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Abstract: Integrated Assessment of the UN Sustainable Development Goals (SDGs) in
Transformation Pathways towards a Resource-Efficient and Greenhouse-Gas-Neutral Germany

The research and development project "Integrated Assessment of the UN Sustainable
Development Goals (SDGs) in Transformation Pathways towards a Resource-Efficient and
Greenhouse-Gas-Neutral Germany" was carried out by GWS mbH (GWS; Osnabriick, Germany),
the Millennium Institute (MI; Washington DC, USA & Geneva, Switzerland) and ERASME
(Aubiére, France). The project task was to develop and apply a modeling and evaluation
approach for Germany to take an integrated view on various sustainability aspects in ambitious
climate and resource protection scenarios. The United Nations Sustainable Development Goals
(SDGs) were defined as the sustainability aspects to be assessed. This final report documents the
main research and development services provided in the course of the project.

Since the official adoption of the SDGs, a variety of assessment methods have already been
applied by researchers studying SDG-relevant nexus developments. The project therefore began
with a thorough stocktaking by means of a comprehensive meta-study. The findings from this
meta-study illustrate that research interest in SDG analyses has increased significantly over the
past decade. Well-recognised methods for ex ante macroeconomic assessments of the climate
and resource protection nexus are Integrated Assessment Models (IAMs), macroeconomic
models and system dynamics models.

Considering applications of system dynamics models for resource conservation policy
assessments UNEP (2017), for example, refers to initial applications of the Threshold 21 model
on behalf of the United Nations. The system-dynamic iSDG model represents a further
development of the Threshold 21 model, which has already been frequently used in the past for
national analyses of SDG interactions (Allen et al. 2019b, 2021). Based on an in-depth structure
that has been improved over several decades, its reporting aim is to capture a wide range of
interactions between individual SDGs and associated sub-goals. The iSDG model simulates the
fundamental trends for the SDGs under a business-as-usual scenario and supports the analysis
of relevant alternative scenarios. As the research consortium was also able to draw on the iISDG
model, the iSDG assessment approach has been calibrated and adapted to German development
paths in the further course of the project.

To calibrate the structures of the iSDG model on German development dynamics, historical time
series observations for around 200 social, economic and ecological indicators were integrated
into the model database. In addition, further changes were made to the model structure in order
to be able to take into account relevant development contexts of the Green-Supreme scenario of
the RESCUE study (Dittrich et al. 2020b). Hence, the model version developed for Germany by
the project team has been significantly expanded compared to previous applications of the iSDG
model. At the end of the project, this extended model version for Germany was handed over to
the researchers at the German Environment Agency (UBA). It can therefore be used by UBA in
own follow-up analyses. It is also possible to publicly present the model and the results of the
project on the internet. The model simulator can be accessed via
https://exchange.iseesystems.com/public/millenniuminstitute /isdg-german

Three central environmental dimensions are addressed by the parameterized transformations:
Domestic greenhouse gas emissions, domestic material consumption and soil quality. Using the
iSDG model structure extended for this project, the effects of sustainability transformations in
the following fields of action were analyzed: Energy system, industry (incl. circular economy),
construction and housing, mobility, and food and agriculture.

From a climate policy perspective, out modelled transformation scenario meets the original
German policy objective for national development in line with the global 2°C target. In the
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RESCUE study, a 97 % reduction in German greenhouse gas emissions compared to 1990 was
modelled in the "Green Supreme" scenario. Not taking carbon capture and storage technologies
into account, our transformation scenario simulates a reduction of domestic greenhouse gas
emissions by 84 % until 2050 compared to 1990 levels. To some extent, this comparison reveals
that not all details of the RESCUE study could be parametrized one-to-one in the iSDG model.
However, comparing our results with related details from the RESCUE study, it should also be
noted that no dynamic modelling was carried out for the RESCUE study. One important finding
of the present project is therefore that the projection paths of dynamic simulations can deviate
significantly from the findings of thematically comparable static modelling (which does not take
into account the relevant feedback loops in central scenario details).

Our simulation results for Germany do not hint at any apparent trade-offs across individual SDG
dimensions: Starting from already high SDG target achievement levels, the additional
transformations assumed in the simulations generally lead to an increase in SDG target
achievement levels. In 2050, compared to the baseline, the climate and resource policy scenario
is characterized by the fact that no significant negative effects on individual SDG target
achievement levels are simulated.

In political terms, these findings can be summarised like this: ambitious environmental policy
transformations do not have to jeopardise achievements of other SDG target dimensions. Yet, as
this far-reaching political conclusion is derived from an application of a specific simulation
model, the boundaries of the applied modelling approach must also be considered seriously.
What seems most notable in this regard is the fact that the model only maps developments in
Germany. As the iSDG model has already been previously applied for SDG-specific assessments
of alternative development pathways in other countries, we deliberately accepted this limitation
in this initial SDG pathway assessment for Germany. As a matter of fact, this ensures the direct
comparability of our results with published findings from related SDG-assessments for other
world regions by means of the iSDG model. However, we are also aware that the German
economy is closely linked to foreign markets, which is why (among other things) key indicators
and targets from the resource policy domain were actually designed to capture global
developments in detail. Given that no global interactions were modelled in our project, it
remains for future projects to further deepen our research work documented here in this regard.
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Kurzbeschreibung: Integrierte Betrachtung der UN-Nachhaltigkeitsziele (SDGs) in Trans-
formationspfaden hin zu einem ressourcenschonenden und treibhausgasneutralen Deutschland

Das Forschungs- und Entwicklungsprojekt "Integrierte Betrachtung der UN-Nachhaltigkeitsziele
(SDGs) in Transformationspfaden hin zu einem ressourcenschonenden und treibhausgas-
neutralen Deutschland" wurde von der GWS mbH (GWS; Osnabriick, Deutschland), dem Mil-
lennium Institute (MI; Washington DC, USA & Genf, Schweiz) und ERASME (Aubiere, Frankreich)
durchgefiihrt. Projektauftrag war, fiir Deutschland einen Modellierungs- und Bewertungsansatz
zur integrierten Betrachtung verschiedener Nachhaltigkeitsaspekte in ambitionierten Klima-
und Ressourcenschutz-Szenarien zu entwickeln und anzuwenden. Als zu bewertende Nach-
haltigkeitsaspekte wurden dabei die Nachhaltigkeitsziele der Vereinten Nationen (engl. UN
Sustainable Development Goals, SDGs) vorgegeben. Der vorliegende Abschlussbericht doku-
mentiert die bis zum Projektabschluss erbrachten Forschungs- und Entwicklungsarbeiten.

Seit offizieller Verabschiedung der SDGs wurden im Bereich der Nachhaltigkeitsforschung
bereits eine Vielzahl von Methoden angewandt, um SDG-relevante Entwicklungen und dabei
relevante Wechselwirkungen zu analysieren. Zur systematischen Erfassung dieses Forschungs-
standes hat das Konsortium zu Beginn des Vorhabens eine umfassende internationale Meta-
studie durchgefiihrt. Diese Metastudie verdeutlicht, dass das Forschungsinteresse an SDG-
Analysen im vergangenen Jahrzehnt deutlich gestiegen ist. Dabei wurden insbesondere
Integrierte Assessment Modelle (IAM), makrookonomische Modelle und systemdynamische
Modelle als grundsatzlich flir gesamtwirtschaftliche ex ante Bewertungen des Klima- und Res-
sourcenschutz-Nexus verfiighare Methoden identifiziert.

Im Bereich der Ressourcenschonungspolitk verweist der IRP-Bericht ,Resource Efficiency:
Potential and Economic Implications“ (UNEP 2017) auf frithere Anwendungen des
systemdynamischen Modells Threshold 21 fiir Nachhaltigkeitsanalysen im Auftrag der Vereinten
Nationen. Das systemdynamische iSDG-Modell reprasentiert eine Weiterentwicklung des
Threshold 21 Modells, welche in der Vergangenheit bereits mehrmals fiir nationale Analysen
von SDG-Wechselwirkungen angewandt wurde (Allen et al. 2019b, 2021). Auf einer tief-
greifenden und mittlerweile liber mehrere Jahrzehnte hinweg verbesserten Struktur basierend,
zielt es in seiner Berichterstattung auf eine weitreichende Erfassung von Wechselwirkungen
zwischen einzelnen SDGs und zugehorigen Unterzielen ab. Das iSDG-Modell simuliert die grund-
legenden Trends fiir die SDGs unter einem Business-as-usual-Szenario und ermdoglicht die
Analyse von flexibel parametrisierbaren Alternativszenarien. Da das Forschungs-konsortium zur
Durchfiihrung dieses Vorhabens auf das iSDG-Modell zuriickgreifen konnte, wurde im weiteren
Projektverlauf der iSDG-Bewertungsansatz fiir entsprechende Analysen deutscher Entwick-
lungspfade verwendet.

Um die Strukturen des iSDG-Modells fiir eine Analyse der deutschen Verflechtungen anzupassen,
mussten zunachst Datensatze zur Abbildung der historischen Entwicklung in Deutschland von
ca. 200 sozialen, 6konomischen und 6kologischen Indikatoren in die Modelldatenbank integriert
werden. Dariiber hinaus wurden weitergehende Anderungen der Modellstruktur durchgefiihrt,
um relevante Entwicklungszusammenhange des Green-Supreme-Szenarios der RESCUE-Studie
(Dittrich et al. 2020b) berticksichtigen zu kénnen.

Die in den eigenen Analysen parametrisierten Umstellungen behandeln drei zentrale Umwelt-
dimensionen: Treibhausgasemissionen, inldndischer Materialverbrauch (engl. Domestic
Material Consumption) und Bodenqualitit. Unter Nutzung der fiir dieses Vorhaben erweiterten
iSDG-Modellstruktur konnten dabei die Auswirkungen von Umstellungen in folgenden Hand-
lungsfeldern analysiert werden: Energiesystem, Industrie (inkl. Kreislaufwirtschaft), Bauen und
Wohnen, Mobilitat, Erndhrung und Landwirtschaft.
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Bei der Auswertung der Simulationsergebnisse zeigt sich, dass keine offensichtlichen Ziel-
konflikte auf die SDG-Zielerreichung identifiziert werden: Von bereits hohen SDG-Zieler-
reichungsgraden ausgehend, fiihren die in den Simulationen unterstellten zusatzlichen Umstel-
lungen in der Regel zu einer Steigerung der SDG-Zielerreichungsgrade. Im Jahr 2050 ist das
klima- und ressourcenpolitische Politikszenario im Vergleich zur Baseline dadurch gepragt, dass
keine signifikant negativen Auswirkungen auf einzelne SDG-Zielerreichungsgrade simuliert
werden.

In der RESCUE Studie wurde im ,,GreenSupreme“-Szenario durch sdmtliche unterstellten Um-
stellungen eine Reduktion der deutschen Treibhausgasemissionen im Vergleich zu 1990 um

97 % erreicht. Die im Vergleich hierzu simulierten geringeren Treibhausgas-Reduktionen (84 %
bis 2050 im Vergleich zu 1990 im Policy-Scenario) der eigenen Modellrechnungen verdeutlichen
einerseits, dass auch der in diesem Vorhaben erweiterte iSDG-Bewertungsansatz nicht sdmtliche
Detailannahmen der RESCUE-Studie abbildet. Beim Ergebnisvergleich mit der RESCUE-Studie
muss allerdings auch beriticksichtigt werden, dass fiir die RESCUE-Studie keine dynamischen
Modellierungen vorgenommen wurden. Als eine wichtige Erkenntnis des gegenstindigen Vor-
habens ist daher unter anderem festzuhalten, dass die Projektionspfade dynamischer Simu-
lationen durch die Beriicksichtigung relevanter Riickkopplungsschleifen in zentralen Szenario-
details deutlich von den Befunden thematisch vergleichbarer (entsprechende Riickkopplungs-
schleifen aber nicht beriicksichtigender) statischer Modellierungen abweichen kénnen.

Bei politischen Schlussfolgerungen ist zu beachten, dass das iSDG-Modell lediglich Entwick-
lungen in Deutschland simuliert. Da das iSDG-Modell bereits zuvor fiir SDG-spezifische
Bewertungen alternativer Entwicklungspfade in anderen Landern eingesetzt wurde, haben wir
diese Einschrankung fiir unsere erste deutsche Transformationsanalyse von SDG-Entwicklungen
bewusst in Kauf genommen, um damit die Vergleichbarkeit unserer Ergebnisse mit ver6ffent-
lichten Ergebnissen aus vergleichbaren Anwendungen des iSDG-Modells fiir andere Welt-
regionen ermdglichen zu kdnnen. Da in unserem Projekt keine globalen Wechselwirkungen
modelliert wurden, bleibt es zukiinftigen Forschungs- und Entwicklungsvorhaben vorbehalten,
auch die aus globalen Wirkungszusammenhéangen resultierenden Einfliisse auf SDG-Indikatoren
wie spw. dem Materialfufdabdruck unter Anwendung erweiterter Bewertungsansatze zu
analysieren.

Dank der in diesem Bericht dokumentierten Entwicklungsarbeiten liegt nun eine vollstandig
parametrisierte iSDG-Version fiir Deutschland vor, die im Vergleich zu bisherigen Modell-
versionen deutlich erweitert wurde. Diese erweiterte Modellversion wurde am Ende des
Projekts an die wissenschaftlichen Mitarbeitenden das Umweltbundesamts (UBA) iibergeben.
Sie kann daher vom UBA in eigenen Folgeanalysen eingesetzt werden. Auch eine 6ffentliche
Prasentation des Modells und der im Rahmen des Projekts erarbeiteten Ergebnisse im Internet
ist moglich. Der Modell Simulator kann iiber den Link

https://exchange.iseesystems.com/public/millenniuminstitute /isdg-germany/ aufgerufen

werden.
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Summary

Introduction

The research and development project "Integrated Assessment of the UN Sustainable Develop-
ment Goals (SDGs) in Transformation Pathways towards a Resource-Efficient and Greenhouse-
Gas-Neutral Germany" was carried out by GWS mbH (GWS; Osnabriick, Germany), the Millen-
nium Institute (MI; Washington DC, USA & Geneva, Switzerland) and ERASME (Aubiere, France).
These research institutions were commissioned by the German Federal Environment Agency
(UBA) in July 2021. This final report documents all main research and development services
provided by this consortium in the course of the project.

The project task was to develop and apply a modeling and evaluation approach for Germany to
take an integrated view on various sustainability aspects in ambitious climate and resource
protection scenarios. The assessed transformation pathway had to be aligned to key environ-
mental objectives from the “GreenSupreme scenario” of the RESCUE study (Dittrich et al.
2020Db). Therefore, all resource policy transformations considered in this study are oriented
towards a reduction in the use of primary raw materials.! Concerning sustainability aspects, the
United Nations Sustainable Development Goals (SDGs) were given as key reporting subjects.

In the year 2000, the United Nations defined eight global development goals with a predom-
inantly development policy focus, which were to be achieved by 2015 (Millennium Development
Goals, MDGs). These goals included, for example, providing primary education for all children,
improving environmental protection, combating communicable diseases (such as malaria and
HIV), establishing a global partnership for development and combating poverty and hunger
(BMZ 2024). The SDGs were then negotiated with an expanded focus over several years of
intergovernmental negotiations. In addition to “traditional development goals”, the SDGs also
address the protection of natural resources through sustainable environmental use (such as the
use of land or water resources), social and health development goals, peace and security and the
shared responsibility of states to achieve these goals. The SDGs therefore now form a normative
frame of reference for "global goals and targets that the international community sets for itself"
(Le Blanc 2015, p. 11).

