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This paper analyses the impact of government R&D on the macro-economy of South Africa. The
empirical estimates of the impact of R&D are based on the backward and forward linkages of a
macro-economy, within a national innovation system (NIS). There are structural implications of the
study, namely how R&D investments can result in the creation of new industries, job creation and
improved national productivity. The largest indirect impact of R&D expenditure by public institutions
and agencies is on community services, financial and businesses and manufacturing, in terms of
employment and contribution to the country’s GDP. Community services are impacted through the
backward linkages derived from the expenditure by various research institutions on intermediate
inputs such as water, electricity and health. Describing and quantifying the linkages between
research, development and innovation and economic impacts provides a basis for a greater
understanding of the value the economy and its sectors derive from R&D. The results of the analysis
indicates that the real economic significance of R&D lies not in spending, but in the results achieved
and is measured in terms of contribution to innovation as a key determinant of economic and social
wellbeing, productivity, and growth and development.

Keywords: research and development (R&D), innovation, knowledge economy indicators, inputoutput model, impact assessment
JEL Classification: R15, O38, O11

1

The paper is an outcome of a study commissioned by the Department of Science and Technology (DST) of
South Africa
2
UNU-MERIT, Keizer Karelplein 19, 6211 TC Maastricht, The Netherlands, bhuyan@merit.unu.edu
3
Beracah Consulting, Johannesburg, South Africa, mosakad@telkomsa.net
4
Beracah Consulting, Johannesburg, South Africa, lefentse@gmail.com
5
Wits University, Johannesburg, South Africa, Rita.Sikhondze@wits.ac.za

1. Introduction
Governments have sought to create knowledge-based economies by increasing the rate of transfer of
academic and public research advances to industry since the 1970s, as part of broader efforts to
improve national economic performance (Mowery and Sampat, 2005) and for nations to catch up in
the global market of high-tech products (Gannon, 2003). In South Africa, core projections for the year
2018 were summarized in South Africa’s “grand challenges” where innovation, science and
technology were considered key in creating a knowledge-based economy, while solving its
fundamental and pressing socioeconomic challenges to improve national economic performance and
reduce unemployment.
Outlined in the New Growth Path (NGP) plan, 2011, South Africa plans to create 5 million jobs6 in
the next 10 years by enhancing national competitiveness and economic performance. However, there
are fundamental bottlenecks and imbalances lurking the macro-economy. For instance, bottlenecks
and backlogs in logistics, energy infrastructure and skills-availability were responsible for raising
costs across the economy. If not corrected, these bottlenecks and imbalances may dampen efforts to
achieve its desired employment, and with it, efforts in transforming to a knowledge-based economy.
As a long-term structural change to remove bottlenecks and imbalances, the state is expected to
increasingly support a knowledge-economy7 (NGP, 2011).
To achieve these objectives, there is a need to focus on aligning the supply-side factors of innovation
such as research and development (R&D) activities with the demand-side factors of innovation such
as R&D commercialization, namely activities that transfer science and technology from the labs to the
industry. R&D is linked to innovation indicators through the knowledge production function
(Mairesse and Mohnen, 2004). R&D as a knowledge economy indicator (KEI) provides a measure of
the relative state of the knowledge economy in a country (Gault, 2007; Blankey and Booyens, 2011).
These KEI indicators such as R&D offer a bigger picture of a country’s performance in the modern
knowledge economy (Gault, 2007) and play a crucial role in national policy debates regarding
science, technology and innovation (Freeman and Soete, 2009).
In recent years, there has been a growing interest in the measurement as well as the monitoring of the
economic impact of knowledge-based indicators such as R&D (Gault, 2007). An economic impact of
R&D will refer to its contribution in relation to economic growth, redistribution of resources at
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The South African government is expecting to reduce current unemployment from 25.2% to 15% within the next 10 years.
In addition, a Ten-Year Innovation Plan (2008-2018) proposes to drive South Africa’s transformation towards a knowledge-based

economy, in which economic growth is led by the production and dissemination of knowledge.

