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Abstract
It is almost 6 years since the UN’s Sustainable Development Goals (SDGs) were adopted, and countries have less than 10 years 
to achieve the set targets. Unlike most of the world, sub-Saharan African countries have reported only minimal progress, one that 
the COVID-19 pandemic has unfortunately disrupted. Transdisciplinary research (TDR) has been conceptualized as important 
for achieving sustainability goals such as the SDGs. In this paper we (i) analyze the contributions of the five TDR projects toward 
the achievements of the SDGs at the city level in Africa, and (ii) explore the interactions between the assessed SDGs across 
the five projects. The projects’ contributions towards the achievements of the SDGs were examined in three thematic areas: 
(i) contexts, (ii) processes and (iii) products. The five projects were funded under the Leading Integrated Research for Agenda 
2030 in Africa (LIRA) programme. The projects were being implemented in nine cities across five African countries Accra 
(Ghana), Kumasi (Ghana), Korhogo (Ivory Coast), Abuja Metro (Nigeria), Mbour (Senegal), Cape Town (South Africa), Nelson 
Mandela Bay Metro (South Africa), Grahamstown (South Africa) and Kampala (Uganda) and data were collected on each of 
the five projects in these cities. The contextual contributions include co-analysis and reflection on policy and institutional silos 
and social innovations amenable to contextual complexity. A shift in how actors perceived and conceptualized sustainability 
challenges and the role of the projects as transformative social agents constituted the two main process contributions. Tool 
development, virtual models and maps, and handbook are the product contributions by the projects. Our analysis of the SDG 
interactions indicated the need for cross-sectoral collaborations to ensures resource use efficiency, knowledge and experience 
sharing, and seamless flow of information and data to accelerate the SDG implementation.
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Introduction

Five years into the Sustainable Development Goals (SDGs) 
journey, the world is not on track to achieve the set goals 
(United Nations 2020b). With only minimal progress made, 

Sub-Saharan Africa countries are lagging in implement-
ing these global goals (Sachs et al. 2017). The COVID-19 
pandemic presents another threat to the SDGs, negatively 
impacting economies and societies worldwide (WHO 2020). 
The factors that inhibit achieving the global goals are multi-
factorial, spanning structural, social, and economic domains 
(Jaiyesimi 2016). At the city level, governments are faced with 
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multiple challenges such as rapid rise in urban population, 
employment, climate change, and environmental pollution 
that hinder the achievement of the SDGs (Patel et al. 2017). 
A concerted effort by all actors is, therefore, necessary to 
advance the achievement of SDGs. Stakeholder engagement 
has been emphasized when addressing the challenges limiting 
the SDG achievements (United Nations 2020a).

Transdisciplinary research (TDR) may accelerate the 
achievement of the SDGs because it is an inclusive research 
practice that draws on both academic and practice-based 
knowledge systems (Hansson and Polk 2018; Lawrence 
2010). Recognizing the potential of TDR to contribute to sus-
tainable urban development and the achievement of the SDGs 
in African cities, the International Science Council (ISC), 
through its Leading Integrated Research for Agenda 2030 in 
Africa (LIRA 2030) programme, has been providing support 
to twenty-eight (28) TDR over 5 years from 2017 to 2021.

TDR is understood as a knowledge co-production process 
with key stakeholders that generate formal, actionable knowl-
edge on societal problems (Hadorn et al. 2006; Hadorn and 
Biber-klemm 2008; Lang et al. 2012). Working with different 
stakeholders helps researchers better understand local needs 
and interests, gain a holistic understanding of problems, and 
co-produce locally grounded knowledge and solutions (Inter-
national Science Council 2020). Knowledge co-production 
makes SDG research issue-oriented rather than sector-focused 
and helps identify interactions and linkages across the differ-
ent SDGs (International Science Council 2020).

TDR has been extensively theorized, particularly by schol-
ars from the Global North (Hadorn et al. 2006; Hadorn and 
Biber-Klemm 2008; Hansson and Polk 2018). However, there 
is a growing body of knowledge on TDR from the Global 
South, including works by Thondhlana et al (2021), Breda 
and Swilling (2019), Culwick et al. (2019), and Patel et al. 
(2017). Theorization has aided in our conceptual understand-
ing of TDR principles, project design, and processes. In lit-
erature, theoretical contribution has outpaced empirical stud-
ies in TDR (Lang et al. 2012). The implication is that much 
empirical research is needed to fully appreciate the contribu-
tion of TDR to addressing complex societal challenges. Such 
empirical studies would not only broaden our understanding 
of TDR but aid in its re-theorization. This paper is one of such 
studies that provide empirical evidence on the contributions 
of TDR towards the achievement of SDGs in nine African 
cities across six countries: Accra (Ghana), Kumasi (Ghana), 
Korhogo (Ivory Coast), Abuja Metro (Nigeria), Cape Town 
(South Africa), Mbour (Senegal), Nelson Mandela Bay Metro 
(South Africa), Grahamstown (South Africa) and Kampala 
(Uganda). The SDGs addressed are SDGs 2 (zero hunger), 3 
(good health and well-being), 6 (clean water and sanitation), 
7 (affordable and clean energy), 11 (sustainable cities and 
communities), and 13 (climate action).