Due to the development work documented in this report, a model version for Germany that has
been significantly expanded compared to previous applications of the iSDG model is now
available. This extended model version for Germany was handed over to the researchers at the
German Environment Agency (UBA) at the end of the project. It can therefore be used by UBA in
their own follow-up analyses. It is also possible to present the model and the results of the
project publicly on the internet. The model simulator can be accessed via

https://exchange.iseesystems.com/public/millenniuminstitute /isdg-germany/.
SDG modeling approaches

Since the official adoption of the SDGs, a variety of assessment methods have already been
applied by researchers studying SDG-relevant nexus developments. The project therefore began
with a thorough stocktaking by means of a comprehensive meta-study (Chapter 2). In order
to determine the current state of research on methods for and findings from applications of
numerical assessment of SDG interactions and their development in future development paths,

1 Thus, compared to the rather broad definition of “resources” in the 2030 Agenda, this report refers to “resources” in the narrower
definition of the German Resource Efficiency Programme “ProgRess”. Overarching goals of ProgRess are the long-term conservation
of natural resources by the promotion of more sustainable raw material extraction activities as well as the implementation of more
sustainable modes of raw material utilisation. To this end, ProgRess sets out measures to increase resource efficiency along the
entire value chain - from raw material extraction and product development to production, consumption and the circular economy
(https://www.bmuv.de/en/topics/water-management/overview-resource-efficiency/overview-of-german-resource-efficiency-
programme-progress, retrieved on October 8, 2024).
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Zusammenfassung

Einleitung

Das Forschungs- und Entwicklungsprojekt "Integrierte Betrachtung der UN-Nachhaltigkeitsziele
(SDGs) in Transformationspfaden hin zu einem ressourcenschonenden und treibhausgas-
neutralen Deutschland" wurde von der GWS mbH (GWS; Osnabriick, Deutschland), dem Mil-
lennium Institute (MI; Washington DC, USA & Genf, Schweiz) und ERASME (Aubiere, Frankreich)
durchgefiihrt. Nachdem diese Institutionen vom Umweltbundesamt (UBA) im Juli 2021 mit der
Durchfiihrung des Vorhabens beauftragt wurden, dokumentiert der vorliegende Abschluss-
bericht die wesentlichen bis zum Projektabschluss im Jahr 2024 erbrachten Forschungs- und
Entwicklungsarbeiten.

Projektauftrag war, fiir Deutschland einen Modellierungs- und Bewertungsansatz zur inte-
grierten Betrachtung verschiedener Nachhaltigkeitsaspekte in ambitionierten Klima- und Res-
sourcenschutz-Szenarien zu entwickeln und anzuwenden. Die eigenen Szenarioanalysen waren
dabei in ihren 6kologischen Transformationsannahmen an entsprechende Vorarbeiten des
“GreenSupreme”-Szenarios der RESCUE-Studie (Dittrich et al. 2020b) anzulehnen.” Als zu
bewertende Nachhaltigkeitsaspekte wurden die Nachhaltigkeitsziele der Vereinten Nationen
(engl. UN Sustainable Development Goals, SDGs) vorgegeben: Die Vereinten Nationen haben im
Jahr 2000 acht bis zum Jahr 2015 global zu erreichende Entwicklungsziele (Millenium
Development Goals, MDG) mit tiberwiegend entwicklungspolitischem Schwerpunkt definiert. Zu
diesen Zielen zdhlten bspw. die Ermoglichung einer Grundschulausbildung fiir alle Kinder, die
Verbesserung des Umweltschutzes, die Bekdmpfung iibertragbarer Krankheiten (wie bspw.
Malaria und HIV), der Aufbau weltweiter Entwicklungspartnerschaften sowie die Bekdmpfung
von Armut und Hunger (BMZ 2024). AnschliefSend wurden in mehrjihrigen zwischenstaatlicher
Verhandlungen die SDGs mit einem erweiterten Fokus ausgehandelt. Neben ,klassischen
Entwicklungszielen“ adressieren die SDGs auch die Sicherung der natiirlichen Lebensgrundlagen
durch nachhaltige Umweltinanspruchnahmen (wie der Nutzung von Land- oder Wasser-
ressourcen), soziale und gesundheitliche Entwicklungsziele sowie Frieden und Sicherheit und
die gemeinsame Verantwortung der Staaten zur Erreichung dieser Ziele. Damit bilden die SDGs
heute einen normativen Referenzrahmen fiir “global goals and targets that the international
community sets for itself“ (Le Blanc 2015, p. 11).

Dank der in diesem Bericht dokumentierten Entwicklungsarbeiten liegt nun eine vollstandig
parametrisierte Modellversion fiir Deutschland vor, die im Vergleich zu bisherigen An-
wendungen des iSDG-Modells deutlich erweitert wurde. Diese erweiterte Modellversion fiir
Deutschland wurde am Ende des Projekts an die wissenschaftlich Mitarbeitenden im Umwelt-
bundesamt (UBA) libergeben. Sie kann daher vom UBA in eigenen Folgeanalysen eingesetzt
werden. Auch eine 6ffentliche Prasentation des Modells und der im Rahmen des Projekts
erarbeiteten Ergebnisse im Internet ist moglich. Der Modell Simulator kann iiber den Link
https://exchange.iseesystems.com/public/millenniuminstitute /isdg-germany/ aufgerufen
werden.

SDG-Modellierungsansatze

Seit offizieller Verabschiedung der SDGs wurden im Bereich der Nachhaltigkeitsforschung
bereits eine Vielzahl von Methoden angewandt, um SDG-relevante Entwicklungen und dabei

7 Im Vergleich zu der eher breit gefassten Verwendung des “Ressourcen”-Begriffs im Kontext der Agenda 2030 wird in diesem
Bericht der “Ressourcen”-Begriff daher durchgehend in der engeren Abgrenzung des Deutschen Ressourceneffizienzprogramms

“ProgRess” verwendet. Siehe https://www.bmuv.de/themen/ressourcen/deutsches-ressourceneffizienzprogramm (abgerufen am 8.

Oktober 2024) fiir diesbeziiglich weitergehende Informationen.
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1 Background to the report

1.1 Sustainable Development Goals (SDGs): Origins, needs and opportunities
for mapping trade-offs and synergies, and available datasets

1.1.1 Thematic introduction to the United Nations Sustainable Development Goals
(SDGs)

Figure 1: The 17 Sustainable Development Goals
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Source: Own representation of the contents of (Folke et al. 2016)

The Sustainable Development Goals (SDGs) have been stated in the so-called “2030 Agenda for
Sustainable Development” (United Nations 2015b). After the United Nations had already defined
eight global development goals for the year 2015 (Millenium Development Goals, MDG. See
United Nations 2015a for the final MDG report), the SDGs currently define 17 global
development goals for the year 2030. See Figure 1 for a visual overview of the SDGs.

It is important to realise that these goals represent the outcomes from intergovernmental nego-
tiations. In normative terms they frame “global goals and targets that the international commu-
nity sets for itself. As a compromise reflecting a multiplicity of concerns and interests, the set of
SDGs taken as a whole is not based on any particular interpretation of the world; nor does it
reflect a specific, coherent systemic view of how the socio-economic engine works and delivers
outcomes along all the dimensions covered by the goals” (Le Blanc 2015, p. 11).

However, given that the individual goals refer to mutually interlinked economic, social and
environmental development objectives, it seems evident that coherent policy approaches are
needed to achieve these goals (Nilsson et al. 2016). From a policy consulting perspective, the
SDG thus “highlight the need for more integrated research for sustainable development across
natural, social, health sciences, economics and engineering. They also require a stronger drive
towards transdisciplinary research” (ICSU 2017, p. 223).
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Figure 2: Methodological approaches to SDG interlinkage analyses
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Source: Own representation of the contents of (Miola et al. 2019)

Since their approval by all UN Member States in 2015, sustainability research therefore already
applied a variety of methodologies to address the analytical challenges posed by the integrated,
indivisible, and interlinked nature of the SDGs. A classification of respective approaches to SDG-
interlinkage analyses made in Miola et al. (2019) is given in Figure 2. We reproduce this figure
here to illustrate that all subsequent discussions in this report will focus closely on quantitative
approaches and, especially, on modelling approaches. Whereas we are also aware of expert
judgements, we merely consider these as general parameterisation options that could in
principle be applied in case of insufficient data availabilities. To name a representative
linguistic/literature study, we refer to Lim et al. (2018) as an example. Readers with further
interests in linguistic and literature approaches are referred to Miola et al. (2019) and the
corresponding literature references listed therein.

This focus on quantitative modelling of SDGs emerges from the research objectives of this
project. The present report documents research and development work for the project
“Integrated Assessment of the UN Sustainable Development Goals (SDGs) in Transformation
Pathways towards a Resource-Efficient and Greenhouse-Gas-Neutral Germany” (FKZ 3721 31
101 0). Conceptually, this project was organized as follows: Work package 1 (WP1) targeted
the identification of available methods and tools for ex ante SDG-assessments of integrated
transformation pathways. Based on this initial work, follow-up project activities were targeted
towards adapting and applying a specific model for SDG interlinkage assessments in integrated
climate and resource protection pathways for Germany (WP2), and to explore ex ante the
impact of varied climate policy and resource policy measures on Germany’s SDG achievements
(WP3). The focus on expert judgements, quantitative approaches and, especially, on modelling
approaches therefore reflects the authors' fundamental understanding that quantitative
approaches rather than qualitative tools are better suited to accomplish respective tasks.

1.1.2 Empirical outline of relevant SDG datasets

The “Global indicator framework for the Sustainable Development Goals and targets of the 2030
Agenda for Sustainable Development” is comprehensively documented by the UN Statistics
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1.2 Introduction to the RESCUE study

1.2.1 Methodological summary

TextBox 2:  Resource-Efficient Pathways towards Greenhouse Gas- Neutrality (RESCUE)??

» In the RESCUE study (Glinther et al. 2019), the German Environment Agency (UBA) identified
possible pathways for achieving greenhouse gas (GHG) neutrality in Germany in a resource-
efficient manner by 2050.

P For this, a total of six scenarios were developed to examine possible technical / technological
changes in individual action fields as well as lifestyle changes required for achieving GHG-
neutrality by 2050. As an additional aspect, the associated raw material requirements (metals,
biomass, construction minerals, and fossil energy carriers) were quantified.

» The results of RESCUE show that it is possible to achieve the current climate targets for
Germany while reducing overall raw materials demand at the same time, but that this requires
ambitious and economy-wide changes/transformations (across all action fields) within the
next few years. The envisaged changes/transformation described in RESCUE are also of
relevance in the context, e.g., of EU Green Deal.

» In RESCUE, the focus is on the necessary sectoral adjustments. However, the pathways
described in RESCUE were not yet examined against the background of other sustainability and
environmental goals.

Source: Adapted from the original terms of reference of this project.

A summary of the contextual framework of the RESCUE study is given in TextBox 2. The metho-
dological framework that has been implemented for the RESCUE study applies the results of
very detailed sectoral calculations as input variables for macroeconomic energy and material
analyses. Details of this soft linked calculation approach are presented in Dittrich et al. (2020a).

The RESCUE study aimed to identify possible transformations in key action areas to achieve
Germany's climate and resource policy goals. The action areas analysed were:

energy supply,

mobility,

industrial production,
agriculture and land use,
construction and housing,

waste and wastewater,

vV v v v v v Y

consumption-side changes.

ff1c1ent pathways -to-greenhouse (retrleved on April 24, 2024)
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1.2.2 Key distinctions between our study and the RESCUE study in terms of content and
methodology

The RESCUE study followed a normative approach. Starting from predefined target values for
the year 2050, it was shown that these can be achieved in Germany through rapid, compre-
hensive, and ambitious changes in selected key sectors (energy production, mobility, agriculture
and land use, and housing) together with complementary more general changes in production
and consumption patterns. To demonstrate this in detail, complex calculations were carried out
under the application of an Input-Output based, static assessment procedure incorporating in-
depth insights from partial sectoral modelling studies. Additional calculations for the base years
2030 and 2040 illustrate potential macroeconomic transformation steps towards achieving the
desired target states.

From an ecological point of view, the parameterised scenarios are distinguished by the fact that
the selected targets do not only prescribe the transformation to a greenhouse gas-neutral
society. In contrast to many other climate scenarios, they also quantify very ambitious develop-
ment milestones in terms of resource use (including land use) for the year 2050. See, inter alia,
Wiese et al. (2022) for a respective review of the RESCUE scenarios as compared to other
German energy scenarios. The results of the RESCUE study thus already provide scenario bench-
mark values for selected SDG indicators (namely greenhouse gas emissions and material foot-
print).

However, the RESCUE study did not intend to take a comprehensive look at all SDG indicators.
Consequently, for some further SDG indicators, specific scenario values were exogenously
predetermined and applied as a fixed prerequisite for subsequent analyses. Examples of this
include assumptions on the development of GDP (SDG 8), on the assumed decrease in food waste
(SDG 12) or on the assumed comprehensive international technology transfer (SDG 17). This
implies, for instance, that all feedback effects of the assumed (comprehensive) transformation of
the global industrial system on overall economic growth have been completely disregarded in all
RESCUE scenarios. Furthermore, given that the methodology applied in the RESCUE study can-
not provide any insights into labour market developments, apparently expectable interactions
with SDG 8 remained completely unaddressed. In the manufacturing sector (explicitly listed as a
target for SDG 9), aggregate economic developments were not endogenously determined
through partial sector modelling, but rather residually adjusted to achieve assumed GDP target
values. Furthermore, income distribution (SDG 10), fossil-fuel subsidies (SDG 12) and overall tax
revenue and public budget dynamics (SDG 17) were not mapped by the applied calculation
approaches.

It is therefore worth noting that, while RESCUE examined the question of "what should happen"
to transform the German society in a greenhouse gas neutral and resource efficient way, our
project addressed the rather complementary question of “what can happen” during respective
adaptation processes within the SDG nexus.
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2 Meta-analysis: International literature review on
methods and tools for analysing SDG-interrelationships.

2.1 Context of the own literature review

2.1.1 Expert judgements and derived quantitative approaches

Since the adoption of the SDGs, the sustainability research community emphasises the need to
develop coherent policy approaches that consider SDG-interactions explicitly. It is our under-
standing that this should be recognised to provide strong arguments for a thorough empirical
foundation of respective policy approaches. Notably, dynamic top-down analyses can provide a
broad account of evidence-based benefits, trade-offs and synergies at the national level. The
following subchapter summarises the literature that we consider to be of central importance in
this regard. However, to begin with, we will briefly also introduce other quantitative methods
and tools that may eventually also be applied for the conceptual design of respective simulation
models.

Thus, we first refer to the widespread use of Cross-Impact matrices (Le Blanc 2015; Nilsson et al.
2016; ICSU 2017). These approaches are used to quantify considered SDG-interactions on an
ordinal scale. While different numerical evaluation criteria can be applied (see, for example,
Weimer-Jehle 2006 or ICSU 2017 in this regard), the overall procedure can be briefly explained
as follows: For a selected subset of targets or goals, all combinatorically feasible bivariate
interactions are systematically arranged in a matrix representation. According to the selected
scoring system, all direct interactions between individual targets or goals are then
parameterised in the individual matrix cells. An example of a respective application is shown in
Figure 3. In this application, the strength of each direct interaction was coded on a seven-point
scale (ranging from -3 to +3), with negative values indicating trade-offs and positive values
indicating synergies. For the graphical representation, the respective numerical values were
mapped to coloured areas. After such a systematic assessment of direct interactions has been
made, assorted network analysis techniques can be applied to identify implied indirect effect
relationships, discern resulting network clusters, and present them in a descriptive visual
manner.

While this method can apparently be implemented purely qualitatively, without considering
available empirical data, an application based on historically observed correlations is naturally
also possible. We consider the initiative of the Japanese Institute for Global Environmental
Strategies (IGES), which has developed a very comprehensive SDG Interlinkages Analysis &
Visualisation Tool (Zhou and Moinuddin 2017) noteworthy in this regard. As this tool is freely
available and extensively documented on the internet,23 we will not go into further detail here.
But it seems important to us to emphasise that, beyond the original objective of this project, the
scope of information made available via the IGES tool for monitoring sustainability
developments exceeds by far that of the current national SDG monitoring in Germany.

23 https://sdginterlinkages.iges.jp/ (retrieved on January 30, 2024)
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Figure 3: Exemplary Cross-Impact matrix
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Reconsidering own recent work in this domain (Meyer 2019), it therefore seems advisable to us
that future projects explore similar possibilities for the further development of existing
monitoring approaches. Thereby, the question of adequate measures and indicators for an
appropriate evaluation of respective goals and targets should also be discussed in depth. In fact,
current experience with corresponding evaluations indicates that it is difficult, if not even
impossible, to establish universally accepted evaluation methods.24

24 While our research project did not aim to elaborate any monitoring approaches, we would like to point out that different
monitoring methods are currently in use. Unfortunately, this instance tends to produce conflicting findings: “We present the state of
the art by comparing the three most prominent methods to measure SDGs performance at country level (...). We compare and
contrast these methods. Our results suggest a strong discrepancy in existing methods. Depending on the chosen indicators and
methods applied, countries can receive substantially different relative evaluations.” Miola and Schiltz 2019, p. 1.
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2.1.2 Dynamic modelling approaches for SDG interlinkage analysis

Table 1: The 17 Sustainable Development Goals positioned in their relation to ecological,
social and economic dimensions of sustainability

Biosphere Society Economy
6 Clean Water and Sanitation 1 No Poverty 8 Decent Work and Economic
Growth
13 Climate Action 2 Zero Hunger 9 Industry, Innovation and
Infrastructure
14 Life Below Water 3 Good Health and Well-being 10 Reduced Inequalities
15 Life on Land 4 Quality Education 12 Responsible Consumption

and Production

5 Gender Equality
7 Affordable and Clean Energy
11 Sustainable Cities and Comunities

16 Peace and Justice and Strong
Institutions

17 Partnership for the Goals

Source: Own representation of the contents of (Folke et al. 2016)

Our conceptual understanding of general system structures that underpin individual SDG inter-
actions is shown in Table 1. This Table was adapted from Folke et al. (2016) and illustrates that
the SDGs refer in particular to three interdependently interacting subsystems (biosphere,
society and economy). This underlying concept of social-ecological systems acknowledges that
the economy and society are, as globally intertwined subsystems, embedded within the
biophysical system (labelled as biosphere in the table). This is the basis of the planetary
boundaries framework as applied in defining a safe operating space for humanity (Rockstrom et
al. 2009; Steffen et al. 2015).

