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ABSTRACT

In 2015, almost all member states of the United Nations adopted seventeen Sustainable Development Goals (SDGs), which
provide specific objectives and timelines to promote inclusive prosperity. Innovation is crucial for achieving sustainable
development. Innovation itself is one of the SDGs (Goal 9) and also a means for achieving the others.

It is aimed to reveal the multidimensional relationship of innovation with the pillars of sustainable development in this
study. The dataset of the study consists of 35 OECD member countries and statistics of these countries between 2007-
2019 years. Global innovation scores of countries were used for innovation. Human Development Index was used for the
social dimension, CO, emission values were used for the environmental dimension and GDP per capita was used for the
economic dimension. The balanced panel was resolved through Eviews and STATA software packages programs.

According to the results of the analysis, innovation has a positive and significant relationship with the social and economic
pillars of sustainable development. It also has a significant but negative relationship with CO, emission, which negative
relationship is a positive situation for the environment. Therefore, the main result of the study is innovation has a positive
effect on sustainable development. According to the causality test results, it was determined that there are both short
and long-run relationships between the three dimensions of innovation and sustainable development.

Keywords: Innovation performance, Sustainable development, Three pillars of sustainable development, OECD countries,

Panel data analyses, Causality test

1. INTRODUCTION

Environmental, social and economic trends, such
as population growth, resource depletion, and growth
in an imbalance in income distribution, are among the
biggest challenges facing today’s society. Sustainable
development has received increasing attention among
both academicians and policymakers driven by these
challenges. Sustainable development is a concept as the
result of increased awareness of global links between
increased environmental problems and of concerns
about the quality of life for today and future (Smedt,
2006, p. 2).

The view that innovation is a key driving force for
sustainable development is widely accepted among
researchers, industry professionals, and policy makers
(Silvestre &Tirca, 2019, p. 325). Innovation as a process
of creating novelty and more importantly, spreading it,
can be considered an integral part of the transformation

towards sustainable development (Praetorius et al.,
2009, p. 4).

Also, the 2030 Sustainable Development Agenda
sets out an extensive and ambitious agenda for global
action on sustainable development. The scale and focus of
SDGs require innovation in development and innovation
for development. Innovation involves new orimproved
technological products and processes, as well as new
forms of social implementation and organization, is
not only a focus of Goal 9 (industry, innovation, and
infrastructure) also it enables reaching most of (if not
all) goals (UNCTAD, 2017, p. 1).

Inthe 2030 Agenda, Science, technology, and innova-
tion have been recognized as one of the main driving
forces behind productivity gains and long-term key
leverage for economic growth and prosperity, and are
vital for environmental sustainability (Giovannini et
al., 2015, p. 12). In a broader sense, implementation
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of SDGs will require an agile, flexible and integrated
global innovation system, consciously connect regions
around the world, link actors in research and society,
and facilitate joint production and transfer of locally
relevant information and technology (Stafford-Smith
etal., 2017, p.913).

In this study, it is aimed to empirically test the argu-
ment that innovation is a driving force of sustainable
development.To fully reveal the relationships, the rela-
tionship between the three dimensions of sustainable
development and innovation performance has been
examined, in accordance with the multi-dimensional
structure of sustainability. Firstly, the concept of
sustainable development, which is the subject of the
study, has been defined. Afterward, the relationship
between sustainable development and innovation has
been examined for building background to test the main
assumption of the study.

2. SUSTAINABLE DEVELOPMENT

Although the modern sustainability or environmen-
tal movement can be traced from Henry David Thoreau
(1854) to Rachel Carson (1962), it did not come to the
fore until the Brundtland Report published in the 1980s
(Garren & Brinkmann, 2018, p. 6-10).

The aim of the Brundtland Commission, also known
as the World Commission on Environment and Deve-
lopment (WCED), is to guide the world nations towards
sustainable development and has been active from 1984
to 1987.They published the results of their work in the
1987 Brundtland report. This report has made it possible

Environmental

. Social
Economic

for sustainable development to become an important
conceptin the glossary of politicians, practitioners, and
planners.