The SDGs have been postulated as interlinked (United 
Nations 2015), implying that the pursuit of the achievement 
of one SDG ought to take into account its interaction and 
relationship with other SDGs. Interactions between SDGs can 
take diverse forms ranging from synergistic to trade-off inter-
actions. Understanding the SDG interaction is very impor-
tant for their achievements because it can lead to coherent 
and mutually reinforcing policies. It is, therefore, critical that 
in assessing the contributions of TDR projects towards the 
achievements of the SDGs, one takes into account the SDG 
interactions. Therefore the objectives of this paper are (i) to 
analyze the contributions of the five TDR projects toward the 
achievements of the SDGs at the city level in Africa, and, 
(ii) to explore the interactions between the assessed SDGs 
across the five projects. Three data collection templates were 
developed. The first template was on the research quality plus 
(RQ+) evaluative framework (McLean and Sen 2019; Ofir 
and Schwandt 2020). The second was on the contribution of 
TD research to the SDG achievements, and the third was on 
SDGs interactions. The projects’ contributions towards the 
achievements of the SDGs were examined in three thematic 
areas: (i) contexts, (ii) processes and (iii) products. We first 
used the RQ + evaluative framework to assess the projects’ 
research quality and impact before the contributions of the 
project to the SDGs were analyzed.

Analytical approaches and methods

Projects description and summary

The five TDR projects used in this study were among twenty-
eight (28) collaborative research projects under the LIRA 
2030 program. To support the grantees to contribute to solu-
tion-oriented, contextualized, and policy-relevant knowledge 
on the SDGs in African cities, the LIRA programme offers a 
series of capacity-building training workshops for all grantees 
throughout the 2-year project period in addition to the finan-
cial support it provides. We selected the five projects analyzed 
in this study because of the diversity and complementarity of 
the SDGs they were addressing and also because they were 
being implemented across multiple regions of Africa: west, 
east and south. Further, the projects were being implemented 
in cities of varying sizes, e.g. Cape Town (large city), Mbour 
(small city). We believe that the diversity of SDGs and the 
cities would allow a deeper analytical reflection on the con-
tributions of the TDR projects towards the achievements of 
the SDGs. The projects started in May 2019 and will end at 
the end of September 2021. Details of each of the projects are 
presented in Table 1.
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Data collection

The authors played active roles in each of the projects dis-
cussed, serving as principal or co-investigator or active 
team members in our respective projects. We collected data/
reflected on the baseline situation of our projects using three 
templates/questionnaires we developed. The first template was 
on the RQ+ evaluative framework (McLean and Sen 2019; 
Ofir and Schwandt 2020), the second template was on the con-
tributions of TDR projects toward the SDG achievements, and 
the third template was on the SDG interactions. For a common 
understanding, we interactively interrogated the collected data 
through online workshops. The data collection processes are 
described fully in the sections below.

Data collection and RQ+ assessment

The RQ+ assessment framework provides a systems-informed 
and transparent approach to defining and evaluating research 
quality and the positioning of the research for use and 
impact (McLean and Sen 2019; Ofir and Schwandt 2020). 
We assessed the quality of the projects using a data collec-
tion template/questionnaire (Appendix: Table 5) developed 
with insights from the RQ+ assessment framework. The tem-
plate has two aspects: (i) contextual factors (key influencers 
of the research), and (ii) research quality dimensions (and 
sub-dimensions).

The contextual factors are the issues within or outside the 
research environment that have the potential to affect the qual-
ity of research (either positively or negatively) and include: (a) 
maturity of the research field, (b) risk in the data environment, 
(c) risk in the organizational research environment, (d) risk in 
the political environment, and (e) research capacity strength-
ening. The research quality dimension (and sub-dimensions) 
of the RQ+ framework are: (a) scientific rigour, (b) research 
legitimacy, (c) research importance, and (d) positioning for 
use. Figure 1 shows the contextual factors and the research 
quality dimensions (and sub-dimensions) of the RQ+ assess-
ment framework. A detailed description of the RQ+ assess-
ment framework is presented in Ofir and Schwandt (2020).

After the data collection, we assessed the quality of the 
projects following two steps. In the first step, the key contex-
tual factors: (a) maturity of the research field, (b) risk in the 
data environment, (c) risk in the organizational research envi-
ronment, (d) risk in the political environment, and (e) research 
capacity strengthening, for each project were rated using a 
4-point scoring system (as shown in Appendix: Table 6) based 
on the feedback received from the research team on the indi-
vidual projects.

Regarding maturity of the research field, a score of 1 
was awarded to a project if the field is considered matured. 
A score of 2 was awarded when the field was deemed to be 

established, 3 when it was an emerging one, and 4 when it 
was new. On risk in the data environment, a score of 1 was 
assigned to a project when the data environment posed no 
risk (i.e. there is an abundance of data in the project field). A 
score of 2 was awarded to a project when the data environ-
ment posed little risk to the project (i.e. data in the field of 
research is developed), 3 for data environment that posed a 
moderate risk to the project (i.e. fields with limited data), and 
4 for projects operating in the field where the environment 
posed a high risk to the project (i.e. the field of research has 
weak data environments).

Regarding risk in the organizational research environment, 
projects with an empowering research environment scored 
1; projects scored 2 when the environment was a supportive 
one, 3 when it was an unsupportive environment, and 4 when 
it was restrictive. On risk in the political environments, pro-
jects conducted in a stable political environment scored 1, a 
score of 2 was assigned to projects conducted in a moder-
ately stable political environment, 3 for projects in an unsta-
ble environment, and 4 for projects in a volatile environment. 
On research capacity strengthening, projects where research 
capacity strengthening was of high focus scored 1, projects 
scored 2 when the focus was significant, 3 when the focus was 
limited, and 4 when the focus was low.

