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1. Intro duction

Mainstream economic measures such as GDP are useful and have great influence on both public and
private decison making Yet they are flawed; and were never intended to serveasa measure of

human welfare. In addition, they give little information as to whether economic activity is helping
Europe make progress toward its environmental goals and its commitment to sustainable development.

As such, there ia crucialneed in Europe for indicators and measurement systems that provide a useful
assessment of progress toward the simultanealgectivesof economic success, human weding,
environmental protection and lonterm sustainability. The goal d¢tie IN-STREANbroject is to bridge

the gap between theselifferent types of indicators and to disseminate the results to peiiakers,
economists, journalists and the public at large.

Key project objectives include:

e Performing the required quantitative and qualitativesessments in order to link mainstream
economic indicators with key wdbeing and sustainability indicators.

e Providing insight into the synergies and traoffs implicit in Europe's pursuit of economic
growth and environmental sustainability.

e Recommendig new indicator approaches (and sets of indicators) based on their robustness,
feasibility and suitability to EU policy objectives.

e In consultation with stakeholders, developing strategies for implementing these approaches.

By doing so, the HTREAM gre SO0 LINP DA RSE dzaSTdzZ AYyTF2NNIGA2Y
process, which started with the 2007 highS g8d Se2 Yy R D2y &# SNBYy OS I y R NBIB & dz
Commission releasing its communicati@@eyondGDFY a S|l adzZNAy 3 t N2PINBKaa Ay |
August 2009. The communicatigresents 9 dzNP HéSi@dipath to developing and implementing

alternative measures of growth, human wbking and environmntal sustainability. Under the
Roadmaplaid out inthe communication, he EU Commission will releasenaw EU environmental

pressures index in 20 (tevised from 2010).

Within this context, he objectives and findings of theN¢ w9 ! a LINR 2SO0 Ol y Ay T2 NY
selection of alternative metrics gfrowth, wellbeing and environmental sustainability.

1.1 Objectives

The purpose o¥Work Package 3NP3J is to twofold. First, the goal is wonduct a literatureto identify

the different approaches developed to date for measuring asdessing progress toward sustainable
development(cf. Deliverable 3.1) And second, the identified sustainability measures will be linked to
widely used metrics of economic performance to gain a better understanding of the linkages, especially
synergies and tradeoffs, between sustainability goals and mainstream economic performance
benchmarks. WP3 therefore plays an important role in theSINREAM project: it is the critical link
between the qualitative analysis of sustainability, economic, and welfafieators conducted iwWork
Package2 (\WP2 and themodellingexercises ofNork Packaged to 6 WP 46), which jointly model
economic, social, and environmental objectives in computable general equilibrium modelselévant



WP 3tasks that lead to the present deliverablare shownbelow and full information can be found in
the project documentation (DoW, p.225).

IN-STREAM WPRQbjectivegunderlined objectives are addressed in this report)

e Examine past research drow changes in SD indicators relate to changes in GDP, employment,
and competitiveness

e Assess accounting frameworks where economic andmonetary SD data can be integrated
and used together

¢ Investigate how the links between various SD indicators and génggicro measures could be
established, and recommend whether it would be worth attempting to establish such links.

e Establish and validate guantitative linkages between SD indicators and mainstream macro and
sectoral indicators

e Undertake selected quantitive analyses of the decoupling/decomposition between
sustainability indicators and economic development

e Conduct sensitivity analysis of quantitative linkages to underpin the robustness of results and
conclusions.

Task 3.3: Establish the database rempd for the quantitative estimation of identified linkages for
sectoral and general macro indicators (Lead: 1IASH)is task will tap into published materials from

past analyses as well as available international and national statistics and datasetsptyepthe
guantitative basis for further tasks in WP3 and to provide complementary data inputs into WP5 and
WP6. This task will review, compare and conduct thorough quality checks of the possible data sources
and select the most appropriate sources for uiseTask 4. Based on the reviews in WP2, this task will
also include an assessment of relevant accounting frameworks where economic amdonetary SD

data can be integrated and used together.

Task 3.4: Develop, test and estimate statistical models tstablish and validate the quantitative
linkages identified in Task 2 for SD indicators and genenalcro indicators (Lead: IIASARfter
establishing the conceptual linkages between SD and traditional economic indicators, WP3 will attempt
to estimate quanitative relationships depending on the availability of deBaitable atistical methods

will be used for testing, quantification and sensitivity analysis. Results of this exercise at the level of
variables, groups of variables and composite indices afge@ed to inform the definition and
exploration of sustainability targets in WP4 and should also usefully complement the equilibrium
analyses in WP5 and WP6.

Associated with the above task is this deliverable, which presents the quantitstatistical and
sensitivity analyses dhe tested and quantified relationships among SD indicators and mainstream
indicators of economic performance.



1.2 Overview

Deliverable 3.2 is structureds follows. Beginning with a description of the data, their sources and
coverage as well as the methods used to analyse them, we present the main findings of (a) the extensive
correlation analysi§llASApf the INSTREAM indicators and selectbeéyond ®F measuresn Section

4 and (b) the more advanced statistical examination of the relationships among a selected subset of
mainstream and alternativandicators(Ecologic Institutein Section 5

Due to the substantial volume of indicators, we presenly the mostrelevant (cf. Objectives of WP3)
andinteresting findings in the context of ongoing debates regarding the linkages between conventional
growth metrics and more comprehensive wellbeing and sustainability indicaforsummary of the
findings andconclusions based thereon conclude the main part of the report. The Appendix contains a
full set of graphs and other results obtained in the statistical analysis.

2. Data

The basis for our analysis Section 4 ighe list of INNSTREAM indicatoshownin Table2-1 and selected
ébeyond GDPindicators shown iTable2-2."

For the advanced statistical analysis presented in Section bbtgned datafrom the EU structural

indicators for the time period 200R2008. Data prior to and following this peridap to the cutoff date

of June 30, 2010 for inclusionjere foundto be too incomplete to add much value to the analydige

completed the database by adding selected alternative measures of wellbeing and sustainability, namely

l R2edzaiSR bSG {F@Ay3a o6!'b{0I AYRAOFG2NR FNBX (KS ¢
others.Figure2-1 displays thalifferent data sources.

'¢KS a0S82yR D5té AYAGALFLGAGS 2F GKS 9dNBLISHY [/ 2YYA&AaAZY
2F SO2y2YAO IyR a20Alf LINPINBaa +a ¢St (GDPanddBoiddA NBY YSyY (|
aSl &dzNRA y3 LINE 3 NB a &COM/Z009/0433 Kniglsel8aked By the ZdddmRsiva on 20 August 2009

outlines a Roadmap and specific actions to achieve this goal.
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Table2-1: List of INSTREAM indicators.

Indicator included in IN-STREAM quantitative analysis

SD Dimension Domain

Production/
income

Economic

1. GDP
(In its various forms: total, per capita, growth rates etc)

2. Household income
(In its various forms: total, per capita, growth rates etc)

Work force

3. Employment/Unemployment
(Various indicators can be used to measure distortions in the
labour markets)

4. Labour productivity

Wealth

5. Value of fixed capital
(see also 8.)

Government debt

6. General government debt

Reforms and
competitiveness

7. Comparative price levels
(and other indicators of economic convergence and international
competitiveness like various versions of 7b Revealed
Comparative Advantage)

8. Net investment in fixed capital

Environmental

Efficiency

9. Energy Intensity of GDP (of the economy)

Pollution/waste (Non

10. Direct external costs from pollution
11. Disability Adjusted Life Years

GHG) (To be coupled as more informative with growth rates from
different NON GHG pollutants)
Biodiversity 12. Potentially Disappeared Fraction

Climate change

13. GHG emissions
(In their various forms: e.g.: level, growth rates etc.)
14. GHG intensity of GDP

Natural capital

15. Adjusted Net Savings

Transport

16. Volume of freight transport relative to GDP

Environmental policy

17. Cost to target

Social

evaluation
Equit 18. Inequality index
quity (primarily Gini coefficient applied to GDP and Income)
19. Various: (Educational attainment/drop-out rate
Education (connections to immigration); employment rate by highest level

of education attained; early school leavers).

Research/innovation

20. Gross Domestic Expenditure on R&D

Poverty

21. At risk-of-poverty rate after social transfers
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Table2-2: List ofbeyond GDP indicators the correlation analysis

Nameand year of data Short Description

Sustainable Society Index (SSI)
2008

The SSI measures the actual level of sustainability of a count
and the distance of ediccountry to sustainability.
The index is composed fdicators clusterednto 5 categories
1. personal development
2. healthyenvironment
3. well-balanced society
4. sustainable use of resources
5. sustainable world
Scale: from zero (no sustainabilityadl) to 10 (full sustainability)

Human Development Index (HDI)
2007

The HDI is a summary composite index that measures a cou
average achievements in three basic aspects of human
development:

1. along and healthife,

2. access to knowledgand

3. adecent standard of living
expressed as a value between 0 anghiggher

Corruption Perceptions Index (CPI)
2009

The CPI mthod combines data from a range of corruption
surveys into an index, measurée perceived levels of
corruption;

scale from 1 to 10, higher means less corruption

Ecological Footprint (EF)
2006

Compares humademand with the ecological capacity of the
area to regenerate; measure: global hectares per capita.

