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Systems thinking is aimed at understanding and solving complex problems that 
cut across sectors, an approach that requires accurate, timely, and multisectoral 
data. Citizen-driven big data can advance systems thinking, considering the 
widespread use of digital devices. Using digital platforms, data from these devices 
can transform health systems to predict and prevent global health crises and 
respond rapidly to emerging crises by providing citizens with real-time support. 
For example, citizens can obtain real-time support to help with public health risks 
via a digital app, which can predict evolving risks. These big data can be aggregated 
and visualized on digital dashboards, which can provide decision-makers with 
advanced data analytics to facilitate jurisdiction-level rapid responses to evolving 
climate change impacts (e.g., direct public health crisis communication). In the 
context of climate change, digital platforms can strengthen rapid responses by 
integrating information across systems (e.g., food, health, and social services) via 
citizen big data. More importantly, these big data can be used for rapid decision-
making,a paradigm-changing approach that can invert social innovation, which 
we define as co-conceptualizing societal solutions with vulnerable communities 
to improve economic development with a focus on community wellbeing. 
However, to foster equitable and inclusive digital partnerships that invert social 
innovation, it is critical to avoid top-down approaches that sometimes result 
when researchers in the Global North and South collaborate. Equitable Global 
South–North partnerships can be built by combining digital citizen science and 
community-based participatory research to ethically leverage citizen-driven big 
data for rapid responses across international jurisdictions.
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Introduction

Globally, the frequency and severity of climate change-related weather events, including 
heat waves, cyclones, and droughts, are exacerbating existing health and social inequities (1). 
These inequities are particularly apparent among vulnerable and disadvantaged groups in the 
Global South (1–12), especially in terms of living standards and human health (13–15). 
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Irrespective of the geographic region, the increasing burden on 
existing infrastructure, lack of resources, and financial constraints 
continue to prevent vulnerable populations from effectively managing 
the varied health risks of climate change (16–19). While there is an 
immense global effort to address climate change, the most negatively 
impacted communities are often not well represented in these critical 
conversations. In particular, Indigenous and racialized communities 
living in the most severely impacted areas are not always included in 
decision-making regarding mitigation and adaptation efforts (20–25). 
Moreover, some of the most vulnerable populations are living in 
densely populated regions of the Global South, with limited resources 
for climate change adaptation (5, 26–28)—a result of continuing 
historical injustices driven by centuries of colonization (28, 29).

The impacts of climate change on human health are complex, as 
they are linked to systems both within and outside of healthcare. For 
instance, the Intergovernmental Panel on Climate Change (IPCC) 
reports that the Global South is at a high risk of losing agricultural 
productivity (30–32) due to climate change (26, 33). Agricultural 
productivity is linked with various human health outcomes (i.e., the 
risk of communicable and non-communicable diseases) as well as 
living conditions (34). Climate change events, in general, have both 
direct and indirect impacts on health. These impacts include increased 
risk of heat stroke and cardiovascular stress during heatwaves (35), 
malnutrition from increasing food insecurity (36), and vector-borne 
infectious diseases due to frequent flooding (37). Climate change is 
also influencing mental health outcomes, with issues ranging from 
ecoanxiety and post-traumatic stress disorder to depression and 
suicidal ideation (38).

Globally, while health emergencies due to climate change have 
increased across all populations (27–29, 39), evidence clearly shows a 
disproportionate impact of climate change on vulnerable populations 
such as rural communities that rely on agriculture for livelihood (2, 3, 
5, 40). However, according to the IPCC, a major gap in developing 
solutions is the lack of representation from vulnerable communities 
in the Global South (26). If the goals of the IPCC and United Nations 
Sustainable Development Goals are to be achieved, consistent and 
equitable engagement with communities experiencing the greatest 
vulnerability is critical (41–43).

Inverting social innovation

Equitable engagement requires consistent community 
consultation to amplify the voices of disadvantaged citizens. To enable 
equitable engagement, communication between community members 
and intersectoral stakeholders is necessary for a comprehensive 
climate change response—a complicated process requiring extensive 
coordination among groups (44–46). Each stakeholder group also 
requires access to accurate data and evidence, which are essential for 
making informed and timely decisions for complex intersectoral 
problems such as climate change. Inaccurate and invalid data from 
unreliable sources can result in disjoint and ineffective decision-
making (44)—an issue that became apparent in the inadequate 
response to climate disasters across the world in the summer of 2023 
(45, 46). Although there is no silver bullet for climate change 
adaptation and mitigation, there is an imminent need for a 
methodology that would amplify citizen voices and enable effective 
decision-making across sectors. Such a solution potentially lies in 

ethically obtaining citizen-driven big data via their own ubiquitous 
digital devices (47).

Citizen-driven big data refers to data that are high in volume, 
velocity, variety, and veracity (48, 49). Ubiquitous digital devices, such 
as smartphones, generate big data through the use of embedded 
sensors (i.e., global positioning system and accelerometers) and digital 
platforms, which can play an important role in time-sensitive health 
crises including climate change. The use of digital technology can 
be considered a social innovation. The Organization for Economic 
Co-operation and Development defines social innovation as the 
design and implementation of new solutions to improve the wellbeing 
of individuals and communities, with a focus on economic 
development (50). Citizen-driven big data can transform responses to 
climate change risks across jurisdictions through the use of digital 
platforms. In particular, these platforms can amplify citizen voices for 
two key climate change adaptation and mitigation solutions: (1) 
Provide citizens with near real-time support and (2) Ethically relay 
citizen big data to decision-makers for rapid responses (51). Most 
importantly, digital platforms powered by citizen big data are not 
limited by jurisdictional boundaries, i.e., they can transform responses 
to climate change risks across jurisdictions—a potential paradigm-
changing approach to social innovation. However, with historical 
injustices limiting current resource access for climate change 
adaptation and mitigation strategies in the Global South (28, 29), it is 
time to invert our approach to social innovation.