The second step involved evaluating the research quality of 
the projects (Ofir and Schwandt 2020). Given that the selected 
projects were at various stages of implementation with none 
completed yet, not all the research quality sub-dimensions 
of the RQ+ assessment were considered in the evaluation 
(see Table 5). For the dimensions scientific rigour, only sub-
dimension protocol was evaluated. All the sub-dimensions 
of research legitimacy were assessed. These sub-dimensions 
are (i) addressing potentially negative consequences, (ii) 
inclusiveness of vulnerable populations, (iii) gender, and (iv) 
engagement with local knowledge.

Similarly, all the sub-dimension on research importance 
were also evaluated. These sub-dimensions are (i) originality 
and (ii) relevance. For the dimension on positioning for use, 
only sub-dimension knowledge accessibility and sharing were 
evaluated.

The rating of the projects’ dimensions/sub-dimensions 
(quality) was done with an 8-point scale (as shown in Table 6) 
based on the project aims and the extent to which the methods/
activities stated therein were reflected on the ongoing pro-
jects. In addition to the response provided in the data col-
lection sheet, additional information was obtained from the 
research proposals of the team and through several online 
discussions. Scoring was first done at the sub-dimension 
level and then aggregated to arrive at an overall score for 
each dimension. The scores for sub-dimensions of scien-
tific rigour and positioning were recorded directly without 
any aggregation because they were the only sub-dimensions 
considered. A score of 1 to 2 indicated unacceptable level of 
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achievement, scores of 3 and 4 indicated less than acceptable, 
scores of 5 and 6 indicated acceptable/good and scores of 7 
and 8 revealed a very good level of achievement, as shown 
in Table 6.

Data collection and assessment of project contributions 
to the SDGs

We assessed the projects’ contributions in terms of (i) con-
texts, (ii) process, and (iii) products. For example, a con-
tribution that alters how actors implement the SDGs or an 
even better understanding of the SDGs would qualify as a 
process contribution. Whereas when a project provides 
insights into the role of context on the achievement of the 
SDGs, such a contribution would be eligible as a shift in con-
text. A product-related contribution was defined as a tangible 
outcome/product or modification of an existing product in 
light of SDG implementation. Contributions were concep-
tualized as theoretical and concrete. The template for col-
lecting the project's data on contribution was developed to 
reflect the three identified aspects of research contributions 
towards achieving the SDGs. Each of the investigators (see 
Table 1) populated the template under the three contribution 
domains (themes) by responding to specific probing questions 

(Table 2). Each project investigator was also asked to reflect 
on the baseline situation before the project implementation 
and the enablers and constraints experienced during the pro-
ject implementation.

The data provided on the baselines, contributions, enablers, 
and constraints were thematically analyzed following Braun 
and Clarke (2006). Project data were coded under major and 
sub-themes as deductive codes (Braun and Clarke 2006). A 
reflective and iterative process was followed to identify spe-
cific project contributions under the main domains/themes. 
When reflecting on project contributions within each domain, 
attention was paid to the sustainability, economic, social, and 
environmental dimensions.

Data collection for the SDGs interactions

The template for the data collection on the SDG interactions 
was based on the Nilsson framework for analyzing SDG inter-
actions (Appendix: Table 7). The six (6) SDGs and twenty-
two (22) targets and indicators addressed by the five projects 
are shown in Table 3. Using the templates, each of us supplied 
data on our project’s SDG targets, indicators, type of interac-
tion and motivation for assumed interaction.

Fig. 1   The contextual factors and research quality dimensions (and sub-dimensions)  Adapted from Ofir and Schwandt 2020
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The seven-point scale framework developed by Nilsson 
et al. (2016, 2018) was used to assess the SDGs interactions 
because this framework was found to be particularly useful 
and robust. The framework not only differentiates between 
positive and negative interactions but also speaks to the 
strengths and directions of the interactions, thus making it 
robust to assess implications of SDGs inter-linkages at the 
city level beyond binary simplification of trade-offs and syn-
ergies (co-benefits). The seven-point scales are (i) indivisible 
(+ 3), (ii) reinforcing (+ 2), (iii) enabling (+ 1), (iv) consistent 
(0), (v) constraining (− 1), (vi) counteracting (− 2), and (vii) 
cancelling (− 3) (Nilsson et al. 2016, 2018). The first three 
interaction types are synergistic, whereas the remaining three 
interaction types are trade-offs. The signs depict the strength 
of the interaction on both types of interaction types, i.e. for 
the synergistic interaction, + 3 is the strongest, whereas − 3 is 
the strongest on trade-off interaction types. The interactions 
between the SDG targets addressed by the five projects were 
scored according to the seven-point system.

Results

The results of the RQ+ assessment are first presented, fol-
lowed by the contribution of the projects towards the achieve-
ment of the SDGs, including a presentation of the SDG 
interactions.

RQ + dimensions and key contextual influences 
on projects

An examination of the key influences (contextual factors) on 
the five projects indicated that most of the projects (3 out of 
5) are in emerging fields and have a strong focus on research 
capacity strengthening and with the majority (3 out of 5) of 
them being conducted in supportive organizations, and insti-
tutions (Fig. 2).

Based on the dimensions (and sub-dimensions), the 
research quality analysis of the projects showed that the 
five projects were of acceptable/good to very good quality 
(Table 4). All the projects achieved very good scores in the 
dimension positioning for use and research importance. For 
the dimensions of scientific rigour and research legitimacy, 
the projects fell in the acceptable/good category.