individual, local, regional, national and global levels and the development of human capital. The
impact of these KEIs can be measured by their contribution to economic growth (GDP) at regional
and national levels, contribution to employment and income earning at the household level, among
others. R&D has been considered a principal knowledge indicator and standardized by OCED
(OCED, 2011). Several studies have shown that R&D is a reliable indicator of innovative capacity
(Boskhin and Lau, 1992; Blankey and Booyens, 2011) and it impacts economic growth (Fagerberg,
1994; Ho and Wong, 2009) and productivity (Griliches (198, 1994 &1998) and Griliches and
Lichtenberg (1984).
In 2008, South African R&D expenditure as a percentage of GDP was 0.93% (World Bank Statistics,
2012). South Africa shows strong investment in R&D intensive industries, including pharmaceuticals,
electronics, aerospace, biotechnology, nanotechnology and open source software, and R&D in these
industries accounted for about 22.9% of GERD in 2008 (R&D Survey, 2010). However, despite a
good level of R&D expenditure on high-tech and R&D intensive industries, the innovative or
knowledge-generation performance of the country has remained low (Blankey and Booyens, 2011).
There is an inherent ‘systemic’ inability to increase the rate of transfer of academic research advances
to industry, and thus provide a stimulus to its competitiveness, resulting in increased economic
activities in various sectors and employment.
Against this background, a macro-economic impact study of South Africa’s R&D is considered
timely, as this study assesses the relationship between macro-economic factors and R&D. There are
few studies measuring the impact of R&D in developing countries (Ho and Wong, 2009) because of
the difficulty of collecting measuring R&D and innovation, and non-consideration as an important
policy tool. This study will measure how R&D expenditure has impacted macro-economic factors
such as employment, capital formation, and income, among others. In this study, the impact of public
or government R&D is assessed, and not R&D expenditure by businesses8. This study has highlighted
sectoral-impacts, indicating the economic sectors which will have the most beneficial and/or negative
impact of government R&D expenditure. The impact is assessed in terms of its contribution, for
example, to the national GDP, job creation and productivity, as they are key policy debates in South
Africa.
This paper is structured as follows. Section 2 following the above introductory section is on the role
of R&D expenditure within a NIS. Section 3 briefly discusses government R&D expenditure trend in
South Africa. Section 4 discusses the Social Accounting Matrix (SAM) Input Output (IO) model and
its limitations, and variables of the model. Section 5 discusses the results of the model and Section 6
is the conclusion with implications for future research.
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2. R&D Expenditure and NIS
Innovation, technology and economic development are considered the result of a complex set of
relationships among actors and institutions within a national system (Freeman, 1987; Lundvall, 1992;
Freeman, 1995) and within sectors of an economy (Malerba, 1999). Such a systemic approach is
lending new insight into the innovative and economic performance of OECD countries, and more
recently, in developing countries. The NIS approach posits that economic improvement in a country is
largely a result of the application of knowledge in productive activities and the associated adjustments
in social institutions. Lundvall and colleagues speculate that NIS thinking gained ground, in part, due
to the fact that “mainstream macroeconomic theory and policy have failed to deliver an understanding
and control of the factors behind international competitiveness and economic development”
(Lundvall, 2002: 214).

For decades, technological change and innovation, driven by research and development (R&D) within
a NIS have been the most important sources of productivity, growth and increased welfare (Edquist,
2000). As a result, there is a high correlation between those countries that have shown significant
economic improvement in the past and those countries that have made substantial investment in R&D.
A growing number of studies are proving the value of innovation as an outcome of R&D to the
economy, and which drives socio-economic transformation and rapid progress to development. R&D
and innovation has a strong link within the processes of countries, regions and firms (Schumpeter,
1934; Rosenberg, 1982; Freeman, 1987; Fagerberg, 1988; Perez and Soete, 1988). Current theoretical
debates recognize R&D and innovation as the engine for growth and as offering substantial potential
for achieving developmental effects (Cassiolato et al., 2003; Rosenberg, 2004; Fagerberg et al., 2004;
Metcalfe and Ramlogan, 2008).

However, it must be understood that the relation between innovation and economic development is
complex (Kraemer-Mbula and Wamae, 2010) and develops in each country with its own dynamics
and processes leading from investments in R&D and innovation (supply-side factors) up to the stage
of commercialization (demand-side factors). South Africa’s transformation towards a knowledgebased economy implies that economic growth will be led by the way in which the NIS produces and
disseminates knowledge. The performance of an NIS is measured by the degree to which science and
technology plays a driving role in enhancing productivity, economic growth and socioeconomic
development.

And therefore, to achieve its objectives of a knowledge economy, South Africa has to focus on
aligning the supply side factors of innovation (i.e. the stimulation and support of research,
development and innovation (RD&I) with the demand side factors of innovation (i.e. commercial

activities of RD&I as well as increasing its market intelligence capabilities). Such a view is based on
the framework of a national innovation system, which assists policy-makers in aligning the supplyside (or technology push) factors with the demand-side (or technology push) factors.

Critical changes will be required to transform South Africa into a knowledge-intensive economy –
namely an effective NIS which continuously supports knowledge generation and dissemination
(Blankey and Booyens (2011). Although there have been significant changes and achievements in the
South African NIS, “what is missing, however, is across the board efforts to enlarge the national
system of innovation.” (Pouris 2010: 224). R&D expenditure is increasingly viewed as a process
through which a nation’s knowledge base and inputs are enlarged and the NIS is within whose
parameters the search for knowledge and expansion happens.

3. Impact of Government R&D in the South African Economy
Total R&D expenditure includes a mix of business, and government funding for R&D in sectors such
as defense, health, water, electricity and space. Government R&D provides insights into government
R&D priorities, having indirect impact on the South African economy. The indirect impact consists of
backward and forward linkages. The backward linkages includes the impact derived from R&D
expenditure by the various research institutions on intermediate inputs such as water, electricity,
business services, as well as consumption expenditure derived from the payment of salaries and wages
to scientists and other researchers.
The forward linkages originate from spending by industries and institutions that form part of the
research and development cluster. According to the South African National Treasury, the budget of
the various public institutions and agencies involved in research, development and innovation was
R9.017 billion for the 2011/12 financial year. The R&D expenditure of public institutions and
agencies has significant multiplier effects on the South African economy as illustrated in the model
results of Table 2 below.

