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innovation, EuroGEO plays a key role in coordinating efforts,
fostering collaboration, and promoting the use of Earth Observation
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Background and Motivation for EYWA

Vector-Borne Diseases account for 17% of \
global infectious diseases and cause 700.000
deaths annually

Climate change, unplanned urbanization, and

Accurate and
interpretable mosquito and
disease prediction maps are

increased mobility are reshaping disease
vector distributions.

Amongst vectors, mosquitoes transmit the
deadliest diseases — West Nile virus, Malaria,
Zika, Dengue, Chikungunya - Malaria, most
lethal for kids aged under five in the sub-
Saharan regions.

Europe a “hot spot” of West Nile Virus. /
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essential for mitigating the
effect of Mosquito-Borne
Diseases.

LIVES IN THE AREAS OF AT LEAST
ONE MAJOR VECTOR BORNE DISEASE
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The EYWA journey up to date... in a nutshell

EYWA in discussions to
support: Ghana, East
Germany, Milan. Also

planned cooperation with
Pasteur Network to

EYWA is expanding
operations in Cameroon

(Malaria).

EYWA will be deployed as

potentially expand to its
member countries.

an AAS in the DestinE

platform

EYWA expanded to
Research include 10 regions in 5
European Countries
(France, Germany,
Greece, Italy, Serbia)
2020

2021

2022

Two years of thorough
research (2018-2020)
gaverise to EYWA
operationsin5
regions of 2 European
Countries
(Greece/Italy)

EYWA wins the 1st EIC
Horizon Prize on Early
Warning for Epidemics &
further expands to support
another region in ltaly and
Cote d'lIvoire in Africa
operationally and Thailand
in Asia pre-operationally.

Pre-Operational -

2024

2023

EYWA is fostering
partnerships with
stakeholders from
countries in Sub-
Saharan Africa, as

well as Latin America

to expand the system
in these affected

2025

redgions.
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EYWA In Europe
Greece Italy France

o 1830 cases from o EYWA supports 2 o EYWA supports 3

2010 to 2023. regions with a total regions with a total
o EYWA supports 4 of 757 of 9935

regions with a total municipalities and municipalities and

of 2500 540K people. 12M people.

settlements and o Entomological risk o Entomological risk

3.8M people. predictions powered predictions powered
o Entomological risk by the MAMOTH by the MAMOTH

predictions powered (BEYOND/NOA) (BEYOND/NOA)

by the BAd (Ecodev) model. model.

and MAMOTH o Epidemiological o Epidemiological

(BEYOND/NOA) risk predictions risk predictions

models. powered by the BAr powered by the BAr
o Epidemiological (Ecodev) and (Ecodev) and

risk predictions MIMESIS (Uni of MIMESIS (Uni of

powered by the NOA Patras) models. Patras) models.

risk model

BAr (Ecodev) and

MIMESIS (Uni of (J Overall 4989 cases and 437 deaths in the past 12 years.

Patras). 0 _ _

EYWA supports 11 regions in Europe for a total of 10.909

municipalities and more than 34M people living in them.

BEYCIND

Serbia

EYWA supports
Vojvodina regions
with a total of 37
municipalities and
1.9M people.
Entomological risk
predictions powered by
the MAMOTH
(BEYOND/NOA) model.

Germany

EYWA supports Baden-
Wirttemberg regions
with a total of 47
municipalities and
11.1M people.
Entomological risk
predictions powered by
the MAMOTH
(BEYOND/NOA) model.
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EYWA in the Rest of the World

Ivory Coast Thailand Latin America

EYWA is operational in Ivory Coast o Transferable MAMOTH EYWA o Submission of a plan
model enabled cooperation with to implement an
Malaria in 2022: Thailand stakeholders EYWA proof of
o 28.M atrisk o Thailand experienced concepttoa
o 7.3Msuspected cases, Chikungunya outbreaks in 2008- competition organized
o 11.000 estimated deaths 2009 (49.069 cases), and 2018- by TAKEDA
o 1.500 reported deaths 2019 (approximately 15.000 cases Pharmaceuticals.
Dengue feverin 2023: o Dengue is hyper-endemic and all 4
o 3500 suspected cases, serotypes are in active circulation o 500M at risk of
o 27 deaths in Thailand. Dengue
Cameroon

Contract signed to transfer NOA's models, m
Historical Epidemiological data on Malaria cases acquired.
Operational Capacity Expected - Q12026