The RQ+ assessment indicated that two of the projects, P2 
(Ensure WEF, Ghana, and Uganda) and P3 (informality and 
food systems, Ghana and South Africa), showed a moderate 
risk in the data environment. Owing to the multidisciplinary 
nature of P2 (Ensure WEF, Ghana, and Uganda), large and 
diverse datasets from multiple areas (water, energy, food) 
were needed for the research analysis. Given that relatively 
few studies had been conducted in the region on WEF nexus, 
the research team had to engage with the diverse stakeholders Ta
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to acquire datasets. The lack of adequate quantities or types of 
data for WEF nexus research has been noted as a significant 
limitation by many (Hurford and Harou 2014; Semertzidis 
2015; Wolfe et al. 2016). For this reason, the WEF project 
scored moderately on the risk the data environment posed to 
the project. A systematic review of existing WEF nexus meth-
ods revealed that discussions on specific methods to evaluate 
the WEF nexus are emerging and rapidly growing (Albrecht 
et al. 2018).

In the case of P3 (informality and food systems, Ghana 
and South Africa), the moderate risk associated with the 
data environment is attributed to the complexity of Afri-
can informality and food systems. For example, researchers 
working in this area must consider all the activities involved 
in the food chain and the role of informality in accelerating 
nutrition security. Although various methods exist for ana-
lyzing different aspects of the food system, systems model-
ling techniques have been adopted in the informal food sec-
tor (Fuseini et al. 2018). Such system modelling techniques 

Table 3   SDG targets and indicators addressed by the five LIRA projects in nine African cities

Goals Targets Indicators Official description

2,1 Prevalence of undernourishment By 2030, end hunger and ensure access by all people, in par�cular, the poor and people in vulnerable situa�ons, including infants, to safe, nutri�ous, 
and sufficient food all year round.

2,2 Prevalence of malnutri�on By 2030, end all forms of malnutri�on, including achieving, by 2025, the interna�onally agreed targets on stun�ng and was�ng in children under 5 
years of age, and address the nutri�onal needs of adolescent girls, pregnant and lacta�ng women, and older persons

2,4 Food produc�on/Agriculture By 2030, ensure sustainable food produc�on systems and implement resilient agricultural prac�ces that increase produc�vity and produc�on, that 
help maintain ecosystems, that strengthen capacity for adapta�on to climate change, extreme weather, drought, flooding, and other disasters, and 
that progressively improve land and soil quality

3,2 Neonatal and under-5 mortality
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
Water-borne diseases and other 
communicable diseases

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

3,9
Deaths and illnesses from pollu�on 
and contamina�on

By 2030, substan�ally reduce the number of deaths and illnesses from hazardous chemicals and air, water and soil pollu�on, and contamina�on

3.d
Interna�onal Health Regula�ons 
capacity and health emergency 
preparedness

Strengthen the capacity of all countries, in par�cular developing countries, for early warning, risk reduc�on, and management of na�onal and global 
health risks

6,1 Access to drinking water services By 2030, achieve universal and equitable access to safe and affordable drinking water for all

6,3 Water quality
By 2030, improve water quality by reducing pollu�on, elimina�ng dumping and minimizing release of hazardous chemicals and materials, halving the 
propor�on of untreated wastewater, and substan�ally increasing recycling and safe reuse globally

6,4
Water-use efficiency and water 
scarcity

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

6,5 Water resources management By 2030, implement integrated water resources management at all levels, including through transboundary coopera�on as appropriate

6,6 Water-related ecosystems By 2020, protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers, and lakes

6.b
par�cipa�on of local communi�es in 
water and sanita�on management

Support and strengthen the par�cipa�on of local communi�es in improving water and sanita�on management

7,1 Modern energy By 2030, ensure universal access to affordable, reliable, and modern energy services

7,3 Energy efficiency By 2030, double the global rate of improvement in energy efficiency

7.a
By 2030, enhance interna�onal coopera�on to facilitate access to clean energy research and technology, including renewable energy, energy 
efficiency, and advanced and cleaner fossil-fuel technology, and promote investment in energy infrastructure and clean energy technology

11,1 Affordable housing By 2030, ensure access for all to adequate, safe, and affordable housing and basic services and upgrade slums

11,3
Sustainable human se�lement 
planning and management

By 2030, enhance inclusive and sustainable urbaniza�on and capacity for par�cipatory, integrated, and sustainable human se�lement planning and 
management in all countries

11.a
Strengthening na�onal and regional 
development planning

Support posi�ve economic, social, and environmental links between urban, peri-urban, and rural areas by strengthening na�onal and regional 
development planning

13,1 Climate change adapta�on Strengthen resilience and adap�ve capacity to climate-related hazards and natural disasters in all countries

13,2 Climate change, policy/planning Integrate climate change measures into na�onal policies, strategies, and planning

13,3 impact reduc�on and early warning Improve educa�on, awareness-raising, and human and ins�tu�onal capacity on climate change mi�ga�on, adapta�on, impact reduc�on, and early 
warning
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are few and currently being developed (Global Panel 2017), 
supporting the RQ+ assessment, which placed this project 
as being implemented in a moderate-risk data environment.

The assessment of P5 (Energy, Ghana and South Africa) 
showed that data in the research field is developed. The 
methodology and instruments for collecting both quantita-
tive and qualitative data for the research are available and 
widely agreed upon. The instruments designed consisted of 
questionnaire interviews for household surveys, quantitative 
data collection from institutions, key informant interviews and 
group discussions. However, the research team indicated that 
although the environment is data-rich, access to institutional 
data is besetted with barriers.

