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Since the early 2000s, cities worldwide have been developing 
so-called “smart city” strategies that have attracted consid-

erable attention from urban researchers (Jong et al. 2015). De-
spite the abundant literature on the many facets of smart city 
constructs, a concise definition is lacking, and the specific char-
acteristics remain ambiguous (Miller et al. 2021). Early smart 
city models were developed and/or supported by large technol-
ogy companies that provided glossy images of hyper-modern 
cityscapes but neglected realistic social and environmental con-
siderations. Notable urban studies have criticized negative as-
pects of these corporate-driven smart cities as lacking demo-
cratic legitimacy (Engelbert et al. 2022) or being built upon neo -
liberal urban agendas (Glasmeier and Christopherson 2015). In 
recent years, smart city strategies have diversified with the in-
creasing complexity of digitalization in terms of its actors, tech-
nologies, and objectives. These approaches range from private 
projects built from scratch, such as Songdo in South Korea, to 
commons-based, civil society-driven approaches, such as Bar-
celona en Comú (Charnock et al. 2021). There is now a plethora 
of smart city constructs, making realistic ideation extremely dif-
ficult. Chang et al. (2021) postulated the need to provincialize 
smart cities: smart cities now incorporate diverse landscapes of 
smart and “ordinary” locations that are loosely connected through 
the use of information technologies, such as big data, location-
independent digital data flows, and networked technologies, as 
well as experimental approaches to applying these technologies 
(Caprotti et al. 2022). An important crosscutting issue for all 
approaches is the role of the data. Often, smart cities are envi-
sioned to be constructed upon the emergence, flow, visualiza-
tion, and commercialization of data (i. e., data-driven urbanism; 
Kitchin et al. 2018). 

Questions of “smartness” and sustainability have also emerged 
in terms of a juxtaposed desire for smart cities and the vital need 
for global sustainability (Fromhold-Eisebith et al. 2019). Thus, a 
close examination of specific smart city policies and their poten-
tial impacts on the various dimensions of sustainability is need-
ed. Notably, recent research has highlighted the impact of digi-
tal smart grids and smart meters on the promotion of renewable 
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Abstract

The latest debate on smart cities and sustainability is underpinned by  

the United Nations’ 2030 Agenda and their accompanying Sustainable 

Development Goals (SDGs), which place urban data and monitoring 

systems at the forefront. Therefore, there is a strong need to assess the 

data-driven capabilities that will help achieve the SDGs. To fill the 

capability gaps between existing tools and SDG indicators, new smart 

city data sources are now available. However, scant indicators and 

assessment criteria have been empirically validated. This paper  

identifies some of the challenges alongside the potential of using  

new local data in urban monitoring systems. A case study of an  

SDG monitoring platform implementation in a district of Berlin is 

examined, and the results show that the use of locale-specific, and 

unofficial data not only improves data availability, but it also  

encourages local public participation. Based on our empirical findings, 

we determine that the incorporation of new data for urban sustainability 

monitoring should be treated as a complex social process. 
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energy and the potential of shared mobility in order to foster 
modes of transport, which depend less on individual car-owner-
ship (Lange and Santarius 2018). However, other authors have 
identified the development of smart cities as the cause of in-
creased energy consumption and the overuse of raw materials 
(David and Koch 2019). There is also a risk of stakeholder disen-
gagement with top-down implementation of smart cities (Son-
tiwanich et al. 2022). 