Sustainable development can be explained in se-
veral ways, but the most widely accepted and quoted
definition was expressed by the Brundtland Commission
in (1987):

“Sustainable development is development that me-
ets the needs of the present without compromising the
ability of future generations to meet their own needs.”’

According to Munier (2005), this definition consists
of three basic components. Development as the first
means advancement in economic growth, social prog-
ress, and environmental protection. The present as a
second element refers to the need to act in the present
time with the responsibility of future generations. Lastly,
the future refers to the long-term future inhabited by
our descendants (Munier, 2005, s. 10-11).

Usually, sustainable development is modeled/ope-
rationalized and understood in several so-called “pillars”
or“dimensions’, commonly as economy, environment,
and society/social (Waas, et al,, 2011, p. 1650).

2.1. Pillars of Sustainable Development

Sustainable development has three main pillars: eco-
nomic, environmental, and social. To realize sustainable
development, it is necessary to focus on economic,
environmental and social sustainability together. These
pillars often shown as three overlapping-circles and
sometimes shown as literal pillars:
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Figure 1: The Three Pillar Model and Literal Pillars Approach of Sustainable Development

Source: (Purvis, Mao, & Robinson, 2019, p. 682).
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According to the Brundtland report, social sustai-
nability is defined as the building of long term, stable
and dynamic societies where basic human needs are
fulfilled. Social sustainability is partly a sustainable
economy and partly a problem of culture and values.
Economic sustainability focuses on the importance of
healthy economies that provide a high quality of life to
its citizens. Besides, economic sustainability often invol-
ves identifying alternative economic development paths
that provide a safer future without compromising the
long-term ecological sustainability of natural systems
(Batie, Sedjo, & Fedkiw, 2008, p. 13). Environmental
sustainability defines an existing boundary to meet the
current needs of people without sacrificing the quality
of the environment or ecosystem so that the needs of
future generations can be equally met (Kaswana et al.,
2009, p. 493).

3. THEORETICAL BACKGROUND AND
HYPOTHESIS DEVELOPMENT

Innovation is a desirable phenomenon for both
economic and sustainable growth. However, each
of these points of view highlights the importance of
innovation for many different reasons. If an invention
brings success in the market, innovation is considered
positive for economic growth. However, from a sus-
tainable development perspective, positive effects
are only taken into account in the development of all
three dimensions, namely ecological, economic and
social innovations (Hauff & Jorg, 2010, p. 38). Although
the relationship between economic development and
innovation is frequently the subject of research in the
literature, few studies are addressing the relationship
between sustainable development and innovation.

Innovation is an ongoing process, and it happens
every day and builds a future for the next generations

Table 1: Countries Included in the Study

to live. Innovation includes not only new technology,
but also new forms of organization, new practices, new
dissertations and new ideas about global and local
concerns. So innovation is highly intertwined with
sustainable development (Praetorius et al., 2009, p. 1).

Santana et al. (2015) have assessed the relationship
between sustainable development and investments in
technological innovation. They made comparisons for
BRICS and G7 countries. Their results demonstrate that
technological innovation has a significantimpact on all
sustainable development pillars for the BRICS countries.
However, in G7 countries, technological innovation
was found significant only for the social dimension of
sustainable development (Santana et al., 2015, p. 425).

Constantinescu and Frone (2014) have shown that
technological innovation is crucial for advancing sus-
tainable development. It has an impact on three pillars
as economic vitality, environmental sustainability and
efforts to promote social progress (Constantinescu &
Frone, 2014). Similarly, Mulder (2007) also mentioned
the importance of technological innovation for sustai-
nable development (Mulder, 2007, p. 253).

In this context, the hypothesis of the study is that
theinnovation performance of countries is related to the
dimensions of sustainable development. This assump-
tion will be empirically tested in the following section.

4. DATA AND METHODOLOGY

The dataset of the study consists of 35 OECD member
countries and the statistics of these countries between
2007-2019 years. In the balanced panel data created,
four basic variables were handled. The OECD countries
and variable set discussed in the study are presented
in the tables below.