Thus, we define inverting social innovation as co-conceptualizing 
societal solutions with disadvantaged communities to improve economic 
development, with a focus on community wellbeing. For a community 
solution to be categorized as inverting social innovation, it should address 
a critical societal problem by satisfying three key criteria: (1) transform 
weaknesses into strengths, (2) prioritize citizen needs over corporate 
profits, and (3) provide a pathway for rapid scale-up across jurisdictions. 
Inverting social innovation does not minimize the importance of 
economic development but aims to amplify the voices of citizens to 
address existential public health and social crises such as climate change.

Systems thinking

If there ever was an existential crisis that needed systems thinking 
to address its complexity, it is climate change (52, 53). Systems thinking 
is an approach to understanding and, ideally, solving complex problems 
that cut across disciplines and sectors. This holistic lens can potentially 
provide a pathway to develop and implement climate change adaptation 
and mitigation strategies which take into account the complexity of 
changing individual and contextual (i.e., social, ecological, economic, 
and political) risk factors. More importantly, these strategies may 
address determinants and risks within systems (e.g., food security—
food supply within food systems) and across systems (e.g., food security 
and nutritional status across food and health systems) (54, 55). A 
systems thinking approach is essential for understanding the 
interdependent factors contributing to climate change and critical to 
identifying nodes of intervention within and across systems.

A significant challenge in monitoring, managing, and mitigating 
climate change impacts is the coordination of decision-making across 
systems (i.e., food, health, and social services) (54). The interdisciplinary 
expertise and trans-sectoral approaches that are required for 
coordinated decision-making can be transformed by ethically utilizing 
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citizen-generated big data. Citizens’ lives do not exist in silos, so why do 
we  think about solutions to societal problems in silos? Given that 
citizen-generated big data can cut across disciplines and sectors, systems 
thinking can be operationalized using digital citizen science (56). In the 
21st century, human engagement with and through Internet-connected 
ubiquitous devices, such as smartphones, generates an enormous 
amount of big data (57). These big data can be used to understand and 
address complex, trans-sectoral problems. The use of big data can have 
significant positive implications for prediction, prevention (i.e., 
mitigation), and adaptation to climate change risks.

Digital platforms that are powered by citizen-driven big data offer 
a range of potential benefits, which include: (1) direct citizen-decision-
maker communication to help mitigate and manage existing and 
emerging crises and (2) real-time support for citizens to improve their 
own decision-making during climate crisis (43). For example, citizens 
can obtain support in real time to help manage public health risks via 
an app that can predict evolving risks by taking into account both citizen 
as well as environmental big data. These big data can be aggregated and 
visualized on digital dashboards to facilitate jurisdiction-level rapid 
responses to evolving climate change impacts (e.g., direct public health 
crisis communication). The use of digital citizen science with systems 
thinking is a paradigm-changing approach that will invert social 
innovation, as it prioritizes community needs and, importantly, enables 
advancements in digital health for equity (43).

However, developing and implementing system-wide policies are 
extremely challenging without the timely collection, analysis, and 
visualization of data. It is evident that disparate information from 
multiple sectors can result in disjointed decision-making (26). To 
overcome this challenge in decision-making, it is imperative to adapt, 
implement, and evaluate existing digital platforms across jurisdictions, 
i.e., generate empirical evidence of their effectiveness. The 
operationalization (adaptation, piloting, implementation, and evaluation) 
of digital platforms for decision-making intersects multiple disciplines, 
including but not limited to computer science, data science, digital 
epidemiology, environmental sciences, global public health, 
implementation science, and program evaluation. This operationalization 
also transcends sectors, and can vary across jurisdictions, while 
maintaining standardized methods for rapid replication. However, to 
ensure the actual application of interdisciplinary and trans-sectoral 
approaches through systems thinking, it is critical to utilize previously 
tested and implemented frameworks that integrate citizen science with 
community-based participatory research via digital transformations (56).

One such framework is the Smart Framework, which has been 
consistently used to implement a range of innovative interventions, 
such as climate change adaptation (46, 58), co-creation of digital 
solutions for equity and justice (58), ethical surveillance promoting 
data sovereignty (59), and rapid jurisdictional decision-making 
(60). The application of the Smart Framework is driven by the 
integration of citizen science and community-based participatory 
research in addressing societal crises such as climate change. To 
enable this integration, the framework proposes repurposing 
citizen-owned internet-connected ubiquitous tools to sense, share, 
and link big data that power digital health platforms. In essence, the 
framework proposes that digital health platforms powered by 
citizen-driven big data can facilitate equity by amplifying 
disadvantaged citizen voices to inform policies—a key gap identified 
by the IPCC in current climate change solutions (26, 41–43). 
However, from a Global South perspective, as proposed by the 
Bridge Framework, systems thinking needs to go beyond sourcing 

big data from citizens to identifying processes for decolonizing 
citizen science to reverse historical injustices of colonization (61). 
Decolonizing citizen science is critical to ethically partnering with 
disadvantaged communities, where big data should aim to capture 
traditional local knowledge that is crucial for developing local 
solutions for global problems such as climate change. Hence, 
we propose the integration of concepts from both Smart and Bridge 
Frameworks to operationalize systems thinking via digital health 
platforms to address climate change impacts.

Discussion

The foundation of citizen big data-driven digital health platforms 
for decision-making is co-creation (62). This involves the intersection 
of digital citizen science (i.e., direct engagement with all participants) 
and community-based participatory research action (i.e., direct 
engagement with jurisdictional decision-makers and leaders). The use 
of citizen-owned devices provides an avenue for big data collection, 
but perhaps more importantly, an opportunity to amplify citizen 
voices and empower those who experience marginalization to inform 
jurisdictional policies—a key component of co-creation (63). In 
addition to direct engagement with citizens, partnering with 
jurisdiction-specific Citizen Scientist Advisory Councils can facilitate 
concrete governance structures (47).