Malaria in Cameroon from 2015 - 2022 according to our
data:

7.5M total confirmed cases

~40% (3M) in Kids Under 5 Years

o 3M Severe Cases

o 2.5M Hospitalizations

Years

o 16.890 Reported deaths

~75% (12.000) in Kids Under 5 Years



\ EYW A EO creates

‘ ' ol opportunities
o e iaases | for Health &
Epidemics

€5 million EIC Horizon Prize on
Early Warning for Epidemics

=
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' o Home 5> . > News > Alresaarch andinnovalon nws 5 EICHorzon Prze on Early Waming forEpidemics: Commisson awards € millon o wiming project
§ ol = ‘ NEWS ARTICLE | 17 January 2022 | Directorate-General for Research and Innovation | 2 min read
‘ L = . EIC Horizon Prize on Early Warning for
o .. Epidemics: Commission awards €5 million to
, o 5 /= winning project

& ¢ The winner of the €5 million EIC Horizon Prize on Early Warning for Epidemics ‘@ is Greece-based

S ® ‘ E ; ! ¥\ < £ "; project EarlY WArming System for Mosquito-borne Diseases (EYWA) [7.

1 J Every year, more than 1 billion people suffer from vector-borne diseases such as malaria, dengue.
9 or yellow fever. To help prevent and mitigate the impact of sueh outbreaks, the European
: Commission launched a prize to reward the best Earth observation-based prototype to forecast and
monitor vector-bome diseases.

" = = . Mariya Gabriel, Commissioner for Innovation, Research, Culture, Education and Youth, said

Activities
- B Ongoing discussions with iocal A |
stokeholders: Argenting, |
IRREEIF oy Ohexx My sincere congratulations to EYWA — the winner of the EIG Horizon Prize on Early Warning for
W Operational Application of ; N N X . }
ETWA: Greece, italy, Serbia. Epidemics. The solution, based on Earth observation and other data, improves Europe’s
e oCh Yoty Saas) preparedness to fight vector-borne diseases, also addressing the effects of climate change on
human health, at home and abroad. A special mention goes to the other two finalists of this
~ important prize, D-MOSS and FARSEER, for their outstanding work. | am both proud and grateful
= that European excellence has demonstrated once again to be capable of providing solutions to
global challenges.
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MAMOTH model

Mosquito Abundance

EO Data

Historical
+
Recent*
Entomological
Data

Feature
i ing ML il risk class
or MA

ol-{@ -~

@™

*optionally used

Data
Harmonization

O Processing more than 33 TB of Earth Observation

data

U Environment proxies (Sentinel 2 based NDVI,

NDMI, NDWI, NDBI
U Meteorological Data (C3S, ERA-5, Seasonal

Forecasts): Wind, Land Surface Temperature,

Rainfall,, etc

U Geomorphological Data CDEM, CLS, CLC and proxies

Elevation, Aspect, Slope

Scalable, Transferable,
Mosquito agnostic

BEYOND

Centre of f EO Researc h & Satellite Remote Sensing

MAMOTH (Mosquitoes Abundance prediction Model autO-
calibrated from features pleTHora)

Qa

Qa

Data driven model, Xgboost

14-year entomological data (55.000 collections) from
multiple countries

1 Builds upon entomological and EO generated features

1 Applies a train/validation pipeline selecting the best

features, then predicts population for the next 15-30 days
(customizable).

Mosquito Agnostic (works with Aedes, Anopheles & Culex,
etc in all EYWA countries.

Accuracy of > 93% in predicting high/medium/low risk of
mosquitoes based on a 14-fold cross validation approach

[ Complete entomological risk maps in a 2kmx2km grid.

