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Abstract. Making the analysis of urban and spatial development more acceptable by all levels of
analysis and governance requires a multi-level — or in other words vertical — approach to indicators
measuring development paths. The 2030 Agenda of the United Nations with its 17 Sustainable De-
velopment Goals offers a promising chance to establish, maintain, and further develop a monitoring
system that is supported by all levels involved, as well as all stakeholder groups and individuals
across all levels. First experiences gathered in a nation (Germany) and bilateral and supranational
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context (Germany, Europe, and India) deliver recommendations for research and practice, and might
thus show a possible way to attain successfully this goal.

Key words: sustainable development, 2023 Agenda, Sustainable Development Goals, multi-level
analysis, verticalised indicators.

1. OPENING REMARKS

Increasing awareness amongst several indicates that implementing the ‘global’
Sustainable Development Goals (SDGs) of the United Nations should be handled
in a ‘localised’ manner (Sterling et al., 2020). The well-known phrase ‘think glob-
ally, act locally,” invented at an even earlier stage in fact, became synonymous
with the Rio Declaration of 1992 and raised thousands of local agenda groups
(Biermann et al., 2022). Amongst this awareness of manifold local political ac-
tions, as well as initiatives and a sensitivity for encompassing these processes with
a data-based monitoring, a gap may still be identified. The paper thus discusses
the need for and experiences made so far in localising — or to be more precise
verticalising — indicators gathered or developed from scratch in order to monitor
the implementation of the SDGs. In addition to this verticalising approach, a mul-
ti-level approach is also applied. The first part of the paper clarifies the concepts of
verticalisation and multi-level analysis. The second part reveals experiences made
in the multi-level analysis of urban and spatial development, conducted in the
context of an exemplary comparison of spatial structures and trends in Germany
(but also Europe) and India. The third part of the paper finally draws a conclusion
for policy and science.

2. FRAMING THE VERTICAL ELEMENTS OF ANALYSIS

Multi-level analysis in statistical terms mostly handles the individual level in the
context of group-related or regional conditions as a hierarchical challenge (Hox
and Kreft, 1994; Hox et al., 2017). The smallest level is not necessarily a syno-
nym for individuals. In multi-level analyses in general, any hierarchical order of
micro, meso, and macro units is applicable, as well as a hierarchy of administra-
tive units. A multi-level analysis is thus the generic term for estimating models
like random-coefficient models, Bayes models or hierarchical linear models (De
Leeuw and Meijer, 2008; Hox et al., 2017; Snijders and Bosker, 2011).

A multi-level analysis in the context of the SDGs discussed herewith means
establishing consistent hierarchical orders of SDG indicators and analysing the
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patterns and impacts on the micro, meso, and macro levels without modelling the
statistical coefficients and effects. Verticalising indicators and measures across
the local and the regional (as micro levels), up to sub-national and national (as
meso levels) and the international or global (as macro levels) is a necessary con-
dition for data-based monitoring of the progress (or regress) made in achieving
the SDGs.

Taking SDG 11.6 (By 2030, reduce the adverse per capita environmental im-
pact of cities, including by paying special attention to air quality and municipal
and other waste management) might help to sketch the concept of verticalising
indicators and multi-level analysis across the macro, meso, and micro levels. As
more people are exposed to higher particulate matter pollution in cities than in
rural or less densely populated areas, reducing the pollution is part of this sub-goal
of SDG 11, referring to cities and communities in general. Above-average con-
centrations of particulate matter concentrations in the air may cause diseases of
the respiratory and cardiovascular system of human beings and animals, increase
the risk of developing other diseases, and are partly the reason of premature mor-
tality (Destatis, 2021, p. 28). The Sustainability Strategy of Germany as central
document related to the implementation of the 2030 Agenda in Germany lists the
respective indicator under SDG 3 (Good Health and Well-Being). According to
this strategy, the proportion of people who are exposed to concentrations of PM10
above 20 pg/cubic m — the WHO limit— should fall to zero by 2030 (Destatis,
2021, p. 28). The indicators unfortunately exclude those measurement stations
where traffic constitutes the main source of emissions and thus probably underes-
timates the effective proportion of the population exposed (Destatis, 2021, p. 29).

