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Climate resilience and Health: Building Climate Resilience and Health in LMICs using AI and Sensors

	
Low- and middle-income countries (LMICs), despite contributing the least to climate change, are disproportionately affected by its consequences, particularly extreme heat and climate-sensitive infectious diseases. With global temperatures rising at an accelerating rate, the frequency and intensity of heatwaves are increasing, exacerbating health risks, reducing labor capacity, and threatening food security. Climate-sensitive diseases such as malaria are also surging due to expanding vector habitats. Urgent adaptation strategies are required to mitigate these impacts.
According with very recent projection it  seems more and more difficult to maintain the estimated increase of 1.5 by 2030. The recent declaration produced by the COP29 indicates that worldwide political actions to mitigate global warming are insufficient and the future interventions will not change such negative trend, but on the contrary appear only to worsen the situation1. One of the features of climate change, which is increasing in intensity and frequency are heat waves. In some places around the world, the climate crisis is already driving temperatures up to unbearable levels and estimates show that, globally, approximately 489 000 heat-related deaths occurred each year between 2000 and 2019, with the Region accounting for 36% or, on average, more than 175 000 deaths every year2. The need of developing sustainable and efficient adaptation strategies to heat and heat waves is extremely timely and crucial.

Recent advancements in wearable sensors and artificial intelligence (AI) offer promising solutions for monitoring and responding to climate-related health risks, and their implementation and effectiveness in LMIC and beyond has been explored3–6. Often such interventions have been combined with cutting-edge wearables technologies7–10 for monitoring physiological and behavioural responses at the individual level in real-life settings, enabling objective assessment of their actual impact on human health and wellbeing. Wearable devices provide real-time physiological data on heat strain, cardiovascular stress, and infection onset, allowing for proactive health interventions. AI-powered analytics enable data-driven risk prediction, personalized health recommendations, and early warning systems that support both individual and policy-level adaptation strategies. 
This panel brings together experts in climate-health interactions, AI, sensor-based health monitoring, and built-environment adaptation to discuss state-of-the-art interventions and their potential scalability in LMICs. The four presentations will explore:
1. Wearable-based heat stress monitoring to assess labor capacity and adaptation strategies in subsistence farmers.
2. Built-environment interventions to enhance indoor thermal comfort and resilience against extreme heat.
3. AI-driven climate-health surveillance for infectious disease detection and early warning systems.
4. Sensor-supported public health adaptation strategies that integrate environmental data achieved from earth-bound and orbiting satellite networks as well as physiological key parameters to inform policy action.
By integrating climate-health research with AI-driven solutions and sensor technology, this panel aims to foster scalable, evidence-based adaptation strategies that strengthen climate resilience in vulnerable communities.
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Moderator Details
Full Name: Hanns-Christian Gunga
Organisation: Charité-Universitätsmedizin Berlin, Institute of Physiology, Center for space medicine and extreme environments Berlin, Berlin, Germany
Bio 
Senior Professor at Charité-Universitätsmedizin Berlin, he is a specialist in heat-related injuries and general space physiology. He contributed to  several space missions with the Space Shuttle, the MIR and on the International Space Station. Currently, he is the Chief Field-Editor of Frontiers Section Environmental, Aviation and Space Physiology. 

Panellist 1
Full Name: Martina Anna Maggioni
Organisation: Charité-Universitätsmedizin Berlin, Institute of Physiology, Center for space medicine and extreme environments Berlin, Berlin, Germany
Bio 
Professor of Physiology, focusing on human adaptation to extreme environments, e.g., space, cold and extreme heat, with knowledgeable expertise in bio-signals analysis assessing metabolic, thermoregulatory, cardiovascular and behavioral response to environmental stressors, leading several projects in space medicine, climate change, heat stress and their impact on human health and performance.

Presentation 1 
Research-grade wearables to assess the impact of extreme heat on residual labour capacity in subsistence farmers in Burkina Faso