Figure 1: Sources of total R&D funds in South Africa
Source: R&D Survey, 2010

As illustrated in Figure1 above, approx. 60% of all R&D expenditure by business enterprises is
solicited from their own sources of funding, followed by foreign sources at 7%. The government of
South Africa funded 17% of the R&D projects in 2008/2009. In South Africa, the combined funding
offered by the Innovation Fund, THRIP and the Support Programme for Industrial Innovation (SPII)
is less than R500 million, not all of which goes to the business sector. Considering that the 2008
innovation survey showed that enterprises spent about R56.9 billion on innovation activities, the
public funding available for innovation in industry represents less than 1% of business expenditure on
innovation activities. Public funding for R&D activities in the business sector appears to be far better
supported, and the 2007/08 R&D Survey reported that 21.7% of business R&D expenditure was
supported by government sources.
The results of the 2008 innovation survey also suggest that the majority of innovative enterprises in
South Africa still have limited, if any, access to public funding to support their innovation activities.
An analysis of these findings indicates that in order to provide public funding to 20% of innovative
enterprises, the South African government would have to fund a total of 2 986 enterprises – 251
enterprises from the largest size group, 660 medium-sized enterprises, 1 022 small enterprises and 1
053 very small enterprises. Currently, about 11.4% of enterprises in the large enterprise group, 13.5%
medium-sized enterprises, 0.3% small enterprises and 0.1% very small enterprises are funded from
public sources. Slightly higher percentages of innovative enterprises received funds from South
African government sources than reported in the 2005 innovation survey.
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Figure 2: Framework analysing the impact of government R&D on the South African macro-economy
Source: Authors’ Own

From a national or NIS perspective, the economic impact of research and development is much more
important than measures of direct financial return. This is because in the case of government funded
research and development, any financial return to the government is indirect, acquired through the tax
system (flowing from increased employment, competitiveness, domestic sales and exports) or from
reduced expenditure that results from increases in the efficiency and effectiveness of government
service delivery. In most cases these are not easily attributable to any particular project.

4. The R&D Impact Model: Methodology
a. The Input Output (IO) Model (Social Accounting Matrix)
A SAM macroeconomic model assesses flows of all economic transactions that take place within an
economy - at the regional or national levels (Stone and Brown, 1962; Pyatt and Round, 1988; and
Vanoli, 2005). However, it has been extended to include non-national accounting flows. The tool has
found wide application in measuring the impacts of policy decisions and government expenditure on
an economy-wide basis. For instance, it helps in assessing economy-wide changes in the cost of
importing new technology or understanding the impact of R&D on the economy. SAM is also referred

to as a Leontief’s Input Output9 (IO) model which is a partial general equilibrium model and can be
used, to quantify the direct, indirect and induced impacts resulting from government research and
development.
An I-O framework (measuring the impact of government R&D expenditure in this case) and equations
can be thought of as a simple model of the economy that captures the way in which economic sectors
interact, both in terms of the flow of goods and services, and in terms of prices. The flows across the
macro-economy are represented as backward and forward linkages. An Input Output model equation
is represented as follows:

q = (I-A) ^ (-1) ×f
Where,
q

=

Sectoral production

(I-A)-1

=

Inverted input/output coefficients matrix

f

=

Final Demand per sector

Using these basic mathematical relationships, also known as technical/economic coefficients, the
impact multipliers10 can be calculated. The nature and extent of the impact of an autonomous change
in a specific economic quantity such as, for example, R&D expenditure, on another economic quantity
or quantities, for instance production or employment, will be defined in terms of the multiplier
concept.
The IO Model is used here as an econometric model to calculate backward as well as forward
linkages. Backward linkages explain the government R &D efforts directly and indirectly associated
with a specific’s industry final demand (consumption, investment or exports). Forward linkages, on
the other hand, explain by what proportion the output value of an industry should increase as a
consequence of a unitary increase of another industry’s costs (R&D). The multiplier effect also takes
into account the direct, indirect and induced impacts of R&D expenditure. The model allows for the
calculation of the impact of R&D expenditures on several sectors of the economy.
There are number limitations when analysing innovation using this approach. The degree to which
technological knowledge spreads through the economy depends on the level of economic and
technological interdependence among sectors. The structure of production and its linkages is usually
9

An input-output model is a quantitative economic technique that represents the interdependencies between different sectors
of the national economy or between sectors of different, even competing economies. An I/O-table is nothing more than an
extension of the national accounts of a country, i.e. disaggregating it into the various sectors of the economy.
10
A multiplier is a factor of proportionality that measures how much an endogenous variable changes in response to a
change in some exogenous variable.

used as a point of departure when analysing R & D spillovers. The input-output process is a linear
model but there are “changes” to an output which takes place, thus overcoming a major IO criticism.
A fundamental assumption of the IO-model, as well as its use for analytical purposes is, firstly, that it
production activities are grouped into homogeneous sectors. Secondly, it is necessary that the mutual
inter-dependence of sectors which features in the model can be expressed in input functions.
Using this approach it is possible to establish business linkages that create links from research outputs
to societal value. Thus the Input – Output model allows for a possible analysis of the effect of R & D
expenditure by other sectors. This could have interesting policy implications, because it can for
instance show which sectoral R & D expenditure can induce larger direct and indirect effects.
b. Data Sources and the Variables
To measure the impact of R&D expenditure on the structure or the macro-economy of South Africa, a
number of indicators and measures were used. The independent impact variables fall under two
categories - backward and forward linkages. The various indicators of a knowledge economy, is
described briefly, and as defined by OCED (2011) include:
(i)