Country Code Country Code Country Code Country Code
USA 1 France 10 [taly 19 Poland 28
Germany 2 South Korea 11 Iceland 20 Portugal 29
Australia 3 Netherlands 12 Japan 21 Slovakia 30
Austria 4 United Kingdom 13 Canada 22 Slovenia 31
Belgium 5 Ireland 14 Latvia 23 Chile 32
Czech Republic 6 Spain 15 Luxembourg 24 Turkey 33
Denmark 7 Israel 16 Hungary 25 New Zealand 34
Estonia 8 Sweden 17 Mexican 26 Greece 35
Finland 9 Switzerland 18 Norway 27
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Table 2: Variables Description and Data Sources

Variables Description Measurement Period Source
INNOV Global Innovation Index Itis measured with values 20072019 Global Innovation Index
(Gll) score between 0-100.
o . ' World Bank, International Energy
o, CO, emission per capita Metric tons / person 2007-2019 Agency, World Population Review (WPR)
GDP per capita GDP Constant 2010 U3/ 2007-2019  World Bank, Statista
person
HDI Human Development Itis measured with values 2007-2019 United Nations Development Program,

Index (HDI) score between 0-1.

World Population Review (WPR)

Throughout the study, separate regression models
were established for each variable. The estimated panel
data models in this study are summarized below.

IMINNO,, = a;; + B,InGDP,, + B,InCO2;, + BsInHDI;, +
InGDP, = ay, + B,InINNO,, + B,InC0O2;, + BsInHDI;, +
mCO02; = ay, + BInINNO,, + B,InGDP,, + B3InHDI;, + u;,

ImHDI, = a;, + ByInINNO;, + BoInGDP; + B5InCO2;, +

Some preliminary tests are required for variables
before proceeding with the analysis. First, cross-secti-
onal dependence will be investigated. Pesaran’s (2004)
CD test calculates the presence of possible correlations
between units by the following formula (Pesaran, 2004).

2T N-1 N
CD = ’m(;jglpu)

The null hypothesis of this test is the non-existence
of cross-sectional dependence. In the panel unit root test
context, two generations of tests have been developed:
afirst-generation (Levin, Lin and Chu (2002); Im, Pesaran,
Shin (2003); Breitung, (2000); and Hadri, (2000)) whose
main limitis the assumption of cross-sectional indepen-
dence across units; a second-generation Multivariate
Augmented Dickey-Fuller (MADF), Seemingly Unrelated
Regression Augmented Dickey-Fuller (SURADF) and
Pesaran CIPS 2007 (Cross-sectionally Augmented IPS)
of tests that rejects the cross-sectional independence
hypothesis. In this study, the Pesaran CIPS test, one
of the second-generation unit root tests, will be used
since thereis a correlation between cross-section units.
In this test, Cross-sectional Augmented Dickey-Fuller
(CADF) values are calculated for each variable in the
model. Then, the CIPS statistical value of each variable
is calculated by taking the arithmetic average of the
CADF values. CIPS test statistics are calculated with the
help of the formula presented below (Pesaran, 2007).

N
1
CIPS = CADF = ﬁz CADF;
i

Then, the panel cointegration test developed by
Pedroni (1999) will be used to determine whether there
is a stable long-term relationship among the variables.
Pedroni (1999) proposed seven basic statistics to test
the cointegration relationship in heterogeneous panels.
With the help of these basic statistics, the long-term
relationship between the variables will be tested. After
the cointegration test, the coefficient estimates of the
variables interacting in the long term will be determi-
ned by using FMOLS and DOLS techniques (Phillips &
Hansen, 1990). The formula of FMOLS is given below:

N

= N Z <i(yit —}_’)2>_ (i(}’it —}_’)>th = T
t=1 t=1

i=1

The formula of DOLS is given below (Saikkonen,
1991):

B= %Z\Il (Z(Zi,tzi,t)>_ (Zzi,tvvi,t>

Finally, the Vector Error Correction Model (VECM) will
be used to identify short-term relationships between
variables. It is a test that produces effective results for
both the short term and the long term, the causality
relationship between the variables was examined
with the help of Granger causality tests developed by
Dumitrescu and Hurlin (2012).

All'analyses will be made by using Eviews and STATA
software packages.