Environmental Sustainability Index

(ESI)
2005

The ESI was developed to evaluate environmental sustainabi
the score quantifies the likelihood that a country will be able tg
preserve valuable environmental resources effectively aver
period of several decades.

The index is composed of indicators grouped finte
components

SYSTEMEnvironmental Systems ,

STRESSReducing Environmental Stresses,
VULNERReducing Human Vulnerability,

CAP- Social and Institutional Capacity,
GLOBALGIobal Stewardship

arONPE

Average Happiness
2006

Average Happiness measures subjective-iveiihg andranks
nations using the best comparable set of survey findings on
happiness Shows how much people enjoy their {de-a-whole
on scale 0 to 10.

12


http://www.ssfindex.com/
http://hdr.undp.org/en/
http://www.transparency.org/
http://www.footprintnetwork.org/
http://www.yale.edu/esi/
http://www.yale.edu/esi/
http://worlddatabaseofhappiness.eur.nl/index.html

Figure2-1: Overview of data sources used to build the database for the advanced statistical analysis.

Although available for some indicators, weckided from the analysisaggregate data foicountry

groupings such as the EUlthe EU27 or other regional and political aggregdiesause we felt that

examining linkages and trends at aggregated EU lay@lsKk A f S Ay GSNBaldAy3a 6A0GK N
overall tajectory and total environmental impacts was beyond the scope of the work and would

inevitably lead to the disaggregation of the results by country or seictarder to understand the

observed aggregate patterngn total we examined 70ndicators fromthe economic, social and
environmental sphegs (cf. Table2-3).2

Table2-3: Thematic areas included in the database for the advanced statistical analysis.

Economy/Politics/Trade 22
Environment 29
Social 12

Others (e.g., Nanotechnology, GMOs, Research) 7

2 A detailed list of the EU structural indicators, which are the core of thabdee for SectioB,5 is given in the
Appendix.
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The countries, regional and political groupings represented in the database are showieiti4 and
Figure2-2.

Table2-4: Countriesrepresented in thedatabase for the advanced statistical analysis.

(Argenting Czech Republic (Indonesia) (Mexico) Slovenia
Australia Denmark Ireland Netherlands (South Africg
Austria Estonia (Israel) (New Zealand  Spain

Belgium Finland Italy Norway Sweden
(Brazil) France (Japan) Poland Switzerland
Bulgaria Germany (South Korea)  Portugal Turkey
(Canadg Greece Latvia Romania (Ukraine)
(Chile) Hungary Lithuania Russia United Kingdom
(China) Iceland Luxembourg (Saudi Arabia  (United State9
Cyprus (India) Malta Slovakia

b2GSY [/ 2dzyGNARS&a Ay a6 0¢ 6SNB dzaSR (2 206GFAYy | Y2

different regions, gegolitical groups, levels of economic development, and-@cwl social systems.

Other

G20 additional
6

Figure2-2: Country membership in different political, economic, and other groupings in the database for the
advanced statistical analysis.
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3. Methods

The analytical protocdbr this deliverablevas establishedt the INSTREAM project meetirgeld from

1-2 October 2009k G L L! {! Q& LINBYA & Sltidefihega dath &xflofadiairigihde thhtdza G NAX |
includes correlation analysiéSection 4: Correlation Analysig and is followed by a more focused

statistical analysisjncluding dimension reduction and latent variablmethods such as Principal
Component Analysi®CA) and Factor Analysis X well as &loser look at time series patterns and

possibly theestimationof relationshipsamong selected indicatonssingregressionmethods(Sections:

Advanced Statistical malysi3. In line with this analytical planSection4 presens a variety of data
patternsusing scatteplots andbivariate correlation analysis

We then examined time series pattern®CA andalso conducteda Cluster Analysis (CK) identify
similarities among the countries included in the database with respect to the selected indid2ber$o

the largenumber of indicators, some of which are not generally part of ma&w@nomic performance
assessment, we selected indicators for this analysis that are widely known and reported on and for
which the economic literature has formulated linkages to other nestrof human welfare and
environmental sustainabilityBy applyinghis approach we were able to underpin the purely empirical
analysis with contextual information, which allows a more informed and nuanced interpretation of the
data.

Taking the results ahe correlation analysis into account, we also examined possibilitieefpession

modeling but decided not to pursue this pathince it became apparent tha meaningful analysis
would need to control fomacroeconomic environmenta) and politicakconditionsthat are outside the

scope of this worlpackage and wouldlso requireanother round of data collectionVe also think that

to accomplish this part in acientificallyrigorous mannerthere would be aneed to first complete a
literature review b identify hypothess for empirical testing.

4 Correlation Analysis

This section provides a summary of the results of the first part of the statistical analysis conducted in
Task3.4. We start with some background information about ttaiskin Work Package 3. The main part

of this section presents the result of the comprehensive correlation analysis dfHESEREAMndicators
(Bosello et al. 2009). This is followed by some interesting associations betiNe&FREAMa 0 S & 2 Y R
D 5 t ahd other indices of sustainability emerging from the analysis. We finish with a few concluding
remarks.

% Please refer to deliverable D3.1.
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4.1 Background

The work in this task builds on two earlier Deliverables of STIREAMroject: i KS LINR2 2SO0 Qa ol
indicatorsand an extensive literature reviewDeliverable 3.T)that also covered many indicators from
thea 0 S & 2 y Ritiabve. tTie basis for this analysisoincludes the data base collected to represent
the full set of baeline indicators (Deliverablé.1) that comprise 21 indicators included in thi&\-
STREAMuantitative analysis. In addition, we draw on data compiled tongjfia selected indices from
theé 0 S & 2 y RitislVe and other sustainability indices (see Hizsnyik and Toth, 2010 for details). The
bulk of the original data for this analysis was taken from the official EuroStat online databdisersity

of other sourcesvasusedfor the remainingindicators.

As mentioned in the introduction to this report, the mandate is to explore quantitative relationships
among the INSTREAMnNdicators on the one hand and between selectddiSTREAMnNdicators,

a eéyond GDE and other indices on the otheitVe conducted arextensive correlation analysis (this
section) as well as data mining and other techniques (see Section 5).

It is beyond the scope of this statistical analysis to go into the details of possible causal relationships
among the selected indicators. Yet obviarssuspected causal linkages are mentioned in many cases to
help further indepth analyses in the quantitative work packages of t#&TREANroject and beyond.
These remarks refer tawidely held beliefs or conventional wisdom.

4.2 IN-STREAMindicators

In all charts presented in this subsection, the vertical axis shows the correlation coefficients between

and +1. The horizontal axis depicts the correlation coefficients for the indicated pairs of variables across

a range of countries included in thealpsis. The countries represented in the analysis include th27EU

and associatedcountries such asSwitzerland, Croatia and Iceland. For the sake of simplicity we call
these countries E27+.We do not identify individual countries, although this may dfeinterest to

some. Our rationale behind this decision is that we first and foremost wanted to identify general
NEfl GA2yaKALIA FyR aSO2yR GKIG ¢S 6SNBE O2yOSNYySR
relationships shown might be due to a varietyfactors, including possible data problems that would be
impossible to discern from a single bivariate correlation pltte time horizon for the correlation

analyses covers the period 1990 to 2608.

4.2.1 Economic indicators

First we explore correlations between GDP per capita and ateenomic, environmental and social
variablesthat are thought to be influenced by the level and pace of economic developn@&DP per

*Hizsnyik, E. and F. Toth (20003.1: Internal summary report: Literature findings and recommendations for

linking SD and mainstream macroeconomic indicators

®Bosellg F., A. Best, Eiampalin(2009)D 4.1: Internal report: Full set of baseline indicators

®The use of time series data for correlation analysis has benefits and risks. Time series data are not independent
but exhibit various degrees of autocorrelatiomhich can bias correlations between countries.
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currencies.

Figure4-1 reflectssomewell-known correlationdetween GDP and income and labour productiviyt

they are convenient for testing the data we collected and the method we applied. GDP per capita is
strongly and positively corrated in most countries with labour productivity per capita on the
production side and with household income per capita on the consumption side. Net national disposable
income is also closely correlated with GDP per capita. Thesstablished negative colation between

GDP per capita and energy intensity is apparently valid in most countries included in the sample,
indicating that as societies get more affluent, they use less energy to produce one unit of GDP.
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Figure4-1: Correlation values for selected European countries: GDP vs. household income, net national
disposable income, labour productivity, energy intensity

We alsoobserve some interesting relationships between economic prosperity measured in terms of GDP
per capita and different indicators of expected lifespan for the male and female population in the
analysed countriesFigure 4-2 shows that the rich tend to live longer as there is a strong positive
correlation between GDP per capita and life expectancy both for females and males. However, there is a
much wider spread, and evanany negative correlations between GDP per capita and healthy life years
expected at birth, as shown in many countries. This means that higher incomes do not necessarily lead
to healthier lives. The reasons are diverse, ranging from nutrition and lifefsigiers to differences in

the availability and quality of the healthcare systems even at similar levels of GDP per capita.