Macroeconomic Aggregates: Impact on Gross Domestic Product; Impact on capital
formation; Impact on Household Income; Fiscal Impact; and Impact on the Balance of
Payments (BoP)

(ii)

Sectoral Impacts: Impact on the sectors of the economy

Government R&D
This study uses government R&D expenditure to analyse its impact on the macro-economy, namely
the variables used above. Government R&D budgets provide an indication of the relative importance
of various socioeconomic objectives, such as defence, health and the environment, in public R&D
spending. It measures the funds committed by the national government for R&D to be carried out in
one of the four sectors of performance – business enterprise, government, universities, public research
organizations, private non-profit – at home or abroad (including by international organizations). The
government R&D expenditure data are based on South African budgetary sources.

Employment
The employment indicator was informed by Human Resource Science and Technology Data, where
the chosen category of workers is considered major actors in innovation. The chosen category of
workers corresponds to professionals and technicians as defined in the International Standard

Classification of Occupations (ISCO-88) major groups 2 and 3. Details of this group of professionals
and technicians are provided in the Appendix section.
Capital Stock
Capital stock as an outcome indicator of R&D is one of the main inputs of production. Capital goods
range from fixed assets such as buildings, roads, and machinery, to intangible items such as software
and exploration rights. Measures of capital stock provide a snapshot of capital assets available for use
in production at a point in time, as well as a forward-looking measure of the economy’s potential
performance. In recent years, the fixed capital stocks of countries have occupied an important place in
economic policy and economic growth debates. Measures of a country's stock of capital provides the
basis for measuring national wealth, and understanding factors that underpin growth, such as advances
in productivity, technical progress, and efficiency.
Technology BoP
Technology balance of payments (BoP) measures international technology transfers such as licence
fees, patents, purchases and royalties paid, know-how, research and technical assistance. These are
payments for production- ready technologies. Although the balance reflects a country’s ability to sell
its technology abroad and its use of foreign technologies, a deficit does not necessarily indicate low
competitiveness. In some cases, it results from increased imports of foreign technology; in others, it is
due to declining receipts. Likewise, if the balance is in surplus, this may be due to a high degree of
technological autonomy, a low level of technology imports or a lack of capacity to assimilate foreign
technologies.

5. Results
According to National Treasury (2011), the budget of the various public institutions and agencies
involved in research, development and innovation in South Africa was R9.017 billion for the 2011/12
year as shown in Table 1 below.

Table 1: R&D Expenditure by various South African research centres, in Rand million
South African Research2007/2008
2008/2009
2009/2010
20010/2011
2011/2012
CSIR
R 517
R 555
R 599
R 686
R 687
MRC
R 485
R 494
R 501
R 575
R 580
ARC
R 718
R 778
R 773
R 827
R 892
DST
R 2 929
R 3 403
R 3 821
R 4 207
R 4 407
DST-DA
R 529
R 853
R 1 141
R 827
R 855
ASA
R3
R6
R 10
R 11
R 11
AISA
R 27
R 30
R 29
R 31
R 32
HSRC
R 156
R 164
R 166
R 194
R 206
NRF
R 658
R 683
R 692
R 749
R 1 089
SANER
R 42.00
R 44.27
R 0.00
R 0.00
R 0.00
SANSA
R 0.00
R 0.00
R 0.00
R 0.00
R 93.58
Tshumisano Trust
R 49.50
R 36.60
R 36.44
R 0.00
R 0.00
WRC
R 164.10
TOTAL
R 6 113
R 7 046
R 7 769
R 8 106
R 9 017

Source: National Treasury, 2011

It is evident in Figure 3 below that expenditure on research and development by public institutions
and organizations that undertake scientific and technological activities has grown significantly over

R&D Expenditure (R Millions)

the past five years.
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Figure 4: Share of research output measured in scientific publications or bibliometric data of South African
universities, public research organizations and private enterprises in 2008 to 2010
Source: Web of Science (2011)

Universities, public research organizations and private enterprises have contributed almost equally to
the scientific output of South African research as indicated in Figure 4. The number of contributions
has increased each year between 2008 and 2010. It is interesting to note that although private firms
contribute a significant 59% of the total R&D expenditure in South Africa (HSRC, 2010) its
engagement in scientific and research output is equivalent to the research contributions of public
research organizations and universities. This is mainly attributed to the experimental development
type of R&D activity undertaken by firms in South Africa, which often does not warrant publications.
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Figure 4: Sector-wise R&D expenditure (in Rand) in South Africa HSRC R&D Survey, 2010

Figure 4 above illustrates the sector-wise R&D expenditure in South Africa, where the business sector
exceeds the combined spending by the government, universities and science councils in the country.

