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• Some diseases and health situations are impacted by environmental, meteorological
and climate dynamics

• Possibility to use environmental and meteorological information in real-time to inform
disease surveillance

➢ But still no such data accessible in near realtime in health information systems

Climate and environmental monitoring for health surveillance

https://www.who.int/news/item/01-12-2021-tripartite-and-unep-support-ohhlep-s-definition-of-one-health



1- Monitoring 

environment and 

climate:

• Earth observation

• In situ 

measurements

• Local knowledge

3- Inform Health Surveillance 

Systems in realtime
2- Production of 

environmental and health

indicators in realtime

https://www.who.int/news/item/01-12-2021-tripartite-and-unep-support-ohhlep-s-definition-of-one-health
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ESA-developed Earth observation missions

Potential of Earth observation for health surveillance

• Increasing number of Earth Observation satellites,

• Easier access to information (/ processing and price)

• Increasing computing capacities

Possibility to use environmental

& meteorological information in

real-time to inform disease

surveillance



Potential of Earth observation for health surveillance

• Increasing number of Earth Observation satellites,

• Easier access to information (/ processing and price)

• Increasing computing capacities

Possibility to use environmental

& meteorological information in

real-time to inform disease

surveillance

DHIS2 (Digital Health Information 

System, dhis2.org)

➢ But still no such data accessible in near realtime in health information systems

Recent possibility to integrate

weather and climate data into 

DHIS2 data elements (Wellcome

Trust project, under development):

-> Limited number of variables

-> Based on Google Earth Engine



Stages to integrate satellite information into health surveillance systems

Satellite data

Data processing

(=> indicators)

Data integration

in HIS

Operational use for 

health surveillance

Increasing number and resolutions of 

data 

Increasing accessibility (free, data 

warehouse, services)

Increasing capacities (Google Earth

Engine, ESA Data Space Ecosystem)

Share of algorithms (science, GIT…)

Few integration

2 strategies:

- in existing information systems

- in specific systems

Still rare operational implementation

Few case studies

SITUATION

Need to develop more indicators

(ready-to-use, adapted to local 

situations)

Need to open processing

capacities:

- Doubts around GEE

- Needs of super-calculator

NEEDS

Need more cases studies

=> Generic or specific systems

Need to develop pipelines, query

capacities on demand



• ESA (European Space Agency) Copernicus Project

• 2 satellites:

• Sentinel-2A launched in June 2015

• Sentinel-2B  launched in March 2017

• Lifetime: 7 years (extendable to 12 years)

• 13 spectral bands (visible, near and far InfraRed)

• Spatial resolutions: 10m / 20m / 60m

• Tile coverage: 290 km

• Time between 2 revisits : 5 days at the Equator (with the 2 satellites - without taking

clouds into account)

Free and easily accessible data

Sentinel-2: satellite images designed for environnemental monitoring



1- Sen2Chain: 

Automated

Sentinel-2 image 

acquisition and 

processing

2- Sen2Extract: web interface 

facilitating the generation of time series

4- Integration into Health

Information Systems

3- Modelling of time series

of environmental indices

Open source: https://framagit.org/espace-devhttps://web.seas-oi.org/sen2extract/

Sen2Chain: production of environmental indices

Projects: S2-Malaria (2017-2020, CNES) & ClimHealth (2020-2022, SCO-CNES)

https://framagit.org/espace-dev
https://web.seas-oi.org/sen2extract/


Sen2Chain: production of environmental indices

Sen2Chain: aims at producing environmental indices from Sentinel-2 images as soon as 

these images are made available, to optimize near-real time monitoring.

NDVI, NDWI, 

etc.

Database

Rasterio

Cloud mask

L1C product

peps_download

sentinelsat
Download

PEPS
Copernicus

Dataspace

Areas and 

periods of 

interest

Query

L2A product

Sen2Cor
Atmospheric corrections

(about 1Gb of data per image)

Storage

Cloud mask thresholding

Production of indices

(about 5-45 Mb per index)
NDWI

Sen2Chain



Production of time series of environmental indices

Objective: Link epidemiological dynamics with

environmental dynamics

Constraints: 

Ä Different observation dates

Ä Calculation of indices depending on cloud

cover

Ä Missing dates

Ä Difficulties in detecting clouds

Solution: smoothing of time series

=> Estimated average index / day
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Production of time series of environmental indices