The Lander in Germany as the meso level in the country equipped with compe-
tence in decision-making on and designing the implementation of the SDGs differ
significantly in their settlement structure. North Rhine-Westphalia, as a heavily
urbanised Land, covers the issue of fine dust pollution in its Sustainability Re-
port but measures it as an average annual concentration (Landesregierung Nor-
drhein-Westfalen, 2021, p. 16). A rather rurally structured Land like Bavaria, for
example, does not include the indicator in its Sustainability Strategy. The Bavar-
ian State Office for the Environment regularly publishes figures on air quality at
measurement stations, annual average PM10 values, and the number of days when
the limit of 40 pg/cubic m as reference value provided by the European Envi-
ronment Agency is exceeded (LfU, 2022). Interpolations between the monitoring
stations across Germany and its total area covered illustrate a higher rate of par-
ticulate matter in cities but also the wind drift and larger concentrations of PM10
in rural areas and in the North German Plain (BBSR, 2022a, p. 122). The very
diverse burdens in cities also become apparent. It therefore, seems indispensable
for cities and communities, as the micro level, to know in which areas of a city or
community the population is exposed the most to pollution and where respective
actions are primarily needed. A consistent data and indicator system constitutes
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a prerequisite for identifying air pollution hotspots, evaluating the urgency of an
action, as well as its coordination with other actions across all levels of coordina-
tion. Air pollution with reference to PM10 (or even PM2.5) should thus be meas-
ured for all cities and communities on the same basis, aggregated to Lénder levels,
as well as to the national level in order to reach a consensus on coordinated actions
to be taken and finally achieving the target set by the respective SDG.

On each level, the use of data is key for an evidence-based policy. Data, for in-
stance, on the growth rate and patterns of urban settlements is elementary for gov-
erning urbanisation by properly providing public services (Mwaniki and Ndugwa,
2021, p. 34). Local and regional data mirrors the contribution of the micro levels
in achieving a goal (Lange et al., 2020). Furthermore, not only regionally vary-
ing situations need different strategies in achieving the goals, but also regionally
different political landscapes and subnational constitutions thrive the SDGs on
different pathways and at varying speed (Alaimo and Maggino, 2020). Paragraph
45 of the United Nations 2030 Agenda Declaration highlights the important role
of municipalities and regions in implementing the SDGs and a need for a close
collaboration of national governments and regional and local authorities, as well
as subregional institutions (United Nations, 2015). In addition, the New Urban
Agenda of the United Nations constitutes a particular roadmap for sustainable ur-
ban development in accordance with the SDGs via an integrated and coordinated
manner amongst all relevant actors at all corresponding levels (United Nations,
2017, paragraph 9).

Nevertheless, this cross-vertical collaboration remains underdeveloped (Lohse,
2017). Issues of verticalising data and indicators are seldom underpinned (Milbert
et al., 2021). The main reason is that much more experience exists in horizontal
harmonisation. The United Nations Statistic Division (UNSD) and other large in-
ternational statistical offices like Eurostat or the respective organisational units of
the Organisation for Economic Co-operation and Development (OECD) work on
harmonised international statistics on the macro and to some extend also on the
meso level. The starting point of this work are the databases, established decades
ago, not necessarily meeting the data needs of the SDGs in general and the SDGs
on the micro level (Milbert ef al., 2021). Since the release of the SDG Indicator
Framework by the United Nations, there have been several attempts to compare
and integrate all indicators into one measurement system and detecting the hierar-
chical relationships of all 17 SDGs (Kumar et al., 2017).