Table 3: Impact of R&D Expenditure using the SAM-IO model (Rand million)
M acroeconomic Impact of government R&D

Direct impact

Indirect impact

Induced impact

T otal impact

Impact on Gross Domestic Product

R 2 228

R 2 371

R 3 657

R 8 255

Impact on capital formation

R 9 000

R 5 017

R 8 343

R 22 360

T otal impact on employment [job opportunities]

7 672

12 584

19 645

Skilled impact on employment [job opportunities]

4 910

4 286

5 412

14 608

Semi-skilled impact on employment [job
opportunities]

1 995

6 086

10 120

18 200

767

2 212

4 113

7 092

Unskilled impact on employment [job opportunities]

Impact on Households

39 900

R 6 039

Low Income Households

R 859

Medium Income Households

R 1 203

High Income Households

R 3 977

Fiscal Impact

R 2 482

National Government

R 2 267

Provincial Government

R 29

Local Government

R 185

Impact on T echnology Balance of Payments

R 3 602

Source: Authors’ own

Table 3 above shows that the expenditures on R&D by public institutions and agencies have major
multiplier effects on the South African economy. The economic impacts associated with such
expenditure are assessed and estimated for the following dimensions (macroeconomic assessment
criteria). The impact of government expenditure on the macro-economy of South Africa can be
summarized as follows:


The average annual impact of the R&D expenditure by public institutions and agencies on the
GDP of South Africa will amount to R8.2 billion in 2011 prices. Thus, each year, R8.2
billion of GDP will be generated consisting of remuneration of employees and returns on
capital



The impact on capital formation associated with the investment and operation of all activities
related to R&D expenditure by public institutions and agencies, was estimated to be R22.36
billion per annum.

This implies that R22.36 billion of capital (productive capacity) is

required on an annual basis to sustain all activities related to R&D expenditure by public
institutions and agencies. However, this is not an additional R22.36 billion each year, but
rather the magnitude of productive capital stock that needs to be available on an annual basis


On an annual basis, R&D expenditure by public institutions and agencies sustains 39 900 job
opportunities (direct, indirect and induced).



The total impact on household income amounts to R6.039 billion of which 14% is earmarked
for the lower-income households and 20% for middle-income households. Thus, of the total
income generated directly and indirectly through the R&D expenditure by public institutions
and agencies, a significant percentage of it will reach the poor communities in South Africa.
The impact on the low income households comes through the linkages that the R&D
expenditure by public institutions and agencies has on other sectors of the economy



The annual fiscal impact will amount to approximately R2.48 billion per annum through
direct and indirect taxes due to the activities related to R&D expenditure by public institutions
and agencies. All these additional taxes provide the government with revenues that can be
used to improve the average quality of life of the average citizen in South Africa, in
particular, education and health



The impact on the Balance of Payments is a positive R3.60 billion per annum over the
lifespan of the activities related to R&D expenditure by public institutions and agencies

The impact of government R&D has found to have impacts on nine sectors of the South African
economy. The results depict that the total effect is more profound in the community services (health,
water, sanitation, conservation activities etc.), financial and business services, as well as the
manufacturing sectors. It is interesting to note that the financial and business services sector is
impacted to a greater extent in terms of GDP than the trade-related sectors. However the reverse is
true with regards to employment creation as the trade related sectors are more labour intensive than
the financial and business services sector.

Agriculture 1%

Mining 1%

Agriculture 6%

Manufacturing 11%

Construction 0%

Electricity & water 1%

Trade &
accommodation 7%

Community services
50%

Transport &
communication 5%

Mining 1%
Manufacturing 11%

Electricity & water 2%

Construction 1%
Community services
46%
Trade &
accommodation 16%

Financial & business
services 23%

Transport &
communication 3%
Financial & business
services 15%

Figure 4: Industrial Sectors by government R-D Expenditure in terms of GDP growth (left) and in terms of
employment (right). All figures in percentage

Source: Authors’ Own

As it can be also deduced that government R&D expenditure has major multiplier effects on the South
African economy, calculated in terms of GDP, employment and capital Formation. Given that capital

is a scarce resource in South Africa, the criteria measures the effectiveness of capital utilization in
terms of employment, creation and contribution to GDP, relative to the rest of the economy.

6. Discussion & Conclusion
This study provides a comprehensive analysis of the economic impacts associated with research and
development efforts of the South African economy, and quantifying such impacts is where the study
primarily contributes. The key focus of the paper is how the benefits of research, development and
innovation are derived and translated into tangible opportunities for society and the economy in
particular. As part of this process, understanding that R & D spillovers are unanimously considered as
one of the main driving forces of technological change, innovation and economic growth is of great
importance.
The findings are based not only on aspects of government funding through science and research
councils, but by a broader understanding of the evidence based on the economic impact of research,
development and innovation covering a cross-section of variables. Given the well-understood
challenges in assessing impact, our findings are satisfactory in their nature and hope to present more
than a glimpse of the full impact of the research and development. Despite the breadth of this paper it
has not yet been possible to establish a baseline which will enable a judgement on the extent to which
impacts in future years will have risen or fallen. This challenge arises as a result of the constraints of
finding up to date data and surveys.
There are a wide range of methods used to evaluate R&D impact – operating at the level of individual
projects or programs, institutions and nations with each method with its own characteristics and
advantages. While different methods can appeal to different target groups, none is complete in itself
and none offers unambiguous or certain results. Studies of the same project or program at different
times or across different time spans can produce widely varying results, reflecting the uncertainty of
research and the way in which the value of research outputs can change, depending on the context
within which they exist – including subsequent advances in research. Measuring the impact of R&D is
necessary and can be useful but it is important to use the results of such evaluations with care,
recognizing their fragility. Certainly, challenges are numerous and adequate solutions still have to be
developed to address the methodological issues. Implicitly the preferred methodological approach was
informed by the innovation literature and the selected approach was based on Input-Output modelling
(Social Accounting Matrix). According to both local and international literature, IO-Model finds wide
application in the evaluation of the impact of R-D on the economy.
The total income generated directly and indirectly through R&D expenditure, a significant percentage
of it will reach the poor communities in South Africa, followed by the financial and businesses and
manufacturing sectors, in terms of employment and contribution to the country’s GDP. Community

