and
promote technology, and the proposition of a framework for enhanced action on technology
development and transfer.
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initiating solutions-oriented research as well as developing integrated assessments with the
participation of multiple stakeholders. It is therefore vital to pursue an integrated approach using
datasets from the natural sciences as well as the social and behavioural sciences (Nilsson et al,
2016).

4.3. Features of STI1 Policies in LLDCs

Building technological capability is very crucial for structural economic transformation and STI
policies are employed to create the environment that is germane for technological capability. The
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It is also important to note that governance of STI and STI policies have been influenced in recent
years by environmental considerations in some regions or countries. This raises expectations on
science and technological solutions to environmental challenges through discovery of alternative
sources of energy, geo-political events that reshaped science, and the quest for green growth
strategies. New technologies are increasingly focused on environmental soundness in design and
performance.

Given the imperative of sustainable development, the available STI policies in LLDCs indicate the
emergence of the following features:

X

Information and data sharing: the interconnectivity of the world, knowledge sharing, data
use and reuse, and sharing of country experiences have resulted in a new approach to STI
development. New policies on STI are now shaping old fashioned models of learning and
teaching in LLDCs.

Increasing collaborative science among LLDCs: researchers can now share data and results
on online platforms so that further collaborative scientific research could be done using the
data and results anywhere in the world. Also, regional governments are also collaborating
on STI policies with transit countries and development partners to promote evidence- based
growth.

Shift from basic research towards big science of solving problems: the focus of STI policy
is to promote relevance and usefulness of STI. Policy is now shifting from basic or
adventurous research to solving pressing developmental needs to achieve sustainable
development goals for LLDCs.

x Citizen engagement and participation:

29
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2011
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X Advising LLDCs governments on STI policies.
Since economic transformation is a learning process that involves the creation of new knowledge

in productive activities, governments play crucial role in facilitating the generation, use and
diffusion of knowledge in the economies. Infrastructural standards should be set and achieved at
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consideration relevant technological opportunities for addressing sectoral challenges could have
been helpful to improve Malawi’s performance.

4.4. Overview of Industrial Policies and Industrialization in LLDCs

Industrial policy is an instrument of economic and technological catch-up and structural
transformation that has been employed by many advanced and newly industrializing economies to
achieve the integration of their economies into global trade and production networks. According
to Oqubay (2015), industrial policy often includes a range of implicit or explicit policy instruments
selectively focused on specific industrial sectors for the purpose of structural change in line with
a broader national vision and strategy.

There continues to be convincing evidence that manufacturing is critical to structural change and
sustained economic growth. This is because of the value adding capacity of manufacturing and the
attendant learning by doing, technological development, and productivity gains, together with the
strong links between manufacturing and other sectors. Manufacturing also has powerful direct and,
perhaps even more important, indirect employment effects (Kaldor 1967; Thirlwall 2013).
Industrialization of LLDCs thus requires a set of industrial policies that can effectively address the
challenge of landlockedness, improve productive capacities and manufacturing competitiveness,
and foster the integration of LLDCs into global trade. The following is an overview of industrial
policies in LLDCs with illustrative country cases. The selection of the country cases is largely
dependent on availability of data/information on industrial policies and performance in LLDCs.

The case of North Macedonia

The share of manufacturing in Macedonia GDP is 12% and the manufacturing sector depends
largely on the export market because of the relatively small domestic market. Industrial policy in
Macedonia is thus export oriented and is driven by Macedonia’s aspiration to join the European
Union, which requires that member countries attain 20% manufacturing contribution to GDP by
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https://www.worldatlas.com/articles/which-are-the-biggest-industries-in-bolivia.html
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industrialization. Some efforts have been made to strengthen the institutes by twinning them with
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addition, there were non-negligible tax measures to stimulate exports of processed goods (50
percent lower tax rate for manufacturing companies that export 30 percent and more of their
output). Although comparable statistics from WDI for Uzbekistan is lacking, national statistics
suggests that the share of non-resource goods in exports increased to over 70 percent against less
than 30 percent in 1990, before independence (Popov, 2014).

