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Growth of economics and population, as well as rising income and living standards, increase the global
consumption of various materials, generating pressures on the natural resources and the environment. The
unsustainable use of resources have led to climate change, environmental pollution and exhaustion of raw
materials, which is why decoupling economic growth from environmental degradation as well as an efficient use
of resources is one of the main objectives nowadays. The effectiveness with which the economy uses materials
extracted from natural resources to generate economic value is described by resource productivity. Resource
productivity is a problematic issue for the Baltic States as it is 1.5-3.0 times lower than the average resource
productivity of all the EU. The paper analyses the tendencies of resource productivity in Estonia, Latvia and
Lithuania, as well as the main factors that impact on it. The analysis includes 34 indicators related to national
income and outlays for research and development, seeking to discover the factors that have the greatest influence
on resource productivity. The research showed significant differences among countries, and, in turn, different
means for increasing of the resource productivity should be applied. Latvia is the only country among three that
has made progress in this area. Lithuania and, especially, Estonia should pay more attention to the effective use of
outlays for R&D, make strict action plans, provide the list of means, and regularly check the implementation as a
means of seeking to improve the resource productivity.
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1. Introduction

Growth is considered to be one of the major driving forces of the world‘s development. But the
further the more it becomes clear that a greener and more crucial model of growth must be applied in
order to improve the human well-being, as the size of the world economy is expected to double and
world population to increase by one-third by 2030. Growth of economics and population, as well as
rising income and living standards, increases the global consumption of various materials generating
pressures on natural resources and the environment. The unsustainable use of resources has resulted in
the challenges we face today, i.e. the climate change, environmental pollution, ecosystem degradation

and exhaustion of raw materials.

The sustainable development strategy encourages the sustainable use of resources and strengthens
the synergy between environmental protection and growth. Decoupling economic growth from
environmental degradation and improving resource efficiency, reducing the overall use of non-
renewable natural resources, thereby using renewable resources at a rate that does not exceed their

regeneration capacity are one of the main objectives worldwide (Eurostat, 2016).

The total amount of materials directly used by an economy is measured by the domestic material
consumption (DMC). It is defined as the annual quantity of raw materials extracted from the domestic

territory of the focal economy, plus all physical imports minus all physical exports.

The effectiveness with which an economy uses materials extracted from natural resources to
generate economic value is described by the resource productivity. This indicator is defined as the ratio
between gross domestic product (GDP) and domestic material consumption (DMC). The way natural
resources and materials are managed and used is important not only from an environmental perspective
but also from an economic perspective (OECD, 2015). Resource productivity belongs to the
Sustainable Development Indicators and the Resource Efficiency Indicators set. Resource productivity
provides insights into whether decoupling between the use of natural resource and economic growth is

taking place.

Improving resource productivity and ensuring a sustainable resource and materials management
building on the principle of the 3Rs (reduce, reuse, recycle) is a central element of green growth policy
and has become a priority for governments and businesses alike. It helps to preserve the environment
and sustain the economic growth by securing adequate supplies of materials and improving

competitiveness (OECD, 2015).

An effective use of resources in Europe is one of the main objectives of the Europe 2020 Strategy.
Each Member State has adopted its own national targets. Resource productivity is problematic subject
for the Baltic States as it is 1.5-3 times lower than the average resource productivity of all EU.
Resource productivity of the region was analysed by Tanning and Tanning (2014, 2015), but only trend

of resource productivity was examined. Most researches analyse the impact of factors for other types of
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resources, mainly labour or energy (for example, Mulder, & Groot, 2007; Streimikiene, 2016;
Streimikiene et al., 2009). In general, the researches on resource productivity in the Baltic States are

insufficient.

That‘s why the purpose of this research is to identify the main factors that have the impact on the
resource productivity in Lithuania, Latvia and Estonia providing the proposals for improving the
situation. The research is based on the analysis of the indicators that are related to outlays for research
and development and national income as they are considered as the most important in the scientific
literature. Research methods include scientific literature analysis, statistical data analysis, correlation

analysis, Granger causality test and regression analysis.