However, when local agenda groups started their work in the 1990s, indicators
mainly had to support local activities. Therefore, local data and indicators rarely
fit into national or global indicator frameworks and are even not comparable to
other cities or communities (Milbert ef al., 2021). In consequence, the reasoning
and language between the global institutions as top-down-oriented process driv-
ers and local actors as bottom-up-oriented process drivers hinder in most cases
a common understanding of indicators.
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Overall, there is a lack of comparability between the levels in terms of clearly
defining goals and applying respective data for monitoring purposes in order to be
able to prove (or disprove) a progress (or regress) in achieving a target. Autonomy
and responsibility of the various levels for designing strategies and measurement
tools has led for decades to developing in parallel varying sustainability targets
and respective indicators systems. This also applies to the data question. Despite
the commitment(s) of everybody to involve the local level (better) in a successful
implementation process of the SDGs, national and global reports still refer mainly
to national (and global) statistics. However, the informative value of various indi-
cators referring to the local level is often different from the one of functional re-
gions or nations, due to inter-communal and intra-regional exchange formats and
interrelations as such. Apart and in addition to the challenges of data availability,
a mutual understanding of a ‘common indicator language’ needs to be developed
and applied continuously. Chapter 3 offers some respective examples.

Some positive examples of overcoming these obstacles exist: one is a joint
endeavour of the scientific community, consultancies and administrative umbrella
institutions, which started in 2017 in order to determine sub-goals of all 17 SDGs
relevant for municipalities in Germany. This joint exercise aimed at transferring
existing SDG indicators to a reliable and valid set of indicators for which data is
publicly available (Bertelsmann Stiftung et al., 2020). This set also constitutes
the monitoring basis of the first National Progress Report on the implementa-
tion of the New Urban Agenda to which nine communities of different sizes and
geographical positions in Germany contributed with own compatible analyses
(BBSR, 2021). This approach has been taken further by an ongoing applied re-
search project aiming at scientifically accompanying communities in developing
the so-called Voluntary Local Reviews compatible with higher levels of monitor-
ing and reporting (see Fig. 1; BBSR, 2022b). In addition, this set of indicators is
the guiding framework for conducting a comparative analysis of spatial patterns
of sustainable urban and regional development in Germany (but also Europe) and
India, as aforementioned and to be discussed in the following.

3. TAKING A SPATIAL PERSPECTIVE AT SOME SDGS AS VERTICAL
REFERENCE POINTS

This paper mainly refers to analytical work conducted in the framework of a re-
search cooperation that was signed in 2018 between the Federal Institute for Re-
search on Building, Urban Affairs and Spatial Development (BBSR) in Bonn, and
the National Institute of Urban Affairs (NIUA) in New Delhi. This cooperation
has aimed at analysing local, regional and subnational structures and patterns of
sustainable development. So far, indicators have been examined with regard to
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SDG 3 on Good Health and Well-Being (Binot ef al., 2020b), SDG 4 on Quality
Education (Binot et al., 2020¢), SDG 5 on Gender Equality (Binot et al., 2022b),
SDG 7 on Clean and Affordable Energy (Binot et al., 2023), SDG 8 on Decent
Work and Economic Growth (Binot ef al., 2022¢) and SDG 11 on Sustainable Cit-
ies and Communities (Binot ef al., 2020d) in the same way as awareness has been

raised for spatial structures and urban typologies (Binot et al., 2020a).
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This empirical work was meant to work with and — from a scientific point of
view — agree upon joint indicators suitable alike for subnational, regional, and
local levels within the given international framework. The indicator set consid-
ers the different development statuses of Germany (but also Europe) and India
and, therefore, includes additionally specific indicators of particular interest for
one country, although the respective sub-goal might have already been achieved
in another country. Examples in that respect are SDG 5.3.1.1 on Child Mar-
riage and SDG 7.1.1 on Access to Electricity. The main findings considering the
methodological approach taken are discussed in the following section. In that
respect, it is to be underlined that the research cooperation was not meant to
conduct a direct comparison of all indicators at respectively comparable spatial
levels — an approach that is extremely difficult or even impossible to exercise,
given different national constitutions. On the contrary, it aimed at identifying
existing subnational indicators related to the SDGs by applying a common data
language, as well as interpreting their significance in the respective geographi-
cal framework conditions.

