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Abstract

This paper reports results of the study ,,Green economy: Measuring sustainable welfare
using SEEA data®. It contributes to measuring the progress towards green economy and its
understanding for political decision making process in Germany. The definition of green
economy follows the BMU approach of 2012. The concept to measure the green economy
consists of six different dimensions: (A) use of natural resources and environmental
damages, (B) natural capital, (C) environmental quality of life, (D) green economy:
economic dimension and fields of action, (E) policies: institutional framework and
measures, and (F) background information on economic and social development. For each
dimension the concept includes indicators that can be generated from available data and in
part have characteristics of desirable indicators. The concept is tested for Germany using
scenario analysis (PANTA RHEI model) with regard to the energy transition (‘Ener-
giewende’). Many indicators improve despite some trade-offs such as increases in resource
use.
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1 INTRODUCTION

Coinciding with the alarming reports on the global climate change and the state of the
earth’s ecosystems (e.g. MEA 2005, Rockstrom et al. 2009, Steffen et al. 2015), the global
economy has experienced a sudden and painful economic and financial crisis beginning in
2008. This “double crisis” of economy and ecology (Bina & La Camera 2011) has intensi-
fied the search for solutions aiming at a new, social and ecological sustainable economy
beyond simple growth strategies (Hertwich & Peters 2009, Wiedmann et al. 2014,
Zieschank & Diefenbacher 2010, Diefenbacher, Zieschank & Rodenhduser 2010). An
emerging promising strategy has become “green economy” driven by public and private
investments that reduce carbon emissions and pollution, enhance energy and resource
efficiency, and prevent the loss of biodiversity and ecosystem services, as defined by the
United Nations Environment Programme in its report “Towards a Green Economy:
Pathways to Sustainable Development and Poverty Eradication” (UNEP 2011). Although
conservative in nature due to its reliance on markets and technology (Brockington 2011),
this detailed and thorough report provided an important foundation for the Rio+20 summit,
during which representatives of 191 countries discussed a green economy in the context of
sustainable development and poverty eradication as one of its only two topics. In the
meeting’s concluding UN resolution “The Future We Want” (2012), the international
community officially acknowledged for the first time that green economy may enhance the
ability to manage natural resources sustainably and with lower negative environmental
impacts, to increase resource efficiency and reduce waste, even though no international
commitments have been achieved, as Barbier (2012) emphasized in his critique.

As reflected by Bina (2013), the notion of green economy is far from being universally
shared, ranging from business-as-usual to all-change strategies. By the definition of the
German Federal Ministry for the Environment (BMU 2012), the term green economy
describes an economic strategy that protects the climate, that continually reduces harmful
emissions and pollutant inputs into the environment, that is based on closed cycle and
waste management, that reduces the use of resources in absolute terms and that strictly acts
in harmony with nature and environment. The concept of the green economy positively
connects ecology and economy to increase social welfare and advance social justice. The
concept is regarded as an example for an environmentally responsive economic develop-
ment. It requires an action plan for all stakeholders in economy and society on the goods,
labour and financial market, with regard to both supply and demand (BMU 2012).

Additionally, a green economy is supposed to contribute to the decrease of the risk level
which was established historically and which affects natural, social as well as economic
capital (Zieschank & Diefenbacher 2010, World Bank 2011). The risks imposed by the
climate change, the loss of biodiversity, overfishing and ocean acidification or the increas-
ing water scarcity endanger social welfare in many regions worldwide and the associated
policy challenges are recognized by the OECD as well. Hence the conflict between
ecology and economy does no longer exist in its fundamental form, when taking risk
minimization into account (OECD 2011a).

In the study “Green Economy: Measuring sustainable welfare using System of Envi-
ronmental and Economic Accounting (SEEA) data® (UBA 2013), which this paper is
largely based upon, a measurement concept has been developed against the background of
the current discussion centered around a green economy and measuring sustainable
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welfare. Previous efforts by political and economic agents towards a green economy have
not been easily recognizable and measurable, at least in a systematic and consistent way.
The concept is based on an ecological welfare concept and applicable for environmental
policy and societal transformation strategies. The related indicators are fillable with actual
or estimated data, while at the same time some aspects of the concept generate new
information requirements. Social aspects of a green economy are also taken into account,
as long as they are related to environmental or economic impacts. Moreover, the concept
includes further elements of welfare measurement such as interfaces between environment
and health as well as justice.

The analytical focus regarding the development of indicators is set on the interlinkages
between economy and environment. With regard to the environment, the most important
issues and fields of action are considered and interlinked with the economically caused
environmental pressures and according changes of the environmental condition. In addi-
tion, the indicator set accounts for both producers and those affected by environmental
changes. Concerning the economy, both the output side, i.e. domestic production etc., and
the expenditure side, e.g. consumption, are included. Additionally, both the macro and the
meso level, i.e. the economic structure given by economic sectors, are illustrated.

Overall, the concept is on the one hand supposed to serve the monitoring of progress
towards a green economy (ex-post). On the other hand, an estimation of options for action
should be possible with some of the proposed indicators (ex-ante).