4.5. Establishment of Technology Incubation Centres in LLDCs

Technology incubation centres are potent instruments of industrial policy that have enabled
remarkable economic transformation in developed and newly industrializing countries. The
following are a few examples in LLDCs.

Kyrgyzstan- High Tech Park

The park benefits from low income tax (5%) and no corporate tax apart from a 1% levy for the
directorate of the Park for companies that export at least 80% of their output. As of 2016, the park
hosted 27 companies with turnover of US$3.5 million and employing 251 people. The largest
export markets are Kazakhstan, the United States, Ireland, Russia and Japan. The KG Labs Public
Foundation maintains a list and a map of start-ups and related resources, and is active in running
contests, hackathons, and incubation and mentoring sessions; while Ideagrad.com runs an
incubation program.

Mongolia National Information Technology Park Incubator

The incubator is the first fully-operational non-profit governmental business incubator in
Mongolia. It was established in 2002-2003. The incubator concentrates on supporting companies
and businesses with innovative ideas and new technologies in the IT sector with the provision of
a comfortable working environment and comprehensive management support. The aim is to help
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earnings up to an estimated US$180 million by 2022. The Knowledge Lab (kLab) features an open
space with room for around 60 people providing free Wi-Fi. It organizes various events such as
workshops and hackathons and offers mentoring to help turn ideas into business models. Next door
is the Rwanda FabLab, which opened in 2016 as the first hardware space in Central Africa. There
is a range of equipment for users to experiment with such as 3D printers, milling machine, and a
computer-controlled laser cutter.

Ethiopia EthiolCT-Village

Inaugurated in 2015, EthiolCT-Village features a data centre and an incubator for digital start-ups,
high-speed fibre optic connectivity and reliable electricity. Over 20 companies are currently
housed there. It is hoped that international companies can be attracted given the park is inside an
export processing zone and therefore has attractive investment incentives. It is also planned to
leverage EthiolCT-Village as an outsourcing hub. Ethiopia does have some experience in that area
with exports as well as familiarity with English among university graduates.

4.6. Role of FDI and Trade in Technology Transfer in LLDCs
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Figure 4.4: Total ODA to research and scientific institutions (US$ millions)

Source: OECD Stat

Over the past decade, South-South technical and financial cooperation has rapidly gained
increasing importance for LLDCs especially for improving the transport infrastructure.
Improvement in the transport infrastructure can serve as a critical channel for technology transfer
and improvement in connectivity resulting in significant boost in the participation of LLDCs in
global value chains and trade. For a growing number of LLDCs, a fe%0a 51 /1 391.51 T8]TJETQq0.000009(f)
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5. STI ACTORS’ COMPETENCES AND CAPACITY TO INNOVATE

This section provides an analysis of the roles of actors in the national system of innovation and
their capacity to foster structural economic transformation in LLDCs.

5.1. National System of Innovation Framework

Innovation is widely viewed as the main driver of growth and engine of long-term economic
development. Successful economic development is largely linked to the country’s capacity to
acquire, absorb, assimilate and apply modern technologies (Adeoti, 2002; Metcalfe and Ramlogan,
2008; Adeoti, 2016). Innovation performance is strongly shaped by the national system of
innovation (NSI). The understanding of the structure and functioning of the NSl is therefore crucial
for policymakers and other development stakeholders. A summary of conceptual definitions of
national system of innovation and the level/nature of innovation in focus is provided in Table 5.1.

The common features of the national systems of innovation framework as reported by Adeoti
(2007) include:
The firm is the core of the NSI framework: it is the place where factor combinations take
place, and is also the centre of innovative activities.
System view of innovation: networks and feedback among agents, network economies.
A contact between demand and supply of R&D: NSI emphasis on the generation and use
of technological knowledge makes demand for R&D an important issue alongside R&D
programmes and projects.
Innovation as the engine of growth.
Institutions matter for system effectiveness in interaction among economic actors.
Market not always sufficient for innovation to happen, so policy matters.
Learning is essential (by doing, using and interaction modes).
Knowledge-based and technology-driven development.
Co-evolutionary processes, the system is dynamic.