An efficient approach in developing digital health platforms for 
decision-making is to scale-up (43), replicate, and repurpose existing 
digital health infrastructure (64–67). Repurposing existing digital 
infrastructure aids rapid responses irrespective of the location of 
implementation—a capability that is critical for climate change 
adaptation and mitigation. Following this replicability-focused 
approach, emerging cutting-edge evidence indicates that the first step 
in developing and implementing digital health platforms for decision-
making is to adapt existing cloud-based and decentralized digital 
infrastructure (51). An important aspect of this infrastructure is 
progressive web applications that can be built with web technologies, 
installed, and run on all digital devices or web browsers without the 
need to launch on Google and Apple stores (31). In essence, this 
decentralized approach can minimize dependency on big technology 
companies in responding to climate change (32, 51).

However, digital health platforms for climate change adaptation and 
mitigation must also enable real-time communication with citizens, 
particularly given the urgency of climate change events. This is a key 
component of enabling self-determination and sovereignty in the 
Global South (33). Such digital platforms can provide real-time support 
to households to manage key health risks within their jurisdiction by 
using advanced algorithms that will adapt to each household’s needs. All 
data from individual households can be encrypted, aggregated, and 
anonymized before being relayed to a digital decision-making 
dashboard to be  housed with the key decision-makers in each 
jurisdiction. Decision-makers can use digital health dashboards to 
sustain real-time support for citizens and use big data for rapid 
responses (33, 51). For instance, decision-makers can send jurisdiction-
specific disaster management alerts to mitigate and manage health risks, 
irrespective of the disaster (i.e., earthquakes, droughts, flooding, and 
forest fires) (51). The most advanced versions of these digital health 
dashboards can also support anonymous bi-directional engagement 
with citizens (51). In essence, these digital platforms can provide value 
perspective (i.e., real-time support) to citizens while amplifying citizen 
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voices and contributing big data for a larger cause—jurisdictional 
responses for climate change adaptation and mitigation.

This value perspective is critical for the success of the 
infrastructure scale-up because it motivates citizens to participate in 
digital health platforms. Most importantly, the same digital health 
infrastructure could be  modified to address jurisdiction-specific 
climate change issues ranging from infectious diseases (47) and 
non-communicable diseases (56) to systemic issues such as food 
security (68). This approach can transform the integration of health 
systems with other critical systems (i.e., environment, food, social 
services, and disaster management) to enable rapid responses for 
climate change adaptation and mitigation.

To replicate and scale-up digital health infrastructure for climate 
change adaptation and mitigation, equitable partnerships between 
decision-makers, researchers, and key community stakeholders in the 
Global South and North are paramount. To enable the meaningful 
inclusion of all research partners in the core decision-making 
processes of digital health infrastructure scale-ups, it is crucial to 
make a concerted effort to avoid top-down approaches that sometimes 
result when researchers in the Global North and South collaborate, 
i.e., a core systemic barrier to equitable partnerships (69, 70). 
Integrating digital citizen science with community-based participatory 
research (56, 61) can enable an equity-focused perspective to ensure 
meaningful partnership, participation, and contribution from all 
countries involved. The operationalization of this approach should 
start from the co-conceptualization stage itself, where representatives 
from each country are involved in establishing key risks, core 
objectives, data collection, and knowledge dissemination strategies. 
Since countries in the Global South continue to experience the most 
severe impacts of climate change, they should take the lead in 
informing digital health infrastructure adaptation and implementation.

The sustainability of digital health infrastructure will depend on 
training and development opportunities in each jurisdiction to 
essentially create a path for long-term capacity building. In 
implementing cutting-edge digital health infrastructure in the Global 
South, equitable technology transfer should be  matched with the 
development of local technological skills. Ultimately, to implement 
digital health platforms, meaningful citizen involvement is key, 
particularly among vulnerable or marginalized communities 
experiencing the brunt of adverse climate change impacts. Thus, 
jurisdiction-specific Citizen Scientist Advisory Councils (68) can serve 
as co-creation and implementation partners, expanding the applicability 
of research findings and technology across society. Citizens interested 
in obtaining specific skills, such as interpretation of data, can 
be  provided with training opportunities as part of efforts to build 
capacity. Given the disproportionate impacts of climate change on 
certain subgroups within communities (i.e., women and low-income 
households), successful implementation of digital health platforms also 
relies on their contribution to Citizen Scientist Advisory Councils.

Equitable Global South–North partnerships are the first step in 
ethically obtaining big data directly from disadvantaged citizens in the 
Global South (71, 72). These Equitable Global South–North 
partnerships can also lay the foundations for the data sovereignty of 
disadvantaged citizens in the Global South. As any digital ecosystem 
comes with risks of data exploitation, equitable partnerships can 
ensure that citizen data are secured within their jurisdictions by 
aligning with jurisdictional data regulations (51). However, to reverse 
historical injustices that the Global South continues to perpetuate (28, 
29), we need to go above and beyond jurisdictional data legislation. 

One small step would be to use secure cloud computing to facilitate 
the data sovereignty of citizens, where citizens own their data (62).