"Note:, current prices do not remove inflationary trends from a time series, which may affect the observed
relationships between GDP and the selected second variable.
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Figure4-2: Correlation values for selected European countries: GDP vs. hedifthyears, life expectancy

Thepositiveassociation between GDP and educa#ibachievemenis confirmed byFigure4-3. There is a
strong positivecorrelation between GDP and the secondary education achievements of the total
population. This correlation is somewhat weaker in the case of the young population. Nonetheless,
these associationgndicate thateducatioral achievementand national wealth gdand in hand, and
although it does not imply causality one way or the other, there is room to statebiidér education
fosters further economic growth, even if there are a few countries in which this association is not very
strong. The correlations bewen GDP and expenditures research and development (R&resent a
mixed picture. With the exception of two outliers, per capita expenditures on R&D are strongly and
positively correlated with per capita GDP in most EU27+ countries. However, when R&idliexes

are measured as percent of GDP, the strong association with GDP per capita can be observed in only
about half of the countries in the sample while in several countries the relationship is reverse. This
implies thatincreasel R&D expenidures donot keep step with the growth of GDP per capita.
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Figure4-3: Correlation values for selected European countries: GDP vs. education, expenditure on R&D

While Figure4-1 clearly demonstrated that labour productivity is an important factor determining GDP
per capita over a longer period of timéhe correlations between annual GDP growth rate and labour
productivity growth rate are diverging across the countries included in the analiggie Figure4-4). In
many, mainly more developed countries, the association is stesngpositive, as labour productivity

the main driver of growth in these countries. In the rest of the counttiescorrelation between GDP
growth and labour productivity growth is weaker, indicating the relative importance of other factors
determining the economic performance of the country in a given year.
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Figure4-4: Correlation values for selected European countries: GDP growth rate vs. labour productivity growth
rate
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4.2.2 Social indicators

What kind of relationships can be observed among the social indicators included IN-BIEREAM
indicator set? We startby linking economic and social measuremengd then consider some
noteworthy linkages between selected soaiatrics

As one would expect, the largdre fraction of the populatiorengaged in gainful activity, the highte
availablehouseholdrevenue This is shown iRigure4-5 by the strong positive correlation between the
per capita household income and the employment rate (defined as the share of those in-B8tedde
group who are employed), with the exceptiofa few countries in which this relationship does not hold
for reasonghat are beyond the scope of this report
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Figure4-5: Correlation values for selected European countries: household incomergloyment rate

Figure4-6 reveals some interesting associations between the employment rate and other variables.
There seems to be a relatively strong negative correlation between the employment rate (as defined
above) and the unemployment rate that shows the fraction of those wbald like to work but cannot

find a job. This indicates that the higher the employment ratio is, the lower the share of people who are
unemployed, implying that more employment creates more jobs and refuting the argument that there is
a limited number ofiobs in the economy anthat early retirement would help the young generation
find employment This negative correlation is even stronger between the employment rate and the
longterm unemployment rate.

The negative correlation between the employmeate and the share of people in jobless households is
obvious. The larger the fraction of the working age population witts,jdhe lower the share of the
households in which no one is employed. It is also interesting to observe the high positive mrelat
between the employment rate and labour productivity, demonstrating that increasing the productivity
of the labour force by education, with equipment and technology or in other ways does not reduce the
employment opportunities and does not by itself iease joblessness. Finally, the employment rate
tends to correlate negatively and rather strongly with government debt, although there are a few
special cases, mostly due to historical reasons.
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Figure4-6: Correlation values for selected European countries: employment rate vs. unemployment rate-long
term unemployment, jobless households, labour productivitgnd government debt

There is a strong positive correlation between the employment rate andekigectancy for both

females and males, as shown in the upper parfigfire4-7. The associations between the employment
rate and the healthy life years expected fboth males and females are more diverse across the
countries in our study. There atmth countrieswith strong positive and strong negative correlations.

The somewhat weaker correlations between employment rate and life expectantative to the

correlation between GDP per capita and life expectarféigute 4-2) suggests a somewhat varied

association between GDP and employmeate across the countries in our sample.
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Figure4-7: Correlation values for selected European countries: employment rate vs. healthy life years, life

expectancy
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The rather mixed correlations between the employment rate and the completed secondary education
among the young generation and in the total population might be somewhat surprising for some
observers. Yet the correlation coefficients for the majority of doeintries analyzed are located in the
upper quarter of Figure 4-8, seemingly confirminghe general proposition that a better educated
population is more likely to find employment.
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Figure4-8: Correlation values for selected European countries: employment rate vs. education

Figure4-9 reveals some interesting correlations between lgagn unemployment and other social
indicators. First, there is an obvious and strong positive correlation between the rate ofelong
unemployment and the share of jobless households. It is more irtiagethat, exceptor a few outlier
countries, longterm unemployment tends to be negatively correlated with labour productivity. This
confirms the earlier observatiorFi{gure4-6) that the hypothesis thatmaking the labour force more
productive will eliminate jobs and put peoptait of workfor long periods of time does natecessarily
hold.

Another interesting observation is th&trong positive correlation between lotgrm unemployment

and government debts. There are some rather plausible reasons (e.g., unemployed people do not pay
any or only little taxes while drawng social benefiteand other services provided by the stateut the

causal relationships are much more compleigure4-9 also shows that longerm unemployment is
negatively correlated with business investments as wetiasrnment investments (botbf which ae
expressed in percent of GPonfirming the longstanding experience that investments create jobs.
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Figure4-9: Correlation values for selected Europeaountries: longterm unemployment vs. jobless households,
labour productivity, government debt, business investment, government fixed investment

The relations between educational achievement and employment are further explorEaure4-10.
Gonfirming in part the observation maddor Figure 4-8 between employmentrate and secondary

education, the largelyegative correlation between lorgrm unemployment and secondary education

achievementfor both the young andoverall population confirms that aetter educatedworkforceis
less likely to sit idle for longer periods thas less educated counterpartowever,there are anumber
of notable exceptions The negative correlations between lotegm unemployment and RBR

investments as percent of GDP on the one hand and per capita on the other are rather obvious in many

countries. This seems to show that innovation is likel{dicectly or indirectly¥oster employmentbut
the correlation idoose enough to leave room for many other factors.
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Figure4-10: Correlation values for selected European countries: lelegm unemployment vs. education,
expenditure on R&D
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The importance of private andjovernment investments in creating opportunities for gainful
employment thereby reducing the share of households in which not a single person is empleyed
reinforced byFigure4-11. The overwhelmingly strong negative correlations provide the evidence.
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Figure4-11: Correlation values for selected European countriggbless households vs. business investment,
government fixed investment

The association between the share of jobless households and secondary education achievements is
rather mixed, both in the youth and in the total populatidfigure4-12 tends to substantiate modest to

rather negative correlations in many countries, but a surprisingly large fraction of the countries in the
sample form a cluster in the oppositegment. No causal explanations are available for this group.

50 S
L 4
0.50 ®
. ot o + jobless hhold /
* ¢ youthEdusecondary
0.00
. .
. jobless hhold /
" TotalEdusecondary
-0.50 P A
.
¢ .
& o ° A
* o %ah, . .
¢ 4
-1.00

Figure4-12: Correlation values for selected European countries: jobless households vs. education
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Similarto the relation between the rate of lonterm unemployment and the R&D investments, the
negative correlation between the share of jobless households and R&D investments can also be
observed (seé&igure4-13). The explanation concerning the link between innovation and employment is
therefore the same.
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Figure4-13: Correlation values for selected European countries: jobless households vs. expenditure on R&D

As one would suspect frombservedcorrelations betweerthe variablesshownin the previous charts,
there is a strong negative correlation between labour prodtitst and the energy intensity of GDP, as
shown in the bottom segment dfigure4-14. Similarly, the strong positive correlation between labour
productivity and lifeexpectancy for both males and females in the upper part of the chart is consistent
with our expectations based on the strong association of both with GDP per capita.
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Figure4-14: Correlation values foselected European countries: labour productivity vs. energy intensity, life
expectancy

There seems to be a negative correlation between government debt and business investments
measured in percent of GDP, as showifiure4-15. Part of the explanation is the crowdiogit effect
whereby government borrowing and debt service reduces the amount of capital available for private
investments. Yet other factors areeemirgly also at work The correlations between business
investments and government R&D expenditunery widely indicating that a wide range of factors
interactin the processes underlying these indicators.
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Figure4-15: Correlation values for selected European countries: government debt vs. business investment,
expenditure on R&D

Figure4-16 shows correlationshat could be deduceffom earlier chartsbut whereit would be difficult

to establish direct causal linkageghe strong negative correlation between energy intensity and life
expectancy (both males and femalesflects the strong associatiof both indicators with GDP per
capita (seeFigure4-1 and Figure4-2). In contrast, a strongout not totally uniform tendency towards
negative correlation between energy intensity and the R&D expenditures, as shown in the lower
segment of the chart, could be at least partly explained by the success of R&D investments in increasing
industrial anchousehold energy efficiency.
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Figure4-16: Correlation values for selected European countries: energy intensity vs. life expectancy; expenditure
on R&D

4.3 IN-STREAMindicators, OA A UT 1 Aand o$hérindices

As part ofthe overallIN-STREAMroject, we havealso extended the literature review assessing the

linkages between mainstream economic and sustainability indices (HizmyiKoth,2010) to include

the results of thed 6 S & 2 y Rrojéxts @specially some of the indexes and indicators included in that
project. We collected data from various sources to quantifydhé S & 2 y ndidatbrs. Subsequently,

we ran extensive correlation analyses between tNeSTREANdicators and selected 6 S@ 2y R D51t ¢
indexes and their componentsis well as betweer 6 S & 2 y Rndi@& The analysis also covered
sustainability indices from other sources. This subsection presents selected results from this work.