5. FINDINGS

Descriptive statistics and correlation matrix for the
four basic variables used in the analysis are presented
below.
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Table 3: Descriptive Statistics

INNO co, GDP HDI

Country Mean SD Mean SD Mean SD Mean SD

USA 43,08 26,30 16,44 1,40 5173903 449996 091 0,01
Germany 40,90 25,07 9,03 0,36 44185,74 234795 0,93 0,01
Australia 37,60 23,27 16,64 113 5379117 1851,34 0,93 0,01
Austria 37,53 23,16 7,53 0,48 48133,22 1096,52 0,90 0,01
Belgium 36,75 22,63 8,76 0,77 450006,27 1077,15 091 0,01
Czech Republic 35,35 22,10 10,01 0,84 20976,62 138483 0,87 0,01
Denmark 41,72 25,83 6,82 1,35 60070,83 1944,81 0,92 0,01
Estonia 36,68 23,02 12,88 1,48 17559,74  2361,02 0,86 0,02
Finland 42,68 26,58 9,27 1,53 47220,34 1504,49 0,91 0,01
France 37,98 2341 4,96 0,50 41640,83 916,87 0,88 0,01
South Korea 39,83 24,66 11,33 0,63 2409086 313049 0,89 0,01
Netherlands 43,42 27,09 9,89 0,85 51992,15  1354,39 092 0,01
United Kingdom 43,56 27,00 6,85 1,11 4112008  1356,73 091 0,01
Ireland 41,04 25,64 8,05 0,98 58511,03 1153491 0,91 0,02
Spain 34,47 2141 5,78 0,87 30796,63 1304,51 0,88 0,01
Israel 39,35 24,54 8,20 091 32867,14 3440,90 0,89 0,01
Sweden 45,04 28,07 4,52 0,76 5412946 233142 092 0,02
Switzerland 47,67 29,91 4,70 0,41 76527,07 263757 093 0,01
Italy 32,78 20,35 6,14 0,94 3524464 153453 0,87 0,01
Iceland 39,23 24,30 6,18 048 47673,63 394453 091 0,02
Japan 38,29 23,44 9,23 0,39 4564514 222474 0,90 0,01
Canada 39,68 24,47 15,58 0,67 49022,38 1644,46 0,91 0,01
Latvia 31,53 19,84 3,57 0,15 13973,48 1957,33 0,83 0,01
Luxembourg 40,09 24,95 18,38 3,29 107333,99 3614,20 0,90 0,01
Hungary 32,16 20,11 4,73 042 14442,24 1396,77 0,83 0,01
Mexican 25,23 15,54 3,99 0,32 9784,33 422,84 0,75 0,01
Norway 38,51 23,81 9,15 2,13 88750,86 3589,98 0,95 0,01
Poland 28,97 18,03 7,90 0,35 13799,51 1605,67 0,85 0,02
Portugal 3241 20,19 4,71 042 22426,52 804,52 0,83 0,01
Slovakia 30,09 18,55 6,15 0,49 18021,53 1593,99 0,84 0,01
Slovenia 33,52 20,91 7,03 0,74 2438762 136147 0,89 0,01
Chile 28,37 1743 4,51 0,24 13933,14 1131,87 0,83 0,02
Turkey 26,52 16,35 4,27 0,24 1219591 1962,84 0,77 0,04
New Zealand 38,40 23,96 718 0,64 3601140 237095 0,91 0,01
Greece 27,31 16,90 6,88 117 24613,01 3141,93 0,86 0,01

Note: SD indicates Standard Deviation.

Table 4: Pearson Correlations A correlation was found between the series, and
INNO cDP o, HDI stationarity analysi§ ofthg series was initiated using
INNO 1000 the second-generation unit root tests.
GDP 0,2075*% 1,000
CO, -0,052 0,442* 1,000
HDI 0,395* 0,727* 0,376* 1,000

*significance at the level of 0.05
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Table 5: Panel Unit Root Tests

Variables  Pesaran CD Pesaran Pesaran (2007)
(2004) (2007) CIPS  CIPS (A)

INNO 87,871*(0,000) -2,577* -3,968*

Co, 42,531*(0,000) -1,957 -2,776*

GDP 42,373*(0,000) -0,847 -2,88%

HDI 81,396* (0,000) -2,077 -3,968*

*0,01 expresses significance at the level of 0.01. A
expresses the primary difference of the series.