2. Literature analysis

2.1 The importance of resources

Natural resources are essential for the economy and human well-being and consumption of them
should not exceed sustainable levels. They provide substantial raw materials and other commodities,
and are an important source of production, income and jobs. However the use of materials has

environmental, economic and social consequences (OECD, 2015).

There are lots of reasons why the resource problems should be placed in a dynamic perspective. One
of the main objectives of natural resource economics is to better understand the role of natural
resources in the economy in order to develop more sustainable methods of managing the resources in
order to ensure their availability to future generations. Current use of non-renewable resources, such as
oil or gas, determines future resource availability. Renewable natural resources regenerate in a dynamic
ecological process, but it can be disturbed by commercial activities. Bretschger & Smulders (2007)
found that macroeconomic dynamics become highly relevant for the resource scarcity and pollution.
According to the researchers, capital accumulation and technological change are essential to offset the
increasing scarcity of natural resources and to promote sustainable development. In particular, the
development and adoption of new technologies allow improve the efficiency of use of resources. Social
dynamics are also important. The behaviour of users of natural resources and polluters, as well as
policymakers, changes over time because of learning behaviour, changing perceptions, the building-up

of new information, and the reaction thereupon (Bretschger, & Smulders, 2007).

2.2 The conception of productivity

In general, productivity represents the relationship between the outputs of the production system and
inputs that are necessary for the creation of these outflows (Aspridis et al., 2014). In more detail
productivity is represented by the rate of input production factor for the production of a product or a
service, and includes four factors — resources, workers, facilities, and technology and management
(Joo, 2011). Therefore, productivity can be defined as an index of the product compared with the

production factors, including labor productivity and resource productivity, or as the total factor
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productivity that reflects all production factors. The total factor productivity can reflect all the
production factors, but it makes the calculation and analysis complicated, whereas the productivity

based on a single production factor cannot reflect the effects of the other factors (Lee et al., 2014).

Labor productivity is the most widely used indicator of productivity and it is the result of a system
related to human resources that produce the outcomes. Labor productivity reflects the overall effect of
various factors (such as physical capital, technology, human capital, organization of work and other) to

the result (Aspridis et al, 2014).

Mulder and Groot (2007) investigation on the development of cross-country differences in energy
and labour productivity showed that it differs and cross-country variation of productivity levels is
typically larger for energy than for labour. Energy prices and wages have positive affect on energy and
labour productivity growth while the investment share, openness and specialization play only a modest

role in explaining cross-country variation in energy and labour productivity growth.

Labour and energy productivity was also analysed by Achour (2016), Broadstock (2016),
Calcagnini et al. (2016) and others. As well, the researches on total factor productivity (Farhadi et al.,
2015; Long et al., 2015, Bah, & Fang, 2015) or consumption of biomass (Bringezu, 2012), water and
forests can be found. The productivity is analysed at the national level, as well as various sectors, i.e.

transport, manufacture, agriculture and so on.

However, the resource productivity is becoming the core element of the total factor productivity as
the cost of production can be reduced in terms of resources via process innovation and design change.
Resources change into the products that have added values through the general production process. The
change in resources is directly applied to the added value of the product, while the changes in other
factors are indirectly applied to the changes in the added values of the products. Therefore, the most
efficient productivity evaluation method is to use the resource productivity index, which means the

ratio of the resource to the resulting added value (Aspridis et al, 2014).

2.3 Efforts on improving the resource productivity

A growing population is getting richer and demands more and more products which require natural
resources and create various environmental impacts (Bringezu, 2011). One key strategy is resource
efficiency, i.e. to make more out of less, to generate more wealth and well-being with less input of
natural resources. For industry, higher material and energy efficiency is a chance to reduce costs and

enhance competitiveness. The search for eco-efficient technologies is thought to trigger innovation.