The article is divided into five sections. The following section 2 briefly discusses rele-
vant existing measurement concepts and examines their applicability on the development
of the concept presented here. Afterwards, the actual measurement concept for the progress
towards a green economy is introduced (section 3). In section 4, results of a practical test
with regard to the case of energy transition in Germany (“Energiewende”) are presented,
focusing mainly on data availability and validity of a chosen subset of indicators. It is
important to note that the requirements for a national documentation of changes towards a
green economy and the requirements for a scenario analysis with regard to particular fields
of action and instruments of environmental policy are different with respect to content and
cannot be fully integrated. The final section 5 focuses on conclusions, further applications
of the indicator concept and future lines of research.

2 SYNOPSIS OF RELEVANT NATIONAL AND INTERNATIONAL MEASUREMENT
CONCEPTS

In this section, relevant (also model-based) contributions to the measurement of pro-
gress towards a green economy are briefly examined. The evaluation particularly points
out to which extent beyond a narrow consideration of economic measurement and few
environmental indicators the topic of green economy and welfare measurement is captured
by the existing studies. The analysis highlights approaches that improve the measuring of a
green economy by innovatively connecting indicators.

The synopsis clearly shows that the indicators so far available for the green economy
field have hardly been fleshed out with respect to a more comprehensive notion of welfare.
In addition, the given indicator sets concerning welfare measurement that are advanced in
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comparison with the GDP are not universally designed to capture processes of a green
economy in a more detailed way.

Only the approaches in the research project IN-STREAM (Bosello et al. 2011), by Eu-
ropean Commission (“iGrowGreen”) and the OECD (2011b) that are based on indicators
can be regarded as highly important, especially regarding the realization of the latter in
Germany (Federal Statistical Office of Germany 2013) and the Netherlands (Statistics
Netherlands 2011). Although the indicator set of the Dutch Statistical Office based on the
OECD green growth approach neglects the social dimension of economic and environmen-
tal development, it can serve as a basis of comparison. This is also valid regarding the
OECD indicators of the Federal Statistical Office developed for Germany, which are
discussed in the next section.

The global modelling approach of UNEP (2011) is intriguing due to the consideration of
natural resources in the production function as well as the inclusion of green investments
as part of a green economy strategy. Based on similar methodology, Musango et al. (2012)
present a respective ex-ante modelling approach for South Africa. In the context of
degrowth-transitions towards a sustainable steady state O’Neill (2012) defines a complete
set of idealized indicators, divided into biophysical and social accounts. Bartelmus (2015)
argues however, that available economic-environmental accounts already provide most of
the necessary information.

The report of the Stiglitz-Sen-Fitoussi commission (2009) with its mainly conceptual
approach is less helpful. Likewise, the joint work of the councils of French and German
experts CAE & SVR (2010) that make interesting demands concerning future indicators,
can hardly provide anything new regarding the main purpose of the paper.

The modelling approaches are particularly relevant regarding the practical test presented
in section 4. Among them, an analysis of a study carried out by Jager et al. (2011) shows
that the approach is quite conventional concerning the contained indicators. Due to its
inclusion of the international dimension and the utilization of very detailed environmental
indicators, especially regarding the construction of the concept, the approach of the Swiss
Federal Office for the Environment (FOEM 2011) is found to be relevant. In addition, the
findings of some modelling studies (Meyer et al. 2012, Barker et al. 2011) could be taken
into account.

Conversely, an examination of the WBCSD Vision 2050 (2011) has shown that it is not
applicable for green economy measuring, except for the ecological footprint, which is used
as an indicator of the international ecological dimension of sustainability.

Due to their logic of construction, composite indicators such as Adjusted National Sav-
ings (ANS, World Bank 2011) and National Welfare Index (NWI, Diefenbacher &
Zieschank et al. 2013) as aggregated figures are not suitable for an implementation in a
complex indicator system, particularly because some of their monetary valuations are yet
preliminary. However, some subcomponents of the indices play a role with regard to the
economic costs of damage caused by environmental pressures. Other studies concerning a
correction of the GDP estimation consistent with welfare (with composite indicators such
as ISEW (Daly & Cobb 1994) and GPI (e.g. Kubiszewski et al. 2014)) are not further
followed in this analysis, because the studies follow the same logic of an aggregated
monetary index. Nevertheless, these concepts of economic, ecological and social welfare
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generate important inputs for designing the framework of a green economy indicator
system, as described in the next section.

Finally, approaches in the area of ecosystem services research, in particular the interna-
tional TEEB (2010) studies, appear to be promising. However, in their current state they
have only been taken up conceptually in the indicator system to measure a green economy,
as empirical and workable indicators on the national level are still missing.

3 THE CONCEPT TO MEASURE PROGRESS TOWARDS A GREEN ECONOMY

3.1 CORE ELEMENTS

Against the background presented in section 1, two approaches that could provide a
conceptual-theoretical input in order to create a German measurement concept for a green
economy and possible impulses for an increase of welfare, are subsequently highlighted in
more detail.