Table 5.1: Definitions of NSI and level/nature of innovation in focus

Level and/or nature of
Definition of NSI innovation in focus

“... the network of institutions in the public and private sectors Technology new to the firm
whose activities and interactions initiate, import, modify and diffuse Technology new to the world
new technologies” (Freeman, 1987) Technology as artefact

“... the elements and relationships which interact in the production,
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of technological change in the society.” (Edquist and Lundvall,
1993)

. a national system of innovation is the system of interacting
private and public firms (either large or small), universities, and
government agencies aiming at the production of science and
technology within national borders. Interaction among these units
may be technical, commercial, legal, social, and financial, inasmuch
as the goal of the interaction is the development, protection,
financing or regulation of new science and technology.” (Niosi et al,
1993)

Production and use of new
science and technology
Technology new to the world
Technology as artefact
Technology as knowledge
resources

“... the national institutions, their incentive structures and their
competences, that determine the rate and direction of technological
learning (or the volume and composition of change generating
activities) in a country”. (Patel and Pavitt, 1994)

“... that set of distinct institutions which jointly and individually
contribute to the development and diffusion of new technologies and
which provide the framework within which governments form and
implement policies to influence the innovation process. As such it is
a system of interconnected institutions to create, store and transfer
the knowledge, skills and artefacts which define new technologies”.
(Metcalfe, 1995)
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Technological learning

Technology new to the world
Innovation process
Technology as artefact
Technology as knowledge
resources













5.3.1. Trend in science base and structure of investments in scientific activities
Education and training institutions

The state of education and training institutions is a major determinant of the science base and the
structure of investment in scientific and innovation engendering activities. The education and
training in LLDCs are accordingly discussed in terms of enrolment rate, out of school children,
school completion rate, adult literacy rate, and government expenditure on education as a
percentage of GDP.

Figure 5.1, Figure 5.2 and Figure 5.3 present the trends in school enrolment, children out of school,
and primary school completion rates respectively for LLDCs from 2012 to 2017. As shown in
Figure 5.1, there were steady increases in the primary school enrolment in most LLDCs from 2015
to 2017. Lowest enrolment rate was recorded in LLDCs in Africa which stood at 79 percent in
2017 as compared to at least 90 percent
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Figure 5.1: School enrolment, primary (% net)
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Figure 5.2: Children out of school (% of primary school age)
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Figure 5.3: Primary completion rate, total (% of relevant age group)

Note: Simple averages
Source: World Bank, World Development Indicators

Table 5.4: Literacy rate, adult total (% of people ages 15 and above)

Year (2012-
Latest value 2016)
Botswana 87.70 2014
Burkina Faso 34.60 2014
Burundi 61.57 2014
Chad 22.31 2016
Lesotho 76.64 2014
Malawi 62.14 2015
Mali 33.07 2015
Niger 30.56 2012
Rwanda 70.80 2014
Uganda 70.20 2012
Zimbabwe 88.69 2014
Bhutan 57.03 2012
Lao People's Democratic Republic 84.66 2015
Tajikistan 99.80 2014
Turkmenistan 99.70 2014
Uzbekistan 99.99 2016
Azerbaijan 99.79 2016
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expenditure as a percentage of GDP. It is also known as R&D intensity and it is a measure of
countries’ efforts on science, technology and innovation (ST1). Increasing R&D intensity remains
a long-term objective worldwide. In the European Union, for example, the Europe 2020 target for
R&D is 3 percent of GDP (Eurostat, 2016). Similarly, African Governments have committed
themselves, through the African Union, to invest at least 1 percent of their GDP in R&D.

The trend in R&D expenditure by LLDCs is shown in Table 5.6. In 2016, the global average for
R&D expenditure as proportion of GDP was 1.68 percent. It was 0.24 percent for LLDCs and 1.83
percent for the EU. Many developing countries have set a target of reaching at least 1 percent of
GDP devoted to R&D expenditure, and it is observed that the LLDCs are quite far away from this
target. Positive exceptions are Chad (0.32 percent), Mali (0.29 percent) Moldova (0.33 percent)
and North Macedonia (0.35 percent), which are all above the LLDC average, although with still
some way to go before hitting the 1 percent target. Botswana and Ethiopia recorded 0.54% and
0.6% respectively in 2013. In general, R&D expenditures in the LLDCs are low and hardly show
increasing trends, which is not supportive for innovations required for facilitating economic
transformation through knowledge acquisition and innovation.