Resource productivity, measured as GDP output per resource input, is a widespread sustainability
indicator combining economic and environmental information. High resource productivity is
interpreted as the sign of a resource-efficient, and hence more sustainable, economy (Steinberger, &

Krausmann, 2010).
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The researches demonstrate that resource productivity is influenced by national income and its
current use tends to support a simultaneous growth in economic productivity and resource
consumption. A growing number of countries have already defined targets to increase resource
productivity of their economy. This is requested by the Thematic Strategy for the Sustainable Use of
Natural Resources (CEC 2005). OECD Council also adopted a recommendation that encourages its
members to improve resource productivity by promoting environmentally effective and economically
efficient uses of natural resources and materials at the macro, sectorial and micro levels as well as to
strengthen capacity for analysing material flows and the associated environmental impacts. The
nowadays challenge is to create the higher value with less natural resource input, and thereby do not

compromise the needs of future generations.

Bringezu et al. (2012) proposed a comprehensive approach to account for the global land use of
countries for their domestic consumption, and assess this level with regard to globally acceptable levels
of resource use, based on the concept of safe operating space. They showed that the European Union
uses one-third more cropland than globally available on a per capita basis and that with constant
consumption levels it would exceed its fair share of acceptable resource use in 2030.

Hence governments need a reference point for assessing the sustainability implications of their
policies on global resource consumption. Each country must be sure that the thresholds for sustainable
resource use, emissions and waste disposal are not exceeded. In reality, however, only few countries
have the capacities to monitor and control their domestic resource extraction, wastes and emissions
(Bringezu et al.,, 2012). Nevertheless EU countries are making their efforts to improve resource
productivity. Domestic material consumption indicator is routinely reported by Eurostat and analysed

by various researchers.

Many countries in the world joined the initiative and have included resource productivity issues in
their sustainable development strategies, established programmes on sustainable production and
consumption, stewardship programmes for materials and natural resources, and have introduced
integrated waste and materials management policies. Business sectors address these issues by
establishing stewardship programmes for materials and products, investing in R&D and using
advanced technologies in order to increase materials and energy efficiency, enhancing environmental
management, promoting eco-design and coherent materials supply and use systems (OECD, 2008 and
2011). Moro and Stucchi (2015) state that changes in the distribution of resources across firms can
have different effects on aggregate productivity depending on the elasticity of substitution among

goods.

R&D is the main source of firm absorptive capacity and therefore, along with to introduce
innovation, this factor is crucial to remain close to the technological frontier (Griffith et al., 2004). The
contribution of foreign R&D to productivity growth often exceeds that of domestic innovation,
especially when one considers R&D performed by third countries which is (indirectly) embodied in the

products of our (direct) trading partners (Lumenga-Neso et al., 2005).

343



elSSN: 2357-1330
Selection & Peer-review under responsibility of the Conference Organization Committee

Giljum et al. (2015) found that the differences in material footprints per capita are huge, ranging
from up to 100 tonnes in the rich, oil-exporting countries to values as low as 1.5 to 2.0 tonnes in some
developing countries. Some researches indicate that the levels of material use per capita and the
composition of materials used can be quite different even among highly industrial economies of similar
per capita income levels. Weisz et al. (2006) have analyzed DMC for the EU-15 countries in order to
identify possible reasons for cross-country variations in the levels of material use. They found that
variability of DMC is in a similar order of magnitude as the variability of GDP per capita or total
primary energy supply per capita. Linear correlation analysis reveals that national income and final
energy consumption relate to material use but cannot fully account for the observed differences in
material consumption (Weisz et al., 2006; Kalmykova et al., 2015). Steinberger and Krausmann (2010)
showed that different types of materials exhibit fundamentally different behaviors, depending on their

international income elasticities of consumption.

Wang et al. (2012) examined driving factors of changes in recent resource use in China and found
that the affluence factor contributed most to the increase of direct material input. Schandl & West
(2012) showed that Australia, China, and Japan have diverging patterns of resource use, and that these
patterns can be linked to interdependencies between them and the very different roles each nation plays
within a globalized system of natural resource exploitation. However, these studies only estimate
domestic resources extraction and direct resource trade, without linking resources extraction with final
products consumption within a globalized system of resources use (Wu et al., 2016).