Ultimately, if we are to transform health systems for climate 
change adaptation and mitigation in the global south, the three criteria 
for inverting social innovation provide a preliminary framework: (1) 
Transforming weakness into strengths: The 2022 IPCC report 
indicated a dearth of representation from disadvantaged communities 
in the development of climate change solutions. This gap can 
be addressed by decolonizing our approaches where diverse citizen 
voices are amplified via big data—an approach that has immense 
potential due to increasing ownership of not just ubiquitous devices 
such as smartphones, but also affordable access to data plans in the 
Global South (73–76). However, we cannot place all Global South 
countries in one box, as there are wide variations of access to mobile 
devices and data both within and across countries (77–79). 
Nevertheless, ubiquitous tools have transformative potential for health 
systems as well as people in the global south – if they are re-purposed 
ethically to utilize citizen-driven big data for climate change 
adaptation and mitigation; (2) Prioritizing citizen needs over 
corporate profits: Digital health platforms not only provide citizens 
with real-time support, but also relay aggregated and anonymized big 
data to jurisdiction-specific digital dashboards to enable decision-
making, i.e., the needs of citizens and decision-makers of specific 
jurisdictions are prioritized; and (3) Providing a pathway for rapid 
scale-up across jurisdictions: The decentralized structure of the digital 
platforms for decision-making allows rapid scale-ups to adapt and 
mitigate climate change impacts specific to different jurisdictions, i.e., 
local solutions for global problems.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

TRK: Writing – original draft, Writing – review & editing, 
Conceptualization, Funding acquisition, Methodology. JB: Writing – 
original draft, Writing – review & editing, Conceptualization, 
Methodology.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. The authors 
acknowledge the support of the Canada Research Chairs Program and 
the Canada Foundation for Innovation. Funders did not have a role in 
the development of the approach described in the manuscript.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fpubh.2024.1333163
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Katapally and Bhawra 10.3389/fpubh.2024.1333163

Frontiers in Public Health 05 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 

or those of the publisher, the editors and the reviewers. Any 
product that may be  evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the  
publisher.

References
 1. With Climate Crisis Generating Growing Threats to Global Peace, Security Council 

Must Ramp Up Efforts, Lessen Risk of Conflicts, Speakers Stress in Open Debate | UN 
Press, Available at: https://press.un.org/en/2023/sc15318.doc.htm

 2. Khine MM, Langkulsen U. The implications of climate change on health among 
vulnerable populations in South Africa: a systematic review. Int J Environ Res Public 
Health. (2023) 20:3425. doi: 10.3390/ijerph20043425

 3. Climate change is already affecting food security. How can Canadians prepare?—
National | Globalnews.ca. Available at: https://globalnews.ca/news/9863235/climate-
change-effects-food-security-canada/

 4. Thompson A. Scientific American. (2023), Is hottest month ever recorded on earth. 
Available at: https://www.scientificamerican.com/article/july-2023-is-hottest-month-
ever-recorded-on-earth/

 5. July 2023 is set to be  the hottest month on record | World Meteorological 
Organization. Available at: https://public.wmo.int/en/media/press-release/july-2023-
set-be-hottest-month-record

 6. Forbes Vetter D. July 2023 ‘Virtually Certain’ To Be Hottest Month In Human 
History. Available at: https://www.forbes.com/sites/davidrvetter/2023/07/27/july-2023-
virtually-certain-to-be-hottest-month-in-human-history/

 7. Consequences of climate change. Available at: https://climate.ec.europa.eu/climate-
change/consequences-climate-change_en

 8. How climate change worsens heatwaves, droughts, wildfires and floods. BBC News. 
(2021); Available at: https://www.bbc.com/news/science-environment-58073295

 9. Ebi KL, Vanos J, Baldwin JW, Bell JE, Hondula DM, Errett NA, et al. Extreme 
weather and climate change: population health and health system implications. Annu 
Rev Public Health. (2021) 42:293–315. doi: 10.1146/annurev-publhealth-012420-105026

 10. Canada H. Who is most impacted by climate change. (2018). Available at: https://
www.canada.ca/en/health-canada/services/climate-change-health/populations-risk.html

 11. US EPA O. Climate Change and the Health of Socially Vulnerable People. (2022). 
Available at: https://www.epa.gov/climateimpacts/climate-change-and-health-socially-
vulnerable-people

 12. Canada PS. The First Public Report of the National Risk Profile. (2023). Available 
at: https://www.publicsafety.gc.ca/cnt/rsrcs/pblctns/2023-nrp-pnr/index-en.aspx

 13. Schnitter R, Berry P. The climate change, food security and human health Nexus 
in Canada: a framework to protect population health. Int J Environ Res Public Health. 
(2019) 16:2531. doi: 10.3390/ijerph16142531

 14. Summary for Policymakers. Available at: https://www.ipcc.ch/report/ar6/wg2/
chapter/summary-for-policymakers/

 15. Ford JD. Indigenous health and climate change. Am J Public Health. (2012) 
102:1260–6. doi: 10.2105/AJPH.2012.300752

 16. Turner NJ, Berkes F, Stephenson J, Dick J. Blundering intruders: extraneous 
impacts on two indigenous food systems. Hum Ecol. (2013) 41:563–74. doi: 10.1007/
s10745-013-9591-y

 17. Myette E, Riva M. Surveying the complex social-ecological pathways between 
resource extraction and indigenous peoples’ health in Canada: a scoping review with a 
realist perspective. Extract Industr Soc. (2021) 8:100901. doi: 10.1016/j.exis.2021.100901

 18. Routledge & CRC Press. ExtrACTION: Impacts, Engagements, and Alternative 
Futures. Available at: https://www.routledge.com/ExtrACTION-Impacts-Engagements-
and-Alternative-Futures/Jalbert-Willow-Casagrande-Paladino/p/book/9781629584706

 19. Furgal C, Seguin J. Climate change, health, and vulnerability in Canadian northern 
aboriginal communities. Environ Health Perspect. (2006) 114:1964–70. doi: 10.1289/
ehp.8433

 20. Summary-First-Peoples-Second-Class-Treatment-Final.pdf. Available at: https://
www.wellesleyinstitute.com/wp-content/uploads/2015/02/Summary-First-Peoples-
Second-Class-Treatment-Final.pdf