Panellist 1 Contribution 
Introduction 
Climate change related heat stress disproportionately affects sub-Saharan Africa reducing workers' labor capacity. Few studies measure farmers’ physiological response to heat and its impact on labor capacity, accounting for sex-related differences. 
Objectives: 
To monitor subsistence farmers' labor capacity and wellbeing using time-series data.
Methodology
We recruited subsistence farmers (n=78, 50% M). We measured Wet Bulb Globe Temperature (WBGT), Actigraphy, Core Body Temperature, Heart Rate (HR), and GPS-individual tracking. We assessed the Physiological Strain Index (PSI), while evaluating the impact of heat on working patterns, and monitored sleep and activity. The data was analyzed with linear mixed models.
Findings
PSI and HR positively correlated with WBGT (p < 0.0001). Average and maximum PSI decreased with WBGT (p < 0.001). Participants worked longer and started earlier on hotter days, with average work intensity decreasing with heat for men workers (p < 0.001). Sleep duration declined with each degree of WBGT reducing sleep by seven minutes (p < 0.0001). Step count increased with WBGT (p < 0.0001) and varied by season. While heat increases physical strain and reduces labor capacity, we find that self-employed subsistence farmers reduce strain by lowering labor intensity, spreading work throughout the day, and shifting tasks to cooler months. Women implement fewer pacing strategies due to dual responsibilities (household chores and fieldwork). The future effectiveness of these strategies is limited, with further heat increase degrading sleep quality. These findings emphasize the need for adaptation strategies to maintain work capacity amid rising temperatures.


Panellist 2
Full Name: Daniel Kwaro 
Organisation: Kenya Medical Research Institute (KEMRI), Charité – Universitätsmedizin Berlin
Bio 
A medical epidemiologist, with a background in human medicine, at KEMRI with 15 years of experience in HIV implementation science and a current focus on planetary health. He currently investigates the impact of, and adaptation to, climate-induced hazards—such as heat stress on well-being and productivity—among vulnerable populations.

Presentation 2
Community-Centric Climate Early Warning and Response System (C3-EWS) for Climate-Related Health Hazards in Siaya County, Kenya

Panellist 2 Contribution 
Introduction
Siaya County, Kenya, is increasingly burdened by extreme climate events and high malaria incidence, which severely impact public health. Existing early warning systems are predominantly top‐down and lack community engagement, not incorporating traditional ecological knowledge. 
Objective
To develop, deploy, and evaluate a Community-Centric Climate Early Warning and Response System (C3‑EWS) in Siaya County.
Methodologies and Expected Results 
We will conduct a household survey (n=430) measuring preparedness, alert reception, clarity, and response, supplemented by case-based key informant interviews exploring experiences with formal and indigenous EWS. Afterwards historical meteorological, hydrological, entomological, socio-economic, and remote sensing data will be integrated to produce detailed risk maps, a composite risk index, and predictive models. Subsequently, community members and technical experts will participate in co-creation workshops, during which design challenges across monitoring, forecasting, communication, response, and system integration will be identified and addressed through low-fidelity prototypes and to develop the functional C3-EWS. Finally, the C3‑EWS will be piloted in three purposively selected villages, with endline survey data, continuous sensor and wearable data, and simulation experiments capturing operational metrics and behavioral responses. We expect a 20% improvement in community preparedness and trust post-intervention; a composite risk index that correlates strongly (r > 0.70) with hazard occurrences; high user acceptance and usability scores among pilot participants; and significantly improved alert dissemination and response times during simulations. This study will deliver a scalable, community-driven early warning system model that enhances resilience, reduces health and socio-economic impacts of climate hazards, and informs policy for vulnerable regions in Sub-Saharan Africa.


Panellist 3
Full Name: Maximilian Schwarz (online)
Organisation: Remote Sensing Solutions
Bio  
Project Manager at Remote Sensing Solutions GmbH with a PhD in Biology related to remote sensing applications in Africa. Expertise in large-scale environmental monitoring and modelling applications, Big Data Analysis, remote sensing and GIS, agricultural applications, drought monitoring and forestry. 

Presentation 3
Satellite-based yield estimations at the household field level for nutrition and health studies in Nouna, Burkina Faso

Panellist 3 Contribution 
Introduction
Climate change poses substantial challenges for small-scale subsistence farmers in sub-Saharan Africa, who depend on annual harvests for over 80% of their nutritional needs. However, our understanding of yield estimates at the field and household levels (average field size < 2 ha) is limited. This gap in knowledge hinders the ability to assess nutritional and health priorities in vulnerable communities. 
Objectives
This study aims to develop a satellite-based crop yield model for various food crops using a three-year in-situ yield dataset from rural northwestern Burkina Faso. The goal is to minimize the need for in-situ data collection while ensuring accurate yield estimates at the household field level (average field size < 2 ha) to support studies on food security, children’s health and heat stress. 
Methods and Findings
The model utilized LASSO regression with monthly vegetation index composites from Sentinel-2 and weekly accumulated rainfall data from CHIRPS. Results indicated that using three years of training data, which encompassed a broader range of yields, reduced overfitting and improved model accuracy. R² values ranged from 0.62 for Maize to 0.3 for Sorghum, with normalized root mean square error (nRMSE) between 12% and 16%. A plausibility check, comparing model estimates with national yield statistics for Burkina Faso, confirmed the validity of our approach. The models effectively captured inter-annual yield variability, indicating progress towards reducing the need for in-situ measurements in the future. This field-level yield predictions enable connections to studies child nutrition, or heat stress when connected to health data provided through wearables. 