Although resource consumption varies with income, resource productivity can be not dependent on
income. This is because resource productivity is a ratio of income and consumption. So if consumption
is proportional to income, there will be no variation in productivity. That‘s why the resource
productivity is not a good indicator of resource efficiency according to Steinberger & Krausmann
(2010). Other authors have also expressed skepticism toward resource productivity as a robust or
informative indicator. Ang (2006) pointed out that both the resource and economic measures are rather

arbitrarily weighted composites, with contributions from many sectors at varying prices for GDP.

Nevertheless the efficient use of resources and improvement of resource productivity are one of the
main objectives nowadays. The improvement of resource productivity is a long lasting process and
needs a good understanding of the material basis of the economy, greater coherence of policies relating
to resource use and materials management, strengthening the partnerships with the private sector,

research, and civil society and so on (OECD, 2011).

Kalmykova et al. (2015) after the analyses of the material flows at the national (Sweden) and urban
scale declared that the resource consumption trends indicate that the implemented policies have failed
to bring significant reductions in resource and energy throughput. Nations must urgently reduce the
consumption of all resources. The EU’s long-term growth strategy, “EUROPE 2020, chose efficient
resources as one of its major implementation themes to emphasize efficient resource management for
economic development (EC, 2010), and proposed the direction of the long-term policy for the increase

in production efficiency and the use of wastes as resources (EC, 2011). Tarasyev et al. (2015)
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analysed a dynamic mechanism for optimization of resource productivity within the economic growth
model framework. The optimal control problem is posed to optimize investment in capital, as a basic
factor of production, and investment in technology for raising resource productivity. According to the
authors, there is urgent need to explore new approaches in economics that take natural resource into an
analytical framework. However Bringezu et al. (2012) and others think that globally acceptable levels

of resource use can hardly be calculated and derived directly from any modeling.

3. Resource productivity in the Baltic States

As the resource productivity is a concern of each country of the world it is critical to estimate the
resource productivity at the national level in order to identify the most problematic regions and make

certain decisions.

3.1 Tendencies of resource productivity in the region

The analysis of resource productivity in Europe shows that the Baltic States are those where this
question should be solved strictly as the resource productivity in the region is 1.5-3 times lower than
the average resource productivity of all EU (2.1) and is one of the lowest in the region (Fig. 1).
According to the data of 2014, the resource productivity in Lithuania is the highest (1.4) among three

Baltic States and almost twice higher than the resource productivity in Latvia (0.9) and Estonia (0.7).
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Fig. 1. Resource productivity of EU countries (data of 2014).

Moreover, the progress to increase it during the last decade was low. The average resource
productivity of EU increased by 34.2% since 2000 (till 2014), while Latvia was the only country

among three Baltic States that managed to exceed this growth (Fig. 2). The resource productivity in this
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country increased by 43.5% during this period and outstripped the resource productivity in Estonia.
Lithuania improved this indicator by 20.5%, while Estonia is one of a few that fixed negative change (-
26.2%) of the resource productivity during fourteen years (the resource productivity has also decreased

in Malta and Romania).
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Fig. 2. Tendency of the resource productivity in the Baltic States and the average resource productivity in EU (28 countries).

The analysis tends to a conclusion that the resources in the Baltic States are used inefficiently. It
raises a great concern and should be one of the most important questions that should be solved without
delay. That‘s why it is important to identify the main factors that have influence on the resource

productivity and put effort in supporting them in order to improve the situation in the region.

3.2 Identification of the factors that have influence on the resource productivity

Such indicators as national income, technologies used in business as well as investing in R&D are
mentioned as the most important for the resource productivity in various researches. Gross and net
national income per capita rose consistently in all three countries since 2000 (except it fell slightly in
2009) and increased three times during thirteen years (Fig. 3). In turn, it has had to increase the use of

the resources.

Estonia ===Latvia =—Lithuania

16.000

14.000

12.000 e
o SN
oo S O >"

6.000 -

4000
2.000

2000 2002 2004 2006 2008 2010 2012

Fig. 3. Gross national income at market prices, euro per inhabitant.

