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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

Communication

Collaboration * Coordination 2

Capacity building

4

ONE HEALTH

SECTORS and DISCIPLINES

Inclusivity, equity
and access

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

Communication

n w‘&O
Collaboration ¢ :3 l} Coordination d

Zapacity building

4

1- Monitoring SECTORS and DISCIPLINES
environment and e
climate:

» Earth observation

* In situ
measurements

Inclusivity, equity
and access

* 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



l.)w Potential of Earth observation for health surveillance

evelop pement

* Increasing number of Earth Observation satellites,
» Easier access to information (/ processing and price)
* Increasing computing capacities

2010 2015
ERS-1 2020
}‘@L/ - > Meteosat 10 @ MetOp-B @ h&etgosat n _Met0p-C
P ? gw,% MetOp-A (MSG) S Uz
¥ ERS-2 7 . Sentinel-1B |57 ¢ 3 <
Envisat ) (j:CﬁC' 24P 0
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Protd 4 SMOS 2 5 \ Y 4
= = Sentinel-2A . 'Sentinel-3B o ool Sentinel-5A
OO L E SN B, Michael Freilih MetOp-SG-Al g
CryoSat Proba-V Sentmel 3A = \ SIS
Swarm Sentinel-5P Sentinel-2C 2

Sentinel-1C 0 Sentlnel 3C

<0\

Blomas% PubeMAP y “\ NIRY,
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HydroGNSS ey CIMR-
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ALTIUS LSTM A
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@® FORUM IZQ, LSTM-B |
Harmony TRUTHS CHIME-B ‘g? [ o ;-
® MAGIC Sentinel-1 Sentinel-2
Earth
Explorer-11
Science Cesa Copernicus

Sentinel-3D

23N

Sentinel-3 Sentinel-6 MTG-I3
Sentinel-4B >
MTG-S2 '

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

ESA-developed Earth observation missions

Arctic Weather

%ﬁjlhte
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Potential of Earth observation for health surveillance

» Increasing number of Earth Observation satellites, Possibility to use environmental
: : : , , & meteorological information in
» Easier access to information (/ processing and price) . ) :
_ _ R real-time to inform disease
 Increasing computing capacities surveillance

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

DHIS2 (Digital Health Information

@ DHIS 2 Demo - Sierra Leone - Maps

@ Add layer File Download | lmumi:ﬁfh?“":?‘: ANcmmm‘smm 2 System, dhisz.org)
S0,° ; 107.1 757
. ol vl & ;i EEEEREREEEE Recent possibility to integrate
Thematic Events Tracked entities Facilities ‘\ . .
l ! I; ! ! I I i I i weather and climate data into
ZEEEEERREE DHIS2 data elements (Wellcome
A S S Trust project, under development):
Population Population age gr... Elevation | et i oot . . .
. — ' -> Limited number of variables

-> Based on Google Earth Engine

2 "

| . im “s |
Grrooo WD [ N S W
TR et B R SR [Thc

Landcover Labels overtay TRUSATLITS AT A T AT AT TN LT
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SITUATION NEEDS

Increasing number and resolutions of

Satellite data Sicte]

Increasing accessibility (free, data
warehouse, services)

/Need to develop more indicators \
(ready-to-use, adapted to local

. Increasing capacities (Google Earth situations)
Dzitjt_p;qcefSIng Engine, ESA Data Space Ecosystem) Need to open processing
(=> indicators) Share of algorithms (science, GIT...) capacities:

- Doubts around GEE
K - Needs of super-calculator /

Few integration

Data integration 2 strategies:
in HIS - in existing information systems

' - in specific systems

Operational use for Still rare operational implementation Need more cases studies
health surveillance Few case studies => Generic or specific systems

Need to develop pipelines, query
capacities on demand



Sentinel-2: satellite images designed for environnemental monitoring @

seas-al

ESA (European Space Agency) Copernicus Project Gpernicus

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



Sen2Chain: production of environmental indices @

seas-al

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

4- Integration into Health
Information Systems

s

1- Sen2Chain:
Automated
Sentinel-2 image
acquisition-and
processing

3- Modelling of time series
of environmental indices

b 2- Sen2Extract: web interface ‘
facilitating the generation of time series

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



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

Institut d¢c Recherche

pour le Développement
rrrrrr

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.