It is important to note that the arrangemenidf the charts is different in this subsection. The charts

present scatter diagrams of GDP per capita versus seldéotidesfrom & 0 S & 2 y RandDofheér é

sources Points in the chart represent the corresponding data from the2E#¥ countries. Th@earson

O2NNBft A2y O2SFFAOASY GNE Aa 3IABSY Ay (GKS FA3dz

We startby exploring the relationships between GDP per capita and the Environmental Sustainability
Index (EgJas well aghe Stress component of ESI. The stress component includes a range of social and
environmental factors of sustainability, ranging from total fertility rates to emissions of various
pollutants and use of natural resourcesigure4-17). The proposition that richer societies are more
concerned about andre, subsequently,willing to spend more on improving some elements of social

and environmental sustainability is dinmed by the somewhat scattered yet overall positive correlation
between GDP and ESI. Interestingly the association between GDP and the STRESS component of ESI is
more diverse across countries and is negative for the full sample of the EU27+ countudedrtere.
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Figure4-17: Correlation of GDP per capita with ESI (r=0.55) and with its Stress componer.63)

Two other components of the ESI tend to be more strongly and positively correlated with GDP per
capita, although there are some outlier countries, as showfigare4-18. Thecapacity(CAR component

of ESImeasures social and institutional capacéyd includes indicators characterizing environmental
governance (for example the percentage of total land area under protection or the rule of law); eco
efficiency, private sector features (like the share of ISO 14001 certified companies), science and
technobgy (like an Innovation inderducatior). The correlation between CAP and GDP is rather strong.
The GLOBAL component of ESI integrates various international and global environmental aspects, like
carbon emissions per capita and per unit of G&Rvell asparticipation in international environmental
agreements. The pictureereis more diverse but the correlation between GLOBAL and per capita GDP is
largely positive. Both of these strong positive correlations denote that interest in these canisoaf
sustainability increases with incomand that it is mainly these two components that drive the positive
correlation between GDP and ESI depicteBigure4-17 above.
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Figure4-18: Correlation of GDP per capita with the CAP (r=0.88) and Global (r=0.80) component of ESI

An important item discussed in thie &yond GDE
4-19 presents therelationships between GDP per capita and two components of the SSI. The Personal
Development component of SSI includes six indicators (for example, healthy life, sufficient food or

Ay Aidithe ISuistai@gBle Society Index (SSdure

gender equality). Most of the ER7+ countries have already reached a high levethes indicators so

the correlation with GDP depends on their relative position along the GDP axis.

The Resource component tie SSI is based on indicators of waste recycling, renewable water and

energy use. An overall positive correlation with GDP cantedsubserved.
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Figure4-19: Correlation of GDP per capita with Personal Development (r=0.68) and Resource (r=0.53)

component of SSI
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The World component of SSI coversthe®b f t SR a{ dza il Ayl of S forestfe®Reé Ay RA
preservationof biodiversity andhe like As can be seen frofigure4-20, there is anegativecorrelation

with GDP The correlation coefficient for the EQQ7+ countries is0.64, whichis modestly negative. In

contrast to the positive correlations observed between GDP and some components of ESI, this negative
correlation indicates that economic growth is negatively associated with forest areas, biodiversity
preservations, and other indators included in the World component of the SSI in the2lZY sample of
countries.The relation between the compositeSsand GDP is weak; no real trend can be observed in

this Index as GDP increases along the horizontal akiguire4-20.
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Figure4-20: Correlation of GDP per capita with SSI (r=0.37) and with its World)(64) component

Figure 4-21 does not reveal anyurprises. The strong positive correlations between GDP and HDI,
especially its GDP component, are obvious and expected. The reason for the lacteof gorrelation
between GDP and the GDP component of HOhésdifferent time horizon considered in the HDI
analysis.
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Figure4-21: Correlation of GDP per capita with HDI (r=0.8) and with its GDP (r=0.83) component

Similarly, there are somewhat weaker but still significant and positive correlations between GDP per
capita and the two other components of HDI, as showRigare4-22. The education component is more
scattered over the GDP rangand therefore shows a somewhat weaker correlation because this index
seems to reach a satuian zone slightly above the 10,0Qips per capita level. In contrast, the Life
component, which synthesizes the life expectancy and quality component measures, shows a strong
upward trend in increasing GDd&hd the saturation zone seems to be closer te #0,000ppsper capita
income level.
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Figure4-22: Correlation of GDP per capita with the Education (r=0.56) and Life (r=0.70) component of HDI
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Another widely known, or at least strongly suspectedrrelation is between income and corruption.
Figure4-23 reveals that the relation between GDP per capita and the Corruption index is clearly positive
(overall corelation coefficient 0.75) and relatively strong as w8lhce higher scores of the Corruption
index mean less perceived corruption, this implies that higher income comes with lower corrdfgion.

the spread of countries is remarkable, considering ti@mogeneity of the EU economically and
culturally relative to the rest of the world. Similamounts of corruption plaguecountries with about
6,000 and 22,00ppsof GDP per capita at theigherend of the corruption level, an#5,000 and 43,000
ppsof GDP per capita at tHew end of the corruption levelexcluding theoutlier with 65,000pp9).
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Figure4-23: Correlation of GDP per capita with CPI (r=0.75)

To manyobserversit may come as a surprise that there is a rather strong positive correlation between
GDP per capita and th&verageHappinessndex, as shown iRigure4-24. The correlation coefficient is
0.77 which means that money plays an important role in determiriagpiness for many people
afterall.
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Figure4-24: Correlation of GDP per capita with Average Happiness (r=0.77)

It is an interesting exercise to plot some of the social indicators against seladiedsfrom & éyond

GDR and othesources Figure4-25 and Figure4-26 plot the ESI and some of its coonents againsthe
healthy lifeyears indicator for males. While the overall ESI is scattered around a horizontal line over the
range of 50 to 70 healthy life years, the ESI STRESS component shows a modestiytfbrsise over

the same lifeyears intervalshowing hat in societies with loer STRESS indices, healthyy#ars tend

to be higher. Given the variety of indicators included in the STRES®w©ent of ESI, it is difficutd
speculate about the details and causes of this correlaffoie. CAP component oSEis spread in a given
range with some positiveassociation withhealthy life yearsAt the same timethe data cloud of the
GLOBRLcomponent has a slight upward slope over the same healthy life year sphoating a positive
correlation

80
.

70 toe
60 rar

" ’ o L 4 Y

o
50 i ot
}I « n
40 L - +ESI
> .m. ESI STRES
[
20 = -
10
0 T T T 1
40 50 60 70 80
Healthy life years, Male

33



Figure4-25: Correlation of Healthy life years with ESI (r=0.G8)d with its Stress (r<8.67)component
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Figure4-26: Correlation of Healthy life yearwith the CAP (r=0.52) and Global (r=0.50) component of ESI

Taking the male healthy IHgears indicator from théN-STREAMet and plotting it against the SSI and

some of its components shows some remarkable patternsFidge4-27 shows, the range of male
healthy life years spans between 50 and 70 years across the countries investigated. The SSI Personal
component remains virtually flat across this range while theR&Source component is spread in a wide
range between level 4 and 8 of this index. High SSI Resource levels are more often associated with
higher healthy life year values, but it is difficult to ascertain a clear association rule.
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Figure4-27: Correlation of Healthy life years with the Personal (r=0.56) and Resource (r=0.13) components of SSI
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The same pattern emerges from reviewing the WORLD component of SSI and the aggregated SSI in
compaison with the male healthy life years indicator (Segure4-28). The spread of the two data point
clouds are similar: both remain virtually flat over the relativglge range of healthy life year values.
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Figure4-28. Correlation of healthy life years with the SSI (r=0.@8)d with its World (r=0.33) component

The association between income (here GDP per capita in Euros) and the ecological footprint of
consumption (measured in terms of global hectare per capita) seems to be relatively stsongs
indicated byFigure4-29. This suggests that, despite efficiency improvements expressed in declining
amounts of energy, material, water and other natural resource inputs per capita GDP, the broader
environmental impats and resource withdrawal of societies tend to increase as their overall income
levelsincreas.

Ecological Footprint vs. GDP per capita
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Figure4-29: Ecological Footprint vs. GDP (r=0.7)

It is interesting to compare this figure with the same association observed in a larger and more diverse
global data set ifrigure5-10, where the relationship seems to be even stronger.

4.4 Concluding remarks

Thecorrelations andscatter plotspresented in this section provide some interesting results. Exploring
linkages between indicators characterizing selected attributes of sustainability partly ccaimewell-
known correlations. The positive correlation between GDP and lapooductivity and the negative
correlation between GDP and energy intensity are good examples.

In addition some less weknown relationships emergedExamples of such cases include the strong
negative correlation between employment raten the one had, and unemployment, lorterm
unemployment and jobless households, on the other.