The first relevant approach concerns the OECD initiative for the fostering of a green
growth (OECD 2011a), in which the OECD has acknowledged that the pursuit of a green
economic growth has to be very closely linked to an indicator set allowing the documenta-
tion of the transformation process itself as well as its expected successes. Accordingly, it
has suggested an extensive set of sub indicators on international level to support the
reporting of interested countries (OECD 2011b). The Federal Statistical Office of Germany
has undertaken a more concrete implementation, presenting an indicator set constructed by
following OECD guidelines (Federal Statistical Office of Germany 2013). Here most of
the green growth indicators chosen by the OECD were implemented in a statistically
adequate way, especially using data from the System of Environmental and Economic
Accounting (SEEA). Due to their quality and thematic congruence with relevant sectors of
a green economy, they could serve as a good basis for further analyses.

In the conceptual structure underlying the OECD approach, inputs (labour, capital,
natural assets and environmental services) are transformed in production processes into
goods that are demanded by other businesses, consumed by households or exported.
Especially natural assets are supposed to be used sparingly and efficiently in order to
contribute to a green economic growth. At the same time, emissions and waste or, respec-
tively, environmental pressures in general are to be reduced. The individual parts of the
OECD system (economy, environment and policies) are connected to four groups of
indicators that cover (1) environment and resource productivity, (2) natural capital, (3)
environmental quality of life as well as (4) economic opportunities and political reactions.
The indicator set of the SEEA as an application of the OECD concept for Germany covers
numerous single indicators for each of these groups (Federal Statistical Office of Germany
2013).

The second building block for the creation of a measurement concept to capture a green
economy is a study in the context of the project “Basic points of an environmentally
acceptable welfare concept as a foundation for environmental policy innovation and
transformation processes” (cf. Meyer, Ahlert, Zieschank & Diefenbacher 2013, Ahlert et
al. 2014). The results of this study serve as a conceptual framework to identify and
structure the different dimensions or indicators to measure a green economy. Thus, a
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sustainable welfare concept consists among others of a so-called “positive” model that
contains the complex linkages between the environmental, the economic and the social
system, as well as a “normative” model in which the alternatives for action can be located
and estimated based on politically, administratively, ethically and socially established
goals.

Within the concept, the notion of social welfare exceeds economic growth and an in-
crease of the GPD as it involves both material and immaterial components of social
prosperity. This means that welfare results from the combined application of economic
goods and infrastructures (real economic and financial capital), skills and relationships in
the society (human and social capital) and the available wealth of a country in the form of
resources, ecosystems and their functions (natural capital) (Zieschank & Diefenbacher
2012). In this sense, nature is recognized as an explicit productive factor and not only as a
natural resource, as advocated for example by Dasgupta (2008).

Such a welfare concept requires an optimization of welfare (i.e. the realization of eco-
nomic and social goals) subject to the condition that important environmental objectives
are achieved. Above all, this implicates a strategy of absolute decoupling of the environ-
mental pressures from the economic development. As the measuring of a green economy is
understood as an ambitious task, involving contributions towards achieving environmental
goals, the question of appropriate reference points arises.

In addition to the given main parts on which the intended measurement of a green econ-
omy can be based — on the one hand categories with indicator suggestions from the OECD
and on the other hand the new conceptual frame of an ecological welfare model — some
theoretical assumptions and conceptual ideas from the political economy and the environ-
mental policy research are included.

The basis of a theoretical argumentation for the necessity of a green economy is the
problem of the “externalization” of associated costs of economic activity. Thus, the thesis
that a green economy will constitute the modern counterpart to the development of a social
market economy, which has prevented the negative social outcomes of the industrialization
and reduced its negative impacts, is supported. Similarly, the negative environmental
consequences of the progressing industrialization can only be overcome appropriately by
the development of a green economy that needs to be initiated and supported by a function-
ing environmental policy oriented towards sustainability.

Overcoming the environmental problems caused by economic processes is a central
component of a modern welfare concept, if one takes natural capital into account as a
crucial basis of social wellbeing and progress (cf. Zieschank & Diefenbacher 2010, World
Bank 2011, SRU 2012). As a result, the thesis can therefore be supported, that the modern
welfare state is based on the regulation and at least partly on the overcoming of social as
well as ecological risk situations.

From this, several conclusions that exceed the OECD approach and simultaneously fit
well into the concept of social welfare as an increase of economic, social and natural
capital can be drawn for a concept to measure a green economy. The main conclusion is
that nature and environment should become an integral component of an economic
accounting. Supporting arguments for this integration are included in Bartelmus (2015). A
stronger inclusion of the production functions of nature (ecosystem services) is desirable
but at the same time very challenging (Kallis et al. 2013).

