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o
Sentinel Surveillance System ™"

In 2012, the only way to get near real time quality data on
malaria in Madagascar.

e 34 sentinel sites

« Weekly data

1,500,000 ~
1,000,000 -

500,000

Presumed and Confirmed malaria cases

Source : World Malaria Report 2010 & 2019
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About algorithm

An alent is triggered when a week malaria cases exceeds
selected value (below) of percentile of the whole chronological
sernes of a site. The 90th percentile is the value such that 90%
of the time series values are below it (and therefore 10% are
above).

Circle width is proportional to percentile value (click on map and see below)

This option is intended to improve the specificity of the alert The number of reported malaria cases is below the threshold

system

Siinbor of Gotibbtutive sieeks sbove tireahon The number of reported malaria cases is above the threshold
»- {'_’) Click on a site to see malaria time series
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Click on the legend to hide/show variables

Click and drag on the graph to zoom
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Table 1
Main characteristics and references of the P-datasets. In the data source column, S, R, and G stands for satellite, reanalysis, and gauge information. Spatial coverage refers to the absolute maximum and minimum latitude
with precipitation information, and latency refers to the time delay for data availability. The P-datasets including gauge-based information are represented in blue, and italic font is used for P-datasets available in NRT

®» s o

latency of one to three days.
Acronym Full Name Data  Temporal Temporal Spatial Spatial Latency Link References
Coverage Resolution Coverage Resolution
ARC:2 Africa Rainfall Climatology v.2 56 1983-present Daily Africa o 2days fip://Mp.cpe.ncep noaa.gov/fews/ Novella and Thisw
fewsdata/ africa/arc/ (2012)
CHIRP v.2 Climate Hazards Group InfraRed v.2 5R 1961 -present Daily 50 0.05" 2days Np://fp chyg vobedu/pub/ong/chg/ Fusk et al. (201%)
products/
CHIRPS v.2 CHIRP with Station v.2 S, R G 1981-present Dailly 50 0.05° 1 moath fpi//fp.chy. ucsboedu/pubroeg /chg/ Funk et al. (2015)
products/
CMORPH-Raw v.1  Climate Prediction Conter MORPHINg raw v.1 s 1998-present 3h 60 0.25" 2days ftp://ftp.cpe.ncep noaa.gov/ precip/ Jovce et al. (2004)
CMORPH V1.0/
CMORPH-CRT v.1  CMORPH bias corrected v.1 $,G 1998-present 3h 60" 0.25° 6 months ftp://ftp.cpc.noep moan. gov/precip/ Xie et al. (2017)
CMORPH V1.0/
CMORPH-BLD v.1  CMORPH satellite-gauge merged v.1 5G 1998-present Daily 0’ 0.25° 10months  fipu/ /fip.cpe ncep noaa. gov/ procip) Xie et al. (2017)
CMORPH V1 0/
CPC vt Climate Prediction Center unified v.1 G 1979-present Dadly Global 05" 1 days fipL//Np.cpe.ncep.noaa gos/precip/CPC_ Xie e al. (2007)
UNILPRCP/GALUGE GLBY Chen et al. (2008)
ERA-Interim European Centre for Medium-range Weather R 1979-present 3h 60" 0.75" 3 moaths hatps: /s wwow ecmwiint/en/forecists; Dee et al. (2011)
Forecast Re Analysts Interim d /reanalysis-d /et
interim-tand
GSMaP-RT v.6 Global Satellite Mapping of Precipitation S 2000-present Hourly 60" 0.1 3days fipi//hokusal core jaxa. jp/standard/v6s  Ushio et al, (2009)
standard v.6 Yamamoto and Shige
{2014)
e GSMaPAdf v.6 GSMaP adjusted v.6 5G 2000--resent Hourly 60" o1 Idays fp://Mokiunal cote Jaxa Jp/standard/ve/  Ushio of al. (2009)
Yamamoto and Shige
(2014)
GPCC w7 Global Precipitation Climatology Ceater G 1901-2013 Monthly Global 1 Irregular hetpn: //rdaucar edw/datietan/ds496.0/  Bocker et al {2013)
Schneider et al. (2014)
JRA-55 Japanese 55-year Re Analysts R 1959-present 3h Global 0,56° 1 Moath hetps://rda.ucar eduw/datasets/ds6 28,0/ Kobayashi et al, (2015)
JRA-55 Adj JRA-55 Adjusted RG 1959-2013 3h Global 0,56" Stopped hatpe//search.diasip net/en/dataset/ Lumi et al, (2017)
S1aFD
MERRA-2 Modern-Era Retrospective Analysis for Research 5, R, G 1980-present Hourly Global 05 2 Months hatps: //disc gafe.nasa, gov/ Gelaro of al (2017)
and Applications 2 Reichio et al. {2017)
MSWEP v 22 Multi Source Weighted Ensemble Precipitation S, R. G 1979-present 3ah Global o Few months  hetp //www gloh2o.arg (Personal Bock ot al. (2018)
v.22 communication) Bock ot al. (2019)
PERSIANN.COR Precipitation Estimates from Remotely Sensed 5G 19832016 Dadly o0 0.2%" 6 moaths latp://chrsdata eng uch edu/ Ashouri et al. (2015)
Information using Artifickal Newral Network and
Climate Data Record
PERSIANN-RT PERSIANN real time s 2000-present 6h 60" 0.2%" 2days hetps://chrsdata eng uctedu/ Hsa ot al. (1997)
Sorooshian et al. (2000)
PERSIANN-Ad)  PERSIANN Adjusted S.G  2000-2010 3h 60° 0.25° Stopped hutp/ Mre.eag. ocbedu/PERSIANN/ Hou et al. (1997)
Sorocshian et al. (2000) s
SM2RainCCI v.2  Sail Moisture to Rain applied on ESA Climate s 19982015 Daily Global 0.25° Stopped hitpe://zenodo org/tecord/B46 260# Ciabatta et al. (2018)
Change Initiative v.2 XQEZYgaZaQ 2
TAMSAT v 3 Tropical Applications of Meteorology using 5G 1963-present Daily Africa 0.0375° Idays hetps: 7/ www tamsat.org. uk/about Musdment ot &l. (2017)
SATellite and ground-based observations v.3
TMPA-RT v.7 TRMM Multi-satellite Precipitation Analysis Real  § 1998-present ah 0 0.25' 1 day It ps://mirador. gsfe nast. gov/ Hutfman et al. (2018)
Thme v.7 Huffman ot al. (2010) 2
TMPA-Ad) v.7 TMPA Adjusted v.7 $,G  2000-present 3h 50° 0.25° Smoaths  lurps;//earthdats nasa gov/ Huffman et al. (2018) =
Huffman et al. (2010) g
WFDEI WATCH Forcing Data methodology applied o R.G  1979-2016 Daily Land 0.5 Stopped fp://fep.ikasa.nc.at/ Weedan et al. (2014) £
ERA-Interim g
X