Projects P1 (Climate change and diarrhoeal diseases, Sen-
egal and Ivory Coast) and P4 (Urban River Health, South 
Africa and Nigeria) showed a flourishing data environment. 

In P1 (Climate change and diarrhoeal diseases, Senegal and 
Ivory Coast), a District Health Information System (DHIS2), 
a platform for collecting and storing health data, exists in the 
two countries. The countries’ national Meteorological and 
Weather Services have existing climate data to which the 
research team were given access. As diarrhoea is a disease 
with several drivers, there are methods for analyzing different 
aspects of the diseases, and method to predict and estimate 
diarrhoea risk under climate change is currently developed 
(WHO 2014; Kolstad and Johansson 2011). In P4 (Urban 
River Health, South Africa and Nigeria), the instrumentation 
and methodology for the data collection methods adopted in 
the research (e.g. physicochemical and microbial measure-
ment of the rivers) are widely agreed upon and available. An 
abundance of data sources also exists; therefore, the research 
team had no difficulties assessing the data.

Given the rigorous project selection procedure adopted by 
LIRA, and the additional trainings on proposal development 
provided to the researchers, it is not surprising that the ratings 
for the different dimensions across the five projects ranged 
from acceptable/good to very good. Once the call for project 
proposals were closed, the LIRA scientific committee pre-
selected a number of projects and invited the project PIs to a 
5-day training designed to ensure that the researchers receive 
the necessary skills and capacity for inter-and-trans-discipli-
nary research during the 2-year project cycle. The period was 
also used for developing and fine-tuning the project proposals 
for the second round of scientific review and selection.

The projects are by their nature transdisciplinary and 
were co-designed and co-implemented with policy and soci-
etal actors. The deep involvement of the societal and policy 
actors suggest a high probability of the stakeholders’ uptake 
of the research products once completed. A deep stakeholder 
engagement enhances research uptake in policy and practice 
(Phillipson et al. 2012).

Projects contribution to the SDGs

Context contributions

The analysis of the different projects suggests that the policy, 
social, economic, ecological, and institutional contexts were 
the main defining factors shaping the implementation of the 
SDGs at the city level. The contextual contributions of the 
analyzed projects can be summarised as (i) co-analysis and 
reflection on policy and institutional silos, and (ii) social inno-
vations amenable to contextual complexity.

Co-analysis and reflection on policy and institutional silos 
In nearly all the projects’ implementation environments, key 
policy and institutional actors were found to be pursuing 
their agenda in silos, with little or no cross-sectoral collabo-
rations. For example, in P4 (Urban river health, South Africa 
and Nigeria), key government ministries (e.g., Ministries of 

Fig. 2   Results of the RQ+ key influencers

Table 4   Scores of RQ+ dimensions and sub-dimensions across the 
LIRA 2030 projects

RQ+ dimensions P1 P2 P3 P4 P5

1. Scientific rigour 6 6 6 6 6
1.1 Protocol 6 6 6 6 6
2. Research legitimacy 6.3 6.0 5.8 5.8 5.8
2.1 Addressing potentially negative conse-

quences
5 5 6 5 5

2.2 Inclusiveness 7 6 6 7 7
2.3 Gender responsiveness 6 6 4 4 4
2.4 Engagement with local knowledge 7 7 7 7 7
3. Research importance 7 7 7 7 7
3.1 Originality 6 6 7 6 6
3.2 Relevance 8 7 7 8 8
4. Positioning for use 7 7 7 7 7
4.1 Knowledge accessibility and sharing 7 7 7 7 7
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Environment and Water Resources in Nigeria), departments 
(e.g., Department of Environmental Impact Assessments in 
Nigeria), and agencies (e.g., Abuja Environmental Protection 
Board, Nigeria; and the National Environmental Standards 
Regulatory and Enforcement Agency in Nigeria), which are 
responsible for environmental and water resources manage-
ment and governance were found to be pursuing their agenda 
in silos. For P2 (Ensure WEF, Ghana, and Uganda), key policy 
and institutional actors in the water, energy, and food sectors 
were also found to be working in silos, despite empirical evi-
dence supporting the interlinkage of the WEF nexus. For P1 
(Climate change and diarrhoeal diseases, Senegal and Ivory 
Coast), key government ministries (e.g. Ministry of Health, 
Water and Sanitation, and Environment) and agencies (e.g. 
National Agency for Civil Aviation and Meteorology of Sene-
gal) do not regularly share data among themselves, suggesting 
silos. We found that the Ministry of Health does not readily 
have access to water and climate-related data to determine 
the connection between diarrhoea cases and water quality and 
climate change. To address the inherent silos observed at the 
beginning of the projects, co-design processes and knowledge 
co-production workshops facilitated co-analysis and reflec-
tion on the importance of cross-sectoral collaboration for the 
SDGs. The co-design and knowledge co-production processes 
contributed to shifting actors’ insights and understanding of 
the complexity of the SDGs interlinkages and the importance 
of integrated, systemic policy frameworks for the SDGs. The 
co-design and knowledge co-production processes also cre-
ated momentum on the imperative for establishing concrete 
mechanisms/actions for breaking policy and institutional 
silos. For example, in P2 (Ensure WEF, Ghana and Uganda), 
actors from the Ghana Ministry of Energy, Ministry of Food 
and Agriculture, Ministry of Water Resources, Works, and 
Housing participated in project co-design and knowledge co-
production workshops, providing opportunities for actors to 
transcend institutional and sectoral silos. Similar workshops 
in P5 (Energy, Ghana, and South Africa) involved actors from 
the Energy Commission, the Electricity Company of Ghana, 
the Civil Society, and the Metropolitan, Municipal, and Dis-
trict Assemblies. Also, in P1 (Climate change and diarrhoeal, 
Senegal and Ivory Coast), the knowledge co-production work-
shops involved actors from the Ministry of Health, Water and 
Sanitation, and Environment. The project shed light on the 
criticality of multi-sectoral collaboration and data sharing 
through the workshops to break institutional silos. Given the 
limited timeframe of the project implementation, it is too early 
to assess the impact of these contributions to the achievements 
of the SDGs in the respective cities where the projects are 
being implemented. Nevertheless, the findings have impli-
cations for transcending policy and institutional silos, which 
have been implicated as key impediments to the achieve-
ments of the SDGs. This is particularly true as the impor-
tance of the interlinkages of the SDGs, and the imperative for 