Panellist 4
Full Name: Mohanad Mohammed
Organisation: University of KawZulu-Natal, South Africa

Bio
Statistician in health data science, with a PhD from UKZN. His research applied machine learning to cancer diagnosis and survival prediction, integrating gene expression and DNA mutation data for improved accuracy. Currently he collaborates with Harvard T.H. Chan School of Public Health and Heidelberg University on health data science projects.

Presentation 4
Harnessing AI-Driven Health and Environmental Sensors to Accelerate Climate Adaptation in Vulnerable Communities

Panellist 4 Contribution 
Introduction
Climate change intensifies health risks, particularly in Burkina Faso, where extreme heat exposure exacerbates mortality, reduces productivity, and strains healthcare systems. However, data limitations hinder the development of targeted adaptation strategies. This research explores the integration of sensor-based monitoring and artificial intelligence (AI) to develop early warning systems that enhance climate adaptation efforts.
Objectives
1. Utilizing AI-driven analytics to identify risk profiles and predict health outcomes based on environmental and physiological data.
2. Designing and evaluating sensor-supported adaptation interventions to mitigate heat stress in at-risk populations.
3. Engaging policymakers and communities to scale adaptation strategies for broader implementation.
Methodology
The study employs wearable health sensors, weather stations, and remote sensing technologies to collect real-time health and environmental data in Burkina Faso. Participants are monitored using existing Health and Demographic Surveillance Systems (HDSS), enabling the development of sensor-supported early warning systems to guide timely adaptation interventions.
Findings
Preliminary results indicate that integrating real-time health and climate data enhances heat risk prediction and adaptation planning. AI models identify key risk patterns, enabling personalized, sensor-guided interventions that reduce heat-related morbidity. This research provides a scalable framework for data-driven early warning systems, bridging research, policy, and community action to strengthen climate resilience in Burkina Faso.


Panellist 5
Full Name: Sandra Barteit
Organisation: Heidelberg Institute of Global Health

Bio 
Research Group Leader of Digital Global Health. Her research integrates artificial intelligence, data science, and sensor-based technologies to assess/predict the health impacts of climate change on vulnerable populations. She is focusing on implementing biosensors for early warning systems in climate-sensitive diseases and graph databases for continuous, multi-granular data analysis.

Title of Presentation 5: AI-Driven Early Warning Systems for Climate-Health Adaptation in Low-Resource Settings

Panellist 5 Contribution 
Introduction
In low- and middle-income countries, data limitations hinder comprehensive climate change and health research. To address this gap, we are establishing sensor-based population-health cohorts, generating critical data to inform climate adaptation strategies. A key challenge is the resurgence of climate-sensitive infectious diseases (e.g., malaria), driven by rising temperatures and shifting precipitation patterns (expanding the habitat of their vectors). Wearable devices might foster early detection, yet their effectiveness is constrained by data gaps. This study introduces an AI-driven approach to impute missing data and enhance detection, strengthening climate-health adaptation measures.
Objectives
1. Establish sensor-based population cohorts across Africa and Asia to quantify individual health risks from heat exposure.
2. Improve early disease detection by identifying resting heart rate (RHR) anomalies as pre-symptomatic indicators.
3. Assess AI model transferability across climate-sensitive diseases
4. Develop a scalable, real-time monitoring pipeline to enhance climate adaptation strategies.
Methodology
· Mixed-method studies to assess the feasibility/acceptability of sensor-based population cohorts.
· Focus on climate-sensitive diseases, correlating sensor-based data with environmental exposure.
· Data Collection: Wearable sensor data from malaria and COVID-19 patient cohorts.
· AI Modelling: 
· Generative Adversarial Networks (GAN) for missing RHR data imputation.
· Long Short-Term Memory Autoencoders for signals anomaly detection.
· Validation: Comparison of AI-driven imputation and anomaly detection performance across different infectious disease datasets.
Findings
· GAN-based imputation improves data completeness.
· AI-driven anomaly detection effectively identifies pre-symptomatic infections.
· Model transferability across diseases is limited, but imputation techniques enhance generalizability.
· This scalable AI framework offers a data-driven approach to climate-health adaptation, supporting early warning systems.