© GWS mbH 2015



gWws Discussion Paper 2015/3

Regarding the costs of violation of the ecological limits, accounting of environmental
damages brought by production and consumption activities in a country has to be an
integral component to capture the state of a green economy as well. An amortization of
environmental investments that do not only have an ecological value but can also generate
an economic value added for the society is more likely as the specific time horizon is
prolonged into the future. The demand for an intelligent overall accounting with an
adequate indicator system that displays the physical environmental pressures and reliefs on
a national level in the long term can be deduced from this.

This logic leads to the concluding understanding of a green economy as being character-
ized by socioeconomic development processes in the economic system and by an intensive
interaction with the political system, taking into account the limits of ecological sustaina-
bility, although these limits are formulated more or less strictly in different studies (e.g.
Hayer et al. 2015, Steffen et al. 2015, United Nations 1992, 2014). Hence, green economy
is equally a development process as well as a strongly politically influenced transformation
process.

3.2 MEASUREMENT CONCEPT

In the proposed measurement concept six different dimensions and according groups of
indicators as well as socioeconomic framework data are distinguished: (A) natural resource
use and environmental damages, (B) natural capital, (C) environmental quality of life, (D)
green economy: economic dimension and fields of action, (E) policies: institutional
framework and measures, as well as (F) background information on economic and social
development.

An illustration is displayed by Figure 1, which is partly related to the OECD Green
Economy systematic, but contains new dimensions and relevant linkages between the main
parts. The individual concept dimensions indicated with capital letters are associated with
groups of indicators as their subcategories.

The core concept consists of two main dimensions, economy and environment, which
have diverse interlinkages. The environment is important for the socioeconomic sector
especially in its function as resource, as sink and as producer (or carrier) of ecosystem
services. In the “traditional” socioeconomic system, only natural resources and the produc-
tion factors labour and real capital provided by private households are transformed into
goods and services in production processes. Additionally, financial capital, that can be
transformed into real capital originates from company profits, the financial sector (for
example private equity funds) or the central banks, has meanwhile become a new driving
force to generate economic activities. Both production and consumption cause significant
harmful environmental impacts that occur due to resource extraction, physical interven-
tions in nature and landscape as well as emissions. As the study focuses on the national
level, the situation in Germany is primarily highlighted at this stage; partial aspects of the
international linkages are nevertheless kept in mind.

The logic of the concept is reflected by a broad set of around 100 indicators selected on
the basis of existing measuring approaches. The indicators are preferably aggregated and
proportional measures, i.e. related to national level or being percentage shares. Some of
them are marked as “core indicators” due to their special importance and presentability.
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The selection of the core indicators was undertaken depending on whether they can be
connected with specific environmental policy goals so that directional reliability concern-
ing their interpretation is ensured and the information value of practical tests can be
increased. Furthermore, they can generally be considered as sufficiently established on the
basis of broad literature evaluations and tested by statistical offices or, respectively, a part
of officially published sets of indicators. Moreover, a compatibility with international
indicator concepts is an additional advantage. The foundation is in part established by the
SEEA data that was used to test the green growth approach in Germany too (Federal
Statistical Office of Germany 2013).

Figure 1: Concept to measure progress towards a green economy

F. Background information: economic and social development

Production Labour market
Consumption Distribution
Defensive environmental protection expenditures Finances
E. Policies:
Green competences institutional
framework and

measures

D. Green Economy: economic dimension and fields of action

Policy measures for a
Green Economy
Reducing environmentally
harmful subsidies
Environmental taxation
and tradable
emission permits
Political measures,
management
and regulation
Counsel and information

Economic contribution of Green Economy
Resource management and emission abatement
Green finances

Corporations Households Government

A I

A. Use of the environment C.
Environmental

Physical Environmental quality of life
resource use burdens (physical)

(domestic Environmental

Health
and global) damages (monetary) o aliiy of/Iife
Ecosystem Natural capital

services investments

Resource
function

B. Natural capital

Resource stocks
Biodiversity
Ecosystems © GWS /FFU

Source: own illustration.

Certain indicators that benefit from the conceptual foundation can currently not be de-
veloped mainly due to data limitations. They are marked as desirable indicators, which
may be provided by public institutions in principle in the medium and long term. To a
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large extent, the statistical data available in the year 2015 still draw from the ideas of the
1980s and 1990s, when end-of-pipe environment protection was focused upon.

The following detailed description of the concept is supported by indicator examples
referring to some of its dimensions and categories.

Activities of private and public companies as well as consumers that decide on the
transformation process towards a green economy take place in the economic system.
Ecological modernization measures and modified consumption habits imply a growing
economic importance of green sectors (dimension D) as e.g. increasing value added on the
one hand. On the other hand, they can decrease the usage of the natural resources (dis-
played in the indicator table 1) and the pressures on the natural environment (dimension A)
at the same time.