Table 5.6: R&D expenditure (percentage of GDP)

Latest value Year
Afghanistan . .
Armenia 0.23 2017
Azerbaijan 0.19 2017

Bhutan
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Rwanda

South Sudan . .
Tajikistan 0.12 2017
Turkmenistan . .
Uganda 0.17 2014
Uzbekistan 0.19 2017
Zambia 0.28 2008
Zimbabwe . .
Average, LLDCs 0.24 2016
World 1.68 2016

Source: United Nations SDG Indicators Database

It is noteworthy that UNESCO (2018) reported that the density of researchers is also very unevenly
distributed around the world, with Europe and North America leading. All regions with the
exception of sub-Saharan Africa and Central and Southern Asia, have experienced significant
growth in density of researchers since 2000.

Table 5.7 presents the number of researchers relative to the population of each LLDC. Data are
expressed in full-time equivalent, which can be considered as the true volume of the effort devoted
to R&D. The global average for this indicator is about 1,459 researchers per million inhabitants.
The LLDC rough average stands at around 250 researchers per million. From available data, the
LLDC average is still very much lower than averages in South-East Asia and Europe. It is however
interesting to note that indicator is positive for some LLDCs in Asia (Kazakhstan and Uzbekistan)
and Europe (Moldova and North Macedonia) which are higher than the LLDC average and hover
around South-East Asia average.

Table 5.7: Researchers per million inhabitants (FTE)

Year
Latest (2012-
value 2017)
Botswana 179.5 2013
Chad 58.3 2016
Eswatini 119.1 2015
Ethiopia 45.0 2013
Kazakhstan 687.6 2016
Lesotho 22.8 2015
Mali 32.8 2017
Paraguay 122.1 2016
Republic of Moldova 723.9 2017
North Macedonia 729.0 2017
Uganda 26.5 2014
Uzbekistan 496.3 2017
Zimbabwe 88.7 2012
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Box 5.1: Country Cases on Energy efficiency in LLDCs
Botswana
The scale-up of the public transport system as an alternative to using private cars presents opportunities
for an efficient urban transport system in Botswana. This thinking permeates the draft Botswana
Integrated Transport Policy. The options vary from the sophisticated rapid bus transport system to
elementary changes such as dedicated lanes for mini buses and increased signage (at bus stops) depicting
which bus-route passes where. With signage integrated with branding and advertisement, these can be
done through private sector with no costs to the municipalities.

Lesotho

As laid out in Lesotho Energy Policy (2015-2025), government will promote energy efficient practices
and equipment in all sectors of the economy. Strategies: a) Implement demand side management
programmes and projects b) Introduce a metering system and tariff structure that will support energy
efficiency and demand side management c) Discourage the use of intensive energy use devices and
promote the use of energy efficient technologies d) Carry-out dissemination campaigns on wise use of
energy e) Promote the adoption of renewable energy technologies that reduce total end-use electricity
consumption f) Implement energy efficiency programmes in buildings g) Introduce incentives to support
energy efficiency programmes and activities h) Support applied research and development in energy
efficiency programmes and activities i) Develop specific principles for the policy statement

Tajikistan

A Law on energy efficiency and energy saving was adopted on 19 September 2013. The law stipulates
the legal and organisational framework for energy efficiency and provides for the introduction of energy
efficiency materials, appliances and technologies. The law has provisions for introducing mandatory
energy audits, establishing procurement procedures that incorporate criteria on energy efficiency, and
requirements for energy use in buildings and household appliances, etc. Currently, Government financing
is not available for energy efficiency activities and projects in Tajikistan. The establishment of the
National Energy Efficiency Fund envisaged in the new Law on energy efficiency and energy saving
energy; furthermore, this framework is expected to be capitalised with the support of donors and
international financial institutions as well as with national budget allocations.