Concerning theaelationships between the secalled mairstream and thed 6 S @ 2 y Rndidtors, &t

turns out that despiteall of the recognized and criticizedeficienciesGDP is an important component

of many & éyond GDRindicators. GDP influences the values of hh@yond GDR indicators and
indexes directly (by direct inclusion as a component of an index) or indirectly (as a driver behind the
processes represented by some of the components included in an index). These relationships confirm
both common and less common expectais: many social and some environmental indicators/indices
correlate with GDP, at least to some extent. This also means that using GDP as a proxy for indicators that
are not directly observed, measured or modelled could shed lightherapproximate valueof those
indicators. Nonetheless, such exercises require caution and rigorous testing in the geographical, social
and economic context in which they are intended for application.

5. Advanced Statistical A nalysis

The objective of this analysis is teaschfor links between macr@conomic benchmarks of economic
performanceand performance in theocial and environmental fields. Specifically, we hoped to identify
metricsthat show:

e Win-win situations between growthoriented economics and activitiesnaéd at increasing
human welbeing and environmental sustainability

e Tradeoff situationsbetween economic growth and social or environmental veling

e Relationshipsthat can add to the existing knowledge base regardirtige economyhuman
environmenttriangle.

e Provide ingihtss for themodellingof indicators covered in othdN-STREAMork packages.
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5.1 Individual Analyses

To demonstrate our approach we shdwigure5-1, which displaysa selection of bivariate scatterplots
relating various versions of GDP to greenhouse gas emissions (GHG). This dbsplenstrates
thatrelationships aregenerallynoisy andthat they canalsobe very diverse, rangirfgom complete lack
of associatior(e.g., between GDP per oil equivalent and, EQissions per capitap logarithmic (e.g.,
CQ emissions per GDP and GDP per oil equivalent)liaedr correldions (GDP per capita and £0
emissions per capita)
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Figure5-1: Selection of bivariate scatterplots of mainstream economic and environmental indicators.

Note: The abbreviations are: GDPlog=natural lopaniof GDP, GDPCAP=GDP per capita, GDPG=GDP
growth, GDPOIL=GDP per ton oil equivalent, CO2GDP=CO2 emissions per GDP, CO2CAP=CO2 emissions
per capita, ANS=Adjusted Net Savingie tEmporal trajectories of countries for GORe positive linear
relationshipbetween per capita GDP and £$nissionsandthe negative exponential relationship

between GDP energy and &i@tensity. The red solid lines are locally smoothed regression splines.

We used these simple visual data inspections as the starting point koftmoevidence supporting or
refuting widely held beliefs about the effects of economic growthother key economic benchmarks
as well aon society This is illustrated using the following twddely held premises

(1) Economic growth is lirdd to redudion in unemploymentThe basic and simplifiedrgument in
favour of this premise is that bringing people out of unemployment and into work increases
their purchasing power due to the earning of wages and salaries. Portions of this income are
then spent b buy groceries and pay renas well aso purchaseother goods and services,
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which in turn increases their demand and spurs economic expan&igrowing economy
creates new jobs and hires more unemployed people.

(2) Income inequality hanpers e&onomic growth The argument here goes that high income
AySlidzZftAdes AdSods | avYlrtt akKFINB 2F GKS LI Lz I
income, stifles economic growtfThis ostensibly occubecause thee is alarge number of
people earning less than they would consume to meetrthasic needs and wantsvhich
depresses demand and hence economic activity. It iskmelvn that the affluent consume a
comparatively smaller share of their disposable income ti@npoor. Therefore, a more
equitable distribution of income would mean that the wealthy can still consume at the same
level but the poor can increase their consumption and thereby spur economic growth.

To examinghe first premisewe looked ata scatterdot of the unemployment rate and GDP growth rate.
Figure5-2 shows the data for the time period 20€ZD08.
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Figure5-2: Scatterplot of unemployment versus GDP growth for all available countries and the period 2000
2008.

The Figuredoes not indicate an inverse relationship between the two key benchmarks of economic
performance. Declining ungaoyment is not strongly associated with rising GDP growth, or vice versa
(cor=0.11)This is illustrated further through the time paths of six selected and very different countries:
Germany, Ireland, Greece, Japan, and South Afric&iftire5-3). According to the theory, we would
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expect to see a declining, nearly linear trend over time but the selected countries all endtii®t
unpredictable pathsvith the possble exception of Latviawhich saw declines in unemployment up until
2007againstmodest rises in GDP growth
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Figure5-3: Development of GDP growth and unemployment rate oule time period 20062008for selected
countries.

A related perspective looks at the relationship between youth unemployment and the true savings rate
of a country (as measured by ANS). The ANS enpeldavestment in all three types of capital
(economic, environmental and social). Therefore, countries that responsibly work to maintain their
capital and to build a sustainable basis for future consumption would invest in their youth by providing
educaion and jobs. We would thus expect a positive relationship between ANS and low youth
unemployment. Asigure5-4 demonstrates, this link is true, albeibe strengthof the association is
stronger for norREU countries than for EU Member States. Shown are all data points fo122080
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Figure5-4: Scatterplot of youth unemployment ratezersus Adjusted Net Savings for all available countries in the
period 20062008.

To test the second premise, we plotted economic growth versus income inequality. Since the latter
indicator suffers from substantial data gaps, the data basis is limiteldve use all available data points
for the period 200€2008(cf. Figures-5).
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Figure5-5: Scatterplot of GDP growth versus income inequality all available countries in the period 2000
2008.

The data for the European Union show increasing variation in GDP growth as income inequalég rises
well asa weak positive relationship, i.e., counter to the prevailing thedfgr norREU countries the
relationship appears to be weakly negative (dashed green line) or inverse quadratic (solid green line).

With respect to the social impacts of economic growth, weklabanother and relatedquestion that is
often asked

(3) Is being rich associated with greater happiness?

Most studies find that happiness increases initially as incoms aise helsto secure basic needs such
as food, shelter, and access to and abilitp&y for primary health carAfter that, however happiness
peaks out, albeit different studies estimate different optimal income levels, suttsequentlyflattens
out or even declinedThe explanations given for this phenomenon incltiie ideathat high income

® See, for example, Richard Easterlin. 206¢ome and Happiness: Towards a Unified Theory. The Economic

Journal 111:46%184.

Y885 F2NJ SEFYLXSSES ¢KS 902y2YAad y al NOK Hnny aLyO2YS |
out at incomes ofpproximately $10,000. Another study by the Gallup World Poll of 450,000 Americans estimated

that the optimal income for happiness is $75,000 per year.
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comes at the price of social bondsich as family, friends, and neighlss. Consumption cannot

substitute for time lost enjoying the simpler thisign life. A second theory citéfse socalledd NNXi Q S ¢

according to which higher incomes associatedvith higherpressureto maintain a high standard of

fAGAY3 RSALIAGS GKS a20Alt Q@nasésa UAKYS22NED SIRid (¢SKaS (oK i
competitive pressure amongst neighlrs and friends to outperform each ker, which generally

translates into a quest for more consumptiarot greater happiness.

¢tKS bSgs 902y2YA0a C2dzyRIGA2Y Q& theddedto whichinggd LYy RSE
is efficiently utilizedto generate human ashecological welbeing.Thus,the HPI isiot a true individual
happiness measure but combines environmental impadth well-being to measur®n a country by
country basighe environmental efficiency with whiglpeople live lon@nd happy livesNonetheless, as
Figure5-6 shows for the sample countries Korea, Norway ainel USA highincome countries are not
necessarily the happiesthe USAas one of the highest average per capita incomes in the world, yet its
HPI hovers around a score of 30.7 in the most recent edition of the HPI report. In contrast, Norway,
which has approximately equal per capita income, has managed to generate ingrestsims over the
past 20 years and now hars BIPI of 40.4. Korea is often used as an example of a dynamic and rapidly
growing economy, reflected in the chart by gen-fold growth inper capitaincomec but its HPI rose

only initially and is now stagnaty at 44.4.
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Figure5-6: The Happy Planet Index versus per capita income for the period 1961 to 2005 for Korea, Norway and
the USA. Sourcénttp://www.happyplanetindex.org/explore/historical.html (9 December 2010).
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Our database did not include additional metrics for happiness (aside from the HPI), in part because it is
notoriously difficult and expensive to measure.

Finally, we examine some majguestionson the linkages between economic growth and
environmental health and sustainability:

(4) Caneconomic growttbe decoupled fronGHG emissions?

(5) Can eonomic growthbe achievedvith a moreefficient use of natural resourc@s

(6) What about economic growth and consumption levels (e.g., ecological foatprimtronmental
performancg?

We present a selection of empirical evidence using the indicators availaiott. and perhaps ot
surprisingly, higher ANS rates are associated with higher investments in fixed ¢epifdgure5-7).
While thisdoes not permit judgments on the sustainability of the investmpet se it indicates that a
shift away from consumption is likely to have positive effemtsthe longterm ability of countries to
sustain consumption levels
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Figure5-7: Scatterplot of fixed capital formation and Adjusted Net Savings for all available countries in the
period 2000-2008.
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The emissions intensity of an economy is a widely used indicator to rate its environmental performance.
Sustained or even rising incomes at declining levels of greenhouse gas emissiotswanids greater
resource use efficiency and/or the mourcing of polluting activities. We have no data to disentangle
these two factors buFigure5-8 shows that richer nations are indeed the most efficient ones when i

comes to generating wealth at comparatively low emission rates. The time paths shown also help to
identify if countries are becoming more efficient over time. The picture is mb@te countries see

their emissions rise in loeitep with incomege.g., Saudi Arabia, Norway), others stagnate (e.qg., Italy)

and others are showing signs of decoupling (e.g., Sweden, Germany).