Table 1: Indicators of the category physical resource use (domestic)

Dimension A: natural resource use and environmental damages
Category: physical resource use (domestic)

Indicator/Index: Energy use
Water use
Land use (settlement, transportation)
Domestic material input
Domestic material consumption
Wood extraction
Fish supply (from inland waters)

This progress is not only limited to the environmental protection industry but also in-
volves the classical economic sectors that are interrelated. Particularly, the adoption of
measures to increase resource and energy efficiency as well as emission reduction in these
sectors, which, in many cases, is not policy-driven, is a key to the “mainstreaming” of
environmental aspects and leads to an expansion of the green economy. At the same time,
the awareness is growing that the classical separation in “green” and “brown” sectors of
the economy has become obsolete and many classical sectors such as steel production or
machinery can be central shapers of the green economy today (e. g. World Steel Associa-
tion 2012). Table A in the appendix shows the concept indicators pertaining to resource
management and emission abatement.

The financial economy plays an important, albeit ambivalent role in these processes. On
the one hand, “green finance” provides a basis for environmental investments and innova-
tions as private small and wholesale investors such as pension funds increasingly invest in
accordance with ecological criteria. According to Barbier (2011), the funding problem
poses the second most important challenge for green economy besides addressing further
sustainability by markets, policy and institutions. On the other hand, the financial markets
still tend to disregard environmental aspects in their profit-maximizing calculus. This is
especially important in times of the financial crisis, as disruptions of the financial markets’
core functions endanger the realization of important environmental projects.

© GWS mbH 2015
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The further development of the German economy towards a green economy is support-
ed by the accumulation of “green competences” that have evolved by now and have
become drivers of the transformation in Germany. This qualitative category contains
according knowledge from the research and education sector, but also practical knowledge
for example in mechanical engineering, new knowledge-intensive technologies and
complementary qualifications as well as a high innovation capability in general. Included
are also competences on political and administrative level, for example with regard to
regulations and programs such as increasing of resource efficiency.

The natural environment is subject to negative changes due to production and consump-
tion that entail the excessive depletion of natural resources, the excessive pressures on the
ecosystem capacity as well as the exceeding of absorption boundaries for emissions and
waste. The stock of natural assets (B) and their quality are reduced or degraded due to
these flows. However, in this conception of a green economy it has to be emphasized that
there is a possibility of a partial natural capital built-up by adequate investments. Moreo-
ver, the relevant ecosystem functions and services that are important for humans can be
secured by the maintaining of ecosystems. If natural capital is seen as a major element of
welfare for the economy and the society, then investments to foster the natural capital basis
(indicator examples are given by Table 2) are an important and future-oriented task.

Table 2: Indicators of the category natural capital investments

Dimension B: natural capital
Category: natural capital investments

Indicator/Index: Expenditure for nature protection
Protected areas
Agricultural environmental protection measures
Expenditures for "green corridors™ for biotope networking
"Green" foreign aid

Meanwhile, the intensive use of nature and the generated pressures, in particular by
emissions, do not only reduce natural stocks and potentials, they are also harmful for
humans whose health and life quality is negatively affected as well (C). Besides, questions
of distributional and social justice up to and including ethics are relevant due to the
differences in vulnerability between social groups. This is valid regarding both physical
and financial aspects. In principle, these questions would have to include the intergenera-
tional dimension too (Diefenbacher, Zieschank, Duewell & Leggewie 2014).

Due to ecological modernization processes and economic structural change the use of
resources, emissions and the excessive stress on ecosystem services can be reduced while
the natural capital on the one hand as well as the environmental quality of life on the other
hand can be maintained or in some cases increased. In this sense, it is important for welfare
development of a society to what extent the costs of environmental damages and the
expenses for the elimination or removal of these damages could be accounted for (Diefen-
bacher, Zieschank, Held & Rodenhduser 2013). It cannot be assumed, however, that
ecological degradation processes and damages can be universally reversed.
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The transformation towards a green economy is inter alia dependent on institutional
frameworks and measures (E) that offer incentives for companies and households and that
directly affect the production and consumption sphere. Ideally, the environmental policy
measures trigger a change of business activities and the behaviour of the population,
consisting of private consumers and social stakeholders. In this respect, green economy is
eventually a result of the interlinkages between economic stakeholders, institutional
frameworks and measures as well as consumers and stakeholders of the civil society.
Finally, the transformation to a green economy has to be seen in relation to further eco-
nomic and social developments such as employment rate or the more conventional GDP
(F). Such important background information is not directly part of the measurement
concept, but it helps to put the development into context.

4 PRACTICAL TEST: EX-ANTE SIMULATION OF POLICY INSTRUMENTS IN THE
ENERGY-SECTOR

Statistically available indicators were included in a practical test of feasibility and in-
formative value of the concept in model analyses, which was conducted with the economy-
energy-environment model PANTA RHEI (Lutz et al. 2005, Meyer et al. 2007, Lehr et al.
2008, Meyer et al. 2012). The behavioral equations of the model reflect bounded rationali-
ty rather than optimizing behavior of agents. All parameters are estimated econometrically
from time series data from 1991 to 2010. Producer prices are the result of mark-up calcula-
tions of firms. Output decisions follow observable historic developments, including
observed inefficiencies rather than optimal choices. The use of econometrically estimated
equations means that agents have only myopic expectations and follow routines developed
in the past. This implies in contrast to optimization models that markets will not necessari-
ly be in an optimum and non-market (energy and environmental) policy interventions can
have positive economic impacts.