Uganda

The Promotion of Renewable Energy and Energy Efficiency Programme (PREEEP) is a key project by
the Ministry of Energy and Mines in collaboration with the Deutsche Gesellschaft fiir Internationale
Zusammenarbeit (GIZ), to promote energy efficiency and renewable energy. The government is also
promoting the use of energy saving bulbs by distributing approximately 800,000 of them to low-income
households. The Energy Advisory Project, also funded through the GTZ, aims to provide energy users
with information about energy efficiency, as well as promote the use of efficient equipment and
appliances in manufacturing and at home, and assess the benefits that improved efficiency could have on
the transport and agricultural sectors, particularly in terms of maintenance of fleet vehicles and auditing
of agricultural businesses. Efficiency standards-setting is another goal of the project. The Energy
Advisory Project goals have recently been incorporated into the PREEEP, and as such continue to be
pursued. The government, under the recently-implemented Renewable Energy and Energy Efficiency
Policy, acknowledges a number of key areas where energy efficiency could be improved, by the policy’s
goal date of 2017. These include increasing solar water heater installations to 30,000 m?, and
implementing industrial energy auditing and the dissemination of efficient equipment to industries.
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efficiency has been increased and efforts were undertaken to produce government standards for efficient
appliances and equipment, for example, lighting, water heaters and refrigerators. Transmission and
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5.3.3. Technological learning experiences and opportunities

The emergent fourth industrial revolution has profound opportunities for technological learning
that can be advantageous to late industrializers typified by LLDCs. STI investments and adoption
of new technologies (whether new to the world or new to the user environment) are necessary to
provide learning experiences that result in innovation and structural economic transformation. As
stated in section one, in addition to their geographical remoteness, LLDCs exhibit major challenges
in the area of information and communication technologies (ICTs). Investment in ICTs is a major
component of STI investments and has become an important driver of overall economic
performance, competitiveness and integration into the global economy. Moreover, digitization is
increasingly pervasive and investment in ICT infrastructure determines the extent to which STI
actors can effectively learn and employ digitization for removing obstacles to structural economic
transformation. For LLDCs, ICTs are especially important because they provide technological
solutions to constraints of geographical remoteness by facilitating access to information on global
markets and improving the management of cross-border transactions.

There are several indicators of investment in ICTs and these include:

X
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though marginally increasing. With the exception of European LLDCs, all other LLDCs fall way
below the global average for ATM use. However, the usage among European LLDC:s is still below
the EU average. This shows the low rate of ATM usage among LLDCs. Asian LLDCs even
decreased ATM use slightly from 2016 to 2017.

Figure 5.7: ATM use per 100,000 adults

Source: World Bank, World Development Indicators

Generally speaking, LLDCs exhibit relatively low levels of development in the ICT sector as
demonstrated by low rates of utilization of the fixed broadband subscriptions, internet, and mobile
cellular subscriptions as shown respectively in Figure 5.8, Figure 5.9 and Figure 5.10. The usage
is lower than that obtained in the EU and East Asia. Only European LLDCs are typically close to
the world averages, with African LLDCs lagging most behind.
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Figure 5.8: Fixed broadband subscription
per 100 people

Source: ITU

Figure 5.10: Mobile cellular subscriptions
(per 100 people)

Figure 5.9: Individuals using internet (%0)

Figure 5.11






6. EVIDENCE OF STI AS AN ENABLER OF STRUCTURAL ECONOMIC
TRANSFORMATION

This section presents evidence of how STI has stimulated or supported
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https://www.enhancedif.org/en/who-we-are

One crucial goal was to increase the amount of honey being produced. To do so, 5,000 harvesting buckets were
distributed to address a collection challenge.

1,139 modern hives were supplied to beekeepers together with training programmes, resulting in improved honey
quality and quantity.

Armed with modern hives that don’t require an arduous climb to harvest them, women were able to fully participate
in beekeeping activities.

The partnership supported the creation of the Kabule Women’s Group, a cooperative of female beekeepers that are
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2018). Furthermore, the use of new digital technologies with a view to harnessing market
intelligence on the functionalities and features of goods and services that appeal to customers for
design and production decisions may allow developing countries to engage in the higher value-
added activities in the value chain and benefit from the income-generating potential of
digitalization. This potential will increase with the weight of developing countries in global
demand and control over market-related data.