3.1. Suitability of cross-international local and regional indicators

Some of the identified indicators are difficult to compare in an international per-
spective. This is mainly the case where systems and requirements or basic needs
are varying. A prominent example are the education systems of the countries (re-
lated to SDG 4). This is the same with some sub-goals of SDG 11, because they
often address different needs: while authorities and stakeholder groups in India
have to deal with slums as well as informal settlements and ways to organise them
and provide essential services of public interest, the goal in Germany is to make
housing affordable for everyone and reduce the land consumption for settlement
purposes (Binot et al., 2020d). Nevertheless, the spatially disaggregated data has
revealed fruitful insights in spatial patterns for a targeted spatial and urban plan-
ning in each country.

Another aspect is that national accounts are sometimes based on different sta-
tistical units. As in many other countries, the economic performance is measured
in Germany by the Gross Domestic Product (GDP) and the Gross Value Added
(GVA). In India, it is the State Domestic Product (SDP). Respective numerical
values are not directly comparable, because GDP and SDP reflect different meth-
ods in a common accounting system. It is to be questioned whether an increase in
prosperity measured by GDP or SDP (see Fig. 2a and 2b) might actually, in the
sense of sustainability, have a positive impact on everybody — with reference to
the United Nations (2015) asking for a ‘people-centred set of universal and trans-
formative goals and targets’ — and the suggested indicator on annual GDP growth
would be appropriate to measure SDG 8 (Binot et al., 2022b).



Antonia Milbert, André Mueller, Debolina Kundu, Pragya Sharma

Hamburg;

=
i @ BBSR Bonn 2022

Annual growth rate of the GDP per employed person
at market prices in %, average of 2014-2019

[] uptobelow1s
L] 15uptobeiow20

- 2.0 up to below 2.5
Data source: Spatial Monitoring System of the BBSR

. 25 up to below 3.0 Data origin: Working Group on Mational Accounts
Geometric basis: counties (generalised borders),
31.12.2019 @ GeoBasis—DE/BKG

. 3.0 and more Author: A. Milbert

Fig. 2a. Annual growth rate of the Gross Domestic Product per employed person in Germany
Source: Binot et al., 2022c.
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3.2. Data availability on highly disaggregated levels

The available data on the micro level seldom fulfils the requirements of highly
disaggregated level information with regard to age, gender, skill or social status.
A policy demanding to ‘leave no one behind’ would need such fine granular data
information. However, core statistics on the local and regional levels, as well as
personal data protection mechanisms prohibit the use of numerical values beyond
the aggregated total sum of inhabitants or employees. Therefore, the people-cen-
tred goal of leaving no one behind cannot be measured on the local level of com-
munities and cities. The spatial picture of disaggregated level information thus de-
livers only a rough idea on SDG 8.5 of where all women, men, young people, and
persons with disabilities might find decent working places (Binot et al., 2022b).

Another important aspect to consider is that socio-economic factors influence
the health status of a person, as well as the health care situation of an authority,
institution or territory — independently from the development status of the related
country. Maps on Germany and India both reveal this correlation (see Fig. 3a
and 3b): the higher the economic level and the average income of a region is, the
higher the life expectancy there is. Better skilled workers generally move to re-
gions with higher economic outputs and are able to pay for better healthcare there.

Sometimes, data is collected via web search or it is estimated, as no reliable
surveys of official statistics exist in a local and regional context. This approach is
remarkable, particularly in countries where a respective national legislation exists.
An example herewith are women’s quota in bodies of political representation (see
Fig. 4a and 4b). Quota exist in India with regard to their Panchayati Raj Institu-
tions. In Germany, too, a respective (voluntary) quota for women exist, yet there
is no obligation to publish the results of elections or the representation per gender
of women and men in parliaments.