A detailed description of the economic part of the model is presented in Maier et al.
(2015). For detail of the complete model see Lutz (2011). Among others it has been used
for economic evaluation of different energy scenarios that have been the basis for the
German energy concept in 2010 (Lindenberger et al. 2010, Nagl et al. 2011), a recent
energy reference forecast (Lutz et al. 2014a) and evaluation of the German energy transi-
tion within the monitoring process (GWS, Prognos, EWI 2014). Applications also include
an evaluation of green ICT (Welfens & Lutz 2012), and employment impacts of renewable
energy promotion (Lehr et al. 2012) and energy efficiency policies (Lutz et al. 2014b, Lutz
& Lehr 2014).

Most indicators used in the practical test stem from the concept dimension “green econ-
omy: economic dimension and fields of action” (D). Some indicators were also taken from
different categories of the dimension “natural resource use and environmental damages”
(A), one indicator belongs to dimension “policies: institutional framework and measures”
(E). Many indicators originate from the dimension “background information on economic
and social development” (F) as well. However, indicators from dimension “environmental
quality of life” (C) could not be used for the extended practical test. The situation regard-
ing measures from the dimension ‘“natural capital” (B) is similarly unsatisfying. An
inclusion of indicators for natural gas, carbon and wood stock is nevertheless at least
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possible. All “wish indicators” that were not included in the practical test belong to
measures that cannot be provided by the official statistics producers or other comparable
institutions yet, but are components of the measurement concept for good reason.

Especially indicators from dimension A (water utilization, land consumption, wood
extraction, air pollutant emissions and their damage costs) are realizable in the future
depending on some advanced modelling extensions. In addition, indicators for the macroe-
conomic importance of green economy and the material productivity belonging to dimen-
sion D can be calculated. Moreover, the inclusion of CO> emission certificates is possible.
Further background information can be included as well.

The core of the practical test is the comparison of two different scenario calculations,
one of which contains policy interventions by means of selected individual indicators of
the newly developed measurement concept.

The energy sector in Germany was chosen as a current, relevant case of application. The
simulations have been taken from the study “Economic evaluation of climate protection
measures and instruments of different policy scenarios” for the Federal Environment
Agency (Lehr et al. 2013, Lutz et al. 2014b). The policy scenarios for the climate protec-
tion VI (Oko-Institut et al. 2013) are the basis of the model-based analysis of the macroe-
conomic effects of climate protection measures. The policy scenarios concentrate on the
illustration of climate protection measures in two scenarios: the Current Policies Scenario
(CPS) takes all measures into consideration that have been implemented until 8 July 2011.
The Energy Transition Scenario (ETS) also includes additional measures that contribute to
the achievement of the climate protection goals of the German Government until 2030.
Differences between the indicators, and hence between the measured welfare in both
scenarios can be traced back to the measures of the scenario ETS then.

Compared to the scenario CPS, the scenario ETS is characterized by the need for addi-
tional investments in the extent of 25 to almost 40 billion Euros annually. These invest-
ments concentrate on energy efficiency measures and, as such, particularly on modernizing
insulation of buildings. As a result, the gross domestic product in the scenario ETS is
higher than in the ACS by 24 to 30 billion Euros. Positive employment effects range
around 200 thousand additional employees.

The positive macroeconomic effects of the examined climate protection measures in the
scenario EWS appear to be robust to changes of central assumptions. The results confirm
findings of other studies about the macroeconomic effects of climate protection measures,
in particular for the improvement of energy efficiency in Germany, both in direction and
magnitude. Similar positive macroeconomic results are reported in country studies for
Germany (Kuckshinrichs et al. 2012, Blazejczak et al. 2014) with annual net employment
gains of some hundred thousand jobs due to additional energy efficiency measures and
other countries such as Greece (Markaki et al. 2014). IEA (2014) also highlights the
positive impacts of energy efficiency. Furthermore, the studies prove the macroeconomic
advantages of the examined climate protection measures despite difficulties concerning a
detailed comparison.

The results of the scenario ETS make clear that the validity of the development tenden-
cies described in the reference scenario is largely maintained despite quantitative differ-
ences. Two clear, qualitative differences with respect to the reference are observed in the
national material consumption which increases slightly in the scenario ETS together with
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GDP and damages due to CO, emissions that decrease until 2030. The effect concerning
the CO, damage costs is contingent upon the assumed linear increase of damage costs
between 2010 and 2030.

The effects of the policy measures on the concept indicators assumed in the alternative
scenario EWS as opposed to the reference CPS for the year 2030 show an explicit decline
of the primary energy use (by 12.5 per cent). As a massive expansion of renewable
energies is promoted at the same time, their share increases in the also decreasing final
energy consumption (by more than 5 percentage points) and in the electricity consumption
(by 6.6 percentage points). The decreasing energy consumption and the expansion of
renewable energies are associated with the reduction of fossil fuel use in production
processes. This results in a significant additional decrease of greenhouse gas emissions (by
more than 16 per cent). The annual costs of carbon, calculated as CO. emissions multiplied
by the linearly interpolated damage costs per tonne, are reduced by almost 16 billion Euros
(-19 per cent).