Taking this conceptual orientation, we conducted a systematic literature review of models and
tools available for simulations of SDG interactions. This work is substantively close to previous
literature reviews as published by, for example, Allen et al. (2016). However, whereas Allen et al.
(2016) developed and applied a typology and inventory of 80 different models, including top-
down ‘macro framework’ as well as bottom-up sectoral models, we did not aim to represent the
entire set of currently available ex ante tools. Instead, our literature review aimed to identify
those ex-ante assessment methods that are already capable for, or appear to be straightforward
adaptable to, an integrated mapping of various SDG target interactions. Guided by this, we
decided to focus the review of modelling approaches on macro frameworks, as “macro frame-
work models are likely to be more useful for undertaking system-level or economy-wide
scenario analysis driven by the national long-term goals and targets, and for exploring trade-offs
and synergies among sectors” (Barbero Vignola et al. 2020, p. 10). Referring to recent literature
reviews of related quantitative modelling (Bennich et al. 2020; Hafner et al. 2020), this implies
that we refrain from any closer look at agent-based models.
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economic models, as methodologically appropriate tools for simulating the macroeconomic
benefits of resource efficiency.

2.2 Methodological approach for the compilation of the literature review

2.2.1 Research questions, procedure, and search

Figure 4: Methodological approach of the systematic literature review

emmal Research Questions

+ Which methods/modeling approaches can be used to map SDG interactions amongst each other and what
are their advantages and disadvantages? Which interactions are described in the literature?

» Which pathways for integrated climate and resource protection (“nexus”) are described in the literature
besides RESCUE and how detailed are they (e.g, at the level of overarching trends, individual action
fields, individual measures/instruments, etc.)?

» What approaches and tools are available to assess ex-ante the identified integrated climate and resource
protection pathways with regard to implications on the various SDG targets? What information /
parameters are needed to link such pathways to SDG assessment methods/tools and which SDGs can be
mapped using available methods?

] Procedure

»Selection of keywords (Table 2)
* Transparency (Description of the selection process)

el Search

«Database: google scholar, IDEAS, ResearchGate, Science Direct
#Search queries (Table 3)

]  Screening (selection criterias)

+Revision of database entries and first filtering

e«Keywords (Table 4) for filtering

eLiterature/contribution has to answer at least one of the research questions
sPeer review

—

«Full text analysis for publications with keywords in policy area as well as in the methods area

sOccasional inclusion of additional references that had not been identified on the previous
screening phase

#Definition and application of a classification framework (qualitative, quantitative and
dynamic modelling approaches) for the structured presentation of the findings from the full
text analysis

eSupplementary statistical analyses and graphical presentation of results

*A systematically structured overview on
savailable methods and findings from SDG interaction studies, and,
escenario assessments that can be derived from these findings.

Source: Own representation

As stated before, our analysis is comparable to previous work, e.g., by Miola et al. (2019), van
Zanten and van Tulder (2021) (who focused on economic activities), or McCollum et al. (2018)
(who focused on energy-related studies). Also, our approach to the identification of dynamic
simulation models is in substantial agreement with the conceptual structures applied by
Aguilar-Hernandez et al. (2021) in their related meta- study on the macroeconomic effects of
resource policy interventions.

The structure and methodological approach of our review was guided by the criteria of a
systematic literature review as given by Haddaway et al. (2015) and Haddaway et al. (2018). It
consisted of the steps depicted in Figure 4. The individual steps are explained in detail below.
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Table 2: Relevant keywords for literature search
NO | Keyword I NO Keyword Il
1 2030 Agenda A Trade-offs
2 national development B co-benefit
3 planetary boundaries C policy coherence
4 Sustainable Development Goals D Interaction
5 sustainable development E Integrated
6 sustainability F Nexus
7 sustainability goal G Relationships
8 sustainability science H Pathway
| Synergies

Source: Own representation

The first step in the systematic literature review was to identify relevant keywords for the
search. Relevant keywords should identify publications that answer at least one of the following
research questions:

1. Which methods/modelling approaches can be used to map SDG interactions amongst
each other and what are their advantages and disadvantages? Which interactions are
described in the literature?

2. Which pathways for integrated climate and resource protection ("nexus") are described
in the literature besides RESCUE and how detailed are they (e.g., at the level of
overarching trends, individual action fields, individual measures/instruments, etc.)?

3. What approaches and tools are available to assess ex-ante the identified integrated
climate and resource protection pathways regarding implications on the various SDG
targets? What information/parameters are needed to link such pathways to SDG
assessment methods/tools and which SDGs can be mapped using available methods?

A first selection of keywords was derived from key literature references which were selected in
joint agreement with the UBA (Le Blanc 2015; Weitz et al. 2018; Nilsson et al. 2016, 2016; Miola
etal. 2019; Zhou and Moinuddin 2017; van Soest et al. 2019; Allen et al. 2019b; Ekins et al. 2019;
TWI2050 - The World in 2050 2018; Philippidis et al. 2020; Bergoo et al. 2019). These keywords
were complemented by keywords from highly cited publications as well as related key
publications by the research team (Allen et al. 2016; Pedercini et al. 2020; Allen et al. 2021;
Collste et al. 2017; Allen et al. 2017; Pedercini et al. 2018a; Pedercini et al. 2019).

The number of keywords was then reduced by removing (almost) identical entries and selecting
only those entries deemed most relevant with respect to the overarching research questions.
Whereas this reduction step resulted in 51 individual search terms, we finally decided to retain
only keywords which could be directly associated with focal policy areas and related science
keywords. This led to the final selection of 17 relevant search terms as summarised by Table 2.
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Table 3: Queries applied in the literature search

NO | Query NO | Query

1 (2030 Agenda) AND trade-offs 13 sustainability AND trade-offs

2 (2030 Agenda) AND co-benefit 14 sustainability AND co-benefit

3 (2030 Agenda) AND (Policy coherence) 15 sustainability AND (policy
coherence)

4 (2030 Agenda) AND interaction 16 sustainability AND interaction

5 (2030 Agenda) AND integrated 17 (Sustainable Development Goals)
AND relationships

6 (2030 Agenda) AND pathway 18 (Sustainable Development Goals)
AND nexus

7 (Sustainable Development Goals) AND tradeoffs 19 (2030 Agenda) AND synergies

8 (Sustainable Development Goals) AND co-benefit 20 (2030 Agenda) AND relationships

9 (Sustainable Development Goals) AND (policy 21 (2030 Agenda) AND nexus
coherence)
10 (Sustainable Development Goals) AND interaction 22 (Sustainable Development Goals)
AND synergies
11 (Sustainable Development Goals) AND integrated 23 (Sustainable Development Goals)
AND nexus
12 (Sustainable Development Goals) AND pathway 24 (Sustainable Development Goals)

AND relationship

Source: Own representation

In the subsequent search process, various combinations of keywords I and keywords Il were
combined in systematic queries (e. g. Agenda 2030 + trade-offs, Agenda 2030 + co-benefit,
Agenda 2030 + policy coherence, Agenda 2030 + interaction). The individual queries addressed
the bibliographic databases of IDEAS (https://ideas.repec.org/), google scholar
(https://scholar.google.de/), ResearchGate (https://www.researchgate.net/) and Science Direct
(https://www.sciencedirect.com/).

In google scholar the research included all languages, that is the research was with no prior
constraints. IDEAS is a large freely available database for literature dedicated to economics.
ResearchGate is (one of) the largest academic networking platform for researchers. The
bibliographic database Science Direct hosts over 18 million pieces of content from more than
4,000 academic journals and 30,000 e-books published by the Dutch publisher Elsevier. For
IDEAS the terms had to be present in the record, that means either in the title, the abstract or the
keywords. For google scholar the term was searched in the whole available document (title,
abstract, keywords, table of contents, main text if freely available). The search results were
sorted by relevance and the first six resulting pages were considered for the screening.

For a paper to be considered in our database, both terms of the query had to be present in the
title or the abstract. Searches with queries or combinations of terms that did not yield new
search results or relevant publications were aborted. Therefore, in total 24 out of 72 possible
combinations have been used for the search.
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To ensure that all key findings from the subsequent full-text analyses are reflected by our final
database, individual contributions that had not previously identified by this initial search
process were also supplemented to the database in the further course of the project. All
published statistics in this report on the structure of the database therefore refer to this
enhanced data set (including references from follow-up snowballing activities).

In essence, our meta-analysis is thus based on three elementary work steps: Initial database
queries and statistical analyses, full text analysis I (of identified database entries), full text
analysis II (of relevant literature references identified in full text analysis I). The full literature
collection process was completed in March 2022. The oldest entries we considered refer to
publications from the early 1990s.

2.2.2 Screening

For the following analyses, it was ensured that all (relevant) database entries were completely
recorded. This concerned in particular abstracts and keywords. However, in this evaluation
phase, all relevant database entries were thoroughly checked for completeness, including titles,
author names, publication types, and publication years, and any missing information identified
was subsequently filled in (where possible).2” In addition, a final check was made to ensure that
individual contributions would not accidentally be listed more than once in the database.

We then developed assessment criteria to select from the complete set of database entries those
publications that feature a close thematic relationship to the subject matter of our project. The
applied selection categories and queried attributes were developed iteratively by us. On this
calibration stage, we checked selected references which appeared to be of central importance in
light of previous literature reviews (Miola et al. 2019; van Soest et al. 2019; Aguilar-Hernandez
etal. 2021; Allen et al. 2016) to see whether these references were also identified in our
literature database when applying respective search parameters.

The final list of keywords considered in this evaluation is shown in Table 4. As can be seen, we
organized our selection criteria along three dimensions. In the left column, all keywords are
listed which, according to our observations, indicate specific references to the main topics of our
research ("Science / Policy Domain"). The center column (“Kind of Interactions considered”)
contains a variety of keywords aimed at identifying articles directly related to interaction-
analyses. Finally, the right column (“Object of Analysis, applied Tools and Methods”) reflects our
awareness of the range of methods available for quantitative SDG-interlinkage analyses.

27 The reference to relevant publications acknowledges that, with due regard to the personnel capacities available to us, we decided
to restrict this internal quality control to database entries that had been published after the year 2014. Furthermore, based on
internal considerations, we decided at this processing stage to exclude all publications in the following journals from any further
analyses: Midwifery, ] Appl Biol Biotechnol, Joule, Journal of Applied Corporate Finance, Review of International Geographical
Education Online, UCL Open: Environment, Discover Sustainability, Meridiano 47, NeoBiota, University of Oslo Faculty of Law
Research Paper, Fire Safety Journal, BANCARIA, ] Microbiol Exp, EVRODIJALOG Journal for European Issues, procedia-social and
behavioral sciences, Frontiers in veterinary science, International Review for the Sociology of Sport, Bmj, Global Journal of Human
Resource Management, International Migration, Journal of Management Studies, Nature Human Behaviour, Accounting and Business
Research, Complexity, European Journal of Public Health, Journal of Business Logistics, Journal of Manufacturing Systems.
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Table 4: Assessment criteria applied on screening phase |

Sciene / Policy Domains

2030 Agenda

carbon reduction
Circular Economy
climate action

climate and energy

climate change

climate policy
decarbonisation
decoupling

emission reduction

energy transition
environmental assessment
global warming

industrial ecology

material and energy use
material use
mitigation policy

Nationally Determined
Contributions

natural resources

planetary boundaries

planetary operating space
Resource efficiency
resource policy

resource pressure

resource use

Kind of Interactions considered

alternative development

broader suite of policies

co-benefit

coherence

comprehensive sustainable development

pathway

Correlation

cross-sector

development network
driving forces
feedback

governance gaps
holisitc approach

integrated policy

integrated system
interaction
interdependencies

interlinkage

intersectoral

links among goals

modelling of linkages
multi-causality
multi-criteria
multi-level

multisector
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Object of Analysis,
applied Tools and
Methods

assess pairwise
interactions

backcasting
causal loop diagrams
conceptual mapping

dashboard

decision-making
dynamic stock model
empirical evidence
evidence-based policy
ex ante assessment
forecasting

foresight

futures

indicators of
sustainability

integrated assessment
integrated methods
integrated modelling

integrated scenario

interlinkage management

macroeconomic
simulation

meta-analysis
modeling system
modelling
network analysis

numerical data
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Figure 5: Selection process of systematic literature review
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The identification routines applied by this algorithm are not case sensitive. Keywords written in
lower case are therefore also recognized if they were written in upper case in the publication
(and vice versa). In addition, the algorithm was designed to also identify corresponding word
stems.2? These guidelines were deliberately set broadly, in a mutually exclusive format, by the
GWS-project management. In order to ensure a broad coverage of related research activities and
to facilitate continued improvements of our database through respective snowballing activities,
identified literature reviews with strong relevance for our project activities were generally
included in the full text analyses. Additionally, it was agreed that ex ante assessments and
individual applications of tools for interlinkage analyses should generally be included in the full
text analyses. For the remaining selection criteria, individual reviewers could apply their own
weightings in their overall assessment. For the respective overall evaluations, the decision
categories were given as follows: "Included in the full-text analysis", "unclear decision”, "not
included in the full-text analysis".

The algorithm then stores all identified literature entries as a well-structured Excel spreadsheet.
As shown in Figure 5 (second row from above), we identified a total of 275 individual database
entries by the application of this method. These shortlisted 275 entries were then evaluated in
more detail by our research consortium: For each of the initially identified 275 database entries,
the GWS research team pre-assessed, based on associated abstracts and titles and own scientific
expertise, whether these entries should be explicitly considered in subsequent full-text analyses
("Screening II"). This preliminary shortlist was then presented to the entire project team as well
as to UBA’s project management for approval. At this stage, all research participants as well as
UBA had the opportunity to make own requests for changes and to indicate further contri-
butions that had not yet been adequately considered in previous analyses. Finally, a common list
of 68 database entries was agreed to be tentatively considered for full-text analyses.

29 The search term ,pathway*, for example, also identifies articles that report exclusively in the plural about , pathways".
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2.3 Statistical summary of the analysed database

2.3.1 Full database

Figure 6: Total number of all recorded database entries by publication year
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Overall, 1701 individual entries have been coded in our database. As shown by the histogram in
Figure 6, the research interest in interaction analyses for sustainable development has grown
continuously over the past decade. While the earliest research articles we recorded were
published in 1993 (one database entry), the number of corresponding annual publications
identified by us until the end of the 2000s rarely exceeds 10. After that, however, this research
topic clearly gets into vogue: Starting from 21 contributions in the publication year 2010, the
number of thematically relevant publications identified by us rises monotonically to a total of
293 publications in the publication year 2021.

Figure 7 illustrates that most recorded database items refer to journal articles. Slightly more
than 66 % of all database entries belong to this publication category. This is followed by books
(slightly less than 17 % of all database entries) and the group of reports and working papers not
published by a publishing house (almost 13 % of all database entries). Slightly more than 4 % of
all database entries were categorized as individual contributions in edited volumes. Other forms
of publication (university publications and conference proceedings) were rarely recorded.
Together, they represent less than 0.5 % of all database entries.