Areas and
periods of
interest

/ OUY . pEPS

/

Copernicus
Dataspace

peps_download

Download

Sen2Chain

Storage
J Database

- sentinelsat
L1C product |-
(about 105 of data per image) | Sen2Cor
L2Aproduct |- oo
Cloud mask thresholdiV
Cloudmask F-----F------"-—c oo (- -
Rasterio

\

Production of indices NDVI, NDWI,
(about 5-45 Mb per index) etc.




Production of time series of environmental indices

Objective: Link epidemiological dynamics with NDVI
environmental dynamics _
— 0&°
0.8 PXLA %%cs
_ ws® C p® e
Constraints: 06 7 . Pogo’o
A Different observation dates 0.4 o
A Calculation of indices depending on cloud 024 ° ’ 0
cover 00 : - | .
A MlSS|ng dates 2016 2017 2018 2019 2020
A Difficulties in detecting clouds
NDWIMCF
0.0 - ¢ . .

Solution: smoothing of time series

=> Estimated average index / day

2016 2017 2018 2019 2020
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1 Temporal modelling of environmental indices

NDVI NDWIGAQO
¢ L ]
UB ] U.E 1 -
[ UE ] [ 0_4 ]
a o
E 04 £
02
02 y
0.0
— L] -
0.0 I .I [ I [
2016 2017 2018 2019 2020 2016 2017 2018 2019 2020
Cubic-spline date? date?
B-spline
Fourier transform
NDWIMCF MNDWI
0.0 ‘ L] ] 0.6 — - - -
0z 4 0.4 -
— - 0'2 n
m m
£ 04 2 00 o R
02
06 049
_U_E _ (o ."'.i'n' l.I"
038
2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

» Similar trends between the 3 methods, especially between Fourier and B-spline
» Best estimates on Cubic spline
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Local scale: monitoring of suitable environments for disease transmission

ClimHealth - Leptospirosis Yangon

ECOMORE Il WP Myanmar + ClimHealth,
2021 : LeptoYangon, to monitor the suitable
environment for leptospirosis transmission,
every 5 days

20160319

Segmentation  Ji} Hexagone

@ Model  Vegetaion  Water  Humidity

Select a location on the map to view local trends.

https://leptoyangon.geohealthresearch.org/

é o

ECOMORE Il MH: seATIALES OBSERVATORY

D Q. L LY
Institut a. Recherche Esp u:ﬂi? £ \!/ Institut Pasteur | stey
 Déweloppement bodge

Institut Pasteur

Phance e st du Cambod de Nouvelle-Calédonie

2018 2020 2022

- ,,' \/\ \/‘ /‘um \/\Jﬂ Iﬂ\/\ \,: >

quuw

2018 2020 2022

—— Model —— Vegetation —— Water
Humidity

ECOMORE Il




AN
SCO

SPACE CLIMATE
OBSERVATORY

eohealthresearch.org/

ClimHealth - Leptospirosis Yangon W i i @ QUTTE RO IR g_n(:es

@ Satellite

O osm
Suitable environment for Leptospirosis transmission

(O CartoDB Positron
Date :

ph 2016-03-19 2022-11-08

[7] Vegetation
] Humidity

> Predict

Segmentation 1) Hexagone

® Model Vegetation «  Water ~  Humidity

Select a location on the map to view local trends

Suitable environment
from low to high risk
<03
0.3-04
0.4-0.5

0.5-0.6

0.6-0.7
>0.7

Sy ClimHealth

Leaflet | Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community


https://leptoyangon.geohealthresearch.org/
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LRD Application for Leptospirosis surveillance of suitable habitats SCO
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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

https://leptoyangon.geohealthresearch.org/ 2023 ST ATE OF
CLIMATE SERVICES

“There is huge potenti al HEALTH
benefits of climate science and climate -
services for health. Despite examples of

success, data shows that the health sector is é‘j@ oL T,
underutilizing available climate knowledge and e Lot
tools. At the same time, climate services need

to be further enhanced to fully satisfy the

heal th sector requiremen

WEATHER CLIMATE ~ WATER

£ (OAFD BELM@NT
ADAPTATION FUND T F ORUM o



https://leptoyangon.geohealthresearch.org/
https://library.wmo.int/records/item/68500-2023-state-of-climate-services-health
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Local scale: monitoring of suitable environments for disease transmission

