é‘&? sustainability

Article

Quantification of Doughnut Economy with the Sustainability
Window Method: Analysis of Development in Thailand

Jyrki Luukkanen *%, Jarmo Vehmas and Jari Kaivo-oja

check for

updates
Citation: Luukkanen, J.; Vehmas, J.;
Kaivo-oja, J. Quantification of
Doughnut Economy with the
Sustainability Window Method:

Analysis of Development in Thailand.

Sustainability 2021, 13, 847. https://
doi.org/10.3390/5u13020847

Received: 17 December 2020
Accepted: 14 January 2021
Published: 16 January 2021

Publisher’s Note: MDPT stays neu-
tral with regard to jurisdictional clai-
ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://
creativecommons.org /licenses /by /
4.0/).

Finland Futures Research Centre, University of Turku, FI-20014 Turku, Finland; jarmo.vehmas@utu.fi (J.V.);
jarLkaivo-oja@utu.fi (J.K.-0.)
* Correspondence: ]yrkilluukkancn@utu.ﬁ; Tel.: +358-50-3370710

Abstract: The doughnut economy is a new approach for the inclusion of planetary boundaries and
social foundation in the development of societies. The Sustainable Development Goals of the United
Nations (UN) determine another view for development targets. The developed sustainability window
approach provides a means for operationalization and quantification of the doughnut economy. The
developed method calculates minimum economic development to guarantee sustainable social
development and maximum economic development not to exceed environmental sustainability.
The developed method, advanced suitability analysis (ASA) doughnut, is illustrated with case data
from Thailand. The sustainability doughnut for Thailand has been calculated for both weak and
strong sustainability criteria. Tt seems that strong sustainability is a too strict requirement regarding
several environmental dimensions of development while the weak sustainability criteria are fulfilled.
The developed method and tool are flexible and can be used for comparative analysis of different
countries or regions, for dynamic analysis of sustainability development, for gap analysis of the
required improvement of environmental or social efficiency, and analysis of degrowth possibilities.
The selection of indicators for the analyses and their reliability is crucial for the validity of the results
and usefulness in policy planning,.

Keywords: sustainability; advanced sustainability analysis (ASA); Sustainable Development Goals
(SDGs); indicators; demonstration study; doughnut economy; sustainability window; Thailand

1. Introduction

More than 30 years ago, the report of the World Commission on Environment and
Development (WCED) [1] introduced a catchword of sustainable development and its
environmental, social, and economic dimension. The report highlighted the need to ensure
ecological sustainability, satisfying basic human needs and equity in the long term. Since
then, the idea of sustainable development as a policy goal has been globally shared by
different countries, organizations, companies, and other economic actors. Increasing
attention has been paid to the environmental and social challenges related to different
economic activities. The WCED report has also affected the discussion on development
indicators, and especially the common practice to use gross domestic product (GDP) as a
macro-level indicator of welfare has been criticized because it only includes the economic
dimension and ignores other aspects impacting welfare.

In most countries all over the world, the trend of conventional GDP has been con-
tinuously increasing except during some relatively short periods of economic recessions
(in the 1930s and 1990s, and the financial crisis in 2008-2009) and external crises such as the
World War II, oil shocks in the 1970s, and the COVID-19 pandemic in the 2020s. After the
publication of the WCED report, several attempts to replace the conventional GDP with
a better indicator have been made. New monetary indicators—some of them originally
initiated even earlier—such as Green GDP [2-4], Indicator of Sustainable Economic Welfare
(ISEW) [5,6], and Genuine Progress Indicator (GPI) [7,8] were introduced in the field of
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environmental economics. The alternative monetary indicators ISEW and GPI tended to
show a decreasing trend in many countries after a peak around the year 1980 [9].

Sustainable development indices covering factors other than the economic dimension
of sustainability have also been developed [10], such as Human Development Index
(HDI) [11,12], ecological footprint [13,14], and Sustainable Society Index (SSI) [15], for
instance. Empirical analyses using these kinds of indices often show that the performance
of countries is far from sustainable [16]. Attempts to solve global development problems
by new “beyond GDP” welfare indices have also been criticized because moving beyond
GDP requires good reflexivity, i.e., awareness of the key role that pre-analytical choices
play in the definition of welfare and how to measure welfare [17].