Meanwhile, the United Nations’ 2030 Agenda and the accom-
panying Sustainable Development Goals (SDGs) have generated 
new debates on smart cities and their sustainability, and urban 
data collection and monitoring capabilities are central to the is-
sues, and increased government accountability is expected to be-
come a result (Bowen et al. 2017). From this debate, a new brand 
of sustainability science has begun identifying and evaluating 
new urban data sources, such as those used in smart city ap-
proaches, that can be used to monitor urban sustainability. Khar-
razi et al. (2016) argued that urban big data (e. g., sensor data 
emerging from Internet of Things [IoT] devices), individual- and 
household-level survey data, geospatial analytics, citizen science, 
and social media sources can be used to fill the gaps in existing 
SDG data collection and analysis tools. Similarly, MacFeely (2019) 
discussed the potential of big data cultivated from web-scraping, 
satellite imagery, and smart meters, and Creutzig et al. (2019) 
identified the potential to facilitate urban climate solutions 
through the harmonization of data collection, machine learning, 
big data approaches and the application of machine learning-
based textual analysis of qualitative data. Focusing on social-
media data, Ilieva and McPhearson (2018) discussed the specif-
ic attributes of social-media data (e. g., geo-tagged Twitter posts) 
and highlighted their utility for urban sustainability. Fritz et al. 
(2019) and Fraisl et al. (2020) took issue with the fact that citi-
zen-generated data have so far been largely ignored in SDG data 
collection solutions, despite their obvious advantages, such as 
being inexpensive and timely. 

Although the promise of these data, which we hereafter refer 
to as “new data”, has been clearly recognized, difficulties remain, 
as there is little empirical evidence on how cities are using the 
new data to monitor urban sustainability, particularly for SDGs. 
Presently, traditionally collected data such as official data from 
statistical offices and other authorities, including international 
organizations, are used to evaluate SDG approaches (Fritz et al. 
2019). This is likely caused by the extant guidelines, which most-
ly leverage official data for political, regulatory and availability 
reasons (Bertelsmann Stiftung et al. 2020, Siragusa et al. 2022). 
Moreover, voluntary local reviews, which are published by cities 
for local SDG assessment, mainly use official data. 

This paper brings together smart city approaches and sus-
tainability data research and adds case study evidence to the de-
bate. By combining work from critical data studies with the ur-
ban sustainability literature, we aim to identify the potentials and 
pitfalls of using new local data in urban monitoring systems. In 
addition to conceptual and literature-based reflections, the paper 
takes an empirical approach. Our research questions include 

“What opportunities do new data offer for urban SDG monitor-
ing systems?,” and “What are the challenges of using new or 
complementary unofficial data sources (such as those collected 
in smart city approaches) in SDG-related urban monitoring sys-
tems?” To answer these questions, this paper is divided into four 
parts. The upcoming section provides an overview of the rela-
tionships between data and urban development, followed by an 
examination of the challenges of data-driven urban monitoring 
systems. Then, the case of Treptow-Köpenick is provided. Our 
overarching purpose is to contribute to the emerging debate on 
smart city development and sustainability by describing how pol-
icymakers and researchers should (re)examine the use, treat-
ment, distribution, accessibility, and visualization of available 
official and unofficial data for sustainable urban development.

Better data, better cities?

Urban data include all digitally available information of general 
relevance to urban social settings, which can have different ori-
gins, ownerships, and management styles (Schieferdecker 2021). 
Cities have long collected and processed similar data, but new 
technologies have driven changes in their use. New sources and 
subsequent analysis and visualization methods have emerged, 
and their uses currently include built environment monitoring, 
real-time energy demand visualization, and air quality reporting. 
Compared with traditional data curation methods, new data 
sources and types offer advantages of cost, collection frequency, 
timeliness, and geographic scope (Fritz et al. 2019, Fraisl et al. 
2020).

The ubiquitous presence of new data sources (e. g., sensors 
that use the Internet of Things) and modern aggregation and 
visualization methods is expected to lead to data-rich and -driven 
forms of urban management, but it comes with challenges and 
risks (Kitchin 2016) in terms of security, privacy, and ownership 
(Pagliarin 2021). Moreover, there are many unknown risks about 
the non-objectivity of data in general (Frith 2017) and the exclu-
sive focus on particular types of knowledge (e. g., instrumental 
vs. scientific; Kitchin 2016).