According to the table, when cross-sectional depen-
dence test results are examined, it is concluded that con-
tains thereis a correlation of 0.01 significance level in each
series in the panel, that is, the countries in cross-sections
are notindependent of each other.The results reported in
Table 5 indicate that all the series considered are non-sta-
tionary at their level except innovation. However, all the
series are stationary at first difference.

Table 6 reports the results of the panel cointegration
tests developed by Pedroni (2004). Pedroni used seven
basic statistics (four within-dimension and three betwe-
en-dimension) to reveal the cointegration relationship
in heterogeneous panels.

According to the results of the within-dimensions
tests and the between-dimensions tests indicates that
the null hypothesis of no cointegration is rejected. When
the probability values within-dimensions are examined,
itis observed that Panel PP and Panel ADF statistics are

Table 7: FMOLS and DOLS Results

significant at the level of 0.01. Besides, when the results
of the between-dimensions are analyzed, it is seen that
the Group PP and Group ADF statistics are significant
at the level of 0.01. This situation proves the existence
of along-term co-integration relationship between the
relevant variables. In other words, it was determined
that the variables of Innovation, GDP, Co, and, HDI
are in a long-term relationship based on the countries
discussed.

Table 6: Pedroni Cointegration Results

t- Statistics  Probability

Within- Panel v-stat 0,931 0,9393
dimension Panel rho-stat 1,269 0,9103
Panel PP-stat -8,413 0,0000*
Panel ADF-stat -4,598 0,0000*
Between- Group rho-stat 4112 1,000
dimension

Group PP-stat -12,566 0,000*
Group ADF-stat -5,720 0,000*

*0,01 expresses significance at the level of 0.01. HO: There is no
cointegration in the series.

The existence of along-term relationship found as a
result of the cointegration test was estimated by estab-
lished regression models. FMOLS and DOLS estimators
were used to estimate the regression coefficients.

Panel INNO o, GDP HDI
INNO=£(CO,, GDP, HDI)

FMOLS - -2,829* (0,000) 1,365* (0,000) 4,664* (0,000)
DOLS - -2,674* (0,001) 1,374 (0,000) 5,518 (0,000)
CO2=£(INNO, GDP, HDI)

FMOLS -0,007* (0,001) - 0,125* (0,000) -7,240* (0,000)
DOLS -0,008* (0,025) - 0,126% (0,000) -6,990* (0,000)
GDP=£(INNO, CO,, HDI)

FMOLS 0,306* (0,000) 4,563% (0,000) - -2489(0,514)
DOLS 0,298* (0,000) 4,384% (0,000) - -5,810(0,256)
HDI=£(INNO, CO,, GDP)

FMOLS 0,005* (0,000) -0,076* (0,000) 0,000 (0,656) -
DOLS 0,005* (0,000) -0,070* (0,000) -0,000 (0,806) -

*¥|t expresses significance at the level of 0.05. Values in parentheses represent probability values. In the DOLS model, the lag length is selected

automatically. No trend and grouped method was preferred in FMOLS technique.
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According to Table 7 for the first equation, the
coefficients of CO, are -2,829 for the FMOLS estimator
and -2,674 for the DOLS estimator. Accordingly, CO,
has a negative and statistically significant effect on
innovation performance at 5% level. The coefficients
of GDP are 1,365 for the FMOLS estimator and 1,374.
GDP has a positive and significant effect on innovation
performance at 5% level. Similarly, the coefficients of
HDI are 4,664 for the FMOLS estimator and 5,518 for the
DOLS estimator. HDI has a positive and significant effect
on innovation performance at 5% level.

For the second equation, the coefficients of inno-
vation are -0,007 for the FMOLS estimator and -0,008
for the DOLS estimator. It can be seen that innovation
performance has a negative and statistically significant
effect on CO, at 5% level. The coefficients of GDP are
0,125 for the FMOLS estimator and 0,126 for the DOLS
estimator. GDP has a positive and statistically significant
effect on CO,.On the other hand, the coefficients of HDI
are -7,240 for the FMOLS estimator and -6,990 for the
DOLS estimator. HDI has a negative and statistically
significant impact on CO,

When the third equation is examined, it is observed
that the coefficient is 0,306 for the FMOLS estimator
and the coefficient is 0,298 for the DOLS estimator for

Table 8: Panel Granger Causality and VECM

innovation performance. Innovation performance has a
positive and statistically significant impact on GDP per
capita. Coefficients of CO, emissions are 4,563 and 4,384,
respectively. The effect of CO, on economic growth is
positive and statistically significant. Coefficients of HDI
are-2,489 and-5,810, respectively. The HDI variable was
found to have a positive and statistically insignificant
impact on GDP per capita.