346



http://dx.doi.org/10.15405/epsbs.2016.11.02.31
elSSN: 2357-1330 / Corresponding Author: Alina Stundziene
Selection and peer-review under responsibility of the Organizing Committee of the conference

Domestic material consumption grew more moderately (Fig. 4). DMC in Latvia increased the least,
i.e. 17.7% during fourteen years. DMC in Lithuania rose 49.1% while it increased twice (121.7%) in

Estonia.
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Fig. 4. Domestic material consumption, million tonnes.

Reduction in use of resources can be reached by improving the processes and technologies. This
intent and effort can be represented by the expenditures on research and development. Total R&D
appropriations per inhabitant in Latvia are the lowest in Latvia and they are 2.5 times lower than in
Estonia (Fig. 5). Growth of R&D appropriations and decline of resource productivity at the same time
leads to a conclusion that R&D expenditures in Estonia are not directed to reduce the consumption of

resources or efforts to do that are not effective.
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Fig. 5. Total R&D appropriations, euro per inhabitant.

In order to make the more detailed analysis of various indicators and their impact on the resource
productivity the correlation analysis and Granger causality analysis will be done. Moreover more
indicators related to outlays for research and development and national income will be taken into

account. The further research covers the analysis of the following indicators:
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» government budget appropriations or outlays for research and development (GBAORD) for

environment, transport, telecommunication and other

infrastructures,

energy,

production and technology (all in euro per inhabitant and as a percentage of GDP),

industrial

* total R&D appropriations (euro per inhabitant and as a percentage of GDP), gross domestic

expenditure on R&D (GERD) in PPPs USD, publically financed GERD as a percentage of GDP,

« total intramural R&D expenditure (GERD) of all sectors, GERD of business enterprise sector,

GERD of government, GERD of higher education sector (all in euro per inhabitant and as a

percentage of GDP),

* business enterprise expenditure on R&D (BERD) as a percentage of GDP, BERD financed by

government (direct) as a percentage of GDP, BERD of small and medium enterprises (SMEs) as a

percentage of total BERD, BERD of large firms as a percentage of total BERD,

* net primary income transfers with the rest of the world, primary incomes payable to the rest of the

world, primary incomes receivable from the rest of the world, gross national income at market

prices, net national income at market prices, net national disposable income, gross national

disposable income, final consumption expenditure, domestic demand, gross value added at basic

prices (all in euro per inhabitant).

The analysis covers an annual data from 2000 till 2014, but some indicators have shorter time series.

3.3 Correlation analysis

The correlation analysis between resource productivity in each country of the Baltic States and

indicators mentioned above was made in order to define the indicators that are mostly related with the

resource productivity. The correlation coefficients (#) and the probabilities of ¢-statistics (p) are

presented in Table 1. The linear correlation is significant if probability is less than 0.05.

Table 1. The results of correlation analysis.

Estonia Latvia Lithuania
Indicator r P r P r p

GBAORD for environment, euro per inhabitant -0,61 0,0467 0,55 0,0996 -0,47 0,1402
GBAORD for environment, % GDP -0,57 0,0677 0,82 0,0034 -0,56 0,0761
GBAORD for transport, teleccommunication and other

infrastructures, euro per inhabitant -0,52 0,1038 0,26 0,4651 -0,38 0,2500
GBAORD for transport, telecommunication and other

infrastructures, % GDP -0,48 0,1395 0,43 0,2155 -0,26 0,4478
GBAORD for energy, euro per inhabitant -0,60 0,0511 0,47 0,1735 0,15 0,6619
GBAORD for energy, % GDP -0,13 0,6957 0,47 0,1688 -0,29 0,3857
GBAORD for industrial production and technology, euro

per inhabitant -0,69 0,0197 0,39 0,2676 0,20 0,5560
GBAORD for industrial production and technology, %