Accordingly, authors from data science studies argue that the 
composition and use of data must be critically analyzed. D’Igna-
zio and Klein (2020) showed that ignoring gender-related data-
sets leads to biased conclusions in data analytics. Törnberg and 
Uitermark (2021) argued for a new heterodox computational so-
cial science that highlights the risks of molding data analytics 
into a new digital capitalism. Relatedly, Zuboff (2019) linked the 
role of surveillance data in capitalist societies to high exploitation 
risks. Safransky (2020) describes how algorithms in data-driven 
assessment tools for urban investment decisions lead to the ra-
cialization of space and spatialization of poverty. MacFeely (2019) 
and Ilieva and McPhearson (2018) identified new legal, ethical, 
technical, and reputational pitfalls to many of these technologies.

Hence, it is an obvious fallacy that “better data” will auto-
matically lead to “better cities.” Conventional wisdom states that 
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more precise and accurate data and simpler, more powerful 
interfaces will be inherently beneficial to society because better 
policy decisions and emergency measures can be made (Holden 
2013), for example in terms of urban energy consumption and 
traffic flow assessments. The assumption that “better leads to 
better” is an instrumentalist and positivist paradigm that is re-
flected in the United Nations’ 2030 Agenda. A notable example is 
the postulated assumption of “Better data for a better planet and 
better lives” (Daguitan et al. 2019, p. 71). Great care is needed go-
ing forward to ensure that the new data are not used exclusively 
for instrumentalist (Kitchin 2016) or positivist (Pfeffer and Geor-
giadou 2019) outcomes. Moreover, in an ever-changing global 
policy environment, the use of data analytics in sustainability 
fields is increasingly assigned a discursive-interpretative role, 
whether in education, politics, or society at large (Pupphachai 
and Zuidema 2017).

Data and monitoring systems

The role of monitoring systems in sustainable urban develop-
ment is to make decision-level information more accessible and 
transparent by collecting and analyzing the appropriate data and 
selecting the best indicators for measuring change. This is func-
tionally fine, but it is less clear how well the existing data plat-

forms can support these objectives (Kitchin 2016). The collec-
tion and curation of urban sustainability data are complex and 
confusing, especially when deciding the best way to apply them 
to measuring the achievement of SDGs (Siragusa et al. 2022). 
Hence, systems must not be designed in isolation as the rele-
vancy of the data and the tenets of society are highly dispersed 
and interconnected. 

Notably, the desired indicators must be accessible from the 
collected data. As such, the indicators should be socially derived. 
Therefore, the mere existence of unused or unresolved urban 
data features in a dataset is insufficient for creating new indica-
tors. Moreover, it is dangerous owing to the several fallacies and 
biases discussed above. Michalina et al. (2021) argued that a city’s 
specific conditions and goals must be considered when defining 
sustainability indicators. Accessibility is also crucial for socially 
beneficial data monitoring. For example, if users are provided 
raw data, they can assess the development of certain indicators 
without depending on the interpretations of others. In this con-
text, Schieferdecker (2021) highlighted the importance of open 
data, as defined for example in the eight open data principles.1 
That is, data must be complete, disaggregated, timely, freely ac-
cessible, published and machine-processable, non-discrimina-

FIGURE 1: Treptow-Köpenick’s Sustainable Development Goal monitoring system: the platform consists of a landing page with a general introduction and 
a list of all Sustainable Development Goals (SDGs) (left), and subpages listing the targets and indicators for each SDG (center) and showing the specific 
results for each indicator (right).

landing page list of local targets and indicators data visualization

1 https://opengovdata.org
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tory, non-proprietary, and license-free and reusable (Lwin et al. 
2019). Furthermore, the existence of metadata and their acces-
sibility are equally important for understanding the informa-
tion retrieved. For example, reducing urban CO2 emissions is 
important for achieving SDG 13, but emissions are currently 
measured in different ways based on the necessary theoretical 
assumptions and aggregation requirements. Therefore, appro-
priate disambiguation information should be provided in the 
metadata. 