Finally, in the fourth equation coefficients of innovati-
on performanceis 0,005 for the FMOLS estimator and the
DOLS estimator. Innovation performance has a positive
and statistically significant impact on HDI. Coefficients
of CO, emissions are-0,076 and -0,070, respectively. CO,
has a negative and statistically significant effect on HDI.
Finally, the GDP variable was found to have a positive and
statistically insignificant impact on HDI for the FMOLS
estimator. Also, it has a negative and statistically insig-
nificant impact on HDI for the DOLS estimator.

Vector Error Correction Model (VECM) was used to
reveal the long-run causality relationship between the
variables. As a result of the model, the causality relati-
onships between the variables were defined with the
help of the Granger causality test. The long and short-run
causality relationships formed as a result of VECM are
presented in the table.

Dependent Variables Independent Variables (Short-run) Long-run
AINNO ACO, AGDP AHDI ECT
AINNO - 3,582*(0,000) 9,320* (0,000) 4,060 (0,415) -0,491* (0,000)
ACO, 4,521 (0,962) - 1,062 (0,287) 2,682* (0,007) -0,913%* (0,001)
AGDP -0,679 (0,496) 3,522* (0,000) - 11,957* (0,000) -0,002 (0,108)
AHDI 4,358 (0,542) 1,859% (0,063) 2,811*(0,004) - 0,002* (0,0023)

Short-run causality was analyzed by Dumitrescu & Hurlin (2012) causality test. Relevant values are Zbar statistical values. Values in parentheses are
probability values. * Expresses significance at the level of 0.05. ECT: Error Correction Term was calculated for the long run with the help of t test.

Figure 2: Short and Long-run Causalities between Variables

Note: The dashed lines indicate short-run, straight lines indicate long-
run relationships

For the short-run causality test, Fig. 2 shows that
results confirm the unidirectional causality running
from GDP per capita and CO, to innovation performan-
ce. Besides, it was found that there is a bidirectional
causal relationship between co, and HDI. Also, there
is a unidirectional causality running from CO, to GDP.
Bidirectional causality between HDI and GDP has also
been identified.

For the long-run causality test, there is bidirectional
causality between HDI and innovation performance.
Also, there is a unidirectional causality running from
GDP per capita to innovation performance, CO,and
HDI. Bidirectional causality between CO, and HDI has
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also been identified. Similarly, it was found that there
is a bidirectional causal relationship between CO, and
innovation performance.

6. DISCUSSION

Today, global problems and their solutions are an
issue that all countries emphasize, and it is also one
of the important topics on the agenda of national and
international organizations. The concept of sustainable
development, which stands out in this context, has
replaced the traditional development model and has
become the priority of all countries. Many factors affect
sustainable development. Innovation, which is at the
center of the traditional development model, is an
integral part of sustainable development.

Innovation is seen as a key driver of competitive-
ness and economic growth (Porter & Stern, 2002) Many
OECD member countries have implemented strategies
and policies to increase theirinnovation performance
and economic progress. The results suggest a positive
relationship between per capita GDP and innovation
performance. This result confirms the findings of (Ulkdj,
2004). Also, in the 2018 report of The Global Innovation
Index, it is stated that all editions of the Gll demons-
trate the positive relationship between innovative
performance and GDP per capita (Dutta et al., 2018).
Itis not surprising that the results are the same in this
study, which also includes 2019 data.

According to relevant literature, innovation acti-
vities contribute to economic growth. It is found that
thereis unidirectional causality from economic growth
to innovation performance. A similar conclusion was
reached by Maradana et al. (2017). They found both bi-
directional and unidirectional causality between inno-
vation and per capita GDP over the period 1989-2014
for 19 European countries. Similarly, Avila-Lopez, Lyu,
& Lopez-Leyva (2019) found unidirectional causality
from per capita economic growth to innovation in
Brazil.