It is also evident that most gaitve been achieved at ¢hlow and middleincome levelsln particular
the former communist countriebenefited indirectlyas a result of the dramatic economic transition
following the collapse of théasternBloc. It remains to be seen if they can maint@neven widen
these gains in the future as their economies continue to expand.
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Figure5-8: Scatterplot of greenhouse gas emissions per GDP versus per capita GDP for all available countries for
the period 20002008.

Overall, environmental performance has been shown to correlate strongly with income, albeit the
direction depends on what metrics are considefé@he positive relationshig{cor=0.41) between

®The Ecological Footprint, which measures consumption levels in terms of global hectares necessstajirto
them, consistently ranks the highcome countrieatasthe worst offenders. In contrastnaintaining healthy
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Environmental Performance IndexREand income igairly well known(cf. Figure5-9).** In the EPI, high
income countries fare bette¢ on average; than many lower income countrieshis is duein part,to

the heavy weightingof public health, which has been shown to benefit greatly and rapidly from
economic growth (although governance plays a role in how many dollars actually end up reaching the
people). Nonetheless, the plot also shows that at similar income levels envirdgahpamformance can

vary substantially, e.g., US, Japan, Norway, and Iceland.
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Figure5-9: Scatterplot of the 2010 EPI versus GDP per capita.

In contrast, the Ecologic&botprint?is strongly negatively associated with per capita GB£0(71) as
Figure5-10 shows. The more affluent a nation becomti®e greater its natural resourcesedsbecome in
orderto sustainthe goods and services it consumes. Neither the EPI nor the EF associations with income
shown here provide new insightsut we included them nonetheless because they are important
reminders that economic growth hakfferent impacts on the environment and requires a

comprehensive strategy to harness the benefits while minimizing the negative impacts.

environmental quality and protecting water and other resources requires financial and human resources that
developed countriesr@ most likely to have and provide. They therefore tend to rank higher than poor countries
on metrics tracking the ability of countries to provide them.

! Seehttp:/lyale.edu/epi (9 December 2010) for more information.

'2 For more information, please sd#tp://www.footprintnetwork.org/en/index.php/GEN/(9 December 2010).
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Figure5-10: Scatterplot and regression line of per capita incorard the Ecological Footprint.

The final example of a bivariate representation of mainstream economic and alternative measures of
well-being shows that not every alternative metric is associated with a conventional economic
performance metricThis, in and of itselreates interesting challenges for their joint interpretation. We
chose the Zero Carbon Capacity Index developed bitivironment Institute at University College
London (commissioned by RIESThe purpose of the sealed ZC2 index is to highlight which countries
are developing the capacity to make progress towards the aspirational goal of-aarban built
environment. Since buildings worldwide are the greatest emitter of greenhouse gases, they are a
primary target br efficiency gains.

However, agigure5-11 shows, there is virtually no relationship between GDP per capita and the 2008
ZC2 index.

3 For more information, please ségtp://www.rics.org/site/scripts/download_info.aspx?filelD=68¢3
December 2010).
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Figure5-11: Scatterplot of the Zero Carbon Capacity Index 2008 versus log GDP for all available countries in
2008.

A hypothesis that remains to be tested is that a transition to carbon neutrality in thditgiigector may
be independent of the attained level of wealth.

5.2 Time Series Analysis

Time series plots can shed light on systematic trends or cycles oveMimpresent here data primarily

for the EU27 countries since we have time series data avaifatim the Eurostat structural indicators
database Except for the waste generation indicators, data are available for-2008 (cf. Table 8.1 in

the Appendix) They show, for example, the steady rise of per capita GDP in all EU27 Member States
duringthe period from2000to 2007, and the decline due to the financial and economic recession that
started in late 2007cf. Figure5-12). The impact of the recession is particularly visible in the sharp drop in
GDP growth which started in 2007 and peaked in 280%igure5-13).
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Figure5-13: GDP growth rate foselectedcountries for the period 200€2011.
Note: 2010 and 2011 values are projections.

These homogeneous trends across EU27 Member States are contrasted by very different levels and
patternsin income inequality, although incomplete data hamplee drawingof too many conclusions

(cf. Figure5-14). It is notablethough that the financial and economiaisis did not lead to a uniform
increase in inequality.
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Figure5-14: Income inequality as measured by the Gini coefficient for sekgttountries for the period 2000
2008.

Positive trends are visible in employment indicators, which showed a convergence to lower
unemployment in generaldespite the economic and financial crisedbeit starting from different
baselines in 200(cf. Figure5-15). An especially interesting and posititeend is the measurable decline

in the longterm unemployment rate, a trend that started around 2002 and has continued through 2008,
although again Member 8tes started at very different baseline levétst range from 10% to nearly 0%

(cf. Figure5-16).
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Figure5-15: Totalemployment rate for selectecdtountries for the period 200€2008.
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Figure5-16: Longterm unemployment rate for selecteccountries for the period 200€008.

Although the key economic benchmarké GDP and unemployment show positisends, hbour
productivity has remained fairlffat over the 20062008 time periodand is showing little convergence
among Member Stateg¢cf. Figure5-17). This is also noteworthy sincén times of recession, labour
productivity usually increases because industries shed workers, especially in areas that can be
outsourced or automated’

* Prominent examples include the shift by airlines to use electronic eimetgtminals and the widespread use of
call centers in India and other lodams with low labour costs.
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Figure5-17: Labour productivity per persn for selectedcountries for the period 200€2008.

A very interesting story is told bypad freight volume in transportvhich is indexed to 2000 and shows
the whole spectrum of trends for thEU Member State$rom stagnation and increas® decoupling(cf.
Figure5-17).
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Figure5-18: Road transport relative to GDPnaexed to 2000, for selectedountries for the period 200€2008.

Youth education, an importa measure of general econom@ompetitiveness and innovation shows
little upward trends for the leaders and majority in the mieldout the laggards are catching up at a
steady pacécf. Figure5-19).
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Figure5-19: Total youth educéon attainment for selectedcountries for the period 200€2008.

Another important socieeconomic benchmarlsithe atrisk-of-poverty rate defined as the @rcentage

of individuals living in households where the total equizai household income is below 60% of

national equivalied medianincome, after social transferssocial transfersare programs aimed at
increasinglowh y 02 YS K2 dzaSK2f Ra Q a i laycrRdithFodatampiprbgtaing, gtc. 6 &  LIN
The findings shown irFigure5-20 reveal a very mixed picture across the EU Member States. Few
countries succeeded in continuously reducing the share of people at risk of income povertydeat],

for some the share e substantially.
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Figure5-20: Share of the population atisk-of poverty, adjusted for social transfers for selected countries for the
period 20062008.

Overall, the time series analysis and plots discdigeethis report both affirm existing knowledge and

also give actual empirical insights into how theory may or may not play out in reality. One example that

may merit further investigation is the decline in letegm unemployment in nearly all EU Member
States even during times of substantial economic and financial distf&Eke observations only date to
2008°and there is hence a possibility that lotegm unemploymentwhile not immediately affected
may still have increased again since then. €kample serves to illustrate that time series data offer
valuable information that snapshot studies cannot provided that even for mainstream macro
economic indicators theory and practice do not always line up perfectly.

> TheFor examplethe Brookings Institute founthat, R dzZNJA Y3 KS & D NB 112009 in $:OE Gitkier 2 v ¢
number of longterm unemployedosesharply, with more than 50% of unemployed staying out of work for more
than 21 weeks, more than 25% for more than a year and 10% for more than two years. See

http://www.b rookings.edu/opinions/2010/1105 jobs greenstone looney.a$p@ December 2010) for more
information.

®We locked down the database before new data became available.
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5.3 Principal Component Analysis

Principal Component Analysis@R is a statistical method to reduce dimensionality in hdiimensional
datasets and search for underlying latent concepts sushcampetitiveness, intelligenceand
environmental conscience. Therefore, it was of intefestis to examine how the selected indicators
relate to each other The results do nadeliver strong evidence for thexigence of latent constructs
but do show that the indicators are nantirely independent of each othefas already shown in the
correlation analysiswhich is used by the PCA as welletermine the principal components). When we
consider the proportion of variance explained by the principal componemts can identifyfour,
perhaps five main componentdhe screelot in Figure 5-21 shows that the explained amount of
variation declines markedly after the fifth principal componehBiplotof theseis shownin Figure5-22.

Screeplot of PCA on 60 variables (new data set)

Variances

g

Comp 1 Comp.3 Comp.5 Comp.7 Comp.9

Figure5-21: Screeplot of the variance explained by each principal component.