The origin of the data must also be considered. Recently, new 
data sources have emerged that have the potential to support 
smart cities, such as citizen science data and sensor data (Cutter 
2021). This provides a potential major shift in the traditional role 

of the public sector from exclusive data consumers to producers 
(e. g., crowdsourcing), in which private actors (e. g., individuals, 
companies, and civil organizations) provide the data. Because 
cities engaged with SDG monitoring tend to rely only on official 
data, the potential benefits of other types and sources of data 
(so-called unofficial data) require examination. 

Importantly, data are not to be considered neutral or “raw,” 
as they originate from and affect the context of the given socie-
ties. They are shaped by beliefs and biases (Luque-Ayala and Mar-
vin 2020), they reflect power inequalities, unequal access, and 
institutionalized justice systems (D’Ignazio and Klein 2020). This 
is even more applicable to private data sources, wherein issues 
of propriety, exploitation, profit, and confidentiality are paramount. 
In summary, urban monitoring systems must not be viewed as 
neutral technical assemblage but the result of complex interac-
tions (Kitchin et al. 2015). Hence, even with suitable indicators, 
the context of the collected data and the purposes of their de-
sired use must become part of the analytical framework (D’Ig-
nazio and Klein 2020). 

The case of Treptow-Köpenick 

Treptow-Köpenick is one of twelve districts in the Federal State 
of Berlin. The district is located in the southeastern part of the 
state and has a population exceeding 276.165. Districts have the 
status of municipalities, and their mayors and administrations 
enjoy certain degrees of autonomy. Treptow-Köpenick began de-
veloping a sustainability strategy in 2017 using SDGs to construct 
its framework. The effort entailed a lengthy participatory process 
that involved the public. The resultant strategy included 68 spe-

cific measures, such as the free rental of cargo-bikes (SDG 11), 
reduction of food waste in public schools (SDG 3), and a new 
climate protection vision (SDG 13). Our research team was on-
boarded in 2019 and has documented the progress and lessons 
learned thus far. A formal strategy was adopted in 2021, and from 
this, the district has planned standardized but locale-specific 
data-driven monitoring systems that include extant sources and 
tools. The system was launched in February 20222 and contains 
1. a landing page with a general introduction and a list of all SDGs, 
2. the targets and indicators for each SDG, and 3. the specific 
results for the respective indicators (figure 1). Next, we describe 
our experiences with indicator selection, data collection, and da-
ta handling. 

Methodology
The selection of indicators was closely linked to the district’s 
SDG-based sustainability strategy. The district government and 
affiliated planners decided to focus on measure- and impact-re-
lated indicators. The former reflects the efficacy of related poli-
cy measures, and the latter reflects SDG attainment. For exam-
ple, for SDG 11, the district established the “free rental of cargo 
bicycles throughout Treptow-Köpenick” measure, which is rep-
resented by the specific indicator, “number of cargo bicycles that 
can be rented free of charge in the district”. Complementarily, 
the “modal split” indicator is used to measure SDG impact. The 
district’s “municipal climate protection concept and climate pro-
tection manager” measure includes the measure-related “job 
shares for climate protection management in the administra-
tion” indicator and an index indicator on the topic of municipal 
climate protection. “CO2 emissions” is an SDG impact indicator.

The indicator selection criteria were built around data avail-
ability and quality, in addition to the strength of their traceabil-
ity to the district’s sustainable urban development strategy. In 
addition, we analyzed whether or not actions taken by the munic-
ipal government can influence the development of a particular 
indicator. Some indicators often used in SDG monitoring, such 
as “funding for international development cooperation”, depend 
on the national or federal state level, and the municipal level 
therefore has no authority to take action in this policy area. In 
this context, various existing SDG indicator reports from other 
cities were consulted. 

We must acknowledge the social complexities that influence the data,  
their metadata, and their interpretations so that production and use of new data  
for Sustainable Development Goals monitoring can be fully understood as a  
social process rather than a purely technological one.