¶Temporal modelling of environmental indices

➢ Similar trends between the 3 methods, especially between Fourier and B-spline

➢ Best estimates on Cubic spline

Cubic-spline

B-spline

Fourier transform



Integration of satellite information in health surveillance systems

Local scale: monitoring of suitable environments for disease transmission

ECOMORE II WP Myanmar + ClimHealth, 

2021 : LeptoYangon, to monitor the suitable 

environment for leptospirosis transmission, 

every 5 days

https://leptoyangon.geohealthresearch.org/



Application for Leptospirosis surveillance of suitable habitats

https://leptoyangon.geohealthresearch.org/

https://leptoyangon.geohealthresearch.org/


Application for Leptospirosis surveillance of suitable habitats

https://leptoyangon.geohealthresearch.org/

LeptoYangon, selected as a case study in the

WMO 2023 State of Climate Services for 

Health report

https://library.wmo.int/records/item/68500-2023-state-

of-climate-services-health

“There is huge potential for enhancing the 

benefits of climate science and climate 

services for health. Despite examples of 

success, data shows that the health sector is 

underutilizing available climate knowledge and 

tools. At the same time, climate services need 

to be further enhanced to fully satisfy the 

health sector requirements.”

https://leptoyangon.geohealthresearch.org/
https://library.wmo.int/records/item/68500-2023-state-of-climate-services-health


Integration of satellite information in health surveillance systems

Local scale: monitoring of suitable environments for disease transmission

Subnational scale: malaria surveillance system for SMRU-METF

EASIMES, Global Fund (RAI2E)

2019-2021: Environment Analysis

and Surveillance to Improve 

Malaria

Elimination Strategy in Myanmar

-> C19RM (2021-2023)



EASIMES: Malaria Environmental Surveillance System

4 main activities:

• Accurate mapping of land-use/land cover and monitoring 

of fluctuations in environmental conditions

• Defining the malaria epidemiological landscape: Spatio-

temporal analysis

• Defining vector-suitable high-risk environments

• Development of a Malaria environmental surveillance 

system

EASIMESProject aimed to improve the understandingof environmental conditions which
influencemalariatransmissionin the forestedenvironmentsof EasternMyanmar

➢supportmicrostratificationandactivesurveillancetoolsusedby the control and/or
eliminationprograms.

Malaria EliminationTaskForce

Community-based access to early diagnosis
(RDTs)and treatment (ACTs)of over 1250
malariapostssince2014



Environmental
indicators
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EASIMES: Malaria Environmental Surveillance System



Environmental indicators

5 days at 10m of spatial resolution

Automated processing chain to 

obtain :

SEN2COR algorithm : Make 

atmospheric conditions correction 

automatically and routinely

Sen2Chain : Process Sentinel2 

from L1C to L2A level

Sen2liss : Provide index production 

and time series computation

Time series of weekly S2 indicators

over a buffer of 2000m around each

Malaria post
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indicators

Malaria data
Climate
Weather

Data 

Landscape

Vegetation
NDVI

Water 
NDWI

Humidity
NDWIGAO

Community 
surveillance

METF

Land Use

Land Cover
Forest 
Loss

Temperature
Anomalies

Temperature

Rainfall
Anomalies

Rainfall

EASIMES: Malaria Environmental Surveillance System



Climate and Weather data

era5

Daily data

R and Google Earth Engine 

combination

Time series of weekly rainfall, min 

temp and max temp information 

over a buffer of 2000m around each

Malaria post
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EASIMES: Malaria Environmental Surveillance System



Object-based 
image analysis 

(OBIA) with 
eCognition
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EASIMES: Malaria Environmental Surveillance System

Land Use Land Cover



Forest Loss

Global Forest Change

Published by Hansen, Potapov, Moore, 

Hancher et al.

University of Maryland

Results from time-series 

analysis of Landsat images 

characterising forest

extent and change.

Yearly time series of Forest loss

by ha over within a 2000m buffer 

around each malaria post
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EASIMES: Malaria Environmental Surveillance System

http://www.sciencemag.org/content/342/6160/850


Malaria data

Community-based access to early

diagnosis (RDTs) and treatment

(ACTSs) of over 1250 malaria posts.