Neither the alternative monetary indicators nor the sustainable development indices
have been able to make a serious political breakthrough, and the administrative and
statistical practices have not been changed much. GDP has kept its dominant position.
In the meantime, the idea of developing sustainable development indicator sets (SDIs)
describing all dimensions of sustainability in detail was put forward in organizations such
as the United Nations [18], Organization of Economic Co-operation and Development [19],
and the European Union [20]. At the national level, especially ministries and administrative
units responsible for environmental issues and sustainability have developed their own
SDIs. For example, in Finland, quite a broad group of stakeholders was involved in the
process of developing a national SDI set, with a purpose to include all aspects considered
as relevant for sustainability [21]. Moreover, elsewhere the result has often been quite a
large number of individual indicators. The United Nations (UN) has developed indicators
concerning the 17 Sustainable Development Goals (SDGs) launched in 2015 [22]. The SDGs
have been adopted in the EU [20] and other countries following the UN 2030 Agenda for
Sustainable Development, and they have influenced the work on SDIs. However, the major
problem of SDIs seems to remain as years go passing by—GDP still dominates the use of
performance indicators at the national level and in international comparisons. The use of
the SDIs has not been what was expected [21].

The global indicator framework for Sustainable Development Goals was developed
by the Inter-Agency and Expert Group on SDG Indicators (IAEG-SDGs) and agreed upon
at the 48th session of the United Nations Statistical Commission held in March 2017 (SDG
indicators). The indicator set related to the Sustainable Development Goals consists of
169 targets for the 17 goals and 231 unique indicators.

Raworth [23,24] introduced a visual representation of sustainable development called
doughnut economy. Domazet et al. [25] call the doughnut economy a mental model of
sustainability. The idea of this article is to operationalize the mental model of the doughnut
economy and provide a mathematical method to quantify it. The “doughnut” represents
the available space for economic growth between a lower and upper limit, i.e., between the
social foundation and the environmental ceiling (Figure 1). The social foundation refers to
the minimum GDP necessary to satisfy the basic human needs, and the carrying capacity
of nature sets the environmental ceiling which refers to the maximum GDP allowed by the
environmental constraints. In between, there is a safe and just space for humanity which
allows inclusive and sustainable economic development (Figure 1).

Raworth [23] refers to Rockstrom et al. [26] when she includes climate change, fresh-
water use, nitrogen and phosphorous cycles, ocean acidification, chemical pollution, ozone
depletion, biodiversity loss, and land-use change in the description of the environmental
ceiling. These environmental issues can be used to define natural thresholds of environ-
mental sustainability. The social foundation includes critical human deprivations such as
income, education, resilience, voice, jobs, energy, social equity, gender equality, health, food,
and water [23,24,26]. The doughnut economy includes nothing new, but it summarizes
and visualizes many elements of the environmental and development discussion during
the last decades. Therefore, the doughnut economy is also prone to all contemporary and
prevailing criticisms of sustainable development.
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Figure 1. The doughnut economy [23].

The economic development concerning both the environmental ceiling and social
foundation can be empirically analyzed by using the available indicator data. Comparison
of different countries is interesting, but a suitable dataset for this is a challenge because
the countries are very different from each other. The SDG indicator data offers a good
starting point for this. If a time series of data is available, it is possible to assess whether the
economic activity of a country or other regional entity “fits in the doughnut” or not and if
it is developing towards sustainability or away from it. In addition to the definition of the
absolute level of sustainability, the direction of change is a crucial element of sustainability
assessment.

Sustainability assessment can be done (1) at various spatial and geographical levels
from local to global, (2) for the whole economy or a part of it, i.e., the different economic
sectors, or selected practices/technologies (such as energy sources and technologies, in-
dustrial branches, transport modes, crops and livestock, households, (3) for individual
companies, organizations, etc., and (4) by focusing on different sustainability dimensions,
either separately or integrated. Environmental sustainability dominates the assessment
and environmental impact assessment and environmental reporting that has been insti-
tutionalized in many countries. However, the integrated assessment has become more
popular in recent years. A large variety of methods with manifold empirical applications
are available in the large literature.