Given the high share of publications from academic journals in our database, it is interesting to
see in which journals the respective articles have been published. In total, we recorded 424
different journal titles. This high number of different journal titles can be explained by the fact
that most journals (295 titles) are only listed with a single publication in our database. At the
same time, a total of 182 of the journal articles recorded by us refer to an identical journal
(Sustainability). Thus, Sustainability clearly dominates the set of academic articles recorded by
us.
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Figure 7: Breakdown of coded database entries by publication types
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The journal with the second most publications (Journal of Cleaner Production) contributed 29
articles. The journal with the third most recorded publications (Sustainability Science)
published 28 publications. Table 5 shows an overview of those journals that were most
frequently considered in our meta analysis. The next ranked journals contribute less than 20
articles each (Sustainable Development: 18, Environment, Development and Sustainability: 17,
Nature Sustainability: 17, Current Opinion in Environmental Sustainability: 14, World
Development: 14, Climate Policy: 13, Ecological Economics: 13, Environmental Research Letters:
13).

Figure 8 illustrates the broad range of topics covered by the publications analysed. For the
wordcloud shown, all titles and (where available) abstracts and keywords were broken down
into individual words so that their respective frequencies of use could be analysed. In the visual
representation, these frequencies have been represented by different colours (from yellow to
orange, green, blue and violet to red (low to high frequency) and font sizes (with larger font
sizes representing higher frequency of word occurrence).

As expected, the overarching “SDGs”-term is identified most frequently in this analysis.30 Apart
from that, with the “environmental” items being coloured in violet and the “economics” as well
as “agenda” items being coloured in dark blue, many of the recorded publications can be
classified as economic-environmental Agenda 2030 analyses. With “energy” being coloured in
dark blue and “climate change” being highlighted in light blue, climate policy contributions
represent a significant proportion of the contributions we captured. However, the social
dimension of the SDGs appears to be discussed with similar frequency as it has also been
coloured in dark blue. Resource issues are particularly captured under “food” and “water”
keywords (both shown in dark green), as well as under “land” use aspects (light green). Overall,
trade-offs (shaded in dark green) appear to be mentioned more frequently than synergies
(shaded in light green).

30 The most frequent overarching terms (like goals, policy, or sustainability) are not shown in this illustration as they would strongly
dominate the resulting figure.
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Table 5: Systematic literature review: most frequently considered journal titles
Seq. Journal Number of
Number Publications
1 Sustainability 182
2 Journal of Cleaner Production 29
3 Sustainability Science 28
4 Sustainable Development 18
5 Environment, Development and Sustainability 17
6 Nature Sustainability 16
7 Current Opinion in Environmental Sustainability 14
8 World Development 14
9 Climate Policy 13
10 Ecological Economics 13
11 Environmental Research Letters 13
12 Business Strategy and the Environment 12
13 Energies 11
14 Environmental science & policy 11
15 Renewable and Sustainable Energy Reviews 11
16 International Environmental Agreements: Politics, Law and Economics | 10
17 Nature Climate Change 9
18 Technological Forecasting and Social Change 9
19 Politics and Governance 8
20 Science of The Total Environment 8
21 Ecosystem Services 7
22 Global Environmental Change 7
23 Economies 6
24 Energy Policy 6
25 Global Environmental Change - Human and Policy Dimensions 6
26 Land Use Policy 6
27 Applied Energy 5
28 Ecology and Society 5
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Figure 8: Wordcloud based on SDG publication titles, abstracts, and keywords
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2.3.2 Screening results

A detailed list of researchers who contributed to at least two of these 275 candidate publications
of Screening Phase Il is given in the Appendix: Detailed findings from the literature review
(Table 53). Here, we only provide a brief introduction to those authors who contributed to five
or more of the identified publications.

Cameron Allen, Graciela Metternicht and Thomas Wiedmann from the University of New South
Wales in Sydney (Australia) contributed a methodological and a policy implementation review
(Allen et al. 2016; Allen et al. 2018) as well as a case study application based on Trend
assessments, Cross-Impact matrix analysis and Network analysis (Allen et al. 2019a). It is
interesting to note that with Wiedmann, a well-known expert in macroeconomic Input-Output
analyses and derived macroeconomic footprint assessments was involved in this work.
However, most of his research identified by our review approach focuses primarily on
applications of system dynamics models for SDG-interaction studies: Together with Matteo
Pedercini, Allen, Metternicht and Wiedmann published findings from applications of the iSDG
model to Australia and, respectively, Fiji (Allen et al. 2019b, 2021).31 As head of the research and
modelling activities at MI, additional iSDG model applications that are also included in our
database have also been co-authored by Matteo Pedercini (Pedercini et al. 2018b; Pedercini et al.

31 For the sake of completeness, we would like to mention that one additional publication co-authored by Metternicht Bizikova et al.
2018 was only identified on a later evaluation stage and has thus not been included into the literature review.
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Figure 9: Number of database entries included in the full text analysis by publication year
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Figure 10: Authors with multiple contributions to our analysed paper shortlist (from 1993 to
2022)
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A longlist of the contributions included in the following screening phase may be provided upon
request. As mentioned earlier, this longlist provided the starting point for the selection of 40
papers that were reviewed as part of the full-text analyses. For the resulting 40 paper shortlist,
Figure 9 shows the in-sample distribution of the publication years of selected articles. As can be
seen from this figure, our selection focuses exclusively on publications that have been published
since 2015. This reflects an intentional decision by the research team: as the SDGs were only
adopted in 2015, we did not include earlier contributions in the full-text analyses. Our most
recent reference included in the full-text analysis dates from 2022.

A consolidated overview of all references and the contributing authors included in our full-text
review is given by Table 6. A total of over 200 authors contributed to the literature included in
the full-text analysis. While a tabular overview of all authors included in the full-text analysis can
be provided by us upon request, Figure 10 shows the distribution for the number of
contributions among all authors with multiple included publications.
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Table 6: Literature selected for full text reviews
Authors Year | Title Journal
1 Aguilar-Hernandez, Glenn A.; Dias Rodrigues, Jodo F.; Tukker, 2021 | Macroeconomic, social and environmental impacts of a Journal of Cleaner
Arnold Circular Economy up to 2050: A meta-analysis of Production
prospective studies
2 | Allen, Cameron; Metternicht, Graciela; Wiedmann, Thomas; 2019 | Greater gains for Australia by tackling all SDGs but the Nature Sustainability
Pedercini, Matteo last steps will be the most challenging
3 | Allen, Cameron; Metternicht, Graciela; Wiedmann, Thomas; 2021 | Modelling national transformations to achieve the SDGs Global Sustainability
Pedercini, Matteo within planetary boundaries in small island developing
states
4 Barbero Vignola, Giulia; Acs, Szvetlana; Borchardt, Steve; Sala, 2020 | Modelling for Sustainable Development Goals (SDGs)
Serenella; Giuntoli, Jacopo; Smits, Paul; Marelli, Luisa
5 Bennich, Therese; Weitz, Nina; Carlsen, Henrik 2020 | Deciphering the scientific literature on SDG interactions: The Science of the total
A review and reading guide environment
6 Campagnolo, Lorenza; Carraro, Carlo; Eboli, Fabio; Farnia, Luca; | 2018 | The Ex-Ante Evaluation of Achieving Sustainable Social Indicators
Parrado, Ramiro; Pierfederici, Roberta Development Goals Research
7 Campagnolo, Lorenza; Davide, Marinella 2019 | Can the Paris deal boost SDGs achievement? An World Development
assessment of climate mitigation co-benefits or side-
effects on poverty and inequality
8 Capelldn-Pérez, Iiiigo; Blas, Ignacio de; Nieto, Jaime; Castro, 2020 | MEDEAS: a new modeling framework integrating global Energy Environ. Sci.
Carlos de; Miguel, Luis Javier; Carpintero, Oscar; Mediavilla, biophysical and socioeconomic constraints
Margarita; Lobejon, Luis Fernando; Ferreras-Alonso, Noelia;
Rodrigo, Paula; Frechoso, Fernando; Alvarez-Antelo, David
9 Dawes, Jonathan H. P. 2022 | SDG interlinkage networks: Analysis, robustness, World Development
sensitivities, and hierarchies
10 | Distelkamp, Martin; Meyer, Mark 2019 | Pathways to a Resource-Efficient and Low-Carbon Europe | Ecological Economics
11 | Ferri, Giovanni; Sedehi, Habib 2018 | The System view of the Sustainable Development Goals

63




TEXTE Integrated Assessment of the UN Sustainable Development Goals (SDGs) in Transformation Pathways

2.4 Substantive findings from our meta-study on SDG-trade-offs and -
synergies

2.4.1 Expert judgements and statistical ex post assessments

2.4.1.1 Methodological overview

This section presents the applications of quantitative and statistical analyses identified by our
literature review. A tabular overview of the references that emerged in this regard can be found
in Table 7. As can be seen from the first column, we distinguish between five generic types of
analysis: Expert judgement, Meta Analysis, Statistical assessments, Scenario Calculations and
Statistical Modeling approaches. A variety of qualitative as well as quantitative methods are used
for the respective types of analyses. For the selected references given in column three, the
prevailing types of methods used are listed in column two. These methodological approaches are
briefly presented below.

The examples of Cross-Impact matrix applications mentioned in the first part of the table
represent the perhaps most well-known and certainly the earliest approaches to the
identification of SDG interactions (Le Blanc 2015; Nilsson et al. 2016; ICSU 2017). Cross-Impact
matrices provide a structured and concise overview of pairwise interrelationships. The just
mentioned publications applied Cross-Impact matrices to summarise qualitative assessments of
selected experts on directions and strengths of SDG interactions. To assess the individual
strength of individual interactions considered, respective experts were asked to categorise their
opinions ordinally on a discrete scale ranging from -3 to +3. Trade-Offs were coded by negative
entries; synergies were coded by positive entries. The absence of any significant link between
two considered SDG targets or goals was coded as 0.

An early review of findings from selected case study applications of this assessment approach
for SDG-interlinkage analysis has been provided by Nilsson et al. (2018). These authors consider
the flexible application of this method as an essential advantage. Insights from stand-alone data
analyses as well as previously proven interrelationships or interlinkages deemed relevant by
experts or stakeholders can be brought together in a structured way to be then systematically
evaluated visually and statistically. For graphical presentations, network analysis tools are
usually applied. Weitz et al. (2018) represent a widely cited publication in this regard. Focusing
on selected SDG targets from a Swedish perspective, they demonstrate the usefulness of tailored
network graphs for visualisations of the information content of Cross-Impact Matrixes.

On the other hand, such a knowledge co-creation approach suffers from typical “technical”
disadvantages. Key issues to be considered in this regard may be summarised as follows: “How
to bring different academic disciplines to the table and generate a common knowledge base for
the assessment; how to select the “key” interactions from all possible alternatives; how to tap
into statistical data sources; and how to gauge or “calibrate” the different experts’ estimates and
characterizations of interactions.” (Nilsson et al. 2018, p. 1500). In addition to these technical
aspects, it also must be noted that corresponding analyses and evaluations of SDG-interactions
are always context-specific. If framing contextual conditions are changed, the respective
conclusions may also vary significantly. One interesting conclusion of the authors is therefore
given in their indication on the suitability of this method for local analyses: “While the
applications so far have been generic or national-level, this experience suggests that there would
be value in applying the framework at the local scale—a scale at which many interactions
become very tangible and concrete, and the contextual factors become clear” (Nilsson et al.
2018, p. 1499).
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Table 7:
review

Overview of qualitative and quantitative applications identified from the literature

Type of analysis
Expert judgement
Expert judgement
Expert judgement
Expert judgement
Meta Analysis

Meta Analysis

Meta Analysis, Statistical ex
post assessment

Meta Analysis, Statistical ex
post assessment

Statistical ex post assessment
Statistical ex post assessment
Statistical ex post assessment

Statistical ex post assessment

Statistical ex post assessment

Statistical ex post assessment

Statistical ex post assessments

Dynamic modelling

Statistical ex post assessment

Statistical ex post assessment,
Scenario Calculations

Multivariate statistical
Assessments

Multivariate statistical
Assessments

Dynamic modelling

Dynamic modelling

Method

Cross-Impact matrix, Network Analysis
Cross-Impact matrix

Cross-Impact matrix

Cross-Impact matrix, Network Analysis
Cross-Impact matrix, Network Analysis

Cross-Impact matrix, Network Analysis,
Mathematical Modelling

Count Data Analysis, Chi-Squared tests

Spearman rank correlation

Spearman rank correlations
Spearman rank correlations
Spearman rank correlation

Pearson correlation, Network Analysis

Correlation Analysis, Network Analysis

Granger-causality tests, Network
Analysis

Trend Analysis & Interpolation, Cross-
National cluster analysis

Factor Analysis

Structural Equation Modeling

Static Input-Output Analysis

Regression Analysis

Regression Analysis

Regression Analysis, Monte Carlo

Simulations

SUR estimation, Panel VAR Modeling

Source: Own representation of findings from the literature review

Reference

Le Blanc (2015)

Nilsson et al. (2016)

ICSU (2017)

Weitz et al. (2018)
Pham-Truffert et al. (2020)

Dawes (2022)

van Zanten and van Tulder
(2021)

Miola et al. (2019)

Fonseca et al. (2020)
Pradhan et al. (2017)
Kroll et al. (2019)

Bali Swain and Ranganathan
(2021)

Sebestyén et al. (2019)

Dorgé et al. (2018)

Sebestyén and Abonyi (2021)
Spaiser et al. (2017)

Bali Swain and Yang-Wallentin
(2020)

Scherer et al. (2018)

Miguel Ramos and Laurenti
(2020)

Kluza et al. (2021)

Ranganathan et al. (2017)

Bali Swain and Karimu (2020)

Whereas initial applications of network tools merely served to illustrate the contents of Cross-
Impact matrices, Weitz et al. (2018) also apply related concepts for a more advanced statistical
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2.4.1.2 Selected findings

Table 8: Distribution of Synergies, Trade-Offs and Ambiguities on Goal-Levels across
individual studies
Total matches Synergies Trade-Offs Ambiguity Share of Ambiguity in
%
SDG 1 20 13 1 6 30.00
SDG 2 40 25 10 25.00
SDG 3 9
SDG 4 15 11 4 26.67
SDG 5
SDG 6 1
SDG 7 44 18 26 9.09
SDG 8 14 8 /
SDG 9 7
SDG 10 11 1 4 3636
SDG 11 14 10 4 28.57
SDG 12 24 18 6 25.00
SDG 13 16 8 6 37.50
SDG 14 04
SDG 15 1 4
SDG 16
SDG 17 0 0

Source: Own representation of the contents of (Miola et al. 2019)

Overall, international statistical analyses of SDG interactions reveal more synergies than trade-
offs. It is important to note, however, that these relations can vary significantly between
individual SDGs. The pairwise rank correlations calculated by Pradhan et al. (2017) show that
SDG 3 (Good health and well-being) features the most synergies with other SDGs. In contrast,
SDG 12 (Responsible consumption and production) is subject to many trade-offs in relation to
other SDGs. For a specific national analysis, these findings are initially not very useful, as
individual country developments have been pooled for this illustration. The authors note in their
text that Germany, like Finland and Japan, is characterized by an exceptionally high proportion
of synergies compared with trade-offs. Overall, however, it must be noted that, for this
publication as well as for the subsequently published Cross-Section analyses of Kroll et al.
(2019), the very high degree of aggregation in the presentation of results does not allow any
direct conclusions regarding the design of the own analyses in the further project.

It is worth noting, however, that the proportion of ambiguous results (marked yellow in the
figure) is relatively low. This may be suggestive of methodological advantages of quantitative
methods and modelling frameworks compared to qualitative approaches. See also the
comprehensive meta-analysis of published interlinkage-assessments (which is based on
applications of a wide variety of methods) in Miola et al. (2019) in this regard. As illustrated by
Table 8 their comparison of the findings from different SDG interaction studies documents that,
when studying identical interactions, different authors often arrive at significantly different
assessments. As noted by Miola et al. (2019), most publications analysed by them applied
qualitative methodologies which had to rely on subjective judgments. Consequently, “it can be
expected that more different authors draw different conclusions that are based on different
assumptions and will thus, come to different results for the evaluation” (Miola et al. 2019, p. 17).
According to their results, SDGs 1, 2, 3, 5,9 and 12 are yet marked by a relatively low proportion
of ambiguities. Since Miola et al. compare the analysed interactions at the Goal level, it could be
assumed that corresponding ambiguities tend to be smaller when analysing individual Targets.
However, Miola et al. could not carry out a corresponding analysis as not all respective
interaction relationships were already studied at Target levels by the publications considered in
their literature review.
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2.4.2 Dynamic models for ex ante assessments of SDG-interactions
2.4.2.1 Methodological overview

2.4.2.1.1 Types of models considered

As already discussed in section 2.1.2 of this report, we prefer to subdivide the Dynamic models
for SDG-interlinkage analyses in a three-part classification scheme. By the inclusion of [AM, this
classification scheme can be understood as a slightly more detailed categorisation of assessment
models as that applied by (UNEP 2017). A schematic overview of our classification scheme for
Dynamic modelling approaches is provided by Figure 11. Readers interested in broader
overviews on currently available ex ante assessment tools are referred to Barbero Vignola et al.
(2020) who assess 108 JRC modelling tools on their availabilities for ex ante SDG assessments.