EASIMES, Global Fund (RAI2E)
2019-2021: Environment Analysis
and Surveillance to Improve
Malaria

Elimination Strategy in Myanmar

-> C19RM (2021-2023)

¢y TheGlobal Fund

o

Institut o« Recherche
paur bs Développement

*Ef"um

K e

Subnational scale: malaria surveillance system for SMRU-METF

EASIMES- Malaria Elimination Task Force ~ Overview  AnimatedMap  Data Update

Agel

Malaria specles: Searche

© Falcparum Malaria post Date Cases Incidence (/1000) AgeOtos Age5to1s
= mp_10 2021-05-17 0 0 o% ox%
mp_100 20210517 0 ) o% o%
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Weekly malaria incidence pf (all malaria posts)
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EASIMES: Malaria Environmental Surveillance System SMRU.

Shoklo Malaria Research Unit

EASIMES’roject aimed to improve the understandingof environmental conditions which
influence malariatransmissionin the forestedenvironmentsof EasternMyanmar

» supportmicrostratificationandactivesurveillancdools usedby the control and/or
eliminationprograms

Malaria Elimination TaskForce

Communitybased accessto early diagnosis
(RDTs)and treatment (ACTs)of over 1250
malariapostssince2014

4 main activities:

» Accurate mapping of landse/land cover and monitoring
of fluctuations in environmental conditions

» Defining the malaria epidemiological landscapgpatic
temporal analysis

 Defining vectoisuitable highrisk environments

» Development of a Malaria environmental surveillance
system

| 50 km |
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EASIMES: Malaria Environmental Surveillance System

L J
Shoklo Malaria Research Unit

Temperature
Anomalies

Environmental
indicators

Rainfall
Anomalies

Community Climate
surveillance Malaria data Weather
METF Data

Temperature

Landscape
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Community
surveillance
METF

EASIMES: Malaria Environmental Surveillance System SMRU

Malaria data

Environmental
indicators

Landscape

Climate
Weather
Data

Temperature
Anomalies

REIE
Anomalies

Temperature

L J
Shoklo Malaria Research Unit

Environmental indicators

ﬂ’ sentinel-2 Gp@rnicus

yes on Earth

5 days at 10m of spatial resolution

Automated processing chain to
obtain :

SENZ2COR 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




m
Institut d¢c Recherche

pour le Développement
FRANCE

EASIMES: Malaria Environmental Surveillance System

L J
Shoklo Malaria Research Unit

Climate and Weather data

eras Gpemicus

Europe’s eyes on Earth
Temperature
Anomalies

Daily data
Environmental
indicators

Rainfall : It lh : I ()
Anomalies L L L L . L V.

Community Climate
surveillance Malaria data Weather .
METF Data R and Google Earth Engine
Temperature . .
combination
=
o rgee
=
Landscape

Time series of weekly rainfall, min
temp and max temp information

over a buffer of 2000m around each
Malaria post
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L J
Shoklo Malaria Research Unit

Land Use Land Cover

@’ sentinel-2 Gpernicus

Europe’s eyes on Earth

Temperature
Anomalies

Environmental ,X

indicators : N
Rainfall

Anomalies

Community Climate
surveillance Malaria data Weather
METF Data . .
Temperature iImage analySN;
(OBIA) with
eCognition

LULC Types

- Dense forest
- Sparse forest
- Dense plantation
[:] Crop field

[ crasst Shrub land
- Bare soil

[ Wetiand

B Road

- Water body
- Built-up areas : e iometers
-

Landscape
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Community
surveillance
METF

EASIMES: Malaria Environmental Surveillance System

Malaria data

Temperature
Anomalies

Environmental

indicators :
REIE

Anomalies

Climate
Weather
Data
Temperature

Landscape

L J
Shoklo Malaria Research Unit

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.