3.3. Suitability of the local level

Pre-selecting respective indicators incorporates a certain responsibility of (and af-
fordability for) cities and communities to (voluntarily) contribute, although the local
level might not always be the appropriate level of observation. Especially in the field
of services of general interest, local authorities also provide services to surrounding
municipalities. An example might refer to the provision of medical (family) doctors.
The higher the value of this service is, the more it is concentrated in larger cities as
service locations for larger catchment areas, which cannot necessarily be defined
by administrative boundaries. Appropriate spatial boundaries would thus have to be
defined for monitoring purposes on a case by case basis. Very small-scale grid-based
data is suitable herewith, because it may be applied very flexibly in order to generate
varying spatial references. It goes without saying that data of this fine granular grid
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cells is not available for most topics. The most advanced progress has been made on
the monitoring of land use and urbanisation by applying the Global Human Settle-
ment Layer (GHSL) (Evers et al., 2020; Milbert et al., 2021).
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The example of institutions of higher education also reveals the spatial dif-
ferences between larger cities. As some universities are specialised to a certain
degree in their field of expertise, they attract either more male or female stu-
dents (see Fig. 5a and 5b). The respective indicators on gender equality refer to
these specialisations, yet analysing specific spatial pictures requires a lot of local
knowledge about these specialisations in order to correctly interpret the situation
and thus derive target-oriented policy recommendations.

y 7
i 190km: 4 © BBSR Bonn 2020
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[]  uptobelow 40
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Fig. 5a. Female students in Germany
Source: Binot et al., 2020c.
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3.4. Timelines for measuring development in concrete terms

SDG 8.1 proposes an annual GDP growth rate as an indicator for measuring
the development of an economy. This rate should be at least 7% in developing
countries. Unfortunately, the COVID-19 pandemic had a global impact on var-
ious economies — in many countries with regional and local differentiations.
Due to this kind of external shocks, an annual growth rate seems less favoura-
ble and suitable. On the contrary, a multi-annual average of such development
rates should be recommended. As shown by Fig. 2a and 2b, the increase of the
GVA in Germany refers to a five-year observation period and in India to the
development in 2020 compared to the one in 2019. A weakened economy, in
that respect due to the COVID-19 pandemic and its related contact restrictions,
become falsely evident.

Very vague ideas are also provided by other sub-goals of the SDGs. The local
and regional comparison in an international perspective thus requires more clarity
— at best the concrete indication of multi-year time intervals.

4. EXAMINING THEORY AND PRACTICE AT A VERTICALISING
FUTURE

Before drawing a joint conclusion, it seems appropriate to look at each geography
and cultural context, as well as their specificities in science and policy.

4.1. Interim conclusion with regards to Germany (but also Europe)

A future targeted design of a consolidated and verticalised reporting on the pro-
gress (or regress) of implementing the SDGs and the New Urban Agenda was al-
ready drafted by Milbert, Mueller, Schmidt-Seiwert and Schoen in 2017. Review-
ing this design and its elements reveals that the various existing expert networks
still need to be interlinked in more depth in Germany. They consist of Statistical
Offices of the Federal Government and the Léander, diverse regional expert groups
and individuals of sectoral policies and bodies, nationwide networks of local au-
thorities, as well as the national experience in urban development policies and,
last but not least, BBSR as a possible anchor point in this web of knowledge. In
that respect, the vertical dialogue of the National Urban Development Policy as
a joint initiative of the Federal Government, the Lander and all cities and com-
munities in Germany could be enlarged by a joint monitoring system of the de-
velopment of cities and communities. The National Urban Development Report,
which has to be published at least once per legislative period, could be linked, for
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example, with the Voluntary Local Reviews of the local level (cf. above), as well
as possible subsequent national progress reports on the implementation of the
New Urban Agenda. Their indicator orientation could be based on the respective
data technique applied by the Federal Sustainability Strategy.

A large amount of knowledge has been gathered so far. Considering data and
indicators, the Working Group on SDG Indicators for Communities (Bertels-
mann Stiftung ef al., 2020) is to be named in the same way as the aforementioned
first National Report on the implementation of the New Urban Agenda (BBSR,
2021) and the analytical work in Germany (but also Europe) and India (Binot
et al., 2020a—d, 2022, 2023), conducted by the research cooperation of BBSR and
NIUA. This knowledge is being applied in concrete terms and actions as described
above with regard to Voluntary Local Reviews (BBSR, 2022).