cross-sectoral collaborations are taking the central stage on 
SDGs discussions (Nilsson et al. 2018).

For example, the complexity of interactions between tar-
gets 3.2, 3.3 and 3.9 of SDG 3 and selected targets of the 
other SDGs provided in Fig. 3 illustrates the relevance of 
the SDGs interlinkages. The interactions were both positive 
(Fig. 4) and negative (Fig. 5). Concerning the positive inter-
actions (Fig. 4) targets 3.3 (water-borne diseases and other 
infectious diseases), 3.2 (neonatal and under-five mortality), 
3.9 (deaths and illnesses from hazardous chemicals and air, 
water, and soils pollution and contamination), and 3.d (health 
risk management) showed strong positive interactions with 
targets 2.1 (hunger), 2.2 (malnutrition), 2.3 (agriculture pro-
ductivity), 6.1 (access to drinking water), 6.2 (sanitation and 
hygiene), 11.1 (access to urban housing and essential ser-
vices) and 7.2 (renewable energy). The strong positive inter-
actions between these SDG targets suggest the relevance of 
integrated, cross-sectoral policies that can lead to concurrent 
achievements of the SDG targets. For example, the strong 
positive interaction between SDG target 3.3, 2.4 and 6.1, 6.2 
can be explained by the fact that (i) realizing nutrition secu-
rity together with safe, equitable water and sanitation services 
can directly reduce neonatal and child deaths. Our analysis 
is supported by a household study conducted in the city of 
Mbour by Thiam et al. (2017), which found that only 59% of 
the surveyed households were connected to the water network 
system, with significant disparities between neighbourhoods. 
The study further indicated that 72% of the studied population 
empty their wastewater on the street, increasing the risk of 
drinking water contamination and thus diarrhoea risk among 
children (Thiam et al. 2017).

Regarding the negative interactions (Fig. 5), targets 3.9 
(reduce deaths and illnesses from hazardous chemicals and 
air, water, and soils pollution and contamination) and 3.3 
(end water-borne diseases and other communicable diseases) 
showed strong negative interactions with targets 2.2 (malnu-
trition), 2.3 (agriculture productivity), 6.1 (access to drinking 
water), 6.2 (sanitation and hygiene), 7.1 (universal access to 
affordable, reliable and modern energy services), 7.3 (double 
rate of improvement in energy efficiency) and 11.2 (access 
to safe, affordable, accessible and sustainable transport sys-
tems for all) (Fig. 5). The strong negative interactions between 
these SDG targets indicate the danger of single-mindedly 
pursuing a particular SDG without considering how other 
SDGs may affect or how it affects other SDGs. For exam-
ple, the negative interaction between SDG target 3.9 and 2.2, 
2.3 can explain that increasing nutritional security via con-
ventional agriculture can improve soil and water pollution, 
constraining the reduction of deaths and illnesses caused by 
hazardous chemicals. Such chemicals can however adversely 
affect human health, particularly of newborns and children. 
Moreover, improving water quality reduces water-borne dis-
eases and by extension, under-five child deaths resulting from 
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diarrhoeal diseases. This could lead to unanticipated growth 
in population such that without the commensurate infrastruc-
tural provision, available health and water facilities might be 
constrained. This takes the city water management institutions 
back to where they started from—a rebound effect. Overall, 
the SDG analysis suggests the imperative for systemic, inte-
grative and holistic policies that are sufficiently cross-sectoral, 
and intentionally avoiding the silo approach across scale and 
governance processes.

Social innovations Social innovation addresses social 
needs by creating new ideas, strategies, concepts, initiatives, 

and processes, impacting resource allocation, authority, and 
power (Westley et al. 2006). Sources of social innovations 
are diverse, including research projects, community groups, 
NGOs, governments, businesses, and researchers. Accord-
ing to Biggs et al. (2010) bricolage, contagion are the two 
dynamic processes involved in social innovation. Bricolage 
creates something novel by combining existing and new 
ideas, whereas the diffusion or dissemination of innovation 
is referred to as Contagion (Biggs et al. 2010). Incremen-
tal and radical innovations are the two categories of social 

Fig. 3   Results of network 
analysis: links between selected 
SDG 3 target indicators and 
other SDG target indicators 
addressed by the five ongoing 
LIRA projects

Fig. 4   Results of a sub-network 
analysis of positive interactions
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innovations (Biggs et al. 2010). Incremental innovations are 
gradual, steady, and predictable, whereas radical innova-
tion is more prone to failures and unexpected eventualities 
(Biggs et al. 2010). Key social needs in the P3 (Informality 
and food systems, Ghana and South Africa) implementa-
tion environment were (i) the imperative to assure nutrition 
security for school children (at the Ubunye Educare Centre) 
through the provision of quality food, (ii) provide nutri-
tion education, and (iii) food gardens. Responding to the 
identified social needs, P3 (Informality and food systems, 
Ghana, and South Africa) mobilized the community agency 
to construct a prototype upcycled vertical garden, planting 
high-quality vegetables such as spinach, spring onion, Asian 
lettuce, mint, and thyme. Through the embedded social and 
institutional networks, the project aims to achieve contagion 
of this bricolage innovation across scales within the West-
ern Cape Province of South Africa and Kumasi in Ghana. 
The food system innovation in P3 is regarded as radical as 
being implemented in school settings for the first time.