 21. Bednar-Friedl B, Biesbroek R, Schmidt DN, Alexander P, Børsheim KY, Carnicer 
J, et al., Europe. HO Pörtner, DC Roberts, MMB Tignor, ES Poloczanska, K Mintenbeck 
and A Alegríaet al., (Eds.), Climate change 2022: Impacts, adaptation and vulnerability 
contribution of working group II to the sixth assessment report of the intergovernmental 
panel on climate change. Cambridge University Press; (2022)

 22. Community-based monitoring of Indigenous food security in a changing climate: 
global trends and future directions—IOPscience. Available at: https://iopscience.iop.org/
article/10.1088/1748-9326/ab13e4

 23. Pollock R, Whitelaw G. Community-based monitoring in support of local 
sustainability. Local Environ. (2005) 10:211–28. doi: 10.1080/13549839.2005.9684248

 24. Kipp A, Cunsolo A, Gillis D, Sawatzky A, Harper SL. The need for community-led, 
integrated and innovative monitoring programmes when responding to the health 
impacts of climate change. Int J Circumpolar Health. (2019) 78:1517581. doi: 
10.1080/22423982.2018.1517581

 25. O’Hara S, Toussaint EC. Food access in crisis: food security and COVID-19. Ecol 
Econ. (2021) 180:106859. doi: 10.1016/j.ecolecon.2020.106859

 26. Cormacain R. Keeping Covid-19 emergency legislation socially distant from 
ordinary legislation: principles for the structure of emergency legislation. Theory Pract 
Legis. (2020) 8:245–65. doi: 10.1080/20508840.2020.1786272

 27. Kapwata T, Gebreslasie MT, Wright CY. An analysis of past and future heatwaves 
based on a heat-associated mortality threshold: towards a heat health warning system. 
Environ Health. (2022) 21:112. doi: 10.1186/s12940-022-00921-4

 28. Opoku SK, Filho WL, Hubert F, Adejumo O. Climate change and health 
preparedness in Africa: analysing trends in six African countries. Int J Environ Res Public 
Health. (2021) 18:4672. doi: 10.3390/ijerph18094672

 29. Mojahed N, Mohammadkhani MA, Mohamadkhani A. Climate crises and 
developing vector-borne diseases: a narrative review. Iran J Public Health. (2022) 
51:2664–73. doi: 10.18502/ijph.v51i12.11457

 30. Frongillo EA. Intersection of food insecurity and water insecurity. J Nutr. (2023) 
153:922–3. doi: 10.1016/j.tjnut.2023.02.024

 31. Biørn-Hansen A, Majchrzak TA, Grønli TM. Progressive web apps: the possible 
web-native unifier for Mobile development, Proceedings of the 13th International 
Conference on Web Information Systems and Technologies. Porto, Portugal: 
SCITEPRESS - Science and Technology Publications; (2017). 344–351. Available at: 
http://www.scitepress.org/DigitalLibrary/Link.aspx?doi=10.5220/0006353703440351

 32. Wildfire evacuees frustrated by Facebook news ban in Canada—BBC News. 
Available at: https://www.bbc.com/news/world-us-canada-66535401

 33. CGHE. GACD. Home page. Available at: https://www.gacd.org/

 34. Katapally TR. Smart indigenous youth: the smart platform policy solution for 
systems integration to address indigenous youth mental health. JMIR Pediatr Parent. 
(2020) 3:e21155. doi: 10.2196/21155

 35. Digital health innovations for non-communicable disease management during the 
COVID-19 pandemic: a rapid scoping review | BMJ Innovations. Available at: https://
innovations.bmj.com/content/9/1/3

 36. Villalobos Dintrans P, Bossert TJ, Sherry J, Kruk ME. A synthesis of 
implementation science frameworks and application to global health gaps. Global Health 
Research and Policy. (2019) 4:25. doi: 10.1186/s41256-019-0115-1

 37. Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. 
Fostering implementation of health services research findings into practice: a 
consolidated framework for advancing implementation science. Implement Sci. (2009) 
4:50. doi: 10.1186/1748-5908-4-50

 38. Damschroder LJ, Reardon CM, Widerquist MAO, Lowery J. The updated 
consolidated framework for implementation research based on user feedback. Implement 
Sci. (2022) 17:75. doi: 10.1186/s13012-022-01245-0

 39. Climate change, climate-related disasters and mental disorder in low- and middle-
income countries: a scoping review | BMJ Open. Available at: https://bmjopen.bmj.com/
content/11/10/e051908

 40. Climate change impacts | National Oceanic and Atmospheric Administration. 
Available at: https://www.noaa.gov/education/resource-collections/climate/climate-
change-impacts

 41. Kyaw KT, Flagiello T, Levine A, Salinas J. Association of social support and 
lonliness with frailty and functional status. Innov Aging. (2022) 6:257. doi: 10.1093/
geroni/igac059.1020

 42. Tarun Katapally. Digital citizen science observatory. Available at: https://
tarunkatapally.ca/digitalhealthobservatory/

 43. Katapally TR. It’s late, but not too late to transform health systems: A global digital 
citizen science observatory for local solutions to global problems. (2023)

 44. Schippers MC, Rus DC. Optimizing decision-making processes in times of 
COVID-19: using reflexivity to counteract information-processing failures. Front 
Psychol. (2021) 12:650525. doi: 10.3389/fpsyg.2021.650525