services are impacted through the backward linkages derived from the R&D expenditure by research
institutions on intermediate inputs such as water, electricity and health. It is worth noting that the
impact on the low income households comes through the linkages that the R&D expenditure by public
institutions and agencies has on other sectors of the economy.
The results have shown positive and significant impact with government R&D expenditure generating
R8.2 billion of GDP, comprising remuneration to employees and returns on capital, and on an annual
basis, R&D expenditure by public institutions and agencies will sustain 39 900 jobs, through direct,
indirect and induced effects. The impact on the Balance of Payments is a positive R3.60 billion per
annum over the lifespan of the activities related to R&D expenditure by public institutions and
agencies.
An important contribution of this study is the development of an analytical model that can provide a
comprehensive analysis of economic impacts associated with R&D, and not specifically government
R&D, for the South African economy. Describing and quantifying the linkage between research,
development and innovation and economic impacts provides a basis for a greater understanding of the
value which the economy and its communities derive from research, development and innovation. The
results of the analysis indicates that the real economic significance of the resources devoted to R & D
lies not in spending, but in the results achieved and is measured in terms of contribution to innovation
as a key determinant of economic and social wellbeing, productivity, growth and development.
Future NIS research is expected to focus on improving the indicators used to map interactions in
national innovation systems as well as the linkages to the innovative performance of firms and
countries. These indicators are at an early stage of development and do not approach the robustness of
more conventional measures such as R&D expenditures (OCED, 1997). This paper is one such study
focusing on non-conventional macroeconomic indicators in mapping the interactions of the South
African national innovation system.
The IO-model allows for the calculation of the impact of government R&D expenditures in several
sectors of the economy. This can be used to analyse policy implications, because it shows which
sector‘s R&D expenditures induces the largest direct and/or indirect effects. The business sector, for
example, can be identified as one of the impact multipliers, providing the mechanisms through which
research outputs can be transformed into products and processes that impact upon society. Through
this modelling approach it is possible to establish business linkages that create links from research
outputs to societal value.
An area for further research in South Africa is to compile an IO-model that could separately distribute
R & D expenditure on each sector by product or technology. It will go a long way in enhancing the

process to separately identify the effect of industrial linkages and therefore the effect of R & D
efforts.
REFERENCES
Blankley, W. and Booyens, I., 2010, Building a knowledge economy in South Africa, South African
Journal of Science, 2010; Vol. 106(11/12), HSRC (South Africa)
Boskin, M. and Lau, L., 1992, The Role Of R&D And The Changing R&D Paradigm, Technology
and the Wealth of Nations, Rosenberg et al., (eds.), Stanford University Press
Stone, R. and Brown, A., 1962, A computable model for economic growth, Cambridge, UK:
Cambridge Growth Project
Vanoli, A., 2005, A History of National Accounting, English Edition, Amsterdam: IOS Press
Pyatt and Round, 1985, Social Accounting Matrices: A Basis for Planning, The World Bank,
Washington
Levy, D.M. and Terleckyj, N.E., 1983, Effects of Government R&D on Private R&D Investment and
Productivity: A Macroeconomic Analysis, The Bell Journal of Economics, Vol. 14 (2), Pages: 551561
Mairesse J. and Mohnen, P, 2004, The Importance of R&D For Innovation: A Reassessment Using
French Survey Data, NBER Working Paper 10897
Fagerberg, J., 1994, Technology and international differences in growth rates, Journal of Economic
Literature, Vol. 32, Pages: 1147–1175
Goel, R.K and Ram, R., 1994, R&D Expenditures and economic growth: A cross country study,
Economic Development and Cultural Change, Vol. 2, Pages: 403–411
Griliches, Z., 1980, R&D and productivity slowdown, American Economic Review, Vol. 70, Pages:
343–348
Griliches, Z., 1979, Issues in assessing the contribution of research and development to productivity
growth, Bell Journal of Economics, Vol. 10, Pages: 92–116
Griliches, Z., 1980, R&D and productivity slowdown, American Economic Review, Vol. 70, PagesL
343–348
Griliches, Z. 1992, The search for R&D spillovers, The Scandinavian Journal of Economics, Vol 94,
Pages: 29–47

Griliches, Z., 1994, Productivity, R&D, and the data constraint, American Economic Review, Vol. 84,
Pages: 1–23.
Griliches, Z, 1998, R&D and Productivity, The Econometric Evidence, Chicago: University of
Chicago Press
Griliches, Z and Lichtenberg , F., 1984, R&D and productivity growth at the industry level: Is there
still a relationship? In R&D, Patents, and Productivity, Z Griliches (ed.). Chicago: University of
Chicago