Most recent prominent arguments for the inclusion of an individual IAM category can be taken
from the literature review by van Soest et al. (2019). UNEP (2017), reviewing dynamic
modelling tools for Macroeconomic assessments of resource policy measures, distinguish
between Computable General Equilibrium (CGE) models, Macro-Econometric models, and
System Dynamics models. In this report, we group the first two model categories of the UNEP
report (CGE models and Macro-Econometric [Input-Output] models) under the term
Macroeconomic models. This definition of the class of macromodels corresponds in essential
features also to the understanding of Pollitt et al. (2010).

To avoid fundamental ambiguities, we would like to stress that different research groups
sometimes apply (almost) identical classification terms to label dissimilar model types. The
Input-Output modelling approaches reviewed by Pollitt et al. (2010) are, for example, not of a
dynamic nature and were therefore already presented by us in section 2.4.1 (Scherer et al.
2018). According to this classification, the URMOD assessment approach of the RESCUE analyses
is also to be classified as static (opposed to dynamic) Input-Output modelling. The models that
we classify as Macro-Econometric Input-Output approaches, on the other hand, are
characterized by the fact that they are able to project the evolution of mapped economic
structures (and accompanying impacts on other sustainability dimensions) autonomously over
time. In this respect, they appear (at least at first glance) comparable to CGE models.

There are, indeed, important methodological differences between these two types of models:
“Macroeconometric [Input-Output] models have quite different theoretical foundations to CGE
models. The equations describing the relationships within the model are estimated
econometrically from historical data, which is not normally the case in CGE models, and they do
not assume market clearing. This means that base case model outcomes tend not to be
economically efficient and to have unemployed resources, meaning that policy and other
interventions can improve economic efficiency and lead to increases in output and employment.
This mechanism is in addition to the possible increases in output from technological change
leading to reduced costs (perhaps through increased resource efficiency), which is the route
through which CGE models can show increases in output [...]" (UNEP 2017, p. 102).
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Figure 11: Own classification scheme for the identified dynamic modelling approaches
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Some model overviews also distinguish between further types of models. For example, agent-
based modelling was also explicitly mentioned by Pollitt et al., but with specific reference to the
fact that "... so far, there is no fully specified agent-based representation of the macroeconomy”
(Pollitt et al. 2010, p. 48). Since our current literature search did still not reveal key references to
agent-based macroeconomic modelling activities deemed relevant in our research context, we
do not consider this class of models here explicitly. Additionally, we did not intended to take a
closer look at partial sector modelling approaches (another macroeconomic modelling approach
explicitly mentioned byPollitt et al. 2010). Finally, we understand the model class of “fully-
specified macroeconomic models based on the theories provided by ecological economics”
(Pollitt et al. 2010, p. 48) as one of many possible entry points to the development of system
dynamics models. However, taking into account also earlier work by Allen et al. (2016), we
consider it appropriate to list system dynamics modelling as a separate model class.

2.4.2.1.2 Conceptual outline of the respective model types

2.4.2.1.2.1 Integrated Assessment Models

IAM have been traditionally developed and applied as decision support and information tools for
policymakers to design, assess and evaluate climate policy solutions. Corresponding SDG
indicators are therefore typically mapped comprehensively by IAM. From a broader nexus
perspective (Bleischwitz et al. 2018), it can also be noted that IAMs generally map the water-
energy-land use- climate nexus (and associated interactions) well (van Soest et al. 2019).
However, minerals and materials are not yet well represented in IAMs (Bleischwitz et al. 2018).
A further disaggregation of socio-economic interactions and a better inclusion of social scientists
in IAM development and application is also considered to be necessary in future research (van
Soestetal. 2019).

[AMs vary in the level of detail, complexity, and interconnections considered (Weyant 2017;
Lamperti et al. 2018): some models represent the complete Earth system with a small number of
relatively simple equations (e.g. Nordhaus 2014), while others consist of thousands of physical,
chemical, biological, and economic equations (e.g. Reilly et al. 2012). The economic part of an
[AM is often based on a CGE approach (Balint et al. 2017). An in-depth overview over IAMs
including an extensive discussion is given in Mendelsohn (2020) or Weyant (2017).

There are two basic types of global IAMs: Detailed Process (DP) IAMs and Benefit-Cost (BC)
IAMs (Weyant 2017). DP IAMs are more disaggregated and provide detailed projections
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regarding climate change impacts at regional and sectoral scales, using both economic units and
physical units to represent results. In contrast, BC IAMs aggregate climate change costs and
impacts by sector and region into single economic metrics. In general, IAMs are based on a linear
cycle consisting of six steps (Ciarli and Savona 2019): (1) Consumption and production cause
greenhouse gases (GHG); (2) GHGs accumulate in the atmosphere; (3) This growing stock of
GHGs traps heat and results in global warming at a certain rate; (4) Warming leads to climate
change; (5) Climate change affects individuals and the environment through a damage function.
The exact impacts are complex and difficult to estimate; (6) Inventory and fluxes of greenhouse
gases can be reduced at some cost. Costs depend on current and future costs of climate change,
current costs to mitigate climate change, and time preferences.

IAMs have been criticized for

» having arbitrarily set damage functions and discount rates (Pindyck 2013; Stern 2013, 2016;
Weitzman 2013; Revesz et al. 2014; Farmer et al. 2015; Balint et al. 2017, among others),

» aggregate damage function not distinguishing between different microeconomic impact
channels (Lamperti et al. 2020),

» the cost of emission reductions being independent of past emission levels in time (Grubb et
al. 2021),

» giving the impression of control and exact results (Ackerman et al. 2009; Pindyck 2013;
Stern 2013; Weitzman 2013; Revesz et al. 2014; Farmer et al. 2015, among others),

» paying little attention to the principles of a functioning social system and the behaviours of
the actors involved (Mathias et al. 2020),

» the possibility of underestimating both the costs of climate change and the benefits of
transitioning to a low-carbon economy (Stern 2016),

» missing feedback loops and neglecting climate policy reflexivity (Balint et al. 2017).

2.4.2.1.2.2 Macroeconomic models

Macro-Econometric Input-Output (I0) models and Computable General Equilibrium (CGE)
models are used to analyse the long-term macroeconomic development and the long-term
energy-environment-economy interplay (Cambridge Econometrics 2019). Extended and
combined with energy and emissions modules these types of models can be applied for an
integrated projection, evaluation and assessment of energy, climate and Circular Economy
policies. The inclusion of water, food, land and energy in the models facilitates to analyse
economy-wide implications of resource-use interlinkages and trends (Bleischwitz et al. 2018, p.
741).

Both model types are characterised by a high level of detail regarding economic sectors,
industries, and regions and are based on Input-Output tables illustrating the interdependencies
between producing industries and consuming users. They can respond to price changes, account
for input and import substitutions, and explicitly deal with supply constraints. They are typically
characterised by full coverage of macroeconomic income cycles. Thus, economy-wide rebound
effects and resulting non-linearities are explicitly taken into account by respective model
simulations.

The fundamental differences between macroeconometric I0 models and CGE models stem from
their theoretical foundations as well as the derived calibration methods: While CGE models are
based on neoclassical theory, Macro-Econometric I0 models are based on empirically observed
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Figure 12: Participatory modelling methods for co-creating pathways to sustainability
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Finally, we would like to comment on some frequently repeated criticisms which seem to apply
to all socioecological macro modelling frameworks. This concerns first of all the robustness of
historically observed impact relationships in Long-Term Socio-Economic Simulation studies.
See, for example, related comments on Macro-Econometric models in Allen et al. (2016) or Ellen
MacArthur Foundation (2015b). Fundamentally, this criticism is true: Human behaviour and
resulting social interactions are not governed by any natural laws. They are always subject to the
complex interplay of sociocultural norms, individual preferences, and values. Since social
development processes are accompanied by a continuous adjustment and balancing of
respective influencing factors, any long-term projection of existing development trends will
always be subject to a high degree of uncertainty. Therefore, it is necessary to at least reflect
very critically on the usefulness of any simulation approach that projects human behaviour over
long-term periods (such as centuries) by means of parametrized response patterns.

However, this intrinsic research challenge apparently applies to all sociological modelling
attempts. Hence, regardless of whether the economic module of an IAM, a Macro-Econometric [0
model, a CGE model, or a socioeconomic system dynamics application is considered, essentially
all social science modelling attempts are subject to this criticism. The reason for this lies in the
simple fact that, in absence of any certainty about future socio-economic relationships, every
computer model somehow has to parameterise respective future behaviour patterns and
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Table 9: Overview of model applications identified from the literature review
Model type Model name Key reference Keywords
Macro- ICES/MEMO/MEWA Bosello et al.
economic (2016)
models
Macro- E3ME European 1. Circular Economy; economic consequence;
economic Commission et al. | Economic policy; Environmental impact; EU
models (2018), member state; Job creation; Labour market;
European New type of employment; Professional
Commission qualifications; Renewable energy; Report;
(2014) Sustainable development; Waste
management; Waste recycling
Macro- PANTA RHEI Distelkamp et al.
economic (2010)
models
Macro- EXIOMOD/LPJmL Hu et al. (2015) Resource Economics, Economic impact
economic modelling, Resource efficiency policy, Land
models use, Water abstraction, Environmental
indicators
Macro- GINFORS/LPJmL Meyer et al. 2. Consumption-based accounting;
economic (2015), Decoupling; Dynamic assessment model;
models Distelkamp and Economy-energy-environment model; Macro-
Meyer (2019) econometric models; Material and energy
use; Material Footprint; Multi-region Input-
Output model; Raw material equivalents;
Resource efficiency
Macro- GINFORS3 Meyer et al. Climate policy; Environmental systems
economic (2018) thinking and modelling; Macro-econometric
models models; Material Footprint; Multi-region
Input-Output model; Policy assessment;
Rebound effects; Resource policy; Simulation;
transformation
Macro- GTAP Lee (2019) Biohydrogen, Circular Economy, Circularity,
economic Secondary material, Waste management
models
Macro- NewERA Tuladhar et al. Circular Economy, Zero waste, Recycling,
economic (2016) Sustainability, Energy efficiency,
models Macroeconomic impact
Macro- GTEM, GLOBIOM UNEP (2017)
economic
models
Macro- ENGAGE-material Winning et al. Resource efficiency, Circular Economy,
economic (2017) Recycling, Iron and steel, Computable general
models equilibrium
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Figure 13: Carbon price simulation results from the Special Report on Global Warming of 1.5°C
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Source: Meyer et al. (2021), based on information retrieved from the IAMC 1.5°C Scenario Explorer Release 1.1

Figure 13 shows the global carbon price simulations that have been analysed. As indicated on
the y-axis, CO; prices are represented in year 2010 US-$. The chronological development of the
simulation period is shown on the x-axis. As can be seen, [AMs usually cover a long simulation
period (until the end of the century), but do not generate annual time series projections. Instead,
most observations are available at 10-year intervals. From this compilation of the various
scenario parameterizations for different [AMs, it can also be seen that the respective values of
observed variables (in this case, the global CO; price) exhibit a widening interval over the
simulation period. It should be noted that every simulation run considered in this figure has
been characterised as an ambitious climate protection scenario. In this sense, there are no
fundamental differences between the respective model results. Consequently, even if individual
observations (marked by lighter shaded circles in the figure) may be identified as apparent
outliers, it can therefore be stated that a comparison of different transformation pathways will
usually not reveal a single prototypical trajectory.

86



TEXTE Integrated Assessment of the UN Sustainable Development Goals (SDGs) in Transformation Pathways

Figure 14: Information content of well-established Integrated Assessment Models
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Figure 14 illustrates that, whereas the scope of mapped causalities does of course differ between
individual IAMs, they tend to report primarily on physical developments: For those models
analysed by Meyer et al. (2021) which feature the most comprehensive reporting scopes, this
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Figure 15: Conceptual framework of GINFORS;
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During the POLFREE project three scenarios have been established: A ‘global cooperation’
scenario, in which all countries co-operate through international agreements and harmonized
economic and regulatory policy instruments to pursue decarbonisation and a resource-efficient
global economy. A ‘EU goes ahead’ scenario, in which the EU countries act as forerunners and the
rest of the world fails to increase ambition. And a ‘Civil society leads’ scenario in which
voluntary changes in preferences and behaviour are the main drivers of the transformation
towards resource-efficiency and decarbonization. All three scenarios (and a ‘business-as-usual’
scenario) parametrizations were elaborated to figure out the direct impacts of extensive policy
packages (and changed attitudes).

To conduct the simulation experiments the environmentally extended economic model,
GINFORS was soft-linked with the bio-physical model LPJmL (“Lund-Potsdam-Jena managed
Land”) by PIK Institute. A more focused documentation of the just mentioned Meyer et al. (2015)
GINFORS simulations has also been published by Distelkamp and Meyer (2019). In subsequent
projects, the GWS-model GINFORS was also applied on behalf of the UBA for the simulation of
resource and climate policy relevant indicators (Meyer et al. 2018; Distelkamp and Meyer 2018).
For the following self-contained conceptual introduction to the GINFORS model, we draw on
corresponding presentations in Meyer et al. (2018).

GINFORS:3 is based on a deep mapping of country and sector structures. These structures depict
mutual international as well as inter-sectoral economic interdependencies by means of a
bottom-up approach. This means that projections for macroeconomic indicators (such as GDP)
are consistently derived from dynamic mappings of their constitutive parts (such as private
household expenditure, government spending, gross fixed capital formation and exports and
imports). Hence, at the core of the GINFORS; model lies an economic module. It encompasses 35
industries with 59 products groups in 38 national economies (including the EU-27 and BRICS
countries as well as an overwhelming majority of OECD member states) and a Rest of World
(RoW) region.
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Table 10: Regional coverage of the simulation model GINFORS;
n Country or Code n Country or Code
Region Region
1 Austria AUT 21 Hungary HUN
2 Belgium BEL 22 Latvia LVA
3 Cyprus CYP 23 Lithuania LTU
4 Estonia EST 24 Poland POL
5 Finland FIN 25 Romania ROU
6 France FRA 26 Sweden SWE
7 Germany DEU 27 United GBR
Kingdom

8 Greece GRC 28 Russia RUS
9 Ireland IRL 29 Turkey TUR
10 Italy ITA 30 Brazil BRA
11 Luxembourg LUX 31 Canada CAN
12 Malta MLT 32 Mexico MEX
13 Netherlands NLD 33 United States USA
14 Portugal PRT 34 China CHN
15 Slovak Republic SVK 35 India IND
16 Slovenia SVN 36 Japan JPN
17 Spain ESP 37 Korea KOR
18 Bulgaria BGR 38 Australia AUS
19 Czech Republic CZE 39 Rest of World ROW
20 Denmark DNK 40 Total World

Source: Own representation

A full list of the geographical coverage is given in Table 10. Industry and product classification
details are given in Table 11 and Table 12.
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Table 11: Classification of industries in GINFORS;
n NACE Label n NACE Label
1 AtoB Agriculture, Hunting, 19 50 Sale, Maintenance and Repair
Forestry and Fishing of Motor Vehicles and
Motorcycles
2 C Mining and Quarrying 20 51 Wholes. Trade and Commission
Trade, except Motor Vehicles
3 15to 16 Food, Beverages and 21 52 Retail Trade, except of Motor
Tobacco Vehicles and Motorcycles
4 17 to 18 Textiles and Textile 22 H Hotels and Restaurants
Products
5 19 Leather, Leather and 23 60 Inland Transport
Footwear
6 20 Wood and Products of 24 61 Water Transport
Wood and Cork
7 21to 22 Pulp, Paper, Paper, 25 62 Air Transport
Printing and
Publishing
8 23 Coke, Refined 26 63 Other Supporting and Aux.
Petroleum and Transp. Activities; Travel
Nuclear Fuel Agencies ...
9 24 Chemicals and 27 64 Post and Telecommunications
Chemical Products
10 25 Rubber and Plastics 28 J Financial Intermediation
11 26 Other Non-Metallic 29 70 Real Estate Activities
Mineral
12 27 to 28 Basic Metals and 30 71to 74 | Renting of Machines and
Fabricated Metal Equipment and Other Business
Activities
13 29 Machinery, n.e.c. 31 L Public Admin and Defence;
Compulsory Social Security
14 30to 33 Electrical and Optical 32 M Education
Equipment
15 34 to 35 Transport Equipment 33 N Health and Social Work
16 36to 37 Manufacturing, n.e.c.; 34 o Other Community, Social and
Recycling Personal Services
17 E Electricity, Gas and 35 P Private Households with
Water Supply Employed Persons
18 F Construction