 45. van Olmen J, Erwin E, García-Ulloa AC, Meessen B, Miranda JJ, Bobrow K, et al. 
Implementation barriers for mHealth for non-communicable diseases management in 
low and middle income countries: a scoping review and field-based views from 
implementers. Wellcome Open Res. (2020) 5:7. doi: 10.12688/wellcomeopenres.15581.2

https://doi.org/10.3389/fpubh.2024.1333163
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://press.un.org/en/2023/sc15318.doc.htm
https://doi.org/10.3390/ijerph20043425
https://globalnews.ca/news/9863235/climate-change-effects-food-security-canada/
https://globalnews.ca/news/9863235/climate-change-effects-food-security-canada/
https://www.scientificamerican.com/article/july-2023-is-hottest-month-ever-recorded-on-earth/
https://www.scientificamerican.com/article/july-2023-is-hottest-month-ever-recorded-on-earth/
https://public.wmo.int/en/media/press-release/july-2023-set-be-hottest-month-record
https://public.wmo.int/en/media/press-release/july-2023-set-be-hottest-month-record
https://www.forbes.com/sites/davidrvetter/2023/07/27/july-2023-virtually-certain-to-be-hottest-month-in-human-history/
https://www.forbes.com/sites/davidrvetter/2023/07/27/july-2023-virtually-certain-to-be-hottest-month-in-human-history/
https://climate.ec.europa.eu/climate-change/consequences-climate-change_en
https://climate.ec.europa.eu/climate-change/consequences-climate-change_en
https://www.bbc.com/news/science-environment-58073295
https://doi.org/10.1146/annurev-publhealth-012420-105026
https://www.canada.ca/en/health-canada/services/climate-change-health/populations-risk.html
https://www.canada.ca/en/health-canada/services/climate-change-health/populations-risk.html
https://www.epa.gov/climateimpacts/climate-change-and-health-socially-vulnerable-people
https://www.epa.gov/climateimpacts/climate-change-and-health-socially-vulnerable-people
https://www.publicsafety.gc.ca/cnt/rsrcs/pblctns/2023-nrp-pnr/index-en.aspx
https://doi.org/10.3390/ijerph16142531
https://www.ipcc.ch/report/ar6/wg2/chapter/summary-for-policymakers/
https://www.ipcc.ch/report/ar6/wg2/chapter/summary-for-policymakers/
https://doi.org/10.2105/AJPH.2012.300752
https://doi.org/10.1007/s10745-013-9591-y
https://doi.org/10.1007/s10745-013-9591-y
https://doi.org/10.1016/j.exis.2021.100901
https://www.routledge.com/ExtrACTION-Impacts-Engagements-and-Alternative-Futures/Jalbert-Willow-Casagrande-Paladino/p/book/9781629584706
https://www.routledge.com/ExtrACTION-Impacts-Engagements-and-Alternative-Futures/Jalbert-Willow-Casagrande-Paladino/p/book/9781629584706
https://doi.org/10.1289/ehp.8433
https://doi.org/10.1289/ehp.8433
https://www.wellesleyinstitute.com/wp-content/uploads/2015/02/Summary-First-Peoples-Second-Class-Treatment-Final.pdf
https://www.wellesleyinstitute.com/wp-content/uploads/2015/02/Summary-First-Peoples-Second-Class-Treatment-Final.pdf
https://www.wellesleyinstitute.com/wp-content/uploads/2015/02/Summary-First-Peoples-Second-Class-Treatment-Final.pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ab13e4
https://iopscience.iop.org/article/10.1088/1748-9326/ab13e4
https://doi.org/10.1080/13549839.2005.9684248
https://doi.org/10.1080/22423982.2018.1517581
https://doi.org/10.1016/j.ecolecon.2020.106859
https://doi.org/10.1080/20508840.2020.1786272
https://doi.org/10.1186/s12940-022-00921-4
https://doi.org/10.3390/ijerph18094672
https://doi.org/10.18502/ijph.v51i12.11457
https://doi.org/10.1016/j.tjnut.2023.02.024
http://www.scitepress.org/DigitalLibrary/Link.aspx?doi=10.5220/0006353703440351
https://www.bbc.com/news/world-us-canada-66535401
https://www.gacd.org/
https://doi.org/10.2196/21155
https://innovations.bmj.com/content/9/1/3
https://innovations.bmj.com/content/9/1/3
https://doi.org/10.1186/s41256-019-0115-1
https://doi.org/10.1186/1748-5908-4-50
https://doi.org/10.1186/s13012-022-01245-0
https://bmjopen.bmj.com/content/11/10/e051908
https://bmjopen.bmj.com/content/11/10/e051908
https://www.noaa.gov/education/resource-collections/climate/climate-change-impacts
https://www.noaa.gov/education/resource-collections/climate/climate-change-impacts
https://doi.org/10.1093/geroni/igac059.1020
https://doi.org/10.1093/geroni/igac059.1020
https://tarunkatapally.ca/digitalhealthobservatory/
https://tarunkatapally.ca/digitalhealthobservatory/
https://doi.org/10.3389/fpsyg.2021.650525
https://doi.org/10.12688/wellcomeopenres.15581.2


Katapally and Bhawra 10.3389/fpubh.2024.1333163

Frontiers in Public Health 06 frontiersin.org

 46. Herbert N, Beckman C, Cannedy C, Cao J, Cho SH, Fischer S, et al. Improving 
adaptation to wildfire smoke and extreme heat in frontline communities: evidence from 
a community-engaged pilot study in the San Francisco Bay Area. Environ Res Lett. 
(2023) 18:074026. doi: 10.1088/1748-9326/acddf9

 47. Katapally TR. A global digital citizen science policy to tackle pandemics like 
COVID-19. J Med Internet Res. (2020) 22:e19357. doi: 10.2196/19357

 48. Sestino A, Prete MI, Piper L, Guido G. Internet of things and big data as enablers 
for business digitalization strategies. Technovation. (2020) 98:102173. doi: 10.1016/j.
technovation.2020.102173

 49. Making data for good better | PLOS Digital Health. Available at: https://journals.
plos.org/digitalhealth/article?id=10.1371/journal.pdig.0000010

 50. Social Innovation—OECD. Available at: https://www.oecd.org/regional/leed/
social-innovation.htm

 51. Katapally TR, Ibrahim ST. Digital health dashboards for decision-making to enable 
rapid responses during public health crises: replicable and scalable methodology. JMIR 
Res Protoc. (2023) 12:e46810. doi: 10.2196/46810