Satge, F., Defrance, D., Sultan, B., Bonnet, M. P, Seyler, F., Rouché, N., Pierron, F., & Paturel, J. E. (2020). Evaluation of 23 gridded precipitation datasets across West Africa. Journal of Hydrology, 581(July 2019), 124412,
https://doi.org/10.1016/j.jhydrol.2019.124412



i

: (A) == (B) [ “ | \
a: - ——————— 8 }lb\ ".‘ ‘||b d‘ ',\ . M J \4 | My
o ] 1 ¢ M i |
.:- F- == ° /\‘ L' Whnmangs. ’\r/\’/f‘{ \r'\ AR J JA'{‘ : N\N‘MNM/ L\\\’\M"\A«p/-'f"k ~
Ei  — m
£ - — g * (AN (a7 I T TR Faratangana
8 " N I e l--l I I msrajary
n oz ——————— i IR ERnNEE fimmm: n J{EmEn 1| -I[. Tosmasing
35 == AR BRI vorcansees
£: — e e § RN ?l LR NI 1L TR TR T R
£ —— D * nrnmnee: lll Illll i IIIII WU NI EEEEE | NN DR Aesoniy
— % I OO I-Illl- Beio sur Tsrititing
g i - e § -I-l -I IIRITAIN 17 MW Amoato Bosry
w = = —— Ihosy
= . ==3 .. T TR R SREIR vorcoe
e — =5 , L U ) W T INRVIE vardiisers
- - — D »
: =S I.. I DAL 1 W e I WHEIR T R ranceszo
: - - — d—- Tsrosnomray
= _-n— | BN (D0 W Aroocrs
S e ] Percentilo vaives NI MY (T3 0 | [ IR maesanana
: — e o= P T IR U A S e
= —t ° 90 i Maintiraro
a:usu 140728 041008 OIS 20150223 20150500 0140636 20UOTM 01006 201248 mm- 2180804 (I N Il l“ "" l L] s
g 0
Week ok A 2010 2011 2012 2013 2014 2015 o
BCumulasve Sum [liMean + 2SD  IlWeekty Siope [l 90th Percentiie M Cumuiative Sum [liMean + 2SD IllWeekly Siope [l 90th Percentile
Low sosson [l ."@ Low sesson [l Moderate ."" = = LLIN mass dstribution Gampaign esss Beginning of LLIN continuous gistrioution ' Low season W Moderale sasson W High season  —— Mean weekly rainfall (mm)