Pre-production activities

Mayer (2018) demonstrates that the new digital technologies tend to make design more flexible
and reduce its cost. While requiring digital capabilities, digital design simulation reduces the
number of work hours required to create new goods. It may also reduce the number of expertise
needed to design goods. The latter may arise particularly to the extent that digitalization allows for
the codification of tacit knowledge, i.e., the kind of know-how that comes from experience
regarding, for example, how to best design and interlink product definition, detailed design, design
for manufacturability, component design and eventual manufacture. Codification of tacit
knowledge might result from machine learning that identifies correlations based on voluminous
data. Machine learning may eventually even be superior to experience-based knowledge
accumulation because it can easily identify correlations that humans would not have deliberately
looked for. The rise in flexibility and the decline in cost of pre-production activities may be further
enhanced by additive manufacturing. This technology can be used for rapid and less-costly
simulation-based iterative prototyping and the production of specialized machinery. It compresses
the development cycle of products that may subsequently be mass-produced based on traditional
technology and infrastructure (Sturgeon, 2017), or be taken for more customized production based
on digital technologies.

Post-production activities

The new digital technologies (especially ICTs associated with the Internet of Things- such as cloud
computing and big-data analysis) significantly raise the importance of the post-production segment
for the entire manufacturing process (Mayer, 2018). ICTs can optimize business operations by
increasing the efficiency of production schedules, logistics, inventory management and equipment
maintenance, and especially by integrating the data emanating from separate systems into a
coherent picture. Also, access to sales data provides better after-sales services, so that
manufactures can broaden their activities to include services using the opportunities provided by
e-
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Two case studies on digitalization in LLDCs

Though the crucial role digitalization could play in structural economic transformation through
technology upgrading in manufacturing and value chain development is well known, its
application in developing countries is yet to be widespread. According to Sirimanne (2019), the
post-production activities which include e-commerce may be constrained by the following factors
in LLDCs:

Limited use of the Internet among businesses and consumers

Lack of awareness among governments and regulators

Concerns about possible adverse effects

Insufficient access to affordable ICT infrastructure

Inefficient trade logistics and facilitation

Lack of online payment facilities

Lack of security and trust in online transactions
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http://www.moh.gov.rw/fileadmin/templates/Summit3/22_The_Use_of_RapidSMS.pdf
http://www.myict.gov.rw/fileadmin/Documents/ICT_Sector_Profile_2015/ICT_Sector_Profile_2015.pdf
https://www.unglobalpulse.org/kampala

6.2. STI and Trade Facilitation

Trade facilitation is critical to initiatives aimed at addressing the challenge of landlockedness and
STI are important enablers of trade facilitation. This is because Science and technology are
essential for the development of efficient transportation networks required for LLDCs to connect
each other and global markets more effectively and less expensively. This subsection therefore
provides evidence on how STI, and particularly digitization, facilitate trade and help overcome
geographical barriers to trade by reducing cross-border transaction costs in LLDCs. For example,
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The way the Internet sector is nurtured and encouraged to grow is a function of the effectiveness
of policy and regulatory mechanisms as well as high-level government commitment. Most LLDCs
have followed the advice of telecommunications sector reform prescribed by the international
community. All but two of the LLDCs have opened their mobile market to competition though the
depth of the competition varies, with a number of LLDCs exhibiting signs of high market

concentration. Twenty-four LLDCs (75 percent) have a sector regulator. True independence is
however not always assured because
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7. CONCLUSIONS AND RECOMMENDATIONS

The following conclusions provide the key messages from the findings of this paper and the
ensuing recommendations drawn from the lessons learnt to provide the way forward for fostering
STI investments as major instrument of structural economic transformation and competitiveness
of the economies of LLDCs.

7.1. Conclusions

The findings of this paper demonstrate that overcoming the challenges associated with
landlockedness is feasible and would require an enduring international partnership that understand
how to harness the opportunities created by science, technology and innovation for structural
economic transformation of LLDCs. The results reveal that the pace of economic structural change
has been very slow among LLDCs in spite of the implementation of VPoA, and the national and
international commitments for the realization of the 2030 Agenda. Though it may be argued that
the period 2014 to 2017/2018 is too short to measure VPoA impacts on the economies of LLDCs,
the fact remains that the changes observed in key economic indicators, especially in the structure
of production in LLDCs,
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International support for technology transfer and knowledge creation would not result in structural
economic transformation as long as domestic investment in R&D is very low. National R&D
expenditure in LLDCs should be significantly improved to raise local capacity for technology
acquisition. If local capacity to adapt, absorb and assimilate foreign technology is low, structural
economic transformation would remain highly constrained because the economy would be
incapable of delivering the skills and knowledge platform for foreign and superior technology to
thrive.