 52. Berry HL, Waite TD, Dear KBG, Capon AG, Murray V. The case for systems 
thinking about climate change and mental health. Nat Clim Change. (2018) 8:282–90. 
doi: 10.1038/s41558-018-0102-4

 53. Ignacio JT, Gotangco Gonzales CK, Lee CQ. Development of an e-learning module 
integrating systems thinking for climate change. Ubiquitous Learning: An International 
Journal. (2023) 16:1–16. doi: 10.18848/1835-9795/CGP/v16i02/1-16

 54. Clark S, MacLachlan M, Marshall K, Morahan N, Carroll C, Hand K, et al. 
Including digital connection in the United Nations sustainable development goals: a 
systems thinking approach for achieving the SDGs. Sustain For. (2022) 14:1883. doi: 
10.3390/su14031883

 55. Pocock NS, Chan Z, Loganathan T, Suphanchaimat R, Kosiyaporn H, Allotey P, 
et al. Moving towards culturally competent health systems for migrants? Applying 
systems thinking in a qualitative study in Malaysia and Thailand. PLoS One. (2020) 
15:e0231154. doi: 10.1371/journal.pone.0231154

 56. Katapally TR. The SMART framework: integration of citizen science, community-
based participatory research, and systems science for population health science in the 
digital age. JMIR Mhealth Uhealth. (2019) 7:e14056. doi: 10.2196/14056

 57. Sarker IH. Data science and analytics: an overview from data-driven smart 
computing, decision-making and applications perspective. SN Comput Sci. (2021) 2:377. 
doi: 10.1007/s42979-021-00765-8

 58. Accessibility and sustainable mobility transitions in Africa: Insights from 
Freetown—ScienceDirect. Available at: https://www.sciencedirect.com/science/article/
pii/S0966692322001879

 59. Jia P, Liu S, Yang S. Innovations in public health surveillance for emerging 
infections. Annu Rev Public Health. (2023) 44:55–74. doi: 10.1146/annurev-
publhealth-051920-093141

 60. Turin TC, Chowdhury N, Haque S, Rumana N, Rahman N, Lasker MAA. 
Involving im/migrant community members for knowledge co-creation: the greater the 
desired involvement, the greater the need for capacity building. BMJ Glob Health. (2021) 
6:e007602. doi: 10.1136/bmjgh-2021-007602

 61. Bhawra J. Decolonizing digital citizen science: applying the bridge framework for 
climate change preparedness and adaptation. Societies. (2022) 12:71. doi: 10.3390/
soc12020071

 62. Tarun Katapally. Smart India. Available at: https://tarunkatapally.ca/smart-india/

 63. (PDF) The YUVAAN cohort: an innovative multi-generational platform for health 
systems and population health interventions to minimize intergenerational transmission 
of non-communicable diseases in India, Available at: https://www.researchgate.net/
publication/373623416_The_YUVAAN_cohort_an_innovative_multi-generational_
platform_for_health_systems_and_population_health_interventions_to_minimize_
intergenerational_transmission_of_non-communicable_diseases_in_India

 64. Armeni K, Brinkman L, Carlsson R, Eerland A, Fijten R, Fondberg R, et al. 
Towards wide-scale adoption of open science practices: the role of open science 
communities. Sci Public Policy. (2021) 48:605–11. doi: 10.1093/scipol/scab039

 65. Besançon L, Peiffer-Smadja N, Segalas C, Jiang H, Masuzzo P, Smout C, et al. Open 
science saves lives: lessons from the COVID-19 pandemic. BMC Med Res Methodol. 
(2021) 21:117. doi: 10.1186/s12874-021-01304-y

 66. Borghi J, Gulick AV. Promoting Open Science through research data management. 
Harvard Data Science Review (2022);4. Available at: https://hdsr.mitpress.mit.edu/
pub/72kcw990/release/1

 67. Secretariat TB of C. Canada’s Digital Ambition 2022. (2022). Available at: https://
www.canada.ca/en/government/system/digital-government/government-canada-
digital-operations-strategic-plans/canada-digital-ambition.html

 68. Bhawra J, Skinner K, Favel D, Green B, Coates K, Katapally TR. The food equity 
and environmental data sovereignty (FEEDS) project: protocol for a quasi-experimental 
study evaluating a digital platform for climate change preparedness. JMIR Res Protoc. 
(2021) 10:e31389. doi: 10.2196/31389

 69. Kumar M, Atwoli L, Burgess RA, Gaddour N, Huang KY, Kola L, et al. What 
should equity in global health research look like? Lancet. (2022) 400:145–7. doi: 10.1016/
S0140-6736(22)00888-1

 70. Striving towards true equity in global health: A checklist for bilateral research 
partnerships | PLOS Global Public Health. Available at: https://journals.plos.org/
globalpublichealth/article?id=10.1371/journal.pgph.0001418

 71. Acild. Home. Available at: https://acild.org/

 72. Tiwari I, Tilstra M, Campbell SM, Nielsen CC, Hodgins S, Osornio Vargas AR, 
et al. Climate change impacts on the health of south Asian children and women 
subpopulations—a scoping review. Heliyon. (2022) 8:e10811. doi: 10.1016/j.heliyon.2022.
e10811

 73. Statista. Mobile internet usage worldwide. Available at: https://www.statista.com/
topics/779/mobile-internet/

 74. Stacker. These countries have the most mobile phone users. (2023). Available at: 
https://www.visible.com/blog/post/countries-with-most-mobile-phone-users

 75. Chen R. A Demand-Side View of Mobile Internet Adoption in the Global South 
[Internet]. The World Bank; (2021). (Policy Research Working Papers). Available at: 
http://elibrary.worldbank.org/doi/book/10.1596/1813-9450-9590