Process contributions

Processes play vital roles in the achievement of the SDGs. 
Often, processes lead to concrete outcomes over time. The 
analysis of the projects suggested two significant process-
related contributions. These are (i) transformative social 
learning and (ii) transformative social agency and institutional 
entrepreneurship.

Transformative social learning As all the projects were 
intentionally designed as TDR projects, they actively 
brought together diverse actors to stimulate reflexive and 
critical engagement with the projects’ SDGs. We found that 
the process of spontaneous and critical engagement led to 
transformative learning about inherent tensions, complexi-
ties, and risks embedded in the SDGs. For example, P5 
(Energy, Ghana, and South Africa) created an enabling 
environment that brought together researchers, individual 
energy consumers, government regulatory and supply agen-
cies (i.e. Energy Commission of Ghana and the Electricity 
Company of Ghana). The project’s conducive multi-actor 
environment provided the impetus for reflexive, boundary-
crossing learning and capability development to respond 
to the energy crisis, which the project sought to address. 
The project achieved a conducive multi-actor environment 
through co-identification of the research problem, co-design 
and co-implementation of interventions, underpinned by co-
learning, adaptation, and constant reflections among the 
actors. In all projects, we found that expanded epistemologi-
cal horizon through actor boundary-crossing, synergy, and 
hybridity contributed to a shift in how actors perceived and 
conceptualized the SDGs each project sought to address.

Our findings seem to implicate transformative social 
learning, which has been theorized as critical for transi-
tioning the sustainability challenges that confront human-
ity (Macintyre et al. 2018). Transformative social learning 
has been argued to include contextually sensitive reflexive 
learning processes around uncertainties, risks, tensions, 

Fig. 5   Results of a sub-network 
analysis of negative interactions
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discontinuities across scale, and contexts (O'Donoghue 
et al. 2007). Lotz-Sisitka and colleagues identified reflex-
ive social learning and capability theory as emerging trans-
formative learning research and praxis within the field of 
sustainability science (2015). As our analysis indicated, 
reflexive social learning involves boundary-crossing, engag-
ing diverse perspectives and insights to create the notion 
of hybridity and synergy that bring about transformative 
learning through dialogic, multi-loop engagement, and 
interactions.

Transformative social agency and institutional entre-
preneurship The analysis of the projects suggests that the 
embedding of transdisciplinary principles such as project 
problem co-identification, project co-design, co-imple-
mentation, and co-learning accelerated the mobilizing of 
transformative social agents and institutional entrepreneurs 
across the multiple contexts in which the projects were being 
implemented. For example, through such change agent and 
institutional entrepreneurs in P4 (urban river health, South 
Africa and Nigeria), actors across multiple government 
agencies, e.g. the Federal Ministry of Environment, Nige-
ria, the Nigeria Hydrological Services Agency, the Abuja 
Environmental Protection Board, Nigeria, National Envi-
ronmental Standards Regulatory and Enforcement Agency 
(NESREA), Nigeria, Department of Water and Sanitation, 
South Africa, the Nelson Mandela Metropolitan Municipal-
ity, South Africa, etc., were mobilized for the protection 
of the urban rivers and wetlands health. Similarly, social 
agents identified as community champions in P5 (Energy, 
Ghana, and South Africa) were instrumental in fostering 
logic for experimentation in energy-saving practices and 
behaviour at the household level.

The findings of this study provided empirical evidence in 
support of the role of transformative social agents in perturb-
ing systems for change (Wesley et al. 2013). Transformative 
agents and institutional entrepreneurs were able to mobilize 
resources, use their networks, skills, and knowledge to chal-
lenge system-wide, organizational and institutional norms, 
culture, and beliefs to catalyze solutions and changes to com-
plex sustainability challenges.

Product contributions

The analysis of the projects revealed three product contri-
butions towards the realization of the SDGs: (i) tool devel-
opment, (ii) virtual models and maps, and (iii) handbook. 
Concerning tool development, P4 (Urban river health, South 
Africa and Nigeria) developed a macroinvertebrate-based 
index to monitor urban river health for Nigeria streams. Mac-
roinvertebrates are known as excellent indicators of river 
health and are widely used globally for the bioassessment 
of rivers and streams (Fei et al. 2016). The development of 
the index can contribute to the protection of river resources 

(SDG 6) by applying the index in water quality licencing, 
assessment of biodiversity, and habitat integrity (Edegbene 
et al. 2020).

The second product—virtual models including maps and 
photos—was identified in the creation of mental models of the 
SDGs, their complexities, and interlinkages, which facilitates 
systemic thinking necessary for the SDG implementation. For 
example, P3 (Informality and food systems, Ghana and South 
Africa) created a virtual photo exhibition of resource flows 
in cities across Africa. The exhibition allowed city residents 
to tell their stories about water, food, transport, energy, and 
waste.