GDP -0,75 0,0081 0,24 0,5106 -0,15 0,6680
Total R&D appropriations, euro per inhabitant -0,71 0,0028 0,65 0,0094 0,30 0,3157
Total R&D appropriations, % GDP -0,72 0,0023 0,06 0,8271 0,08 0,8023
GERD in PPPs USD -0,55 0,0782 0,46 0,1536 0,63 0,0391
Publically financed GERD, % GDP -0,59 0,0544 -0,57 0,0883 0,48 0,1596
BERD, % GDP -0,52 0,1020 -0,18 0,5861 0,58 0,0607
BERD financed by government , % GDP -0,53 0,0944 -0,65 0,0295 0,32 0,3432
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BERD of SMEs, % BERD -0,13 0,7872 -0,52 0,1208 -0,36 0,3120
BERD of large firms, % BERD 0,13 0,7872 0,52 0,1208 0,36 0,3120
GERD of all sectors, euro per inhabitant -0,68 0,0052 0,69 0,0043 0,50 0,0552
GERD of all sectors, % GDP -0,65 0,0081 0,48 0,0682 0,62 0,0225
GERD of business enterprise sector, euro per inhabitant -0,62 0,0133 0,60 0,0193 0,55 0,0336
GERD of business enterprise sector, % GDP -0,60 0,0173 0,00 0,9870 0,57 0,0652
GERD of government, euro per inhabitant -0,69 0,0047 0,70 0,0034 0,50 0,0578
GERD of government, % GDP -0,45 0,0938 0,62 0,0144 -0,12 0,7189
GERD of higher education sector, euro per inhabitant -0,72 0,0027 0,66 0,0074 0,47 0,0768
GERD of higher education sector, % GDP -0,72 0,0026 0,50 0,0584 0,50 0,1201
Net primary income transfers with the rest of the world 0,65 0,0114 0,53 0,0488 -0,08 0,7794
Primary incomes payable to the rest of the world -0,69 0,0058 0,25 0,3828 0,16 0,5831
Primary incomes receivable from the rest of the world -0,71 0,0041 0,79 0,0007 0,34 0,2313
Gross national income at market prices -0,78 0,0011 0,82 0,0004 0,43 0,1288
Net national income at market prices -0,77 0,0013 0,81 0,0005 0,40 0,1527
Net national disposable income -0,77 0,0012 0,81 0,0004 0,41 0,1480
Gross national disposable income -0,78 0,0010 0,82 0,0003 0,42 0,1352
Final consumption expenditure -0,79 0,0007 0,79 0,0007 0,42 0,1327
Domestic demand -0,76 0,0017 0,75 0,0019 0,32 0,2645
Gross value added -0,77 0,0012 0,79 0,0008 0,41 0,1504

The results show the great differences among countries. Most indicators are negatively correlated
with the resource productivity in Estonia and net primary income transfers with the rest of the world
are the only that significantly positively correlates with the resource productivity. Meanwhile most
indicators are positively correlated with the resource productivity in Latvia. It has the strongest
correlation with government budget appropriations or outlays for R&D as a percentage of GDP,
national income at market prices (gross and net) and national disposable income (gross and net).
Contrary to these, there are lots of positively, as well as negatively correlated indicators with the
resource productivity in Lithuania, but there are only three indicators that correlates significantly, i.e.
gross domestic expenditure on R&D (GERD) in PPPs, total intramural R&D expenditure of all sectors

as a percentage of GDP and GERD of business enterprise sector, euro per inhabitant.

Correlation analysis still does not show the causal relationship between these indicators.
Furthermore, some indicators can have the delayed effect on the resource productivity. That‘s why

Granger causality test will also be made.

3.4 Granger causality test

The Granger causality test is a statistical hypothesis test for determining whether one time series is
useful in forecasting another. In other words the Granger approach to the question of whether x causes
y is to see how much of the current y can be explained by past values of y and then to see whether
adding lagged values of x can improve the explanation. y is said to be Granger-caused by x if x helps in
the prediction of y, or equivalently if the coefficients on the lagged x’s are statistically significant. Two
lags were taken into account in order to test the delayed effect of various indicators on the resource

productivity.
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The results showed that the resource productivity in Estonia is Granger caused by total R&D
appropriations as a percentage of GDP, publically financed GERD as a percentage of GDP and
intramural R&D expenditure of government (in euro per inhabitant and as a percentage of GDP). As
the correlation between these indicators and the resource productivity is negative, it is obvious that
R&D expenditure does not help to improve the resource productivity and this can be as a cause of

inefficient use of these outlays (Table 2).