It was found that innovation has a negative and
statistically significant impact on CO, emissions. But
the magnitude of coefficients (-0,007 and -0,008)
implies thata 1% increase in innovation performance
decreases CO, emissions by around 0,007%. This result
is in line with the research of Mensah et al., (2018)
showing thatinnovation plays a vital role in decreasing
CO, emissions in the sample of OECD countries. A si-
milar result was obtained in another study addressing

different regions. Dauda, Long, Mensah, & Salman
(2019) found that innovation reduces CO, emissions
in G6 countries. However, according to their results, it
increases CO, emissions in the BRICS and the MENA
countries. Furthermore, Long, Luo, Wu, & Zhang, (2018)
found that innovation has a negative impact on CO,
emission intensity in China.

The findings indicate the presence of unidirectional
causality running from CO, to innovation performance
inthe short run.However, in the long run, a bidirectional
causal relationship between the variables. This result
is consistent with the findings of Fan & Hossain (2018)
which claimed that there is a bidirectional causality
is running between CO, emissions and technological
innovation.

The results suggest a positive relationship between
innovation performance and human development.
This result is in line with the finding of Ejemeyovwi,
Osabuohien, Johnson (2019) which found that inno-
vation has a significant and positive relationship with
human development in Africa. However, this result
contradicts the findings of Silva & Moreira (2019) which
not confirmed the relationship between innovation
and human development.

According to the results, it is also found that
there is a positive relationship between GDP and CO,
emissions. This result confirms the finding of Cinar
(2011) which indicated an increase in GDP increases
CO, emissions in the long run in OECD countries.
This finding contradicts the findings of Acheampong
(2018) which viewed a regional variation in the causal
relationship between GDP-carbon emissions.

Furthermore, there is a negative relationship
between HDI and CO, emissions. This result is in line
with the findings of Ouedraogo (2013) which found a
negative cointegration relationship between energy
consumption and the HDI. However this result contra-
dicts the findings of Costa, Rybski, & Kropp (2011) which
found a positive and time-dependent correlation
between the HDI and per capita CO2 emissions from
fossil fuel combustion.

7. CONCLUSION

The concept of innovation has been existed for a
long time and has been seen as a tool for all businesses
and even countries to achieve economic development.
Innovation policy has started to be an item in the
national policies of many developed and developing
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countries with the influence of international institutions
such as OECD. Many countries have developed national
strategies to support innovation activities. It has been
assumed that economic development will eventually
provide welfare for those living in that country. However,
it has been seen over the years that the real welfare
for countries is not only achieved with economic de-
velopment. At this point, the concept of sustainable
development, which includes social and environmental
progress as well as economic development, has been
emerged.

In the 2030 Agenda for Sustainable Development,
innovation is one of the SDGs (Goal 9) and also a means
for achieving the others. Today, innovation has the
mission of serving sustainable development as well
as increasing national income. In this study, it was
investigated whether this mission was realized or not.
According to the results of the analysis, innovation has
a positive effect on sustainable development. Therefore
it can be argued thatinnovation is more than just a tool
for economic progress. It would be more appropriate to
see innovation as a comprehensive tool that also serves
the economic, social, and environmental dimensions of
development.

8. MANAGERIAL IMPLICATIONS

This study contributes to the existing literature in
several ways. The most important result obtained in
the study is that innovation performance contributes
to every pillar of sustainable development. This means
that every country which has a sustainable development
goal must have activities that willimprove its innovation
performance. The determination of short and long-run
relationships between innovation performance and
other variables is another contribution to the literature.
In this way, it is expected that the study will guide coun-
tries’ development strategies and policies by helping
them to understand what to focus on.

9. LIMITATIONS

The study has some limitations. First, only acces-
sible data were used to measure the dimensions of
sustainable development. Undoubtedly, sustainable
development is a comprehensive concept that can be
expressed with many more variables than these. Second,
countries with available data on variables are included
in the study. Future research should include more
countries to the analysis as the number of countries’
relevant data increases. This will make it possible for
future studies to yield more accurate results.
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