Source: Own representation
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Table 12: Classification of products and services in GINFORS;
n sec label | n
1 Products of agriculture, hunting and 31 Secondary raw materials
related services
2 Products of forestry, logging and related | 32 Electrical energy, gas, steam and hot water
services
3 Fish and other fishing products; services | 33 Collected and purified water, distribution
incidental of fishing services of water
4 Coal and lignite; peat 34 Construction work
5 Crude petroleum and natural gas; 35 Trade, maintenance and repair services of
services incidental to oil and gas motor vehicles and motorcycles; retail sale of
extraction excluding surveying automotive fuel
6 Uranium and thorium ores 36 Wholesale trade and commission trade
services, except of motor vehicles and
motorcycles
7 Metal ores 37 Retail trade services, except of motor vehicles
and motorcycles; repair services of personal
and household goods
8 Other mining and quarrying products 38 Hotel and restaurant services
9 Food products and beverages 39 Land transport; transport via pipeline services
10 Tobacco products 40 Water transport services
11 Textiles 41 Air transport services
12 Wearing apparel; furs 42 Supporting and auxiliary transport services;
travel agency services
13 Leather and leather products 43 Post and telecommunication services
14 Wood and products of wood and cork 44 Financial intermediation services, except
(except furniture); articles of straw and insurance and pension funding services
plaiting materials
15 Pulp, paper and paper products 45 Insurance and pension funding services, except
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Figure 16: Key action areas covered by the iSDG model

Source: Millennium Institute (2021)

A key characteristic of the iSDG, which is related to the SD nature of the model, is that a user
interface provides an easy visual access to model structures and simulation results. This
facilitates an in-depth review of scenario elements also by non-modelling experts, like, for
example decision-makers. The user interface can also be used to educate a broader audience
about the interactions between the SDGs and potential future scenarios.
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3.2 Coverage of action fields from the RESCUE-study

3.2.1 Energy

Figure 17:

Simplified CLD of the energy consumption’s dynamics
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In the energy supply module primary energy supply of gas, oil, coal, biomass, and electricity is
calculated. Biomass energy supply calculations are based on crops production and forest
products as outlined in Hoogwijk et al. (2003). The model follows a demand driven approach,
which means the main drivers of primary energy supply are final energy consumption and

electricity generation.

Figure 17 shows how energy consumption is calculated in the iSDG. This also includes energy
consumption components that fall within other sectors as defined in this report. The choice of
energy source is mainly influenced through energy prices, which are exogenous input
parameters and the energy technology suitability factor, which is calibrated based on historical
trends. Additionally, to replicate policies that target for example the phase out of fossil heating
systems or fossil fuel use in the industry sector, a parameter called target normative
consumption share can be adjusted accordingly, which influences final energy consumption by
consumption sector (i.e. agriculture, industry, services, other, residential and transport) and by
source (i.e. oil, gas, heat, electricity, bio, heat).

Based on the difference between primary energy production and primary energy supply,

imports are calculated.

Exogenous inputs to this module are electricity generation efficiency by source, other
transformation losses factor, transmission loss factor and primary energy stock variant.

In the electricity generation module total electricity production from fossil fuels, nuclear,
hydropower and other renewable sources (i.e. wind and solar) is calculated. Figure 18 presents
how the electricity generation is calculated in the iSDG.
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Figure 18: Simplified CLD of the electricity generation’s dynamics
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In this sector the installed capacity is estimated and captured. Future expected electricity
demand is driving electricity capacity expansion. Electricity generation capacity (i.e. nuclear,
coal, oil, gas, heat, solar, wind, hydro, bio) expansion happens through construction of additional
plants. The choice of additional capacity by type is based on levelized cost of electricity and can
be influenced by targeted private or government investment in specific technologies. Power
plants are generally decommissioned when their average lifetime has been reached. To be able
to capture normative fossil phase-out policies that are not market based, the option of early
decommissioning of fossil fuel power plants has been introduced through adding the parameter
“normative and exogenously defined electricity capacity decommissioning fraction”.

3.2.2 Government

This sector accounts for government revenue and total government expenditure, which is
allocated different categories, according to macroeconomic and functional classifications. The
latter includes a number of categories, which are used for defining government expenditure
policies. Funds allocated to “administrative and other expenditure” only have a macroeconomic
effect in the model. The following categories are relevant for the context of this project:

» Government expenditure as share of GDP by main category [energy expenditure]
e Government expenditure share of energy expenditure for large scale photovoltaic
e Government expenditure share of energy expenditure for large scale wind power
e Government expenditure share of energy expenditure for household energy efficiency
e Government expenditure share of energy expenditure for industry energy efficiency
» Government expenditure share of agriculture expenditure for training

The amount of expenditures for each of these categories represent major policy variables that
can be defined as desired percentage of GDP. This sector also encompasses the main structure
related to energy and carbon taxes. For the purpose of this project, a simplified carbon tax
structure was implemented. It works through an exogenous parameter that is defined as carbon
fee (€/ton CO2), which is based on the carbon content of respective energy sources. Changing
this parameter leads to higher cost of fossil fuels and thereby, influences energy prices of fossil
fuels, which affect electricity generation fuel consumption and final fuel consumption as outlined
in the electricity generation and energy supply modules’ description.
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3.2.3 Mobility

Figure 19: Simplified CLD of the vehicles sectors’ dynamics
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Calculations regarding mobility are split between two modules in the iISDG, namely infrastruc-
ture and vehicles. The supply chain approach applied in the infrastructure module allows to
model the dynamics of transportation infrastructure, including construction, maintenance, and
decay. This makes it possible to explicitly consider the effect of time lags in transportation
infrastructure development, and on the rural access index. Currently the following infrastruc-
ture elements are considered: paved and unpaved roads, and railways. If necessary, others can
be added. Transportation infrastructure funding is first allocated to maintenance. Funds re-
maining after maintenance are allocated to construction start-ups, a capital cost per kilometer of
infrastructure (Lambert and Huh 2004; Rioja 2003). An important factor influencing
construction quality and use of transport infrastructure, infrastructure life and maintenance cost
is governance (Kenny 2012). For this project, there was no model module available to map

developments in public transport or air traffic.

Additionally, intensity and frequency of natural disasters and their impacts on infrastructure,
health and private capital are encompassed in this module. Beyond this, transportation infra-
structure influences many other modules including education, agriculture, industry and services.
This module has no exogenous inputs. Additional investment in infrastructure is one of the

policy interventions possible in this module.

The Vehicles module follows the dynamics depicted in Figure 19 and tracks the number of
passenger and commercial road vehicles (internal combustion engines and electric) and the
emissions these vehicles produce (fine particulate matter, PM 2.5). Through setting a target
proportion of new vehicles, policies encouraging uptake of electric vehicles can be implemented.
The model explicitly accounts for the replacement of old vehicles by new and the factors
affecting decisions concerning the level of fuel efficiency of new vehicles, including public
expenditure (subsidies). By capturing the vehicles and replacement dynamics, related delays
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Table 13: Calibration summary statistics
Population Mean Median Minimum Maximum Standard
Deviation
N 204 17.87 20.00 3.00 20.00 5.31
Data 204 0.89 1.00 0.15 1.00 0.27
Coverage
R? 192 0.66 0.84 0.00 1.00 0.35
RMSPE 203 0.15 0.08 0.00 2.83 0.26
Um 201 0.43 0.32 0.00 1.00 0.35
Us 201 0.16 0.10 0.00 0.86 0.18
Uc 192 0.43 0.41 0.00 0.99 0.32

Source: Own calculations

Regarding all goodness-of-fit statistics, the model performs well overall, with some data
consistency issues causing outliers in the error levels (two standard deviations above the mean):
Averaged across all variables, R? indicates that two third of all historical development dynamics
are captured by the simulations. The mean RMSPE of the model is 0.15, which indicates a low
average error value, while the standard deviation is 0.26, representing a narrow distribution of
error around the mean. For most variables RMSPE falls below 0.41, with few outliers skewing
the distribution model.

In assessing the source of the error described in the RMSPE, there is a concentration of variables
between 0 and 0.43 (mean) for error due to bias, while fewer variables have error greater than
0.5. Regarding error due to variation, there is, generally, low error due to variation, with few
variables above 0.5. Last, the distribution of UC shows much of the error that exists in the model
can be seen is due to co-variation (0.43). Overall, the average error is at acceptable levels and the
error is concentrated in UC. This shows that the error of the model is non-systematic, indicating
a strong connection between the model output and the medium to long-term trends embedded
in historical data series.
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3.4 Baseline results

An application of the calibrated and validated iSDG base model without additional scenario
assumptions generates the results of the baseline scenario. These serve as a reference for
assessing the achievement of the SDG goals, also under assumed altered development
trajectories. For the baseline scenario as well as all alternative policy simulations, all underlying
global scenario assumptions refer to the Shared Socio-Economic Pathway (SSP2) (van Vuuren et
al. 2017a). An application of the calibrated and validated iSDG base model without additional
scenario assumptions generates the results of the baseline scenario. These serve as a reference
for assessing the achievement of the SDG goals, also under assumed altered development
trajectories. For the baseline scenario as well as all alternative policy simulations, all underlying
global scenario assumptions refer to the Shared Socio-Economic Pathway (SSP2) (van Vuuren et
al. 2017a). It is important to point out that the structures of a system dynamic model are not
developed to predict future developments of individual variables. (For example, to analyze the
effects of introducing good taxes on plastic products). Rather, applications of system dynamic
models serve to depict the development dynamics of complex systems over time. In this sense,
they serve to exploratively depict the "further” effects of, for example, "broad" social
developments or macroeconomic innovations. The main results of the baseline for population,
GDP (real GDP growth rate), Emissions (CO, emissions) and Resources (domestic material
consumption) are discussed below. In the iSDG all of these indicators are endogenous, meaning
that developments of population and GDP depend on other variables in the model and are not
only set based on exogenous assumptions. In the RESCUE study population and GDP were
exogenous inputs.

3.4.1 Population

In the iSDG, population is a function of fertility, mortality and migration. Fertility and mortality
rates are influenced by socio-economic development, such as GDP, education and access to
health services, and environmental factors, such as emissions and natural disasters. In the
baseline scenario population peaks around 84 million in 2025 and declines to roughly 82.9
million in 2050 (see Figure 20). This is in line with the UN population scenarios for Germany*°,
which range from around 72 million in 2050 to slightly more than 85 million in 2050 with a
growing trend until 2100. The median scenario peaks at approximately 83.5 in 2021 and
decreases to roughly 79 million in 2050. In the RESCUE study population is an exogenous driver
and assumed to decline after 2020, leading to a population between 67 and 76 million people in
2060, which was aligned with the "Continuity with weaker immigration" of the 13th
Coordinated Population Projection that estimates around 71.9 million people in 2050 (P6tzsch
and Rofdger 2015).

49 https://population.un.org/wpp/Graphs/Probabilistic/POP/TOT/276 (retrieved on April 24, 2024)
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Figure 20: iSDG projection: Total population in Germany
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3.4.2 Real GDP

In the baseline scenario, the real GDP market price growth rate decreases constantly but never
becomes negative. Total real GDP at market price keeps growing to approximately 3.74 trillion
in 2050. As population also follows a downward trend, real GDP per person keeps growing at a
faster pace. The share for the GDP growth rate in the iSDG projection drops clearly till 2050 (see
Figure 21).

In the RESCUE GreenSupreme scenario GDP is also an exogenous driver and assumed to be

0.5 % between 2010 and 2030 and zero from 2030 to 2050. In the iSDG GDP is endogenously
calculated as aggregate production of all sectors. Production is calculated as an extended Cobb-
Douglas (CD) function (Cobb et al. 1928). Generally, the production factors include capital and
labor. Capital can be subject to damage through extreme events. Factor productivity is
influenced by drivers from other sectors, such as education, health, infrastructure, access to
electricity, level of governance, macroeconomic stability, climate change, energy prices, female
participation in the workforce and openness to trade. Individual sector deflators and the overall
GDP deflator are exogenous to the model.
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Figure 21: iSDG projection: GDP growth rate in Germany
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3.4.3 GHG Emissions

In the German version of the iSDG total GHG emissions are captured as CO; equivalents. The
emissions only grow slightly in the beginning and level off almost completely until 2050. As the
population degrows, the emissions per person grow slightly more than total emissions. In line
with the EU accounting scheme, the GHG emissions in the iSDG refer to fossil fuel, non-energy
related agricultural (based on the level of activity), waste management and industrial
production emissions. The iSDG projection for total GHG emissions shows that the tons of CO;
equivalents/year will increase from 2020 to 2050 (see Figure 22).

Figure 22: iSDG projection: Total domestic GHG emissions in Germany
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3.4.4 Domestic material consumption

Figure 23: iSDG projection: Total Domestic Material Consumption (DMC) in Germany
2,0
1,5 \‘-
/—N
.;-—-nnv:-:'.—‘—.:.\ I —
2 10
S
E
0,5
0,0
2000 2010 2020 2030 2040 2050

e—Baseline = eeees Historical Data

Source: Own calculations

Figure 23 shows that the total domestic material consumption in the iSDG projection decreases
overall with fluctuations from 2000 to 2050.
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Figure 24: Timing of policies in the scenarios

2022 2023 2024 2025 2026 2027 2028 2029 2030 2035 2040 2045 2050
Energy System

Decomissioning of fossil electricity generation

Increase in government expenditure on large scale PV & wind power
Shift of energy consumption away from fossil fuels in agri, serv & other
Energy/Carbon Tax

Housing

Subsidies to increase renovations

Incentives to increase wood construction

Incentives to decrease construction activity

Government expenditure to increase HH electricity efficiency
Shift of energy consumption away from fossil fuels in HH

Mobility
Subsidies to increase number of Evs

Incentives/Subsidies to decrease per capita vehicles

Industry

Investments to increase material efficiency

Investments to increase water efficiency in industry

Incentives to decrease emissions per unit of output

Government expenditure to increase industry electricity efficiency
Shift of energy consumption away from fossil fuels in industry

Agriculture

Incentives to decrease livestock

Investments in sustainable agriculture

Incentives to decrease emissions per unit of production

{|

Dark shades: years in which changes are made to the respective policy.
Dark shading followed by light shading: policy or share of investment change is made in one year and stays the same from then on.

Source: Own calculations
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Figure 25: KPIs time series development (policy comparison)
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In the Housing scenario, dampened material demand by the construction industry for invest-
ments in newly established buildings (modelled via a lowered elasticities of per capita living
space to income) is therefore largely offset by an increased material demand by the construction
industry for renovating the existing building stock (modelled via surging renovation rates).
Furthermore, as all material efficiency improvements are part of the Industry scenario, the
respective effects are not visible when considering the other scenarios individually.

Emissions perform better in all scenarios compared to the Baseline. In 2010, Germany set the
goal of reducing GHG emissions by 80 to 95 % compared to 1990 levels in compliance with the 2
degree target. This equals a reduction between 1000 and 1188 million tons of GHG emissions in
CO; equivalents, meaning that emissions should range between 250 and 62.5 million tons of CO>
equivalents in 2050. Since October 2023 the new goal is greenhouse gas neutrality by 2045 (Die
Bundesregierung 2024).

As neither carbon capture nor carbon dioxide removal were considered in this modelling
exercise, greenhouse gas neutrality is not achieved. However, in the Policies scenario gross
domestic emissions are at around 250 million tons in 2045 and 194 million tons in 2050, not
considering carbon capture and storage. For 2050, this translates into a 84 % reduction
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4.2.1.1 SDG performance of today & in baseline

Figure 26: Baseline SDG Attainment in 2022 and 2050
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When comparing the attainment levels of 2022 and 2050, one can see in Figure 26 that most the
trends lead to higher attainment. However, for some SDGs trends are going in the wrong
direction and performance is worsening (see SDG 8, 13, and 14). For SDG 8 - Decent work and
economic growth, the trend worsens majorly because the GDP has a hard time growing at its
historical rate given the change in demographics (see section 3.4.1). Indeed, as population
growth starts stagnating and declining, the service sector grows at a much slower rate than
historically which causes overall economic production to slow down.