Table 2. The results of Granger causality analysis

Probabilities

H,y: Indicator does not Granger-cause the resource productivity

Indicator Estonia Latvia Lithuania

GBAORD for environment, euro per inhabitant 0,6782 0,2801 0,9081
GBAORD for environment, % GDP 0,9934 0,2857 0,5067
GBAORD for transport, telecommunication and other

infrastructures, euro per inhabitant 0,3727 0,1850 0,2242
GBAORD for transport, telecommunication and other

infrastructures, % GDP 0,3014 0,1369 0,1197
GBAORD for energy, euro per inhabitant 0,0662 0,0268 0,1981
GBAORD for energy, % GDP 0,4996 0,2072 0,2401
GBAORD for industrial production and technology, euro

per inhabitant 0,7922 0,1741 0,9952
GBAORD for industrial production and technology, % GDP 0,4215 0,6403 0,7176
Total R&D appropriations, euro per inhabitant 0,1004 0,0067 0,1671
Total R&D appropriations, % GDP 0,0041 0,2128 0,4185
GERD in PPPs USD 0,1732 0,1301 0,2139
Publically financed GERD, % GDP 0,0364 0,7262 0,1816
BERD, % GDP 0,1954 0,2967 0,1687
BERD financed by government , % GDP 0,4375 0,7891 0,5907
BERD of SMEs, % BERD 0,9321 0,1079 0,0407
BERD of large firms, % BERD 0,9321 0,1079 0,0407
GERD of all sectors, euro per inhabitant 0,4313 0,0323 0,0842
GERD of all sectors, % GDP 0,5191 0,1852 0,3767
GERD of business enterprise sector, euro per inhabitant 0,4962 0,0473 0,0584
GERD of business enterprise sector, % GDP 0,5099 0,2227 0,4573
GERD of government, euro per inhabitant 0,0250 0,0048 0,0553
GERD of government, % GDP 0,0267 0,0213 0,2456
GERD of higher education sector, euro per inhabitant 0,2996 0,0275 0,0707
GERD of higher education sector, % GDP 0,2509 0,1197 0,3527
Net primary income transfers with the rest of the world 0,3689 0,0226 0,3459
Primary incomes payable to the rest of the world 0,1759 0,0045 0,3039
Primary incomes receivable from the rest of the world 0,1305 0,0038 0,0678
Gross national income at market prices 0,0898 0,0166 0,1169
Net national income at market prices 0,0927 0,0274 0,1312
Net national disposable income 0,0952 0,0167 0,1217
Gross national disposable income 0,0931 0,0100 0,1134
Final consumption expenditure 0,0972 0,0100 0,1088
Domestic demand 0,1672 0,0071 0,1349
Gross value added 0,1056 0,0142 0,1288
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The resource productivity in Latvia is Granger caused by government budget appropriations or
outlays for R&D for energy (in euro per inhabitant), total R&D appropriations (in euro per inhabitant),
total intramural R&D expenditure of all sectors (in euro per inhabitant), GERD of government as a
percentage of GDP, GERD of business enterprise sector, government and higher education sector (all
in euro per inhabitant) and all the indicators related to national income, i.e. net primary income
transfers with the rest of the world, primary incomes payable to the rest of the world, primary incomes
receivable from the rest of the world, gross national income at market prices, net national income at
market prices, net national disposable income, gross national disposable income, final consumption
expenditure, domestic demand and gross value added. It tends to a conclusion that growth of income
has positive effect on the resource productivity, as well as the expenditures on R&D in all the sectors

are used efficiently in this country.

Meanwhile the resource productivity in Lithuania is Granger caused only by R&D of small and
medium-sized firms as a percentage of total BERD and R&D of large firms as a percentage of total
BERD. By analogy to the case of Estonia, it shows that R&D expenditure does not help to improve the
resource productivity in Lithuania. Only large firms can be distinguished as leaders as their

expenditures on R&D tend to increase the resource productivity.