The savings as part of the energy transition raise the cost efficiency of the national
economy and cause an increase of the domestic demand in form of investments and
consumption. The increase of the investments boosts the capital stock by approximately 2
per cent. In addition, private consumption (adjusted for price changes) increases by 3.1
billion Euros, which is low in terms of percentage points (0.2) however. In total, the annual
increase of GDP adjusted for price changes amounts to nearly 30 billion Euros. This comes
along with a higher employment and a hence decreasing unemployment rate.

The question whether the captured effects of the measures that are assumed in the alter-
native scenario EWS contribute to a green economy can be answered positively with a few
exceptions. This is firstly due to the limited number of the considered indicators from the
measurement concept. Secondly, some of the indicators such as domestic material con-
sumption do not change in a desired direction. This case makes clear that the scenario
measures do not represent a “one-fits-all” policy. Instead, it might be possible that the issue
of material consumption has to be approached with further policy measures. However, if
the other indicators used in the test are considered, a consistent transformation progress can
be stated.

As expected, the first practical test that was run on the basis of a subset of indicators has
led to a differentiated result that can be evaluated mainly positively with regard to the
green economy. An even more complete and detailed illustration which would enable a
better model-based evaluation focused here on environmental policy measures would be
ensured by an inclusion of further indicators.
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Table 3: Impact of energy transition on selected green economy indicators in 2030
Indicator Absolute Percentage
difference deviation

Dimension A: natural resource use and environmental damages

Primary energy consumption in PJ -1426 -12.5

Domestic material input in mill. tonnes 23 1.9

Greenhouse gas emissions (index, 1990=100) -8.7 -16.4

Damages caused by CO, emissions in bill. Euros -15.7 -19
Dimension D: green economy: economic dimension and fields of action

Energy productivity (index, 1990=100) 28.6 14.4

Share of renewable energies in total energy use in % 54 21.7

Share of renewable energies in electricity consump- 6.6 12.8

tion in %

CO2 productivity (index, 1990=100) 74.8 24.8
Dimension E: policies: institutional framework and measures

Share of environmental taxes in total tax revenue in % -0.9 -15.7
Dimension F: background information on economic and social development

Gross domestic product (price adjusted) in bill. Euros 30 1.1

Structure of private consumption expenditure (in %): -0.8 -2.8

expendable goods

Structure of private consumption expenditure (in %): 0.7 3.8

non-durable and durable goods

Structure of private consumption expenditure (in %): 0.1 0.2

services

Capital stock (price adjusted, index, 2000=100): 3.6 2.1

equipment

Capital stock (price adjusted, index, 2000=100): con- 3 2.1

struction

Unemployment rate in % -0.3 -8.2

Public debt: debt-GDP ratio in % -4.7 -6.7

Source: own calculations.

5 CONCLUSION AND OUTLOOK

If environmental policies are to stop the trend of lagging behind the permanent problem
generation by production and consumption processes, a transformation of the existing
economy into a green economy will be a promising strategy. This transformation requires
(1) a longer transitional phase in which social, political and economic learning processes
can take place, (2) processes of readjustment, realignment and restructuring as well as (3)
consideration of the consequences for the foreign trade relations in a green economy and
foreign policy.
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Such a complex process needs systematic, accompanying information systems for poli-
cy and administration not only in Germany. The strategic importance of an indicator
system to measure a green economy arising from these considerations implies that a
periodical reporting for an appropriate accounting has to be undertaken on a regular basis,
which is the only way for a recording and discussion of positive and negative trends.

As Germany considers itself as a pioneer of environmental policies, the progress on the
way to a green economy should be presentable in the national context, at first primarily on
the macroeconomic level. Later on, given better data availability, progress by sectors,
regions or certain stakeholders in the context of the further development towards a green
economy can be identified and reported.

The international compatibility of the concept results inter alia from activities of the
Federal Statistical Office of Germany (2013) that has provided core elements for the
indicator system. Despite the concentration on the national development, the international
perspective has also been partly considered, for example in the selection process of the
concept categories (e.g. natural capital accounting), the evaluation of the existing interna-
tional indicator systems and the inclusion of specific indicators.

As a conclusion it could be stated that it is sensible to develop an elaborated, national
green economy indicator set at first that should definitely pose a challenge to the currently
available data. Afterwards, this broad concept can be put up for discussion with other
countries or internationally to seek or rather ensure a closer connection and mutual
exchange.

Currently, several international organizations are looking for an application of meas-
urement concepts such as the practical test reported in section 4, which could entail good
possibilities for their use in an international context. In doing so, sufficient communicabil-
ity and transferability of the concept that has been focused on Germany so far are im-
portant requirements.