25
20

15

10

Forest Loss (ha)

5

02CI14 2015 2016 2017 2018 2019 2020

B mp_11058 M mp_239 B mp_250 B mp_264
mp_2661 mp_2662 mp_277

Yearly time series of Forest loss
by ha over within a 2000m buffer
around each malaria post


http://www.sciencemag.org/content/342/6160/850
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Community
surveillance
METF

EASIMES: Malaria Environmental Surveillance System SMRU

Malaria data

Environmental
indicators

Landscape

Temperature
Anomalies

REIE
Anomalies

Climate
Weather
Data
Temperature

[ ]
Shoklo Malaria Research Unit

Malaria data

Community-based access to early
diagnosis (RDTs) and treatment
(ACTSSs) 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

L J
Shoklo Malaria Research Unit

Temperature
Anomalies

Environmental
indicators

REIE
Anomalies

Community o Climate
surveillance Malaria data Weather
METF Data

Temperature

Landscape
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EASIMES: Malaria Environmental Surveillance System

L J
Shoklo Malaria Research Unit

Temperature
Anomalies

Environmental
indicators

REIE
Anomalies

Community o Climate
surveillance Malaria data Weather
METF Data

Temperature

Landscape
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EASIMES- Malar

a Elimination

EASIMES: Malaria Environmental Surveillance System

[ ]
Shoklo Malaria Research Unit

Summary

Press for eatructors,
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LRD EASIMES: Malaria Environmental Surveillance System S U

ContinuouslyEnhancedPlatform
EASIMES Malaria Efimination Task Force

Weekly malaria data by malaria post Selected malaria post(s)

Vivax
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ContinuouslyEnhancedPlatform
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EASIMES: Malaria Environmental Surveillance System

ContinuouslyEnhancedPlatform
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Shoklo Malaria Research Unit
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ContinuouslyEnhancedPlatform

Mahidol University Uw

EASIMES- Malaria Elimination Task Force  Overview  AnimatedMap  DataUpdate =~ COVID-19
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Weekly malaria incidence pf (all malaria posts)
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&) SMRU
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Shoklo Malaria Research Unit

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
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Transborder Malaria Surveillance Overview

Plasmodium
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Myanmar-Thailand Transborder Malaria Surveillance
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Transborder Malaria Surveillance Overview
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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 - Thailand

ClimHealth, Space Climate = :
Observatory (SCO) CNES 2020-
2022: Climate and environmental st " -
monitoring for health early warning - c |””Ull"'|“ ‘|'Il‘”m“"|l”|||t|||“m‘ "}

\ https://climhealth.geohealthresearch.org/ o
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LRD CISED — DENGUE, Cambodia
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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
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Y 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
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LRD Khmer Earth Observation (KHEOBS) Laboratory
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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:

* Hosting of web applications of health services (Shiny server
and proxy):

LeptoYangon
* ClimHealth
« COVID SEA dashboard
« EASIMES

* Transborder Malaria
* Lepto PICT Surveillance (Lepto / Tles du Pacifique Sud)

Sen2Extract: Data catalog of Sentinel-2 indices


https://sen2extract.kheobs.org/
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Cambodia:
* Vincent Herbreteau, Sokeang Hoeun, George Ge, Chamroeun Yorngsok, Lucas Longour,

Léa Douchet, Sylvaine Jégo (IRD Espace-Dev)
* Florian Girond, CDC-MoH Cambodia, Institut Pasteur du Cambodge (IPC)
« Vannak Ann, Institute of Technology of Cambodia (ITC)

France, Montpellier (IRD Espace-Dev):
« Benjamin Sultan, Thibault Catry, Renaud Hostache, Aneta Afelt

France, La Réunion (IRD, Université de La Réunion (UR), SEAS-OI):
» Pascal Mouquet, Christophe Révillion, Thomas Germain, Didier Bouche

Collaboration with: Institute of Technology of Cambodia (ITC), Institut Pasteur du Cambodge (IPC),
CDC-MoH Cambodia, SMRU, Mahidol University, DDC MoPH Thailand
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