Paper-based or digital reporting (email

or SMS)

Data are checked and cleaned each

week, and any errors in data entry are

corrected after communication with the

data entry team

Number of fever cases and the number

of RDT-confirmed P. falciparum and P.

vivax infections by age and gender,

etc.
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EASIMES: Malaria Environmental Surveillance System



EASIMES: Malaria Environmental Surveillance System

ContinuouslyEnhancedPlatform



ContinuouslyEnhancedPlatform

EASIMES: Malaria Environmental Surveillance System



EASIMES: Malaria Environmental Surveillance System
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EASIMES: Malaria Environmental Surveillance System

ContinuouslyEnhancedPlatform



EASIMES: Malaria Environmental Surveillance System



Integration of satellite information in health surveillance systems

Local scale: monitoring of suitable environments for disease transmission

Subnational scale: malaria surveillance system for SMRU-METF

Subnational scale: Myanmar-Thailand Transborder Malaria Surveillance

Transborder malaria 

information system:

Extension of EASIMES to 

Thai border provinces



Myanmar

Thailand

Myanmar-Thailand Transborder Malaria Surveillance



Myanmar

Thailand

Myanmar-Thailand Transborder Malaria Surveillance



Integration of satellite information in health surveillance systems

Local scale: monitoring of suitable environments for disease transmission

Subnational scale: malaria surveillance system for SMRU-METF

Subnational scale: Myanmar-Thailand Transborder Malaria Surveillance

National scale: monitoring of climate and environmental dynamics for health surveillance

ClimHealth, Space Climate

Observatory (SCO) CNES 2020-

2022: Climate and environmental

monitoring for health early warning

https://climhealth.geohealthresearch.org/

ClimHealth Platform developed to visualize the relations between climate, 

environment and epidemiological information



CISED – DENGUE, Cambodia

Léa Douchet, PhD student (IRD-

ENTROPIE, Espace-Dev, Univ. 

Pacifique)

▪ Use of syndromic surveillance data 

in the design of a climate-driven 

early warning system - feasibility 

study

➢ Entry of the impact of climate 

change on the agenda of 

Cambodia's Ministry of Health

CISED-Dengue (Comprehensive Integrated Surveillance and Early Detection System for Dengue):

▪ Projet FEF-R (MEAE)

▪ Collaboration: IRD, CDC MoH, CNM, IPC (Virology Unit and Medical Entomology Unit)

▪ Syndromic, virological, entomological and environmental data

▪ Capacity building and technology transfer



Conclusion

Ý There are still major development needs for the operational use of Earth observation 

data for health surveillance

• Interest for remote sensing data:

• increasingly free and accessible raw data and products,

• available in near real time to build early-warning systems,

• available at any place, esp. when meteorological data is not available

• available at different scales : 10m / 5d (Sentinel-2) vs. 1km / hour (climate data)

• Needs to:

• further investigate ecological and climate indicators and modelling of health signals

(outbreaks, dynamics),

• develop tools at different scales (Sen2Chain adapted to local scales), technical

difficulty to scale-up

• develop pipelines to process satellite data and export to Health information systems,

• train and develop local capacities, in collaboration with space agencies, universities, 

research institutions



Khmer Earth Observation (KHEOBS) Laboratory

Laboratory officially opened on 17th November 2022

Collaboration between Institute of Technology of Cambodia 

(ITC - Water and Environment Research Unit) and IRD – Espace-

Dev

-> Develop expertise in remote sensing (trainings), projects, and a 

spatial data infrastructure

KHEOBS infrastructure:

• 2022-2023: Increase in data storage (120 To) and computing 

capacities (all Sentinel-2 archive for Cambodia, and areas 

covered by health applications in Southeast Asia)

• 2023-2024: Installation and development of processing 

chains for satellite data (Sen2Chain and Sen2Extract now 

operational: https://sen2extract.kheobs.org/

• Hosting of web applications of health services (Shiny server 

and proxy):

• LeptoYangon

• ClimHealth

• COVID SEA dashboard

• EASIMES

• Transborder Malaria

• Lepto PICT Surveillance (Lepto / îles du Pacifique Sud)

Sen2Extract: Data catalog of Sentinel-2 indices

GeoCambodia (https://geocambodia.org/)

https://sen2extract.kheobs.org/
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