The analytical and indicator-related work seems to be fruitful and rewarding.
It also seems as if in Germany the Committee of State Secretaries on Sustainable
Development (in German: Staatssekretdrsaussschuss fiir nachhaltige Entwick-
lung) as central body of the Federal Sustainability Strategy acknowledged in mid
2023 this work across levels by adopting concrete measures to be taken in the fu-
ture in order to emphasise that local and regional levels are of crucial importance
for implementing the SDGs. A vertical as well as multi-level data approach might
thus serve as an appropriate way forward. Nevertheless, it has to be stressed re-
peatedly: such an approach is only sustainable and of relevance for the daily prac-
tices in local and regional authorities if communities of all sizes and geographical
positions take part in and co-carry on this joint work.

4.2. Interim conclusion with regards to India

India has adopted an SDG Framework and aligned its development programmes
with the global targets of the SDGs. Several initiatives have been taken so far
by the Government of India to implement the SDG Framework and monitor the
progress (or regress) at the national, state, district and local levels. SDG India
Index Reports are published at the national as well as the state levels, based on
an interactive online dashboard developed by NITI Aayog. All states of India
have to develop their own monitoring dashboards with which their respective
progress (or regress) may be monitored and visualised. All dashboards at the
state level will be integrated in the one of NITI Aayog. However, a couple of
challenges exist in monitoring the implementation of the SDGs in India: gran-
ular data is still absent on the city or ward level for most critical indicators.
Furthermore, official agencies do not supply data beyond the ward level. Unlike
some developed countries, the statistical system of India has yet to collect and
monitor data on the neighbourhood level. In that respect, it needs to be strength-
ened. A robust statistical system is thus required.
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India has adopted so far a top-down approach in designing and monitoring the
implementation of the SDGs by involving national and state governments. This
effort has not yet percolated through to the city level, particularly small and medi-
um-sized cities and communities as they often lack the administrative, financial,
and technical resources to undertake this task (Khan, 2014). A SDG Cell is thus
required in every local authority to collect and compile SDG-related data and link
the data sets to the SDG Portal created by NITI Aayog. Cities and communities
need a specific budget and human resources in order to perform accordingly and
meet the targets set by the SDGs. A meaningful GIS-approach seems favourable.
Capacity building and advocacy in localising the SDGs thus constitute most ur-
gent needs in India.

A general data-related issue prevails though: municipal data, being the most
important data source for assessing, for instance, the economic performance of
cities and communities, have been disconnected in India from its Census since
2001. Additionally, the release of crucial data has been delayed for years — tables
on inner migration, for example, gathered by the Census of 2011 were published
in 2018.

4.3. Joint conclusion by valorising respective research cooperations

Two aspects crystallise in a joint inferential view on verticalising the multi-level
analysis of urban and spatial development across geographies: it is first about data
and second about a constant conversation culture.

Statistical data is usually hardly available on the ground — at least not in the
granular structure most wanted. That is the reason why often Big Data, crowd
data-mining, remote sensing, and other forms of decentralised data-gathering are
applied in order to fil the gap. Generating this kind of information is resource-con-
suming, though, and requires strategic decision-taking in order to make the best
use of the resources available.

A conversation culture, which is worth its name, in order to arrive at the
point in multi-level analysis of urban and spatial development and conduct
straightforward talks about elements missing or to be adjusted, is a mammoth
task. It would only be successful if there were constant feedback and reso-
nance loops with all institutions, stakeholders, as well as groups and individ-
uals involved.

The primary added value of research cooperations in that respect would be to
test respective approaches across geographies and cultures and become aware of
the pitfalls usually buried under daily life conditions. Last but not least, taking the
expert perspective from two larger geographical contexts might boost the visibil-
ity and assertiveness of a joint endeavour and respective expert recommendations
for practice in research and policy.
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