1 Aggregated statistics of mosquito populations at province /

municipality / settlement level

Aversion of Entomological Risks by 40-50% based on Health
Records

Earth Observation for Epidemics
of Vector-borne Diseases /

‘% Early Warning System EuroGEO Action Group

for Mosquito Borne Diseases EUI'O&O
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bes-Abundance/Culex
Q Mosquitoes® Abundance Predictions / Culex
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MAMOTH model
WNV Outbreak Risk

* Collects the recorded WNV cases from 2010 to
2021in Greece at a very high spatiotemporal =]
resolution (2x2 km grid/ day)

—
« Gathers EO based proxies (Sentinel-2,
Landsat-7, Landsat-8, Landsat-9, IMERG,
MODIS) from EYWA DataBases
» Gathers EUROSTAT socioeconomic and % ;,{Z
demographic data (e.g. Female & Male Hy =TT
Population, Gross Domestic Product, ]
Inbound and outbound Road Freight ce"_code |ocation age sex date
Transport) EL520001 (22.468,40.054) 63 F  10-06-2018
. Combines predictions from MAMOTH | EL521520  (22.961,40700) 85 F  12:06-2018
entomological risk model EL522670 (22.650, 40.745) 21 M 15-06-2018
. . EL520014 (22.934, 40.046) 66 F 21-06-2018
« Delivers an interpretable ML based Early
EL525201 (22.557, 40.963) 78 M 30-06-2018

Warning for West Nile Virus outbreak at 2kmx2
km grid/month and SHAP explainability @ EYWA Eoth Obsrvation o Edunics

BEYAYND
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for Mosquito Borne Diseases EUrO%o
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Complete System Architecture

rEntomological
MAMOTH
(XGBoost)
/{( —|_> SHAP Values
o—1 .
2t for all input

Earth Observatior“ O

H

WNV Risk Model
(XGBoost)

== |nput

m Qutput

Socloeconomlcal

19)

WNYV Risk
Prediction

demlologlcal

Earth Observation for Epidemics

EYWA of Vector-borne Diseases /
\ Early Warning System EuroGEO Action Group

for Mosquito Borne Diseases EUrO%o
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Epidemiological Model - Risk Map
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Model Training & Validation

Model used: XGBoost -> A gradient-boosting ensemble of > Precision = 06.49
decision tregs well-suited for hanc-illng c?omplex, nonlinear, > Recall - 0.86
sparse, and imbalanced datasets like this one.
» F1 Score = 0.62

Trained on 11 years of WNV cases in Greece, totaling 1380 » Accuracy = 0.89
cases. > PR_AUC = 0.69
Due to the high spatiotemporal resolution, dataset is highly > LogLoss (t rain ) = 0.16
imbalanced ~500:1 » LoglLoss (val)= 0.22
Method of validation: 10-fold cross validation. " basetne

- i

£ 205 :i y =0.105

00 01 02 03 04 05 06 07 08 09 10
Recall

0 Earth Observation for Epidemics
EYWA of Vector-borne Diseases /
1380 . EuroGEO Action Group
non_case case FEnrlz Wurrllnﬁ Sysfeg!
B EYQ N D or Mosquito Borne Diseases EUrO%o
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2010
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U Average nighttime _/-blst_night_mean
temperature of the previous et
month sC_mean

elevation_mean_1km
f monthly Ist max
U Elevation

acc_rainfall_jan

acc_rainfall_month
O Accumulated rainfall from lc_typel

January 1st
monthly_Ist_min

biol2

Ist feb_mean

ndvi_std
Q Standard Deviation of ‘/‘ o
Normalized Difference bio9

Vegetation Index (NDVI) .
iol8

AN

25 -20 -15 -10 -05 00 05 10
SHAP value (impact on model output)

High

Feature value

13
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Local Explainability - SHAP

Trend is strictly monotonically

Bio12 -> Total Annual

increasing . Precipitation of the previous
53 The positive impact begins 5 year (in reference to the year
5t above .~2‘I. C. 5 of prediction)
£ o Negativeimpact below ~20°C. & - o bR
o o High variance below-16°C. o o Trend is monotonically
(@] Moderate to LOW variance -2 decreasing (not Stnctly)_
above~17°C. "
75 10.0 12.5‘St7i‘5ég0htin’1]7e.:n 20.0 225 25.0 0 500 1000 b}ggoz 2000 2500 3000
2 o Trendis monotonically 3 o Bio9 ->Average Temperature
) decreasing (not strictly). . of the Driest Quarter of the
551 o Slightly positive impact below 5 1 previous year
$8 ~150 m. 2q ;
25 o Negativeimpactabove ~200 = W | o Clear separation point from
3 m. positive to negative impact
o Low variance below ~100 m. -2 at 25 °C
R o High variance above ~250 m. -

0 200 400 600 800 1000 1200 1400 5 10 15 20 25 30
elevation_mean_lkm bio9

Trend is not monotonical.
Slightly positive impact
between ~800 mm and 1100

Bio17 -> Total precipitation of
the Driest Quarter of the
previous year

mm.
o Negativeimpactbelow ~400
mm and above ~1100 mm.