2 www.sdg-treptow-koepenick.de



51Florian Koch, Sarah Beyer, Chih-Yu Chen

GAIA 32/S1 (2023): 47 – 53

SPECIAL ISSUE: SUSTAINABLE DIGITALIZATION  |  RESEARCH

>

Official data (such as from the micro census) were solicited 
first, as they were readily accessible. Then, available “new data” 
sources were incorporated, which happened to reflect air quality, 
water quality, and traffic sensor data, to name a few. Part of the 
traffic data reflects cyclists per street per weekday, whose sensors 
were funded by the Berlin Senate, which collects this data and 
publishes annual reports. The figures from these reports are then 
fed into the monitoring system. As there is no interface between 
the Senate’s data and the monitoring system, the system does not 
display real-time data, but uses data from the annual reports. 

As the work progressed, it became clear that the official data 
were not as available as initially believed. Hence, the integration 
of unofficial data was greatly expanded. The district government 
and planners understood that this step would require the involve-
ment and active support of both private citizens and local offi-
cials who had participated in building the sustainability strategy. 
Hence, the bulk of unofficial data was acquired from civil organi-
zations, including schools and churches. For example, the Mund
raub Association3 provided crowdsourced data on edible plants in 
the district and their locations, and the Foodsharing Organization 
provided data on the amount of food saved (i. e., not wasted) in 
kilograms. Web-scraping techniques were also used to track the 
number of solidarity farming collection points across the district. 

Owing to the heterogeneity of official and unofficial sources, 
metadata were added to all indicators to convey origins, collec-
tion methods, and data providers. Eventually, all indicators were 
publicly discussed using the Adhocracy platform, where individ-
uals can provide comments vetted with researchers and policy-
makers. An attempt was made to take the suggestions into ac-
count in the final version of the monitoring. 

After approval, the selected indicators and their data origins 
were published online using the Open SDG platform,4 which was 
created through a collaboration between the UK Office for Na-
tional Statistics, the US government, and the nonprofit Center 
for Open Data Enterprise. The results can be accessed world-
wide for SDG reporting. Barcelona, Los Angeles, and Bristol, 
for example, use the platform too. The chosen technical solution 
was based on open data principles, meaning that all raw data and 
metadata in the system must remain accessible and processable 
by all users.

Results
A total of 87 indicators were selected from the above processes 
using anonymized and highly aggregated data. In total, 47 data-
sets came from official data sources, and 24 were unofficial. 
Crowdsourced, sensor, and web-scraped data were used to sup-
port eight indicators. Out of 87 indicators, 16 could not be suit-
ably supported by the data (table 1).  

Discussion
The theoretical debates on the use of smart city data to monitor 
the SDGs mentioned above emphasize that new data sources 
allow for more accurate monitoring, however, the case of Trep-
tow-Köpenick district of Berlin clearly illustrates the many dif-

ficulties involved in balancing official and unofficial data sourc-
es. Notably, the selection and availability of indicators, the need 
to contextualise data collection and the inclusion of different 
data providers proved challenging.

The selection of appropriate indicators and the search for 
suitable data was demanding, as there were large gaps in official 
data. The integration of unofficial data and the involvement of 
civil society actors was a logical consequence for all stakeholders 
in the project.

During the development of the monitoring system, shortcom-
ings in the types and sources of data (traditional and “new” types 
of collection, official and unofficial data sources) became appar-
ent. For example, CO2 emission data were not aggregated at the 
district level. Hence, Berlin-level total emissions were divided 
proportionally, which relied on assumptions of scope and source. 
This means that the data for Treptow-Köpenick is heavily influ-
enced by the other eleven districts of Berlin. 