4) Support for STI investments

Support for STI investments is very crucial for strengthening the national system of innovation
and increasing the capacity of STI actors to innovate and participate effectively in global value
chains. Support for ST investments in LLDCs must be global with full commitment of developed
countries and international development partners. The support for STI investments should not be
dictated by donors but be delivered by consensus or on agreed STI initiatives that directly promote
manufacturing competitiveness of LLDCs, strengthen their capacity to diversify their economy
and integrate into global value chains. If support for STI investments in LLDCs is so sincere,
structural economic transformation will take place at remarkable speed in LLDCs. Notable areas
of specific STI investment support include ICT infrastructure (e.g., broadband Internet access and
mobile devices, eLibraries in educational institutions, digitalization of cross-border transaction
facilities, etc.), and clean energy technologies (e.g., renewable energy systems).

5) Improve support for LLDCs in international STI initiatives

International development partners should improve support for LLDCs in international STI
initiatives by focusing international ST1 policies on:

x  Strengthening of institutions for STI in LLDCs;

x  Supporting research and development (R&D) in LLDCs;

x  Building STI infrastructure for trade facilitation in LLDCs; and

x  Advising LLDCs governments on STI policies.

Technology transfer does not happen by default, but rather by building local technological
capability that is strong enough to adopt and assimilate foreign and superior technologies.
Development partners should thus improve support for building technological capabilities in
LLDCs in order to acquire knowledge and innovation for the achievement of the structural
economic transformation priority of VPoA.

6) Promote digitalization of the economy through investments in ICT infrastructure
The findings of this paper amply demonstrate that trade and regional integration between LLDCs

and transit countries would benefit immensely from local and international efforts aimed at
promoting digitalization of the economies of LLDCs and cross-
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change. Promoting digitalization of LLDC economies through massive ICT investments and
appropriate uses would transform every sector of the economy and provide opportunities for micro,
small and medium enterprises (MSMES) to thrive, become competitive and integrated into global
value chains. The participation of LLDCs in global trade would thus be significantly improved and
structural economic transformation of LLDCs would consequently be effectively stimulated.

7) Pursue innovation policies as strategic instruments of economic diversification and
competitiveness

The findings of the paper revealed that only 11 of the 32 LLDCs have a policy document specially
dedicated for the promotion of investments in STI, 18 LLDCs have STI policies embedded in
broader development plan or economic policy frameworks, and there is no evidence that three
LLDCs have STI policy. Industrial economies and newly industrializing countries have a history
of ardent pursuit of innovation policies as instruments of economic diversification and
competitiveness. In this respect, innovation policy is an integration of STI and economic policies
in a strategic policy framework that aims at fostering economic growth, creating new processes
and products with sufficiently superior value that change market dynamics in favour of the
economy. LLDCs should learn from this established economic development paradigm by pursuing
innovation policies that effectively integrate STI policies with economic policies. The findings
also revealed that STI policies in most LLDCs have in recent years shifted in focus to a more
realistic problem-solving approach to STI. It should however be noted that the effectiveness of the
STl policies depend on the STI regulatory environment which is determined by the governing rules
and regulation, existence of modern transparent institutions, functional infrastructure and good
judicial system. A clear understanding of the peculiarities of sectoral systems is also necessary for
identifying sources of innovation and the applicable innovation policies.

8) Special support mechanism for African LLDCs

African LLDCs generally lag behind in most of the indicators of structural economic
transformation analysed in this paper. They are also relatively weak in the performance of STI
actors and capacity to innovate in a national system of innovation. These findings suggest that
LLDCs in Africa would need a more specialized support to ensure they overcome current
challenges associated with landlockedness and remove the inertia restricting innovative and
knowledge generating activities. The special support mechanism should be initiated and packa(e)4(rETQq0.0000
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