The doughnut economy wraps up many earlier ideas on problems in the developed
and developing countries such as the limits to growth [27], the three dimensions of sus-
tainability [1], the steady-state economy [28], the SDGs [22], and the ideas included in
various sustainability indices and SDI sets. One important area of research is the interaction
between different SDGs. There have been theoretical analyses of the interactions [29] but
very little quantitative empirical research even though some analyses of the synergies have
been carried out [30]. In the literature, the doughnut economy is not widely referred to,
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and no explicit operationalization with an empirical example is available although the idea
was first published in 2012.

In this article, the first attempt to operationalize the doughnut economy will be made
by using the economy of Thailand as an example. A set of selected SDIs describing the
different dimensions of sustainability and the SDGs will be used in the empirical analysis
based on the sustainability window method, which will be presented in the next section
including also a description of the data used in the analysis of Thailand. Sustainability
window defines the minimum economic development level to fulfil the criteria of social
sustainability and the maximum economic development not to exceed the environmental
sustainability limit. The research question is how to quantitatively operationalize the
doughnut economy based on the sustainability window approach. Results from the
empirical analysis will be presented in Section 3. Section 4 deals with the development
needs and ideas for further research, and draws conclusions.

2. Materials and Methods

Sustainability window analysis is based on the advanced sustainability analysis (ASA)
approach. The ASA approach was developed in Finland Futures Research Centre [31-33]
providing a general framework for analyzing sustainability. The approach deals with
changes in development, not absolute values, because in most cases it is not possible to
define whether the environmental or social state is sustainable or not on an absolute scale.
There is, for instance, no absolute level of emissions, which can be seen as sustainable.
The ASA approach defines whether the development is towards a more sustainable or a
less sustainable direction.

The ASA approach can be used for the identification, quantification, and analysis
of dematerialization, immaterialization, and the rebound effect [34]. Dematerialization
relates to the production side of the economy and is measured with the material inten-
sity of production. Decreasing the material intensity of production over time indicates
dematerialization—the same amount of value added is produced with less use of material
(and with less related environmental impacts). If the material intensity of production
increases, it is called re-materialization. Change in dematerialization depends on, e.g.,
change of activity in the economic sectors with different material intensities, and how well
technological development focuses on “green” technologies or otherwise applies to the use
of materials.

Immaterialization deals with the consumption side of the economy and is measured
with the material intensity of consumption. The decreasing material intensity of consump-
tion indicates immaterialization—the same consumer needs are satisfied with less use of
material. If the material intensity of consumption increases, it is called re-materialization.
Change in immaterialization depends on many things, such as consumer preferences and
behavior, and the availability of different alternatives, i.e., products, services, and ways to
use them, to satisfy different human needs.

Both dematerialization of production and immaterialization of consumption are im-
portant for a transition towards policy goals such as sustainable development, circular
economy, and climate change mitigation and adaptation. However, observations of dema-
terialization or immaterialization do not necessarily ensure that the total use of natural
resources has decreased. If economic growth is faster than dematerialization or immaterial-
ization, its increasing effect can override the decreasing effects of dematerialization and
immaterialization on the total use of natural resources. In the ASA approach, the effect of
economic growth is called the gross rebound effect. If the gross rebound effect exceeds
the effect of dematerialization or immaterialization, the total use of material resources and
related environmental impact still increases.

In regard to global climate change, the strong criterion for the environmental sustain-
ability would be that the greenhouse gas emissions should not grow (see discussion on
strong sustainability in Vehmas et al. [35] and Kaivo-oja et al. [36]). In terms of ASA, this
means that the decreasing effect of dematerialization to greenhouse gas (GHG) emissions
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is larger than the gross rebound effect of economic growth. This is, in practice, a too strong
criterion for example for a country like Cambodia, where the CO; emissions per capita
have been 0.2 ton of COzq in the reference year (2006) of this analysis (global average being
about 4 tons of COyeq). That is why we utilize in this analysis also the weak sustainability
criterion for the CO; emissions, which states that the emissions per produced GDP should
not increase. Weak sustainability criterion generally means that the environmental indi-
cator in relation to economic development, i.e., environmental intensity (environmental
indicator/GDP), should not increase.

The sustainability window (SuWi) method [37-39] provides quantitative information
about the maximum economic development to avoid negative change in the environmental
condition (related to a selected environmental indicator) and the minimum economic
development to achieve positive social development (related to a selected social indicator).
These maximum and minimum levels of economic development define the sustainability
window.