PCA reliemot only on mathematical relationships amg the selected indicatorsbut also on the
cautious and welinformed interpretation of the loadings and determination of potential underlying
latent constructsby the analystin addition to this potential weakness in using P®A also note that
for this analysignissing data were replaced lifie median of the respective indicator. This causes
changes in the distribution of the data and therefore also affects the results of thé’PCA.

The main principal components that emerge from the PCA contain some interesting groups of
indicators, showrin Table5-1 for the first four components.

"Herewe replaced betweer®% and 25% of missing values per indicatdntal of 13% of data gaps were
imputed, a moderate amount.
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Table5-1: The principal components and indicators loading most strongly on them.

1% component 2" component 3% component 4™ component
Unemployment Debt Govern_ment Householt_j
expenditures consumption

Government spending

Youthunemployment  Exports on education

Final consumption

GDP growth Total Trade Tertiary enrollment
Fixed capital formation Trade in services ga%ita emissions — pet
CQ emissions per GDP ANS GDP per capita
Current account . .
balance Energy intensity of GDF
-5 0 5 10
] ] ] ]
Ty = E
@
=]
- u
- o
- 7

Figure5-22: Biplot showing the principal components and indicator loadings.
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5.4 Cluster Analysis

We were also interested in understandimdnich countries are more similar to each other with respect
to the selected indicators. A cluster analysifers to a suite of statistical methods for classifying units
(e.g., countries) into groupsuch that units within a group are as similar to eateo as possible while
units in different groups are as different as possible with respect to a set of metrics of interest.

The cluster analysis we performelid not provide any dramatic new insights or surpridast mostly
confirmed the general percemth that the big four EU countrie&Sérmany Great Britain Fance and
Italy) form a cluster while the smaller EU members and the new members form separate cl@fters.
potential interest is the facthat the USc if added to the contry list ¢ stands out as being very
different, insofar ait forms its own clustet®

6. Summary and conclusions

This deliverable presented a series gqfantitative analyes of mainstream economic indicators and
selected alternative measureas a contribution to the efforts tdntegrate mainstream economic
indicators with sustainable development objectivasd to bridge the gap between theséwo main
types of indicators.The analyses involvedexamining scatterplots of selected vible pairsand
searching fotlinear correlatiors betweenthem; statistical analyses investigating the existence of latent
variablesand charting temporal trends of selected indicators and their comparison across countries

The correlations and scatter plots between indicators characterizing selected attributes of sustainability
confirm some welknown linkages, such asthe positive correlation between GDP and labour
productivity and the negative correlation between GDP amtkrgy intensity. In addition the
correlations revealedsome less weknown relationshipsFor example,there was astrong negative
correlation between employment raf®n the one hand, and loatgrm unemployment andhe share of
joblesshouseholds, on the other.

The relation$ips between the secalled mainrstream indicatorsF YR G KS G¢o6Se@2yR D5t €
demonstratethatD5t A& Fy AYLRNIFyYyd O2YLRY SyowitBstandvidaly @ G o Se
of its recognized andatriticized deficiencieas a measure of wellbeing and progre&DRcaninfluence

0KS @I fdzSa 27F (K 8rsdirantly, dydifelt inBlUsibnéas & ofrRpbrert dicamposite

indicator, or indirectly as a driver behind the processes representgdan indicator or composite

indicator. Theseconnectionsnot only confirm conventionalexpectationsabout the misleading signals

that GDP can send, for example, with respect to sustainable natural resourcandseonsumption

patterns, butalsounveilempirical information on a few controversiaksociations. For exampleany

social and some environmental indicators/indices correlate with GDP, at least to some, éxtsatne

cases indicating positive relationships between then addition to indicatingthat economic
performance as measured by GDR not always detrimental to the environment or societpis also

'8 |n the Appendix, we show heat maps for each year in the period-2008 (also to look at changes over time)
that reflect this individual position as well as showing the results of the complaster analysis.
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means that GDRould be used to estimate the values ioficators that are not directly observed,
measured or modelled.

The report also presents a series of plots on the temporal trend in selected economic, social and
environmental indicators. They show that some caseghe examined EU countries folled similar
paths, albeit at different levels (e.g., labour productivity), while in other cases, countries began to
diverge such as in the freight transportation sector. Lelegn unemployment has seen positive
declines in several countries with above eage ratesbut haslargelystagnated in countries at or below
0§KS 9! Qahighlighthhltha Seed for continued efforts in this important aspect of human
wellbeing and economic capacity. Income inequality remains high in several coumidebasalso
shown slightly upward trends in mamghers. This development is at least partially attributable to the
economic and financial crises that unfolded in 2007 and 2008se effects are still felt throughout the
Union. The immediate impadcif these crisess most impressively visualized in tlerge drop of GDP
growth and to a lesser extentin the stagnation or decline in per capita purchasing poweigeneral,

the time series plots help to discern if outliers or unusual correlatamesindicative of errors in the data

or represent relevant developments.

The database explored in this work package consistha® than 70indicators and issues that are

closely related. It therefore seemed prudent to examine opportunities to reducedimensionality of

the data set to a few meaningful and empirically supported latent concepts (or principal components).

The Principal Component Analysis (PCA) was also carried out to examine what indicators are associated

with the same latent variable. Fexample, would many of the mainstream economic performance
indicators load heavily on what could be termatid SO2y 2 YA O LINR RdzO0 A gaikilé | yR L
indicators associated with environmental protection and conservation would load strongly on an
opposing axis?

The findings indicate that this is not necessarily the case. The main principal component, for example, is

a mixture of economic performamcindicators such as GDP growth and fixed capital formatiout it

Ffaz2 NBFESOGa 2y (GKS adlddza 27F LIS2L) SQa LI NI AOALJN
and youth unemployment rates. According to welfare theory, economic progress is,dlidge only

sustainable if it is generated and shared by the majoritytled citizens of a country.Youth
unemployment is considered a signal indicator for growing problems in the future and a structural
gSEFE1ySaa Ay I O2dzy/uNEQA SO2y2YAO OF LI} OAGE

{AYATINIT & (GKS &aSO2yR LINAYOALI t O2YLRYSyd LINAYLF NJ
globalized economy: debt, exports, trade balance and current account balance are all benchmark
economic indicators used to examine economic competi@gsy dependency on world markets and

access to credit. Yet, the wédhown sustainability metric of Adjusted Net Savings (ANS) belongs to this
component as well. Since ANS measures the true rate of savings of an economy more correctly and
comprehensivelyhan Net National Income or other aggregates of the national accounts, it sheds light

2y 020K GKS O2dzyiNBQa |oAfAle G2 LINRPRdZOSThSO2y 2 YA
analysis and interpretation of the results of the PCA can be carneidrocomponents three and four
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andthey support the conclusion that economic, social and environmental factors can work in tandem
NF GKSN) GKFY Ay 2LIRAAGA2YS 6KAOK Aa | NBtESOryld Ay
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7. Statistical Appendix

7.1 Structural Indicators

Table7-1: Summary of indicators from the EU structural indicator database, their coverage, and classification as
economic, social, and environmental indicators
Type of Indicator

Indicator DataSource Time Coverage

Period

GDP total in market prices Economic EUROSTAT Structural Indicato| 20002011 | 36 countries
GDP total at market prices (in PPS) Economic EUROSTAT Structural Indicato| 20002011 | 35 countries
GDP per capita in PPS Economic EUROSTAT Structural Indicato| 20002011 | 35 countries
GDP growth rate Economic EUROSTAT Structural Indicato| 20002011 | 36 countries
Income of households, primary Economic EUROSTAT Structural Indicato| 19952006 | 23 countries
Income of householdslisposable Economic EUROSTAT Structural Indicato| 19952006 | 23 countries
Inequality of income distribution Social EUROSTAT Structural Indicato| 1997-2008 | 31 countries
Employment rate, total Economic/Social | EUROSTAT Structural Indicato| 19972008 | 35countries
Employment rate, females Economic/Social | EUROSTAT Structural Indicato| 1997-2008 | 35 countries
Employment rate of elderly workers Economic/Social | EUROSTAT Structural Indicato| 1997-2008 | 35 countries
(55-64 yrs)
Longterm unemployment rateotal Economic/Social | EUROSTAT Structural Indicato| 19922008 | 35 countries
Labour productivity per person Economic EUROSTAT Structural Indicato| 1997-2008 | 35 countries
Labour productivity per hour Economic EUROSTAT Structural Indicato| 19972008 | 31 caintries
Labour productivity growth per hour Economic EUROSTAT Structural Indicato| 1997-2008 | 30 countries
Dispersion of regional employment Economic EUROSTAT Structural Indicato| 19992007 | 19 countries
rates
Gross fixed capital formation (million | Economic EUROSTAT Structural Indicato| 20064 30 countries
Euro) 200992
General government fixed investmenty Economic EUROSTAT Structural Indicato| 19972008 | 30 countries
(million Euro)
Government fixed investment (percent| Economic EUROSTAStructural Indicators | 19972008 | 31 countries
of GDP)
General gross consolidated governme| Economic/Social | EUROSTAT Structural Indicato| 1997-2008 | 35 countries
debt (percent of GDP) (inter-

generational

equity)
Comparative price level indices Economic EUROSTAT Structural Indicato[ 1997-2008 | 39 countries
(EU27=100)
Comparative price level of final Economic EUROSTAT Structural Indicato[ 1997-2008 | 35 countries
consumption by private households
(EU27=100)
Gross fixed capital formation by the Economic EUROSTAT Structural Indicato| 1997-2008 | 30 countries
private sector (percet of GDP)
Gross inland consumption of energy | Environmental EUROSTAT Structural Indicato| 19962007 | 34 countries
divided by GDP (kilogram of oll
equivalent per 1000 Euro)
Total wastegeneration Environmental EUROSTAT Structural Indicato] MRYA 29 countries
Hazardous waste generation Environmental EUROSTAT Structural Indicatol MRYA 29 countries
Non-hazardous waste generation Environmental EUROSTAT Structural Indicatol MRYA 29 countries
Totalwaste generation Environmental EUROSTAT Structural Indicato] MRYA 29 countries
GHG emissions (CO2 equivalents) Environmental EUROSTAT Structural Indicato| 19962007 | 33 countries
GHG emissions indexed Environmental EUROSTAT Structuhadlicators | 19902007 | 33 countries
Volume of freight transport relative to | Environmental EUROSTAT Structural Indicato| 19962007 | 29 countries