Looking at the positive trends, SDG 5, which touches on gender equality, sees relatively high
improvements (12 % increase from 2022 to 2050). This development is caused by the
continuation of education for all genders. Indeed, women’s participation in the education system
and its highest level (tertiary education) has been growing. This leads to a change in their
employment positions as well as their place in society (politically, socially, economically).
Moreover, SDG 2, relating to agriculture and nourishment, also sees its SDG attainment level
improve. The five percent increase observed from 2022 to 2050 is mainly caused by the
improvements in the proportion of harvested area sustainably managed, which continues on its
historical trend and reaches 35 % by 2050.
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4.2.1.2 SDG performance in baseline & combined policy scenarios

Figure 27: Baseline & Policies SDG Attainment in 2050
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When looking into the 2050 SDG attainment of the Policies scenario, one can observe in Figure
27, major improvements from Baseline for SDG 2 (9 % higher, 14 % increase since 2022), SDG 7
(22 % higher, 25 % increase since 2022), SDG 12 (14 % higher, 16 % increase since 2022), and
SDG 13 (13 % higher, 12 % increase since 2022) while minor improvements are measured for
SDG 6 (5 % higher, 11 % increase since 2022), SDG 8 (4 % higher, no increase since 2022), and
SDG 9 (7 % higher, 10 % increase since 2022). Moreover, based on our analysis, the Policy
scenario doesn’t significantly and negatively affect the performances of SDGs. A detailed
description of the reasons for these improvements is presented below.

Table 14 ranks overall SDG improvement by SDG according to the three categories: none, small
and significant and shows which indicators were considered for calculating SDG performance.
These categories are based on qualitative judgements relating to the changes of indicators and
their relevance in changes of overall SDG performance. Whether an indicator drove (v') or did
not drive (X) the development of overall SDG performance over time is indicated in the
contribution to SDG column. Some indicators only contributed to the indicator change to a
“small” extent.
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Table 14: SDG and SDG indicator performance
SDG SDG Indicators Overall SDG Contributi
improvement | onto SDG
attain-
ment
SDG1 Proportion of population below international poverty line none X
Proportion of population below national poverty line X
Proportion of households with access to basic services X
Disasters human impact index X
Economic damage due to natural disasters as share of GDP X
SDG2 Prevalence of undernourishment significant low
Prevalence of stunting X
Prevalence of wasting X
Agriculture output per worker v
Proportion of harvested area sustainably managed v
SDG3 Maternal mortality ratio significant low
Average access to basic health care X
Under five mortality rate X
Neonatal mortality rate X
Premature non communicable disease mortality low
Death rate due to road traffic injuries v
Proportion of women of reproductive age (15-49 years) who X

have their need for family planning satisfied with modern
methods
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Figure 28: Environmental SDGs time series development
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Concerning SDG 12, which relates to responsible consumption and production, Germany’s main
affair refers to material footprint and consumption. Due to the missing coverage of global
contexts, the material footprint is only superficially derived from projected national income
developments. Domestic Material Consumption (DMC, shown in Figure 29) is calculated as the
sum of biomass consumption, construction and other material consumption, fossil fuel
consumption and metal ores, which are the result of the endogenous dynamics of each sector
captured in the model.

As can be observed in Figure 29 the fossil fuels and non-metallic minerals represent the largest
share of material consumption, therefore, on the one hand, the radical change entailed by the
combination of the energy related policy packages (Energy Consumption, Building and Housing,
Mobility) causes fossil fuel material consumption to drastically decrease. On the other hand, the
material related policy package (Industry) causes the non-metallic mineral consumption to
drastically decrease too. These two components cause the overall domestic material
consumption to decrease by 55 % from 2022 to 2050.

Regarding SDG 13, which relates to climate action and in particular to GHG emissions, the
Policies scenario has a high impact on SDG attainment. Most of the impact is caused by changes
in energy consumption. Indeed, as can be seen in Figure 29 the majority of GHG emissions are
related to combustion of fossil fuels, which are depicted as energy emissions and include energy
related emissions in all sectors (the energy sector itself, residential, transport, industry, services
and agriculture). Note that this scenario is line with the “Fit for 55” EU legislative framework
which aims at reducing of 55 % GHG emissions by 2030 compared to 1990. For Germany, this
can be translated to a reduction of 688 million tons of CO; equivalent (from 1 251 to 563 million
tons of CO; equivalent). Total GHG emissions are continuously declining from 760 million tons in
2020 to 195 million tons (equals a reduction of 85 % compared to 1990 levels) in 2050. While
this reduction is achieved for 2030 (511 million tons), the 2050 goal of climate neutrality is not
achieved for two major reasons: (1) the inherent time delays that occur when seeking to change
key energy dynamics (housing and transport), and (2) the technical limitations in non-energy
related emissions (agriculture, waste, industrial processes). This observation encourages taking
other measures in addition to the ones suggested in the Policies scenario. In particular, the
analysis suggests measures related to climate adaptation, which is related to the global
developments (i.e. SSP2 scenario) in which the German scenarios are embedded in.
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Environmental indicators time series development

Figure 29:
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4.2.2.2 Social SDG performance

Figure 30: Social SDGs time series development
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For the social sectors, the analysis suggests no significant impact or spillovers across social
SDGs. This is mainly due to two elements: (1) Germany’s SDG attainment is already quite high
when it comes to social indicators (also compare Sachs et al. (2023)), and (2) the interventions
defined in the Policies scenario aren’t directly aimed at achieving social benefits. As can be seen
in Figure 30 SDGs 1, 5, and 10 don’t have major changes in development compared to the
Baseline scenario. For SDG 10 this is partly due to the way the indicators for this SDG are defined
(see definition of indicators in the Annex and discussion of indicators below). Moreover, when
looking at more specific indicators in Figure 31 we see no major changes in the development of
unemployment or population. While a difference exists when looking at income distribution
through the Gini Coefficient, the trend is the same. More details will be developed when looking
at each policy package separately but the reason behind this performance comes from the
Carbon Tax policy. Indeed, the assessment of the Carbon Tax policy hints at a higher impact on
low income revenue which could potentially lead to other social disruptions if not managed
collectively (as it has been in France).
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Figure 31: Social indicators time series development
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4.2.2.3 Economic SDG performance

Similarly, to what the social sectors analysis suggested, economic sectors are not majorly
impacted by the Policies scenario. As sought, the decoupling of environmental impact and
economic production is achieved seamlessly. One can see in Figure 32 that SDG 8 and 9 achieve
higher levels of attainment under the Policies scenario. The reasons behind this development
are the following: (1) the Circular Economy framework in the industry policy package does
increase productivity whilst reducing environmental impact, and (2) the change in energy
consumption doesn’t impact negatively the fundamental dynamics of economic capital but does
have major impact on the dynamics of GHG emissions. As can be observed in Figure 33, GDP at
market price evolves at a higher level than in the Baseline scenario. This is mainly due to (1) the
increase in industrial production and (2) the changes in financial flows related to energy. Cause
(1) will be further analysed when analysing the Industry policy package. When looking into
cause (2), the main dynamics that unfolds goes back to the changes in energy consumption.
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Figure 32: Economic SDGs time series development
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Phasing out of fossil fuels entails reducing the dependency to foreign energy imports. Combined
with a larger volume of domestically generated electricity, Germany increases its energy
resilience. This translates into a higher positive trade balance for the country, which positively
impacts total factor productivity. This leads to a growth in value added which again, increases
government (through the different levels of taxation) and private revenues which overall
enables the increase in expenditures.

Figure 33: Economic indicators time series development
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Table 15: SDG Attainment net difference between Baseline and policies in 2050
SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG SDG
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Energy System 0% 0% 0% 0% 0% 0% 16% | 1% 3% 2% 1% 3% 6 % 0% 0% 0% 0%
Electricity 0% 0% 0% 0% 0% 0% 5% 0% 1% 0% 0% 2% 3% 0% 0% 0% 0%
Generation
Energy 0% 0% 0% 0% 0% 0% 8 % 0% 1% 0% 0% 0% 2% 0% 0% 0% 0%
Consump-tion
Carbon Tax 0% 0% 0% 0% 0% 0% 1% 0% 0% 2% 0% 1% 1% 0% 0% 0% 0%
Source: Own calculations
Table 16: SDG Attainment net change from 2022 to 2050 by scenario
SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Energy System 2% 5% 2% 2% 12% | 6% 20% | -3% | 6% 2% 1% 5% 5% 3% | 3% 0% 0%
Electricity 2% 5% 2% 2% 12% | 6% 8% -3% 1% 0% 0% 4% 2% -3% 3% 0% 0%
Generation
Energy 2% 5% 2% 2% 12% | 6% 11% | -4% 1% 1% 0% 2% 1% -3% 3% 0% 0%
Consumption
Carbon Tax 2% 5% 2% 2% 12% | 6% 5% -4 % 3% 2% 0% 3% 0% -3% 3% 0% 0%

Source: Own calculations
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Table 17: SDG Attainment net difference between Baseline and policies in 2050

SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG

1 2 3 4 5 6 7 8 9 10 |11 |12 |13 |14 |15 |16 |17
All Policies 0% (9% |1% |0% |0% |5% |22% |4% |7% |2% |1% |14% |13% |0% | 0% |0% | 0%
Energy System 0% |0% |0% |0% |0% |0% |16% |1% |3% |2% |1% |3% |6% |0% |0% |0% | 0%
Housing 0% |0% |0% |0% |0% |0% |6% |0% |1% |0% |0% |0% |2% |0% |0% |0% | 0%
Mobility 0% |[0% |1% |0% |0% |0% |6% |0% |1% |0% |1% |1% |2% |0% |0% |0% | 0%
Industry 0% |[0% |[0% |0% [0% |5% [4% |3% |[2% |0% |0% [11% |2% |0% |0% |0% | 0%
Agriculture 0% 8% |0% |0% [0% |0% |0% |0% |0% |[0% |[0% |[0% |1% |0% |0% |0% | 0%

Source: Own calculations
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Table 18: SDG Attainment net change from 2022 to 2050 by scenario

SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG

1 2 3 4 5 6 7 8 9 10 |11 |12 13 (14 |15 |16 |17
All Policies 0% 9% |1% |0% |0% |5% |22% |4% |7% |2% |1% |14% |13% |0% |0% |0% | 0%
Energy System 0% |0% |0% |0% |0% |0% |16% |1% |3% |2% |1% |3% |6% |0% |0% |0% | 0%
Housing 0% |0% |0% |0% |0% |0% |6% |0% |1% |0% |0% |0% |2% |0% |0% |0% | 0%
Mobility 0% |[0% [1% |0% |[0% |0% |6% |0% |1% |[0% |1% |[1% |2% |0% |0% |0% | 0%
Industry 0% |[0% |[0% |0% [0% |5% [4% |3% |[2% |0% |0% [11% |2% |0% |0% |0% | 0%
Agriculture 0% 8% |0% |0% |0% |0% |0% |0% |0% |0% |0% |0% |1% |0% |0% |0% | 0%

Source: Own calculations
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Appendix: Focal Goals and Targets from the 2030 Agenda for Sustainable

Development

Tabular overviews

Ideally, indicators assessed in the model applications should also be linked to Germany’s SDG
indicators at national level to ensure national policy relevance. The national online platform
https://sdg-indikatoren.de/en/ provides access to two databases, namely the German set of
indicators for the global sustainability goals (Sustainable Development Goals, SDGs) of the
United Nations 2030 Agenda and the indicator set of the German Sustainable Development
Strategy (Deutsche Nachhaltigkeitsstrategie, DNS). Since the German Sustainable Development
Strategy is aimed at implementing the 2030 Agenda at the national level, indicators shared by
both strategies are linked to each other on the platform. The following tables provide an
overview on global as well as national SDG targets and indicators. Indicators that are generally

covered by the iSDG are highlighted in blue.

Table 19:

Targets and related indicators from the 2030 Agenda, SDG1

SDG 1: Targets

1.1 By 2030, eradicate extreme poverty for all
people everywhere, currently measured as people
living on less than $1.25 a day

1.2 By 2030, reduce at least by half the proportion
of men, women and children of all ages living in
poverty in all its dimensions according to national
definitions

1.3 Implement nationally appropriate social
protection systems and measures for all, including
floors, and by 2030 achieve substantial coverage
of the poor and the vulnerable

1.4 By 2030, ensure that all men and women, in
particular the poor and the vulnerable, have equal
rights to economic resources, as well as access to
basic services, ownership and control over land
and other forms of property, inheritance, natural
resources, appropriate new technology and
financial services, including microfinance

1.5 By 2030, build the resilience of the poor and
those in vulnerable situations and reduce their
exposure and vulnerability to climate-related

SDG 1: Indicators

1.1.1 Proportion of the population living below the
international poverty line by sex, age, employment
status and geographic location (urban/rural)

1.2.1 Proportion of population living below the
national poverty line, by sex and age

1.2.2 Proportion of men, women and children of all
ages living in poverty in all its dimensions according to
national definitions

1.3.1 Proportion of population covered by social
protection floors/systems, by sex, distinguishing
children, unemployed persons, older persons, persons
with disabilities, pregnant women, newborns, work-
injury victims and the poor and the vulnerable

1.4.1 Proportion of population living in households
with access to basic services

1.4.2 Proportion of total adult population with secure
tenure rights to land, (a) with legally recognized
documentation, and (b) who perceive their rights to
land as secure, by sex and type of tenure

1.5.1 Number of deaths, missing persons and directly
affected persons attributed to disasters per 100,000
population
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SDG 1: Targets SDG 1: Indicators

extreme events and other economic, social and
environmental shocks and disasters

1.5.2 Direct economic loss attributed to disasters in
relation to global gross domestic product (GDP)

1.5.3 Number of countries that adopt and implement
national disaster risk reduction strategies in line with
the Sendai Framework for Disaster Risk Reduction
2015-2030

1.5.4 Proportion of local governments that adopt and
implement local disaster risk reduction strategies in
line with national disaster risk reduction strategies

1.a Ensure significant mobilization of resources 1.a.1 Total official development assistance grants from
from a variety of sources, including through all donors that focus on poverty reduction as a share of
enhanced development cooperation, in order to the recipient country’s gross national income

provide adequate and predictable means for
developing countries, in particular least developed
countries, to implement programmes and policies
to end poverty in all its dimensions

1.a.2 Proportion of total government spending on
essential services (education, health and social
protection)

1.b Create sound policy frameworks at the 1.b.1 Pro-poor public social spending
national, regional and international levels, based
on pro-poor and gender-sensitive development
strategies, to support accelerated investment in
poverty eradication actions

Source: https://unstats.un.org/sdgs/indicators/indicators-list/ (accessed 17.04.2024)

Table 20: Indicators of the German Sustainable Development Strategy, Goal 1
Goal 1: Range of indicators and postulates Goal 1: Indicators
Poverty: Limiting poverty 1.1.a, b Material deprivation and severe material
deprivation

Source: https://dns-indikatoren.de/en/1/ (accessed 26.04.2024)
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Table 21:

Targets and related indicators from the 2030 Agenda, SDG2

SDG 2: Targets

2.1 By 2030, end hunger and ensure access by all people,
in particular the poor and people in vulnerable
situations, including infants, to safe, nutritious and
sufficient food all year round

2.2 By 2030, end all forms of malnutrition, including
achieving, by 2025, the internationally agreed targets on
stunting and wasting in children under 5 years of age,
and address the nutritional needs of adolescent girls,
pregnant and lactating women and older persons

2.3 By 2030, double the agricultural productivity and
incomes of small-scale food producers, in particular
women, indigenous peoples, family farmers, pastoralists
and fishers, including through secure and equal access to
land, other productive resources and inputs, knowledge,
financial services, markets and opportunities for value
addition and non-farm employment

2.4 By 2030, ensure sustainable food production systems
and implement resilient agricultural practices that
increase productivity and production, that help maintain
ecosystems, that strengthen capacity for adaptation to
climate change, extreme weather, drought, flooding and
other disasters and that progressively improve land and
soil quality

2.5 By 2020, maintain the genetic diversity of seeds,
cultivated plants and farmed and domesticated animals
and their related wild species, including through soundly
managed and diversified seed and plant banks at the
national, regional and international levels, and promote
access to and fair and equitable sharing of benefits
arising from the utilization of genetic resources and
associated traditional knowledge, as internationally
agreed
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SDG 2: Indicators

2.1.1 Prevalence of undernourishment

2.1.2 Prevalence of moderate or severe food
insecurity in the population, based on the Food
Insecurity Experience Scale (FIES)