In the analyses, we use GDP as an indicator for the economic activity. There have been
a lot of critics of using GDP as an indicator because it includes only economic aspects and
no other welfare aspects. This is, however, what is needed in the sustainability window
and ASA doughnut analysis. The idea is to have other aspects, like unemployment,
poverty, etc., included in the social dimension of sustainability. The idea is to analyze,
for instance, what the unemployment productivity of GDP is and calculate the minimum
level of GDP development so that unemployment does not increase (lower boundary for
sustainability). This determines the social foundation referring to the minimum GDP
necessary to satisfy the basic human needs. The approach that we have used is thus relying
on the Raworthian Doughnut economy approach for determining the minimum level of
economic development in order to fulfil the social sustainability criteria.

A basic case for determining the maximum economic development in relation to
environmental stress is shown in Figure 2. The indicators for economic development and
environmental stress are indexed to have the value 1 in the base year indicated with point
A in the figure having values GDPj and Env. This point determines the environmental
stress productivity of GDP with line rl. The final point of development is indicated with
point B having values GDP; and Envy. At this point, the environmental stress productivity
of GDP is expressed with line 12. The criterion for environmental sustainability is that
environmental stress should not increase. With the environmental stress productivity 12,
the maximum sustainable economic development is indicated with point C having a value
GDPax. The increase in environmental stress and GDP with decreased environmental
stress productivity allows smaller GDP growth than the original growth not to increase the
environmental stress from the base year level.

A basic case for determining the minimum economic development in relation to social
welfare development is shown in Figure 3. The indicators for economic development
and social welfare in the base year are indicated with point A in the figure having values
GDPj and Socy. This point determines the social welfare productivity of GDP with line
rl. The final point of development is indicated with point B having values GDP; and
Socy. At this point, the social welfare productivity of GDP is expressed with line r2. The
criterion for social sustainability is that social welfare should not decrease. With the social
development productivity r2, minimum sustainable economic development is indicated
with point C having a value GDPpin. The increase in welfare with the decrease in welfare
productivity defines a minimum GDP value higher than the base year value not to decrease
the social welfare.
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Figure 2. Determining the maximum economic growth related to environmental stress production.
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Figure 3. Determining the minimum economic development not to decrease social welfare.

When the cases of environmental and social sustainability are combined, we can deter-
mine the sustainability window with the minimum and maximum economic development.
This is shown in Figure 4. The maximum sustainable economic development GDPmax is
defined with the productivity line r2 (point D) and the minimum sustainable economic
development GDP,;, is defined with the productivity line r3 (point E). In this case, the
real GDP growth is too high (GDP is higher than GDPmax) and the sustainability criteria
are not satisfied.
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Figure 4. Determining the sustainability window (SuWi) with the minimum (GDP ;) and maximum
(GDPmax) economic development.

The data sources for the calculation of the ASA doughnut were:

- Sustainable Society Index (SSI) data for most of the indicators [15,40]
- International Energy Agency (IEA) for the energy and CO; emission data [41]

- United Nation’s Development Programme (UNDP) for the Human Development
Index (HDI) data [42]

The SSI index series have bi-annual data for the time period of 2006-2016. However,
the data for the year 2016 seems not to be compatible with all indicators with the previous
data. That is why we used only data for the year 2006 as the base year and 2014 as the final
year of comparison in the analysis. For more details of the indicators, see (SSI) [40].

For the illustrative ASA doughnut analysis, we used indicators shown in Table 1,
for which considerably reliable data was available. The indicators had to be modified so
that all the social indicators increased with increasing welfare and all the environmental
indicators increased with increasing environmental stress. For instance, “Sufficient food”
was calculated to be 100% —Undernourished(%).

Table 1. Indicators used for the sustainability window and ASA doughnut analysis. For the Sustain-
able Society Index (S5I) indicators see SSI [33].