For the third product, a handbook and logbook were 
produced by P5 (energy, Ghana, and South Africa) using a 
participatory appraisal approach with written and graphical 
illustrations developed in English and Twi (the local language 
of the stakeholders) languages. Participants can refer to the 
handbook and logbook for co-designed energy savings and 
conservation techniques, which contribute directly towards 
the achievement of SDG 7.

Conclusion and recommendations

In this paper, we analyzed the contributions of five TDR 
projects towards achieving the SDGs in African cities. We 
analyzed TDR projects’ contributions to the SDGs in terms 
of (i) contexts, (ii) processes and (iii) products. Contextual 
contributions include co-analysis and reflection on policy and 
institutional silos and social innovations amenable to contex-
tual complexity. A shift in how actors perceived and conceptu-
alized sustainability challenges and the role of the projects as 
transformative social agents constituted the two main process 
contributions. Our analysis of the projects revealed that (i) 
tool development, (ii) virtual models and maps as well as (iii) 
handbook are the significant product contributions by the pro-
jects towards the realization of the SDGs at the city level. Our 
analysis of the SDG interactions indicated the need for cross-
sectoral collaborations. Such cross-sectoral collaboration can 
contribute to the SDG achievements in several ways. First, it 
ensures resource efficiency as multiple sectors share resources 
without duplication of efforts. Second, it provides knowledge 
and experience sharing on the successes and failures of imple-
menting the SDGs. Third, it ensures seamless flow of informa-
tion and data needed for the SDGs’ implementation.

Appendix

See Tables 5, 6, and 7.
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Table 5   Data collection template for assessing the projects’ contextual factors and quality dimensions (and sub-dimensions)

(i) Contextual factors (key influencers of the research)

(a) Maturity of the research field Describe the maturity of your research field using the following questions as a guide:
Does your research field have well-established theoretical and conceptual frameworks from which well-

defined hypotheses have been developed and subjected to testing?
Does the field have a substantial body of conceptual and empirical research?
How active is the research field? Are there many researchers in the field?

(b) Research capacity strengthening What form(s) of support are you receiving from the project sponsors in order to increase your ability to 
conduct, manage and communicate your research over time and in a sustainable manner?

Note: the support may be financial or technical
(c) Risk in the data environment Are the instrumentation and measures for data collection and analysis in your research area widely agreed 

upon and available?
What about the data for the research itself? Is it available and assessable? Please indicate if the research 

environment data rich or otherwise?
(d) Risk in the research environment Is your organization (institution) supportive of the research? Please elaborate on the forms/types of sup-

port being provided
Note: “supportive” refers to institutional priorities, incentives, infrastructure, and trainings to support the 

research
(e) Risk in the political environment Are there any potential adverse factors (such as electoral uncertainty, policy instability, political destabi-

lization, a violent conflict, or a humanitarian crisis) that could arise because of political and governance 
challenges and that could affect the conduct of your research?

Is the nature of your research topic politically contentious within its context?

(ii) Research quality dimensions (and sub-dimensions)

Scientific rigour 1.1 Protocol Please describe the steps you took to ensure methodological rigor. 
Consider issues such as validity, reliability and transferability or 
generalizability, and integration (in mixed methods design)

Research legitimacy 2.1 Addressing potentially negative consequences What are the steps you took to address the risk of potentially 
negative consequences of your project? Please describe this in 
relation to the potential risks in the research processes and/or 
outcomes for affected or targeted populations

Has the research been approved by an institutional or alternative 
research ethics board? Please provide evidence

2.2 Inclusiveness of vulnerable populations How did your project consider vulnerable populations?
Were you inclusive in selecting research participants or potential 

beneficiaries?—not excluding anyone on the basis of culture, 
language, religion, race, economic status, disability, sexual 
orientation, ethnicity, linguistic proficiency or age? If not, kindly 
provide a reason for the exclusion

Did you ensure that the interests of vulnerable, marginalized 
communities or populations are a priority? If not, kindly provide 
justification for the contrary

2.3 Gender How is your project designed to incorporate gender (e.g. in terms 
of data collection and analysis, engagement with stakeholder)?

Is the project design sensitive to the needs and special situations 
or people of different genders?

2.4 Engagement with local knowledge Does your project engage communities, populations or stakehold-
ers in an appropriate and credible manner, including indigenous 
and minority ethnic or social groups, and building their capaci-
ties where appropriate?

Does it respect traditional knowledge, wisdom and practices, 
as well as local contexts, researchers and contributors to the 
research?

Does it ensure appropriate benefits for stakeholders from their par-
ticipation in the research process (e.g. access to research findings 
in appropriate formats and through appropriate processes)?

How does your project address the identified needs and/or priori-
ties, given the scale of the research?
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Table 5   (continued)

(ii) Research quality dimensions (and sub-dimensions)

Research importance 3.1 Originality With reference to the current state of knowledge in your field, 
please describe (if any) the new insights and knowledge for 
theory and practice your project is contributing to

3.2 Relevance What informed the selection of your research topic?
Please indicate whether the research objectives and research ques-

tions targeted at:
Solving a problem that is a proven priority for key development 

stakeholders, and/or
Aligning with key development policies, strategies and priorities, 

and/or
Focusing on emerging problems that are likely to demand solu-

tions in the near future
Positioning for use 4.1 Knowledge accessibility and sharing Please describe your stakeholder engagement strategy. What is the 

extent to which to which your research findings, processes and 
products (a) are targeted to and engage user groups, (b) reflect an 
understanding of the contexts of potential users, and (c) match 
the ways potential user groups access and engage ideas and 
information (e.g., workshops, policy briefs for policymakers)
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