It was difficult to track and measure the quality of the data 
provided by civil organizations, and the collection methods var-
ied among providers. For example, one indicator is the number 
of bicycle trips in the Stadtradeln bicycle competition. Such 
crowdsourced data often lack measures of reliability and accu-
racy. More difficult was the translation of qualitative report data 
into basic indicator parameters. For example, the indicator that 
uses data on the number of racist, antisemitic, homophobic and 
right-wing extremist incidents per year in Treptow-Köpenick. 
People can report such incidents digitally or in person to a civil 
society organization that forwards the data to the monitoring 
system. Importantly, it is nearly impossible to know the true 
number of unreported incidents, but we know that it is “high.” 
The role of metadata in these cases allows platform users to be 
aware of the origin and shortcomings.

3 www.mundraub.org
4 www.open-sdg.org

TABLE 1: Results of indicator selection.

MEASURES

26

15

IMPACT ON 
SDGS

21

9

INDICATOR/
DATA

official data

data from civil society 
organizations

no data

TOTAL

NEW DATA SOURCES

sensor

crowdsourcing

webscraping

TOTAL

TOTAL

47

24

16

87

4

3

1

8
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The purpose of the case study was to inform the development 
of a monitoring system that could provide the district’s popula-
tion with the opportunity to follow the progress meeting the SDG 
measures. Through participatory events, attempts were made to 
initiate a joint SDG monitoring system. However, engaging and 
retaining the interests of local actors proved to be very difficult. 
Although many private citizens and agencies were willing and 
active in providing data, the labor needed to adequately process 
the data was unforthcoming. As a result, D’Ignazio and Klein’s 
(2020) call to reduce the inequity of data-related social monitor-
ing and decision-making methods fell short, and the need to illu-
minate the extant power imbalances was only partially met. The 
process of contextualizing data was not as transparent as we had 
desired. Nevertheless, data-searching and collaboration efforts 
have led to the establishment of new contacts and partnership 
opportunities. In summary, the case presented provided the be-
ginning of a joint dialogue with the district. 

The overarching guidance to the district was the 2030 Agen-
da and the desire to pursue SDGs. Accordingly, the continued 
development and maturation of the monitoring system will re-
flect this agenda as it changes and grows. Over time, more clear-
ly quantifiable targets and thresholds will be set for the indica-
tors as they mature. The lack of precise target values was not 
unexpected, and it provided demand signals for roadmap de-
velopment, which must be facilitated politically by district- and 
state-level sustainability strategies.

Concluding remarks

The use of smart city data (i. e., unofficial data from diverse sourc-
es and providers, often collected more frequently) provides ex-
citing new opportunities for municipalities as they engage with 
local stakeholders to promote public participation in SDG mon-
itoring. Notably, this process is not straightforward, and one must 
account for the different perceptions and values of sustainabili-
ty of the many stakeholders as well as various practical constraints. 
Many authors have emphasized the theoretical potential of har-
nessing emerging data for smart city approaches and sustaina-
bility measurement. Our empirical example demonstrated the 
pitfalls of this complexity and some of the associated technical 
barriers (e. g., lack of data interfaces). It remains difficult to as-
sess data quality at the city level, and the time and resources need-
ed from public and private sources are daunting. Illuminating 
the barriers is a prerequisite for overcoming them, and our re-
sults frame the problem for future research and actions. Nota-
bly, our findings highlight the critical role of metadata in deter-
mining the utility and feasibility of indicator identification and 
definition. As noted, data are not neutral items; they are socially 
and politically constructed and reflect issues of power and ex-
isting biases in society. 

Metadata are therefore an integral part of Treptow-Köpenick’s 
monitoring system, as it allows potential shortcomings, under-
estimations and other forms of data inaccuracy to be made vis-

ible and explained. This transparency is particularly necessary 
for the new, unofficial data sources. 

The Treptow-Köpenick district case clearly shows that in or-
der to use new and unofficial data in SDG monitoring, compro-
mises are required. Rather than viewing new data as a purely 
neutral technological set of figures, we must acknowledge the 
social complexities that influence the data, their metadata, and 
their interpretations so that production and use of new data for 
SDG monitoring can be fully understood as a social process 
rather than a purely technological one. 
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