2.2.1 Prevalence of stunting (height for age <-2
standard deviation from the median of the World
Health Organization (WHO) Child Growth
Standards) among children under 5 years of age

2.2.2 Prevalence of malnutrition (weight for
height >+2 or <-2 standard deviation from the
median of the WHO Child Growth Standards)
among children under 5 years of age, by type
(wasting and overweight)

2.2.3 Prevalence of anaemia in women aged 15
to 49 years, by pregnancy status (percentage)

2.3.1 Volume of production per labour unit by
classes of farming/pastoral/forestry enterprise
size

2.3.2 Average income of small-scale food
producers, by sex and indigenous status

2.4.1 Proportion of agricultural area under
productive and sustainable agriculture

2.5.1 Number of (a) plant and (b) animal genetic
resources for food and agriculture secured in
either medium- or long-term conservation
facilities

2.5.2 Proportion of local breeds classified as
being at risk of extinction
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SDG 2: Targets

2.a Increase investment, including through enhanced
international cooperation, in rural infrastructure,

agricultural research and extension services, technology

development and plant and livestock gene banks in
order to enhance agricultural productive capacity in
developing countries, in particular least developed
countries

2.b Correct and prevent trade restrictions and
distortions in world agricultural markets, including
through the parallel elimination of all forms of
agricultural export subsidies and all export measures

with equivalent effect, in accordance with the mandate

of the Doha Development Round

SDG 2: Indicators

2.a.1 The agriculture orientation index for
government expenditures

2.a.2 Total official flows (official development
assistance plus other official flows) to the
agriculture sector

2.b.1 Agricultural export subsidies

2.c Adopt measures to ensure the proper functioning of | 2.c.1 Indicator of food price anomalies

food commodity markets and their derivatives and

facilitate timely access to market information, including

on food reserves, in order to help limit extreme food
price volatility

Source: https://unstats.un.org/sdgs/indicators/indicators-list/ (a

Table 22: Indicators of the German Sustainabl

ccessed 17.04.2024)

e Development Strategy, Goal 2

Goal 2: Range of indicators and postulates

Farming: Environmentally sound production in our
cultivated landscapes

Food security: Realising the right to food worldwide

Source: https://dns-indikatoren.de/en/2/ (accessed 26.04.2024)
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Goal 2: Indicators

2.1.a Nitrogen surplus in agriculture

2.1.b Organic farming

2.2 Support for good governance in attaining
appropriate nutrition worldwide
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Table 23:

Targets and related indicators from the 2030 Agenda, SDG3

SDG 3: Targets

3.1 By 2030, reduce the global maternal mortality ratio to
less than 70 per 100,000 live births

3.2 By 2030, end preventable deaths of newborns and
children under 5 years of age, with all countries aiming to
reduce neonatal mortality to at least as low as 12 per 1,000
live births and under-5 mortality to at least as low as 25 per
1,000 live births

3.3 By 2030, end the epidemics of AIDS, tuberculosis,
malaria and neglected tropical diseases and combat
hepatitis, water-borne diseases and other communicable
diseases

3.4 By 2030, reduce by one third premature mortality from
non-communicable diseases through prevention and
treatment and promote mental health and well-being

3.5 Strengthen the prevention and treatment of substance
abuse, including narcotic drug abuse and harmful use of
alcohol

3.6 By 2020, halve the number of global deaths and injuries
from road traffic accidents

3.7 By 2030, ensure universal access to sexual and
reproductive health-care services, including for family
planning, information and education, and the integration of
reproductive health into national strategies and
programmes
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SDG 3: Indicators

3.1.1 Maternal mortality ratio

3.1.2 Proportion of births attended by skilled
health personnel

3.2.1 Under-5 mortality rate

3.2.2 Neonatal mortality rate

3.3.1 Number of new HIV infections per 1,000
uninfected population, by sex, age and key
populations

3.3.2 Tuberculosis incidence per 100,000
population

3.3.3 Malaria incidence per 1,000 population

3.3.4 Hepatitis B incidence per 100,000
population

3.3.5 Number of people requiring
interventions against neglected tropical
diseases

3.4.1 Mortality rate attributed to
cardiovascular disease, cancer, diabetes or
chronic respiratory disease

3.4.2 Suicide mortality rate

3.5.1 Coverage of treatment interventions
(pharmacological, psychosocial and
rehabilitation and aftercare services) for
substance use disorders

3.5.1 Coverage of treatment interventions
(pharmacological, psychosocial and
rehabilitation and aftercare services) for
substance use disorders

3.6.1 Death rate due to road traffic injuries

3.7.1 Proportion of women of reproductive
age (aged 15-49 years) who have their need
for family planning satisfied with modern
methods
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SDG 3: Targets SDG 3: Indicators

3.d.2 Percentage of bloodstream infections
due to selected antimicrobial-resistant
organisms

Source: https://unstats.un.org/sdgs/indicators/indicators-list/ (accessed 17.04.2024)

Table 24: Indicators of the German Sustainable Development Strategy, Goal 3
Goal 3: Range of indicators and postulates Goal 3: Indicators
Health and nutrition: Living healthy longer 3.1.a, b Premature mortality

3.1.c, d Smoking rate among young people and
adults

3.1.e Obesity rates among children and adolescents
3.1.f Obesity rates among adults
Air pollution: Keeping the environment healthy 3.2.a Emissions of air pollutants

3.2.b Share of the population with excessive
exposure to PM

Global health: Strengthening the global health 3.3 Germany’s contribution to global pandemic
architecture prevention and response

Source: https://dns-indikatoren.de/en/3/ (accessed 26.04.2024)
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Table 25:

Targets and related indicators from the 2030 Agenda, SDG4

SDG 4: Targets

4.1 By 2030, ensure that all girls and boys complete free,
equitable and quality primary and secondary education leading
to relevant and effective learning outcomes

4.2 By 2030, ensure that all girls and boys have access to quality
early childhood development, care and pre-primary education
so that they are ready for primary education

4.3 By 2030, ensure equal access for all women and men to
affordable and quality technical, vocational and tertiary
education, including university

4.4 By 2030, substantially increase the number of youth and
adults who have relevant skills, including technical and
vocational skills, for employment, decent jobs and
entrepreneurship

4.5 By 2030, eliminate gender disparities in education and
ensure equal access to all levels of education and vocational
training for the vulnerable, including persons with disabilities,
indigenous peoples and children in vulnerable situations

4.6 By 2030, ensure that all youth and a substantial proportion
of adults, both men and women, achieve literacy and numeracy

4.7 By 2030, ensure that all learners acquire the knowledge and
skills needed to promote sustainable development, including,
among others, through education for sustainable development
and sustainable lifestyles, human rights, gender equality,
promotion of a culture of peace and non-violence, global
citizenship and appreciation of cultural diversity and of
culture’s contribution to sustainable development

4.a Build and upgrade education facilities that are child,
disability and gender sensitive and provide safe, non-violent,
inclusive and effective learning environments for all
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SDG 4: Indicators

4.1.1 Proportion of children and young
people (a) in grades 2/3; (b) at the end of
primary; and (c) at the end of lower
secondary achieving at least a minimum
proficiency level in (i) reading and (ii)
mathematics, by sex

4.1.2 Completion rate (primary education,
lower secondary education, upper
secondary education)

4.2.1 Proportion of children aged 24-59
months who are developmentally on track
in health, learning and psychosocial well-
being, by sex

4.2.2 Participation rate in organized
learning (one year before the official
primary entry age), by sex

4.3.1 Participation rate of youth and
adults in formal and non-formal education
and training in the previous 12 months, by
sex

4.4.1 Proportion of youth and adults with
information and communications
technology (ICT) skills, by type of skill

4.5.1 Parity indices (female/male,
rural/urban, bottom/top wealth quintile
and others such as disability status,
indigenous peoples and conflict-affected,
as data become available) for all
education indicators on this list that can
be disaggregated

4.6.1 Proportion of population in a given
age group achieving at least a fixed level
of proficiency in functional (a) literacy and
(b) numeracy skills, by sex

4.7.1 Extent to which (i) global citizenship
education and (ii) education for
sustainable development are
mainstreamed in (a) national education
policies; (b) curricula; (c) teacher
education; and (d) student assessment

4.a.1 Proportion of schools offering basic
services, by type of service
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SDG 4: Targets SDG 4: Indicators

4.b By 2020, substantially expand globally the number of 4.b.1 Volume of official development
scholarships available to developing countries, in particular assistance flows for scholarships by sector
least developed countries, small island developing States and and type of study

African countries, for enrolment in higher education, including
vocational training and information and communications
technology, technical, engineering and scientific programmes,
in developed countries and other developing countries

4.c By 2030, substantially increase the supply of qualified 4.c.1 Proportion of teachers with the
teachers, including through international cooperation for minimum required qualifications, by
teacher training in developing countries, especially least education level

developed countries and small island developing States

Source: https://unstats.un.org/sdgs/indicators/indicators-list/ (accessed 17.04.2024)

Table 26: Indicators of the German Sustainable Development Strategy, Goal 4
Goal 4: Range of indicators and postulates Goal 4: Indicators
Education: Continuously improving education and 4.1.a Early school leavers

vocational training

4.1.b Persons with an academic or higher vocational
qualification

(30 to 34-year-olds with a tertiary or post-secondary
non-tertiary level of education)

Prospects for families: Improving the compatibility 4.2.3, b All-day care provision for children
of work and family life

Source: https://dns-indikatoren.de/en/4/ (accessed 26.04.2024)
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Table 27:

Targets and related indicators from the 2030 Agenda, SDG5

SDG 5: Targets

5.1 End all forms of discrimination against all women and
girls everywhere

5.2 Eliminate all forms of violence against all women and
girls in the public and private spheres, including trafficking
and sexual and other types of exploitation

5.3 Eliminate all harmful practices, such as child, early and
forced marriage and female genital mutilation

5.4 Recognize and value unpaid care and domestic work
through the provision of public services, infrastructure
and social protection policies and the promotion of shared
responsibility within the household and the family as
nationally appropriate

5.5 Ensure women’s full and effective participation and
equal opportunities for leadership at all levels of decision-
making in political, economic and public life

5.6 Ensure universal access to sexual and reproductive
health and reproductive rights as agreed in accordance
with the Programme of Action of the International
Conference on Population and Development and the
Beijing Platform for Action and the outcome documents of
their review conferences

5.a Undertake reforms to give women equal rights to
economic resources, as well as access to ownership and
control over land and other forms of property, financial
services, inheritance and natural resources, in accordance
with national laws
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SDG 5: Indicators

5.1.1 Whether or not legal frameworks are in
place to promote, enforce and monitor equality
and non-discrimination on the basis of sex

5.2.1 Proportion of ever-partnered women and
girls aged 15 years and older subjected to
physical, sexual or psychological violence by a
current or former intimate partner in the
previous 12 months, by form of violence and by
age

5.2.2 Proportion of women and girls aged

15 years and older subjected to sexual violence
by persons other than an intimate partner in
the previous 12 months, by age and place of
occurrence

5.3.1 Proportion of women aged 20-24 years
who were married or in a union before age 15
and before age 18

5.3.2 Proportion of girls and women aged 15—
49 years who have undergone female genital
mutilation/cutting, by age

5.4.1 Proportion of time spent on unpaid
domestic and care work, by sex, age and
location

5.5.1 Proportion of seats held by women in (a)
national parliaments and (b) local governments

5.5.2 Proportion of women in managerial
positions

5.6.1 Proportion of women aged 1549 years
who make their own informed decisions
regarding sexual relations, contraceptive use
and reproductive health care

5.6.2 Number of countries with laws and
regulations that guarantee full and equal access
to women and men aged 15 years and older to
sexual and reproductive health care,
information and education

5.a.1 (a) Proportion of total agricultural
population with ownership or secure rights
over agricultural land, by sex; and (b) share of
women among owners or rights-bearers of
agricultural land, by type of tenure
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SDG 5: Targets

5.b Enhance the use of enabling technology, in particular
information and communications technology, to promote
the empowerment of women

5.c Adopt and strengthen sound policies and enforceable
legislation for the promotion of gender equality and the
empowerment of all women and girls at all levels

SDG 5: Indicators

5.a.2 Proportion of countries where the legal
framework (including customary law)
guarantees women’s equal rights to land
ownership and/or control

5.b.1 Proportion of individuals who own a
mobile telephone, by sex

5.c.1 Proportion of countries with systems to
track and make public allocations for gender
equality and women’s empowerment

Source: https://unstats.un.org/sdgs/indicators/indicators-list/ (accessed 17.04.2024)

Table 28: Indicators of the German Sustainable Development Strategy, Goal 5
Goal 5: Range of indicators and postulates Goal 5: Indicators
Equality: Promoting equality and a partnership- 5.1.a Gender pay gap

based division of responsibilities

5.1.b, c Women in management positions in
business and in the federal civil service

5.1.d Proportion of fathers receiving parental
allowance

Equality: Strengthening the economic participation 5.1.e Vocational qualification of women and girls
of women globally through German development cooperation

Source: https://dns-indikatoren.de/en/5/ (accessed 26.04.2024)
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Table 29:

Targets and related indicators from the 2030 Agenda, SDG6

SDG 6: Targets

6.1 By 2030, achieve universal and equitable access to safe
and affordable drinking water for all

6.2 By 2030, achieve access to adequate and equitable
sanitation and hygiene for all and end open defecation,
paying special attention to the needs of women and girls
and those in vulnerable situations

6.3 By 2030, improve water quality by reducing pollution,
eliminating dumping and minimizing release of hazardous
chemicals and materials, halving the proportion of
untreated wastewater and substantially increasing
recycling and safe reuse globally

6.4 By 2030, substantially increase water-use efficiency
across all sectors and ensure sustainable withdrawals and
supply of freshwater to address water scarcity and
substantially reduce the number of people suffering from
water scarcity

6.5 By 2030, implement integrated water resources
management at all levels, including through
transboundary cooperation as appropriate

6.6 By 2020, protect and restore water-related
ecosystems, including mountains, forests, wetlands, rivers,
aquifers and lakes

6.a By 2030, expand international cooperation and
capacity-building support to developing countries in
water- and sanitation-related activities and programmes,
including water harvesting, desalination, water efficiency,
wastewater treatment, recycling and reuse technologies

6.b Support and strengthen the participation of local
communities in improving water and sanitation
management
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SDG 6: Indicators

6.1.1 Proportion of population using safely
managed drinking water services

6.2.1 Proportion of population using (a) safely
managed sanitation services and (b) a hand-
washing facility with soap and water

6.3.1 Proportion of domestic and industrial
wastewater flows safely treated

6.3.2 Proportion of bodies of water with good
ambient water quality

6.4.1 Change in water-use efficiency over time

6.4.2 Level of water stress: freshwater
withdrawal as a proportion of available
freshwater resources

6.5.1 Degree of integrated water resources
management

6.5.2 Proportion of transboundary basin area
with an operational arrangement for water
cooperation

6.6.1 Change in the extent of water-related
ecosystems over time

6.a.1 Amount of water- and sanitation-related
official development assistance that is part of a
government-coordinated spending plan

6.b.1 Proportion of local administrative units
with established and operational policies and
procedures for participation of local
communities in water and sanitation
management

Source: https://unstats.un.org/sdgs/indicators/indicators-list/ (accessed 17.04.2024)
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Appendix: Detailed findings from the literature review

Tabular overviews

Table 53: Identified authors from the SDGs Trade-Offs and Synergies literature
Sequential Author name Number of contributions
number identified

1 | van Vuuren, Detlef P. 8
2 | Luderer, Gunnar 6
3 | Metternicht, Graciela 6
4 | Allen, Cameron 5
5 | Bodirsky, Benjamin L. 5
6 | Mabhaudhi, Tafadzwanashe 5
7 | Minx, Jan C. 5
8 | Pedercini, Matteo 5
9 | Popp, Alexander 5
10 | Wiedmann, Thomas 5
11 | Havlik, Petr 4
12 | Humpendder, Florian 4
13 | Kriegler, EImar 4
14 | McCollum, David 4
15 | Mpandeli, Sylvester 4
16 | Nhamo, Luxon 4
17 | Nilsson, Mans 4
18 | Pradhan, Prajal 4
19 | Riahi, Keywan 4
20 | Weitz, Nina 4
21 | Balvanera, Patricia 3
22 | Bertram, Christoph 3
23 | Carlsen, Henrik 3
24 | Distelkamp, Martin 3
25 | Dong, Liang 3
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