GDP
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Youth education attaintment level Social EUROSTAT Structural Indicato| 19972008 | 33 countries
Youtheducation attainment level, Social EUROSTAT Structural Indicato| 19972008 | 33 countries
females

Youth education attainment level, Social EUROSTAT Structural Indicato| 19972008 | 33 countries
males

Gross domestic expenditure on R&D | Economic EUROSTAT Sttural Indicators | 1997-2008 | 34 countries
At-risk-of-poverty rate after social Social EUROSTAT Structural Indicato| 1997-2008 | 29 countries

transfers
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Table7-2: Matrix of correlations between selected economic, social and environmental indicators.
(example shows the case of Germany)

DE 102 103 104 201 202 203 301 302 303 305 401 402 601 701 801 802 803 901 1001 1002 1003 1004 1201 1301 1601 1801 1901 1902 1904 2001 2002
gdp-per-ppp-dp-gr-nme-pat-incdisposiploymrmploy:mploy:ople ir-prodod pelovt-dempPrivestmi-inveinvestrgy-intFema-Malee (at ¢ (at agnon-bg-emisightTrini-cocEdu-s=du-se (age gerd%rd-per
gdp-percap 102 1.00
gdp-ppp-f 103 0.98 1.00
gdp-gr-rate 104 0.11 0.06 1.00
hhold-inco 201 0.99 0.96 -0.02 1.00
net-nat-inc 202 0.98 1.00 0.08 0.96 1.00
net-nat-dis 203 0.98 1.00 0.09 0.96 1.00 1.00
employm- 301 0.93 0.89 0.17 0.87 0.89 0.89 1.00
unemployl 302 0.37 0.12 -0.11 0.38 0.13 0.13 -0.36 1.00
unemploy- 303 0.47 0.36 0.17 0.51 0.38 0.38 -0.14 0.92 1.00
jobless hh 305 -0.09 -0.54 -0.17 -0.28 -0.53 -0.52 -0.81 0.81 0.52 1.00
labour-pro 401 -0.59 -0.56 0.43 -0.17 -0.54 -0.54 -0.43 -0.11 -0.14 0.14 1.00
labour-pro 402 0.97 0.98 0.11 0.95 0.97 0.97 0.83 0.46 0.58 -0.01 -0.55 1.00
govt-debt 601 0.92 0.88 0.07 0.79 0.88 0.88 0.55 0.68 0.78 0.32 -0.47 0.93 1.00
compPrice 701 -0.78 -0.87 -0.10 -0.78 -0.85 -0.86 -0.78 -0.24 -0.44 0.35 0.49 -0.92 -0.85 1.00
business-i 801 -0.82 -0.73 0.23 -0.82 -0.71 -0.71 -0.28 -0.66 -0.68 -0.24 0.54 -0.87 -0.83 0.67 1.00
fixed-inves 802 0.20 0.29 -0.05 0.12 0.26 0.26 0.09 0.00 0.03 -0.15 -0.29 0.35 0.30 -0.58 -0.14 1.00
fixed-inves 803 -0.08 0.00 -0.05 -0.08 -0.02 -0.02 -0.54 0.00 -0.04 0.03 -0.11 0.07 0.08 -0.35 0.06 0.96 1.00
energy-intt 901 -0.94 -0.95 -0.29 -0.92 -0.93 -0.93 -0.93 -0.40 -0.53 0.10 0.44 -0.94 0.73 0.89 0.77 -0.24 -0.0. 1.00
healthy-life 1001 -0.75 -0.77 -0.14 -0.64 -0.80 -0.80 -0.65 -0.65 -0.83 0.07 0.16 -0.69 -0.85 0.60 0.62 0.03 0.21 0.62 1.00
healthy-life 1002 -0.39 -0.40 -0.18 -0.23 -0.45 -0.4% -0.48 -0.60 -0.72 -0.14 -0.05 -0.27 -0.55 0.18 0.26 0.28 0.37 0.22 0.87 1.00
life-exp-fe1 1003 0.98 0.99 0.17 0.93 0.98 0.98 0.89 0.42 0.57 -0.07 -0.57 0.99 0.79 -0.92 -0.83 0.34 0.06 0.20 -0.74 -0.34 1.00
life-exp-mi 1004 0.97 0.99 0.12 0.95 0.98 0.98 0.86 0.42 0.57 -0.08 -0.59 0.99 0.75 -0.91 -0.86 0.33 0.05 0.14 -0.74 -0.34 0.99 1.00
common-kt 1201 -0.70 -0.89 -0.08 -0.91 -0.87 -0.87 -0.71 -0.39 -0.57 0.02 0.33 -0.78 -0.57 0.77 0.77 -0.12 0.06 0.82 0.45 0.00 -0.77 -0.81 1.00
ghg-emiss 1301 -0.95 -0.93 -0.20 -0.86 -0.90 -0.91 -0.84 -0.55 -0.65 -0.11 0.51 -0.96 -0.87 0.92 0.81 -0.27 -0.05 -0.35 0.67 0.28 -0.97 -0.95 0.73 1.00
freightTran 1601 0.95 0.96 0.30 0.91 0.97 0.97 0.90 0.34 0.60 -0.39 -0.34 0.91 0.84 -0.82 -0.63 0.11 -0.12 -0.92 -0.82 -0.52 0.95 0.94 -0.81 -0.90 1.00
gini-coeff. 1801 0.62 0.50 -0.02 0.02 0.53 0.53 0.94 -0.25 -0.10 -0.53 -0.42 0.39 0.27 -0.04 -0.34 -0.36 -0.53 -0.26 -0.37 -0.49 0.38 0.41 0.08 -0.11 0.40 1.00
youthEdu- 1901 -0.81 -0.72 0.00 -0.77 -0.70 -0.70 -0.21 -0.62 -0.70 -0.28 0.45 -0.90 -0.94 0.89 0.82 -0.66 -0.50 0.75 0.59 0.18 -0.86 -0.85 0.62 0.85 -0.68 0.14 1.00
TotalEdu-s 1902 0.85 0.87 0.09 0.85 0.86 0.86 0.71 0.28 0.39 -0.15 -0.60 0.83 0.66 -0.70 -0.77 0.03 -0.23 -0.85 -0.54 -0.14 0.83 0.85 -0.85 -0.80 0.76 0.56 -0.55 1.00
early-scho 1904 -0.46 -0.40 0.44 -0.19 -0.39 -0.39 -0.33 0.03 -0.01 0.18 0.57 -0.42 -0.20 0.19 0.52 0.14 0.39 0.11 0.02 -0.13 -0.36 -0.41 0.24 0.02 -0.09 -0.60 0.22 -0.62 1.00
gerd% 2001 0.63 0.91 0.00 0.91 0.88 0.88 0.78 0.12 0.34 -0.37 -0.60 0.72 0.47 -0.88 -0.64 0.37 0.11 -0.70 -0.48 -0.02 0.71 0.76 -0.85 -0.62 0.79 0.30 -0.70 0.79 -0.32 1.00
gerd-percapoo2 0.87 0.96 0.10 0.95 0.94 0.94 0.90 0.20 0.39 -0.30 -0.61 0.91 0.72 -0.88 -0.76 0.35 0.07 -0.91 -0.58 -0.14 0.91 0.94 -0.91 -0.86 0.88 0.40 -0.77 0.85 -0.38 0.93 1.0(




7.3 Time Series Analysis

The following graphshow additional time series plots that were not presented or discussed in the main
part of the report.
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Figure7-1: Primary household income for selected countries for 262006.
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Figure7-2: Disposable household income for selected countries for 2R0D6.
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Figure7-3: Female employment rate for selected countries for 202008.
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Figure7-4: Employment rate of elderly workers (aged 58! years) for selected countries for 20€D08.
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Figure7-5: Labour productivity per hour worked for selected countries for 262008
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Figure7-6: Growth in hourly labour productivity for selected countries for 20€2D08.
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Figure7-8: Government fixed investment as percent of GDP for selected countries for Z0UIB.
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Figure7-9: Government debt (consolidated) as percent of GDP for selected countries for -2003.
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Figure7-10: Comparative price levels compared to the EU27 index (=100) for selected countries forZ0iR)
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