Social Indicator Environmental Indicator Economic Indicator
s1 Sufficient Food E1 Blodiveraty GDP
forest area
S2 Sufficient to Drink E4 Lonsumptionsof
global hectares
53 Education E5 Energy Intensity
S4 Healthy Life E7 Giustticiee
Gases
S5 Gender Equality ES Beneveable
Energy
S6 Income Distribution E9 Organic Farming
Unsafe
S8 Employment E10 Shtalo
510 Human Development
Index HDI
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Sustainability window analyses have so far been carried out for China [35], Lao
PDR [39], and Indonesia [43,44].

In this article, we illustrate the sustainability window cases with examples from Thai-
land. We have used Thailand as a case study because the data availability and reliability
is quite good. Thailand is an example of a fast-growing newly industrialized developing
country which is still relying considerably on agricultural production (31% of the work-
force and 8% of GDP [45]) but has a modern industrial sector (17% of the workforce in
manufacturing and 6% in construction, and 28% of GDP [45]) and an important service
sector (42% of the workforce and 58% of GDP [45]).

Thailand has the 8th largest economy in Asia, but now has growth restrained largely
by slowing exports; Thailand posted growth at 2.4% in 2019. GDP growth is likely to
slow further to —4.8% in 2020 but could pick up to 2.5% in 2021. COVID-19 could have a
large impact on future growth prospects because Thai economy is heavily dependent on
international trade and tourism [46].

We have to remember that in Thailand, the GDP does not describe the total economic
activity because the share of shadow economy is quite high. It has been estimated that in
2004, the share of shadow economy was about 40% of the economic activities [47]. In the
SuWi analysis, we refer to the changes in the GDP and other indicators and if we assume
that the share of shadow economy has not changed considerably during the research
period, it does not affect the results.

Thailand belongs to the ASEAN countries (The Association of Southeast Asian Na-
tions) and is also a member of the largest trade area of RCEP (the Regional Comprehensive
Economic Partnership) having prospects of considerable future economic growth.

For the construction of the example sustainability window for Thailand (Figure 5), we
used “consumption of global hectares” as the environmental indicator and “Healthy life
years” as the social indicator. Point A in the figure indicates the base year value for social,
environmental and economic indicators. Point B indicates the final year value of the social
indicator “healthy life years” and the line 12 indicates the social welfare productivity in
the final year. The social sustainability criterion is that social welfare should not decrease,
and point D indicates the minimum economic development (GDP ) to fulfil the criterion
with the welfare productivity of r2.

Point C indicates the final year value for the environmental indicator “Consumption
of global hectares” and line r3 indicates the environmental stress productivity of GDP
in the final year. The environmental sustainability criterion is that environmental stress
should not increase, and point E indicates the maximum economic development (GDP yay)
to fulfil the criterion with the environmental stress productivity of r3. In this case, the real
economic development GDP,, is higher than GDP,y,;;, and lower than GDPy,y fulfilling
both social and environmental sustainability criteria when these indicators are used.

In Figure 6, we illustrate the strong and weak sustainability window for Thailand
using “food sufficiency” as the social indicator and “consumption of global hectares” as the
environmental indicator. Point A illustrates the base year values for all the indicators and
line r1 indicates the related productivities. Point B indicates the final year value for “food
sufficiency” and line r2 indicates the related welfare productivity. The social sustainability
criterion is that the social welfare should not decrease and in this case point E determines
the minimum economic development (GDPryp) to fulfil the criterion. In this case, GDPpin
is smaller than the base year value indicating a possibility for degrowth without decreasing
social welfare.
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Figure 5. Determining the sustainability window for Thailand using “consumption of global hectares” as the environmental
indicator, “healthy life years” as the social indicator, and gross domestic product (GDP) as the economic indicator.
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Figure 6. Determining the sustainability window for Thailand using “consumption of global hectares” as the strong
environmental indicator, “consumption of global hectares/GDP” as the weak environmental indicator, “healthy life years”
as the social indicator, and GDP as the economic indicator.

Point C in the figure illustrates the final year value for the environmental indicator
“consumption of global hectares” and line 13 illustrates the related environmental stress pro-
ductivity. In this case, point F determines the maximum economic development (GDPg,y)
not to increase environmental stress. In this case, the value refers to the strong sustainabil-
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ity criterion, which requires that the absolute value of the environmental stress indicator
should not increase. GDPpin and GDPgmax determine the strong sustainability window.