To begin with, the suggested indicator system is a complex measurement concept that
may appear to be abstract. However, it offers concrete possibilities to separate specific
elements for a policy action field and hence to quickly provide an indicator set relevant for
this policy field. An example could be the transport sector, for which some important
indicators could be chosen from the set in the measurement concept, especially energy
consumption, the increase of the area for settlement and transportation as well as the
domestic material consumption from the category “physical resource utilization”.

It is apparent that an indicator system for the measurement of socioeconomic changes
towards a green economy has to be sufficiently complex, at least from a scientific point of
view. The presented first version addresses central elements that are currently discussed in
the context of a green economy, especially against the background of an expected positive
contribution to the increase of social welfare by a green economy.

This legitimizes the expenses for the creation and periodical updating of such an indica-
tor set especially given the significant effort put into the design of a green economy that
will not always be entirely free from controversy as the energy transition in Germany has
already shown (see e.g. Schreurs & Ohlhorst 2015). Hence, an appropriate account for
achieved progress, its documentation and presentation to politics, economy and society is
all the more important. Based on long experience, one of the essential conditions for
success for an indicator system is that it must be adequate regarding the issue that is to be
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captured. Moreover, this insight is supported by the notion of evaluations with desirable
indicators, which, in principle, could increase the informative value of the indicator system
in the future.

A second important condition for a successful indicator system concerns the informative
value for the users. Normative guidelines and general principles of a sustainable develop-
ment that should be realized politically are found behind this concept. An indicator system
has to be “target adequate” at the same time, so that the documented developments need to
be interpretable (Janicke & Zieschank 2004). Informational compression and communica-
tion of the results are supposed to exist as two linking building blocks between the numer-
ous individual indicators on the one hand and the social relevance of the information on the
other hand. The question of communication is strongly dependent on the type of target
group, which can consist of experts, policymakers or the interested public. Communicative
steps that use compressed, aggregating statements as a support, are to be incorporated
between the information platform and policymakers or the interested public.

Based on experiences, it is important to initiate an iterative process where the develop-
ment of a new information system results in an additional benefit for policymakers or
economic decision makers as well as interested social groups — although there are yet
conceptual gaps and empirical data is missing in parts. Based on such an interest and a
“demand” in recognizable future, the propensity to eventually improve the data bases
themselves increases. Subsequently, they increase the statement quality of the information
system in another turn of the “supply and demand spiral”.

Usually, this kind of process needs time, but it also leads to a certain acceptance or at
least habituation to a new indicator system (Zieschank & Diefenbacher 2010). However, an
administrative and, preferably, political support is a precondition; otherwise new indicators
remain in the stadium of a study.

The opportunities of an extension and utilization of the given measurement concept
make clear that different activities can be based on the previous studies on the measurabil-
ity of sustainable welfare. Additions and extensions are particularly suitable with respect to
the indicator set itself, the practical test, the development of policy recommendations and
the communication of the results.

The gaps in the indicator set can be filled in the research areas concerning ecosystem
services, the accounting of natural capital or social investments in nature and ecosystems,
the development of “governance indicators” or environmental cost estimations referring to
quality of life or costs of illness caused by air pollutants and in the field of social indica-
tors, e.g. by the evaluation of ongoing studies. A comparison of results over a specific
period can also be promising. While the practical test presented in section 4 concerning the
energy transition including its modeling was applied ex-ante, an advanced ex-post compar-
ison is conceivable, too.

As a final result, ‘the state of the art’ of a new green economy indicator set still reflects
the ability of a country to deal with arising transformation processes in the economy,
which results from a new welfare concept on the one hand (by preferring qualitative
growth instead of rising GDP) and from the risks of overriding planetary boundaries and
other Sustainable Development Goals (UNEP 2014, Martens & Obenland 2015) on the
other hand.
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In order to extend the measurement concept to sustainable welfare further economic and
social sectors, financial capital, human capital and social capital, advanced international
aspects will have to be included in the consideration. The flexibility of the approach
presented here paves the way to its extension by these aspects, however. If the moderniza-
tion and innovation impulses emanating from the environment protection sector influence
other economy sectors positively through a “mainstreaming” of technologies and projects
oriented towards resource management (see e.g. Janicke & Zieschank 2012, Janicke 2012),
this transformation of the economy is to be understood as an important contribution to
sustainable welfare, as environmental and social objectives are explicitly targeted here too.
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APPENDIX

Table A: Indicators of the category resource management and emission abatement

Dimension D: green economy: economic dimension and fields of action
Category: resource management and emission abatement

Indicator/Index: Sectoral energy use
Energy productivity
Share of renewable energies in total energy use
Share of renewable energies in electricity consumption
CO2 productivity
Waste treatment
Recycling
Utilization of harmful substances
Material productivity
Water productivity
Transport volume in personal transportation
Transport volume in freight transportation
Modal split in personal transportation
Modal split in freight transportation
Organic farming
Integrated environmental protection
Diffusion of "green™ management systems in companies
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