3.5. Regression analysis

Hereinafter autoregressive distributed lag models (ADL) will be created in order to present the more
detailed relationship between the resource productivity and the indicators related to national income as
well as expenditures on R&D. In order to insure the logical interpretation of the results and avoid the
situations when the results tends to the recommends to worsen the certain indicators that would have
negative impact on the economics of the country, the requirement that the parameters of the model
(except intercept) must be positive will be set. All the indicators that can be significant for the resource
productivity according to the results of correlation analysis and Granger causality test will be taken into
account when making the ADL model. Also two lags of dependent and independent variables will be

analysed.

Unfortunately no one significant model for the resource productivity in Estonia was found. It
confirms again that Estonia has great problems with the resource productivity and R&D expenditures

are not directed to solve it.

In the case of Latvia several similar models can be created, but the best significant model (at the

significance level of 0.05) is as follows:

(1) here y, is the resource productivity in Latvia at the time moment # and x, ; is domestic demand
at the time moment ¢-/. So, growing demand of products (as well as national income since they
are also strongly correlated with the resource productivity) encourages the nation to take care
about the resource productivity. The coefficient of determination of the model is 0.86 and it
means that variation of x,; can explain 86% of the variation of y,. Lags of y, (i.e. y,; and y,.,) as

well as other indicators don’t improve the model.
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The resource productivity in Latvia is also strongly correlated with the R&D expenditure. The best

significant model is written below:

(2) here y, is the resource productivity in Latvia at the time moment ¢, x; ., is total R&D
appropriations in euro per inhabitant at the time moment #-2 and x, ., is GERD of government in
euro per inhabitant at the time moment #-/. So, the resource productivity in the country grows
respectively to R&D expenditures and this fact indicates effectiveness of such outlays. The
adjusted coefficient of determination of the model is 0.81. Lags of y, (i.e. y,; and y,.;) as well as

other indicators don’t improve the model.

The best significant model for the resource productivity in Lithuania is presented below:

(3) here y, is the resource productivity in Lithuania at the time moment ¢ and x,., is R&D of large
firms as a percentage of total BERD at the time moment #-2. It means that the benefit of R&D
expenditures on the resource productivity best manifest after two years. The coefficient of
determination of the model is 0.48 and it means that variation of x,, can explain almost half of
the variation of y,. Lags of y, (i.e. y.; and y,,;) don’t improve the model. So the results indicate
that only large companies significantly contribute to improvement of resource productivity in

Lithuania.

4. Conclusions

An effective use of resources is one of the main objectives all over the world. The resource
productivity significantly differs not only among the regions but also among the countries in the region.
The resource productivity depends on various factors, but national income and outlays for research and

development are two indicators that are mentioned most frequently in various scientific literature.

The resource productivity in the Baltic States is one of the lowest comparing with other countries of
the Europe. The tendency of resource productivity in Latvia and Lithuania is positive. It increased
respectively by 43.5% and 20.5% since 2000. Nevertheless, it didn’t help to rise from the bottom of the
list of most productive EU countries. Meanwhile Estonia is one of a few countries where the resource

productivity is still decreasing. It indicates that the problem of resource productivity is not dealt there.

Significant differences can be also observed within countries when analysing the factors that have
the greatest influence on the resource productivity. No indicators related to national income and R&D
expenditures that have positive relationship with the resource productivity in Estonia were found.
Large companies are the only that significantly contribute to improvement of resource productivity in
Lithuania so far. Meanwhile the problem of the resource productivity in Latvia is dealt the best.
Growth of national income encourages the nation to take care about the resource productivity and the

resource productivity is significantly correlated with such indicators as total R&D appropriations in
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euro per inhabitant, total intramural R&D expenditure of government in euro per inhabitant and others.

It shows that R&D expenditure is efficiently used for improvement of the resource productivity.

According to the results, different means for increasing the resource productivity should be applied.
Latvia should continue to invest in R&D and support other indicators that help to improve the resource
productivity. While Lithuania and especially Estonia should take care about the effective use of outlays
for R&D, make the strict action plans, provide the list of means and check regularly the

implementation of them seeking to improve the resource productivity.
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