When we use the weak criterion for environmental sustainability, we use the indicator
“consumption of global hectares/GDP”, with point D and line r4 illustrating the related
environmental stress productivity. The maximum economic development related to weak
sustainability (GDPwmay) is determined by point G. Using these indicators, the real GDP
growth (GDP,,,;) fulfils both the strong and weak sustainability criteria.

Figure 7 illustrates a case where we will have a negative sustainability window and
related efficiency gap in development. In this case, we use “healthy life years” as the social
indicator and “greenhouse gas emissions” as the environmental indicator referring to strong
sustainability criterion. The base year values for the indicators are illustrated by point A.
Point B illustrates the final year value for social indicator and line r2 illustrates the related
welfare productivity. Point D determines the minimum economic development (GDPpyin)
not to decrease social welfare. Point C illustrates the final year value for the environmental
indicator and line 13 the related environmental stress productivity. The maximum economic
development (GDPpyayx) is now determined by point E. In this case, we notice that the
maximum economic development is smaller than the required minimum development
resulting in a negative sustainability window. In order to reach sustainability, the efficiency
gap in environmental development should be fulfilled by reducing the environmental stress
productivity to the value illustrated by line r4. In such a case, we would have a positive
sustainability window (SuWig) with the maximum economic development (GDPy,,x)
equaling the real GDP growth. This example shows that the presented analytical framework
can be used also for the efficiency gap analysis. The efficiency gap analysis can also be used
for analyzing whether social welfare productivity is high enough for social sustainability.
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Figure 7. Determining sustainability window in a case where it becomes negative and illustrating the related efficiency gap.
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The use of strong and weak sustainability in the SuWi analysis provides a means for
equitable analysis of development in developing countries. In many cases, the requirements
of strong sustainability are too pronounced for developing countries with, for instance,
a very low level of greenhouse gas emissions. In these cases, the use of weak sustainability
criteria can be justifiable.

3. Results

The SuWi analysis produces results of the pairwise comparison of different social
and environmental indicators in relation to economic development. When these pairwise
minimum and maximum economic development results are organized in a radial diagram,
we get as a result a doughnut diagram, ASA doughnut, for sustainable development.
The minimum economic development determines the inner circle of the doughnut and the
maximum defines the outer circle provided that the minimum is smaller than the maximum.
The illustrated ASA doughnut can be compared to the actual economic development in the
radial diagram.

This novel approach to utilize sustainability window results for construction of ASA
sustainability doughnut provides a way to visually compare the development in different
dimensions of sustainability. This is a scientific breakthrough for the quantification of the
Raworthian doughnut economy and gives a comprehensive view of the problematic and
successful development areas.

For the doughnut construction for Thailand, we selected different social and envi-
ronmental indicators as a case study. The selection of the indicators was based on the
idea that they should provide a view of the different aspects of social and environmental
development and be reliable enough for the analysis. The list of the selected indicators is
shown in Table 1 in Section 2.

The ASA doughnut figure for Thailand concerning weak sustainability for 2006-2014
is shown in Figure 8. In the figure, the blue line indicates the maximum GDP growth so that
the environmental stress (measured with weak sustainability) does not increase. The green
line indicates the minimum GDP growth in order to safeguard social sustainability. The area
between the minimum and maximum GDP development is shown as a green doughnut, i.e.,
the area for weak sustainability. The red line indicates the index for real GDP change. If the
red line is on the green background doughnut, the actual development can be evaluated to
be sustainable in relation to the indicators.

The ASA doughnut shows that the development in Thailand has fulfilled the weak
environmental sustainability criteria for biodiversity (forest area), consumption of global
hectares, energy intensity, CO, emissions, renewable energy use, and safe sanitation.
The problem area seems to be organic farming.

The minimum criteria for sustainable social development are fulfilled in the areas
analyzed with these indicators. This means that the real GDP growth has been larger than
the minimum socially sustainable growth. This can be seen in the figure where the green
line is inside the red circle, which represents the real GDP growth.

The ASA doughnut for the strong sustainability analysis is shown in Figure 9. The re-
quirement for strong environmental sustainability (environmental stress should not in-
crease) seems to be too demanding for Thailand for most of the selected indicators.