World Bank, 2012, Research and development expenditure (% of GDP), World Bank
Databank
Gannon, F., 2003, Government rhetoric and their R&D expenditure, EMBO Reports, Vol. 4, Pages:
117 – 120
Rosenberg, N., 1982, Inside the black box: Technology and economics, Cambridge, UK: Cambridge
University Press
Rosenberg, N., 2004, Innovation and Economic Growth, OECD Publication
J.S. Metcalfe and R. Ramlogan, 2008, ‘Innovation Systems and the Competitive Process in
Developing Economies’, The Quarterly Review of Economics and Finance, Vol.48
Perez, C. and Soete, L., 1988, "Catching up in technology: entry barriers and windows of
opportunity," Open Access publications from Maastricht University, Netherlands
Cassiolato, J, E., 2010, Comparative Report on FDI and National Systems of Innovation in BRICS,
IDRC Center File: 104227-001, Report available at www.redesist.ie.ufrj.br
Freeman, C. , 1995, The National System of Innovation in Historical Perspective, Cambridge Journal
of Economics
Gault, F. , 2008, Science, Technology and Innovation Indicators: Opportunities for South Africa, The
African Statistical Journal, Vol 6.
Malerba, F. , 2005, Sectoral systems of innovation: basic concepts, In: Malerba, F. (Ed.), Sectoral
Systems of Innovation: Concepts, Issues and Analysis of six Major Sectors in Europe, Cambridge
University Press: Cambridge
Pouris, A., 2005, Technological Performance judged American Patents Awarded to South African
Inventors, Science Policy, pages: 221-224
Vivarelli, M., and Bogliacino, F, 2010, The job creation effect of R&D expenditures, Corporate R&D
And Innovation, Vol. 19 (1), Pages: 67-93

The UNU‐MERIT WORKING Paper Series
2012-01 Maastricht reflections on innovation by Luc Soete
2012-02 A methodological survey of dynamic microsimulation models by Jinjing Li and

Cathal O'Donoghue
2012-03 Evaluating binary alignment methods in microsimulation models by Jinjing Li and
Cathal O'Donoghue
2012-04 Estimates of the value of patent rights in China by Can Huang
2012-05 The impact of malnutrition and post traumatic stress disorder on the performance
of working memory in children by Elise de Neubourg and Chris de Neubourg
2012-06 Cross‐national trends in permanent earnings inequality and earnings instability in
Europe 1994‐2001 by Denisa Maria Sologon and Cathal O'Donoghue
2012-07 Foreign aid transaction costs by Frieda Vandeninden
2012-08 A simulation of social pensions in Europe by Frieda Vandeninden
2012-09 The informal ICT sector and innovation processes in Senegal by Almamy Konté and
Mariama Ndong
2012-10 The monkey on your back?! Hierarchical positions and their influence on
participants' behaviour within communities of learning by Martin Rehm, Wim
Gijselaers and Mien Segers
2012-11 Do Ak models really lack transitional dynamics? by Yoseph Yilma Getachew
2012-12 The co‐evolution of organizational performance and emotional contagion by R.
Cowan, N. Jonard, and R.Weehuizen
2012-13 "Surfeiting, the appetite may sicken": Entrepreneurship and the happiness of
nations by Wim Naudé, José Ernesto Amorós and Oscar Cristi
2012-14 Social interactions and complex networks by Daniel C. Opolot
2012-15 New firm creation and failure: A matching approach by Thomas Gries, Stefan
Jungblut and Wim Naudé
2012-16 Gains from child‐centred Early Childhood Education: Evidence from a Dutch pilot
programme by Robert Bauchmüller
2012-17 Highly skilled temporary return, technological change and Innovation: The Case of
the TRQN Project in Afghanistan by Melissa Siegel and Katie Kuschminder
2012-18 New Technologies in remittances sending: Opportunities for mobile remittances in
Africa Melissa Siegel and Sonja Fransen
2012-19 Implementation of cross‐country migration surveys in conflict‐affected settings:
Lessons from the IS Academy survey in Burundi and Ethiopia by Sonja Fransen,
Katie Kuschminder and Melissa Siegel
2012-20 International entrepreneurship and technological capabilities in the Middle East
and North Africa by Juliane Brach and Wim Naudé
2012-21 Entrepreneurship, stages of development, and industrialization by Zoltan J. Ács and
Wim Naudé
2012-22 Innovation strategies and employment in Latin American firms by Gustavo Crespi
and Pluvia Zuniga
2012-23 An exploration of agricultural grassroots innovation in South Africa and
implications for innovation indicator development by Brigid Letty, Zanele Shezi and
Maxwell Mudhara
2012-24 Employment effect of innovation: microdata evidence from Bangladesh and
Pakistan by Abdul Waheed

2012-25 Open innovation, contracts, and intellectual property rights: an exploratory