SHAP value for
acc_rainfall_jan
SHAP value for

o Highly negative impact
above ~220mm

o Low to moderate variance -2 x .44
- 0 250 500 750 1000 1250 1500 1750 between ~400 mm and 1100 =3 0 50 100 150 200 250 300 O POSitive impaCt below
acc_rainfall_jan mm. biol7 _50mm

o High variance above ~1100 mm.

BEYOON 14
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EYWA as an AAS in
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. {- ,:| - E L3 et e Destination Earth ;
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DestinE platform

EYWA continues to be operational

Proposal for CONOPS - Early
Warning System for Mosquito
Borne Diseases Advanced
Application: Accepted

CONOPS will be the continuation
of EYWA and will predict mosquito
populations and the associated
risk of mosquito-borne diseases.

Earth Observation for Epidemics

Q4.

for Mosquito Borne Diseases

of Vector-borne Diseases /
EuroGEO Action Group
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Conclusion and Impact

“ High-resolution, interpretable EWS

“ Combines Earth Observation, with entomological and
epidemiological data

% SHAP enables trust and actionable insights for public
health

¢ Scalable to address various mosquito-borne diseases
and geographies

BEYAYND
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Scientific Publications

’ Contents Hsts svailabie st Scienoeh i
. remote sensing WPy e m—— RS
e Acta Tropica
g ELSEVITT iournal ho
. . . . . . R joumal homepage: »www.elcevier comilocatasctatropion | |

Satellite Earth Observation Data in Epidemiological

Modeling of Malaria, Dengue and West Nile Virus: )

A Scoping Review West Nile fever upsurge in a Greek regional unit, 2020 -

3 @ O 1 2 1@ £ e : Anna Papa * , Katerina Tsloka *, Sandra Gewehr ", Stella Kalaitzopouou ", Danal Pervanidou”,
f.luav‘a :?Mll'i o ,‘(:;:a:;mﬂos s zn.to‘eua ﬁ'::k:::::‘;_ Séli::::i:’ld"(m'wdww' ’ Anna Vakali °, Chrysovalantou Kefaloudi®, Styllani Pappa *, Xanthoula Louka ',
! d Spiros Mourclatos '
m\D\Py g ﬁI'D"AaPt% St e ADAAT Q| Qragishie @Melp +  EENews  CEwts 8 Newshiter
ABOUT . NIC TRANSNATIONAL, NATIONAL, LOCAL - KNOWLEDGE NETWORKS
Article Horme s Trtahase o Crss e o Managing mesquitn Sorse slsease through EYWA: 2 Farnpran tocl to suppert peblic meath autharies it preventing epidemics
MAMOTH: An Earth Observational Data-Driven Model for
Mosquitoes Abundance Prediction e
X i S B 5 . y Managing mosquito borne disease through EYWA: a

Argyro Tsantalidou™, Elisavet Parselia ) L'.G:orse Arvanitakis '%, Katerina Kyratzi 2, Sandra Gewehr *, Athina ® =2 >
Vakali® ! and Charalampos Kontoes ? European tool to support public health authorities in

nravanting anidamire .
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Thank you for your attention!

What iS EurOG EO Visit the website for more

EuroGEO is a pioneering initiative focused on advancing Earth Observation in Europe.
With a commitment to sustainability and innovation, EuroGEO plays a key role in
coordinating efforts, fostering collaboration, and promoting the use of Earth
Observation for the benefit of society and the environment.

With the vision for #0neEuroGEO

Our Vision for “One EuroGEQ" aspires to be an inclusive driving force in advancing EO
capabilities, fostering a sense of community and belonging, aiming at contributing to a
sustainable and resilient future for societies, addressing the environmental, social and
economic demands of the linked markets.

EuroGEO Action Groups

Action Groups are voluntary bottom-up groups that are overseen by the EuroGEO Coordination Group, to
either develop the selected EuroGEO application pilots or conduct other actions foreseen in the EuroGEO
roadmap. These groups comprise representatives identified by the supporting Caucus' members
depending on the relevance of their activities. Action Groups report to the Coordination Group and, when
appropriate, directly to the GEO High Level Working Group.

COMBINE, COORDINATE, COOPERATE
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