 76. Smartphone owners are now the global majority, new GSMA report reveals. 
Newsroom. (2023), Available at: https://www.gsma.com/newsroom/press-release/
smartphone-owners-are-now-the-global-majority-new-gsma-report-reveals/

 77. After-Access-Website-layout-r1.pdf. Available at: https://afteraccess.net/wp-
content/uploads/After-Access-Website-layout-r1.pdf

 78. Landry S. Brookings. Fixing the global digital divide and digital access gap. 
Available at: https://www.brookings.edu/articles/fixing-the-global-digital-divide-and-
digital-access-gap/

 79. The-State-of-Mobile-Internet-Connectivity-Report-2022.pdf. Available at: https://
www.gsma.com/r/wp-content/uploads/2022/12/The-State-of-Mobile-Internet-
Connectivity-Report-2022.pdf

https://doi.org/10.3389/fpubh.2024.1333163
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1088/1748-9326/acddf9
https://doi.org/10.2196/19357
https://doi.org/10.1016/j.technovation.2020.102173
https://doi.org/10.1016/j.technovation.2020.102173
https://journals.plos.org/digitalhealth/article?id=10.1371/journal.pdig.0000010
https://journals.plos.org/digitalhealth/article?id=10.1371/journal.pdig.0000010
https://www.oecd.org/regional/leed/social-innovation.htm
https://www.oecd.org/regional/leed/social-innovation.htm
https://doi.org/10.2196/46810
https://doi.org/10.1038/s41558-018-0102-4
https://doi.org/10.18848/1835-9795/CGP/v16i02/1-16
https://doi.org/10.3390/su14031883
https://doi.org/10.1371/journal.pone.0231154
https://doi.org/10.2196/14056
https://doi.org/10.1007/s42979-021-00765-8
https://www.sciencedirect.com/science/article/pii/S0966692322001879
https://www.sciencedirect.com/science/article/pii/S0966692322001879
https://doi.org/10.1146/annurev-publhealth-051920-093141
https://doi.org/10.1146/annurev-publhealth-051920-093141
https://doi.org/10.1136/bmjgh-2021-007602
https://doi.org/10.3390/soc12020071
https://doi.org/10.3390/soc12020071
https://tarunkatapally.ca/smart-india/
https://www.researchgate.net/publication/373623416_The_YUVAAN_cohort_an_innovative_multi-generational_platform_for_health_systems_and_population_health_interventions_to_minimize_intergenerational_transmission_of_non-communicable_diseases_in_India
https://www.researchgate.net/publication/373623416_The_YUVAAN_cohort_an_innovative_multi-generational_platform_for_health_systems_and_population_health_interventions_to_minimize_intergenerational_transmission_of_non-communicable_diseases_in_India
https://www.researchgate.net/publication/373623416_The_YUVAAN_cohort_an_innovative_multi-generational_platform_for_health_systems_and_population_health_interventions_to_minimize_intergenerational_transmission_of_non-communicable_diseases_in_India
https://www.researchgate.net/publication/373623416_The_YUVAAN_cohort_an_innovative_multi-generational_platform_for_health_systems_and_population_health_interventions_to_minimize_intergenerational_transmission_of_non-communicable_diseases_in_India
https://doi.org/10.1093/scipol/scab039
https://doi.org/10.1186/s12874-021-01304-y
https://hdsr.mitpress.mit.edu/pub/72kcw990/release/1
https://hdsr.mitpress.mit.edu/pub/72kcw990/release/1
https://www.canada.ca/en/government/system/digital-government/government-canada-digital-operations-strategic-plans/canada-digital-ambition.html
https://www.canada.ca/en/government/system/digital-government/government-canada-digital-operations-strategic-plans/canada-digital-ambition.html
https://www.canada.ca/en/government/system/digital-government/government-canada-digital-operations-strategic-plans/canada-digital-ambition.html
https://doi.org/10.2196/31389
https://doi.org/10.1016/S0140-6736(22)00888-1
https://doi.org/10.1016/S0140-6736(22)00888-1
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001418
https://journals.plos.org/globalpublichealth/article?id=10.1371/journal.pgph.0001418
https://acild.org/
https://doi.org/10.1016/j.heliyon.2022.e10811
https://doi.org/10.1016/j.heliyon.2022.e10811
https://www.statista.com/topics/779/mobile-internet/
https://www.statista.com/topics/779/mobile-internet/
https://www.visible.com/blog/post/countries-with-most-mobile-phone-users
http://elibrary.worldbank.org/doi/book/10.1596/1813-9450-9590
https://www.gsma.com/newsroom/press-release/smartphone-owners-are-now-the-global-majority-new-gsma-report-reveals/
https://www.gsma.com/newsroom/press-release/smartphone-owners-are-now-the-global-majority-new-gsma-report-reveals/
https://afteraccess.net/wp-content/uploads/After-Access-Website-layout-r1.pdf
https://afteraccess.net/wp-content/uploads/After-Access-Website-layout-r1.pdf
https://www.brookings.edu/articles/fixing-the-global-digital-divide-and-digital-access-gap/
https://www.brookings.edu/articles/fixing-the-global-digital-divide-and-digital-access-gap/
https://www.gsma.com/r/wp-content/uploads/2022/12/The-State-of-Mobile-Internet-Connectivity-Report-2022.pdf
https://www.gsma.com/r/wp-content/uploads/2022/12/The-State-of-Mobile-Internet-Connectivity-Report-2022.pdf
https://www.gsma.com/r/wp-content/uploads/2022/12/The-State-of-Mobile-Internet-Connectivity-Report-2022.pdf

	Inverting social innovation to transform health system responses to climate change adaptation and mitigation in the global south
	Introduction
	Inverting social innovation
	Systems thinking
	Discussion
	Data availability statement
	Author contributions

	 References