empirical study by John Hagedoorn and Ann‐Kristin Ridder
2012-26 Remittances provide resilience against disasters in Africa by Wim Naudé and Henri
Bezuidenhout
2012-27 Entrepreneurship and economic development: Theory, evidence and policy by Wim
Naudé
2012-28 Whom to target ‐ an obvious choice? by Esther Schüring and Franziska Gassmann
2012-29 Sunk costs, extensive R&D subsidies and permanent inducement effects by Pere
Arqué‐Castells and Pierre Mohnen
2012-30 Assessing contingent liabilities in public‐private partnerships (PPPs) by Emmanouil
Sfakianakis and Mindel van de Laar
2012-31 Informal knowledge exchanges under complex social relations: A network study of
handloom clusters in Kerala, India by Robin Cowan and Anant Kamath
2012-32 Proximate, intermediate and ultimate causality: Theories and experiences of
growth and development by Adam Szirmai
2012-33 Institutions and long‐run growth performance: An analytic literature review of the
institutional determinants of economic growth by Richard Bluhm and Adam Szirmai
2012-34 Techniques for dealing with reverse causality between institutions and economic
performance by Luciana Cingolani and Denis de Crombrugghe
2012-35 Preliminary conclusions on institutions and economic performance by Denis de
Crombrugghe and Kristine Farla
2012-36 Stylized facts of governance, institutions and economic development. Exploring the
institutional profiles database by Bart Verspagen
2012-37 Exploring the Panel Components of the Institutional Profiles Database (IPD) by
Luciana Cingolani and Denis de Crombrugghe
2012-38 Institutions and credit by Kristine Farla
2012-39 Industrial policy for growth by Kristine Farla
2012-40 Explaining the dynamics of stagnation: An empirical examination of the North,
Wallis and Weingast approach by Richard Bluhm, Denis de Crombrugghe and
Adam Szirmai
2012-41 The importance of manufacturing in economic development: Past, present and
future perspectives by Wim Naudé and Adam Szirmai
2012-42 Lords of Uhuru: the political economy of elite competition and institutional change
in post‐independence Kenya by Biniam Bedasso
2012-43 Employment and wages of people living with HIV/AIDS by Pilar García‐Gómez, José
M. Labeaga and Juan Oliva
2012-44 Prescriptions for network strategy: Does evidence of network effects in cross‐
section support them? by Joel A.C. Baum, Robin Cowan and Nicolas Jonard
2012-45 Perspectives on human development theory in democracy promotion: A
comparison of democracy promotion programmes in Egypt through the lenses of
classical and revised modernisation theory by Inger Karin Moen Dyrnes
2012-46 Nonlinearities in productivity growth: A semi‐parametric panel analysis by
Théophile T. Azomahou, Bity Diene and Mbaye Diene
2012-47 Optimal health investment with separable and non‐separable preferences by
Théophile T. Azomahou, Bity Diene, Mbaye Diene and Luc Soete
2012-48 Income polarization and innovation: Evidence from African economies by
Théophile T. Azomahou and Mbaye Dien

2012-49 Technological capabilities and cost efficiency as antecedents of foreign market

entry by Fabrizio Cesaroni, Marco S. Giarratana and Ester Martínez‐Ros
2012-50 Does the internet generate economic growth, international trade, or both? by
Huub Meijers
2012-51 Process innovation objectives and management complementarities: patterns,
drivers, co‐adoption and performance effects by Jose‐Luis Hervas‐Oliver, Francisca
Sempere‐Ripoll and Carles Boronat‐Moll
2012-52 A systemic perspective in understanding the successful emergence of non‐
traditional exports: two cases from Africa and Latin America by Michiko Iizuka and
Mulu Gebreeyesus
2012-53 Determinants of quadic patenting: Market access, imitative threat, competition
and strength of intellectual property rights Can Huang and Jojo Jacob
2012-54 Envy and habits: Panel data estimates of interdependent preferences by Jose Maria
Casado, Francisco Alvarez‐Cuadrado, Jose Maria Labeaga and Dhanoos Sutthiphisal
2012-55 The impact of Medium‐Skilled immigration: A general equilibrium approach by
Joan Muysken, Ehsan Vallizadeh and Thomas Ziesemer
2012-56 Tax incentives or subsidies for R&D? by Isabel Busom, Beatriz Corchuelo and Ester
Martinez Ros
2012-57 The impact of development aid on education and health: Survey and new evidence
from dynamic models by Thomas Ziesemer
2012-58 Do R&D tax incentives lead to higher wages for R&D workers? Evidence from the
Netherlands by Boris Lokshin and Pierre Mohnen
2012-59 Determinants of the prevalence of diarrhoea in adolescents attending school: A
case study of an Indian village school by Shyama V. Ramani, Timothée Frühauf,
Arijita Dutta and Huub Meijers
2012-60 Communication costs and trade in Sub‐Saharan Africa by Evans Mupela and Adam
Szirmai
2012-61 Differential welfare state impacts for frontier working age families by Irina S.
Burlacu and Cathal O'Donoghue
2012-62 Microeconometric evidence of financing frictions and innovative activity by
Amaresh K Tiwari, Pierre Mohnen, Franz C. Palm, Sybrand Schim van der Loeff
2012-63 Globalization and the changing institution for sustainability: The case of the
Salmon farming industry in Chile by Michiko Iizuka and Jorge Katz
2012-64 Chronic and transitory poverty in the Kyrgyz Republic: What can synthetic panels
tell us? by Mira Bierbaum and Franziska Gassmann
2012-65 Worker remittances and government behaviour in the receiving countries by
Thomas H.W. Ziesemer
2012-66 Switching the lights off: The impact of energy tariff increases on households in the
Kyrgyz Republic by Franziska Gassmann
2012-67 The dynamics of renewable energy transition in developing countries ‐ The case of
South Africa and India by Radhika Perrot
2012-68 Government R&D impact on the South African macro‐economy by Radhika Perrot,
David Mosaka, Lefentse Nokaneng and Rita Sikhondze