The strong environmental sustainability criteria are fulfilled in Thailand in “consump-
tion of global hectares” (E4), and slightly in “biodiversity, forest area” (E1) and “energy
intensity” (E5). For all the other indicators, the criteria for strong environmental sustain-
ability are not fulfilled. The social sustainability is, however, achieved regarding all the
selected indicators as was explained in the case of weak sustainability.
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Figure 8. Weak sustainability advanced suitability analysis (ASA) doughnut for Thailand for the change between 2006-2014.
The blue line indicates the maximum GDP growth in relation to environmental sustainability and the green line indicates
the minimum GDP growth in relation to social sustainability. The red line indicates the index for real GDP change. If the red
line is on the green background Doughnut the development can be evaluated to be sustainable in relation to the indicators.
The codes for environmental and social indicators are presented in Table 1.
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Figure 9. The strong sustainability ASA doughnut for Thailand for the change between 2006-2014. The blue line indicates
the maximum GDP growth in relation to strong environmental sustainability and the green line indicates the minimum
GDP growth in relation to social sustainability. The red line indicates the index for real GDP change. If the red line is on the
darker green background doughnut, the development can be evaluated to be sustainable in relation to the indicators. The
codes for environmental and social indicators are presented in Table 1.

4. Discussion and Conclusions

The sustainability window (SuWi) approach provides a new means for quantifying
the doughnut economy analysis. The developed methodology is general in nature and
can be used for any country or province or group of countries when suitable quantitative
indicators are available. With the SuWi approach, it is possible to calculate the sustainable
environmental ceiling for development as well as sustainable social foundations using
available indicators. This can form a basis for assessing the past development and planning
future policies. The significance of the new method is that we can carry out a simultaneous
quantitative analysis of different dimensions of sustainability in order to provide a com-
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prehensive view of the development process. It provides a practical tool for utilizing the
indicator sets of sustainable development and assessing the development process towards
the Sustainable Development Goals utilizing the involved gap analysis.

The SuWi approach can be used for gap analysis, identifying the need for improve-
ments in the performance in different areas of development [30]. The gap analysis reveals
the lack of development in the efficiency of environmental stress productivity of GDP.
With the gap analysis, we can determine how much more efficient, in an environmental
sense, the economic development should be in relation to different environmental stress
factors. In addition, the SuWi approach can be used for analyzing the gap in social welfare
productivity. The analysis reveals in which area of social development the need to increase
social productivity is most urgent in order to reach social sustainability.

The sustainability window (SuWi) approach and the ASA doughnut model provide
possibilities for analyzing the dynamics of sustainable development [36]. The SuWi ap-
proach can be used for trend analysis of the different components of sustainability. It can
form a basis for scenario building when different interactions of the components are ana-
lyzed in the comprehensive framework and the future options are systematically evaluated.
The dynamic doughnut model can provide an overview of the development in different
spheres and give valuable information for policy planning about the areas where special
policy interventions are needed.

Analysis of degrowth is a possible option using the SuWi and doughnut analysis
approach. Sustainable degrowth requires that the intensity development of social welfare
production is positive. This means that the change in “social indicator” /GDP is positive,
which makes it possible to have a decrease in GDP without decreasing social welfare.
This indicates that socially sustainable development is possible in the case of negative
GDP growth, but it requires improvement in the social welfare productivity of GDP. The
SuWi/doughnut model provides a tool for analyzing possible areas where degrowth is a
sustainable option.

The Thailand case analysis shows that the quantitative construction of the view
of doughnut economy is possible using the SuWi approach. The case study indicates
the difference between the weak and strong sustainability approach. Development in
Thailand shows positive change in most measured areas when we use weak sustainability
criteria, but the strong sustainability criteria seem to be too demanding regarding most
indicators. For developing countries, the strong sustainability requirement is too hard for
most indicators because the base year level of environmental emissions or energy use or
similar indicators is very low in most cases. If, for instance, the emissions of CO; are far
below the 1.8 tons of CO; per capita (which is sometimes seen as the global sustainability
level), it is not justifiable to require that the developing countries cannot increase their level
of emissions.

The question of relative and absolute sustainability is important for the SuWi and
ASA doughnut economy analyses. In this article, we used relative sustainability as the
starting point. This means that we analyze whether the development is taking place ina
more sustainable direction. The SuWi approach can also be used for analyzing absolute
sustainability. In that case, the absolute level of sustainability should be determined
quantitatively. In many cases, this is very difficult. It cannot be determined what is the
quantitative level of, for instance, sustainable biodiversity. The same applies also to social
sustainability. In most cases, it is not possible to determine what the quantitative sustainable
level of education or health is. That is the main reason why relative sustainability has
been used in this analysis even though the method itself is suitable for analyzing absolute
sustainability.

The SuWi approach is well suited for comparative analyses. With the results of the
SuWi analysis and the ASA doughnut model, it is easy to compare the development of
different countries and see where the most important areas of development are in each
case. The visual presentation of the SuWi approach in the form of a doughnut provides
a tool for easy comparison and targeting policy actions. With a large list of sustainable
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development goals, it is important to easily get an overview of the most critical areas where
improvement and policy actions are needed.

The selection of the variables and indicators for the analysis is crucial. In this analysis,
we mainly used the SSI database for the indicators because it provides quite a compre-
hensive and reliable source of data. The problem with the SSI database is that it has not
been updated recently and the latest update seems to have some discontinuities in the
time series. The availability of time series data in the analysis gives possibilities for trend
analysis and the estimation of possible future development paths. For the comparative
scientific analysis, it is crucial to have a reliable database where similar criteria for data
collection and analysis for different countries can be trusted. Otherwise, the data problems
can lead to biased estimates of the development processes. The UN SDG database should
provide a reliable data source for this type of comparative analysis, but the coverage of the
database should be improved to cover all the countries in the world with as many variables
as possible.

The SuWi approach can be used not only for national level analysis but also for
the analysis of sub-national development or groups of countries (such as the EU). The
municipal or provincial level analysis could provide important information for local-level
policy planning, but very often the data availability is the main problem.

The SuWi approach provides a flexible tool for sustainability analysis. It can be used
at different levels of analysis (regional, national, global) and for analyzing different aspects
of sustainability (weak, strong) as well as different fields of development (different aspects
of social and environmental development). Only the availability of suitable quantitative
indicators restricts its area of use. A systematic analysis of the social-environmental-
economic interactions using the developed tool can shed light on the complex interactions
of the development in the different dimensions and can steer the policy measures to critical
and most effective areas requiring development efforts.

The developed SuWi approach and ASA doughnut can provide valuable information
for policy planning. This requires that the results of the research be easily communicated
and the visualization of the results is crucial in this respect. The visualization of the
dynamic behavior of societies in relation to sustainability is one of the main challenges. The
visualization of the dynamic changes in sustainability with the developed tools is possible,
but it requires additional development work. One area of future development is also to
make the tools so easy to use that all planners can easily include them in their toolbox and
use them in their daily activities. This is also related to database development where easy
access to reliable data is crucial.

The doughnut economy approach by Raworth is an illustrative description of the
general sustainability basis developed in the Brundtland Commission. The methodology
developed in this article based on advanced sustainability analysis (ASA) and the derived
sustainability window (SuWi) method provides a tool for quantification of the doughnut
economy. The ASA doughnut method with its holistic scope and visual simplicity, coupled
with its scientific grounding, provides a solid basis for analyzing sustainable development
and for future policy planning and action.
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Abbreviations

List of acronyms
Acronym  Explanation

ASA Advanced Sustainability Analysis

ASEAN The Association of Southeast Asian Nations
COy Carbon dioxide

COzeq Carbon dioxide equivalent

EU European Union

GDhr Gross Domestic Product

GDPmin Minimum Gross Domestic Product

GDPmax Maximum Gross Domestic Product

GDPeal Real Gross Domestic Product
GDPsmax  Maximum Gross Domestic Product in strong sustainability
GDPwmax  Maximum Gross Domestic Product in weak sustainability

GHGs Greenhouse gases
GPI Genuine Progress Indicator
HDI Human Development Index
[EA International Energy Agency
ISEW Index of Sustainable Economic Welfare
OECD Organisation for Economic Co-operation and Development
RCEP The Regional Comprehensive Economic Partnership
SDG Sustainable Development Goal
SDI Sustainable Development Indicator
SSI Sustainable Society Index
SuWi Sustainability Window
UN United Nations
UNDP United Nations Development Programme
WCED World Commission on Environment and Development
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