§ 71 =— Farafangana

- New malaria epidemic threshold (less constraints)

- Ability to detect the 2014-10-06 outbreak in the
southeastern part of the country.

Malaria cases
60
|

- Real-time evaluation of the impact of malaria control
interventions
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2011 2012 2013 2014 2015 - 0
Time Institut Pasteur
de Madagascar
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EASIMES

Environment Analysis and Surveillance
to Improve Malaria Elimination Strategy
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Environmental conditions, including environmental/climate variability and land use practices, along with socioeconomic
influences, political instability, and regional migration might compromise malaria elimination goals in this region.

EASIMES Project (2019-2021) aims at improving the understanding of environmental conditions which influence
malaria transmission in the forested environments of Eastern Myanmar in order to improve microstratification and
active surveillance tools used by the control and/or elimination programs.

4 main activities:

. V] Calses . . .
o |l| - F \ | —— Rainfa * Accurate mapping of land-use/land-cover and monitoring of
jlj ’JI | l . . . . .

~L ,,, I \ th \ ﬂ fluctuations in environmental conditions
01 Y ‘ﬂn [ \{\,/ o HM.M’I JMMMNFMJ'I o ) ) . . )

ST ANV N * Defining the malaria epidemiological landscape: spatio-

2016 20 2019 2020 2021
| temporal analysis
300 ]

’ | f .. . . . .

Y m '\| '|| ,J'I, J, v * Defining vector-suitable high-risk environments
100 RV | \/ '.1|' Ii\ \ I"l r~| "d'l| | ) M .""I l"nv J -' |

0 ! " A i LA JV VY N4 N -x-"'l i I ,f‘.'\'. L . . .

* Development of a Malaria environmental surveillance

system
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Malaria Elimination Task Force

- 1200+ Malaria Posts reporting weekly village-level P. falciparum and
P. vivax incidence deployed since June 2014

The development of web-based data management platforms has
been proposed as a critical strategy for strengthening surveillance
by automating major data processing steps, enabling data access,
and integrating surveillance data with other relevant sources of
information (Interpretation / contextualization) in a prospective
setting.

Data visualization and exploratory analysis techniques have been widely
used in scientific research to support the understanding of data for
epidemiological inference and contextualization and eventually provide
evidence to generate new hypotheses to test.

Myanmar

Thailand
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Elimination Task
Force

Weekly
Forest loss reporting

indicators
(HANSEN)

+1200 Malaria
posts

Automated Environmental
processing Surveillance System

Web based

interactive platform
(R shiny)
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Land Use

Land Cover
from Sentinel 2

Jan'16 Jul'16 Jan'17 Juit Jan'18 Jul'18 Jan*18 Jul'19 Jan'20 Jul 20

-m Rainfall (Chrips)

Y Weekly time series of Rainfall
CHIRPS v.2
Forest loss
indicators 25
(HANSEN) N\
— 20
£
E 15
-
Automated Environmental g 1w
processing Surveillance System
5
02014 2015 2016 2017 2018 2019 2020
B mp_11058 ® mp_229 M mp_250 B mp_264
I mp_2661 mp_2662 mp_277
[/
‘| Example of yearly time series of Forest loss by ha over a few malaria posts
HANSEN
Web based

interactive platform
(R shiny)
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Malaria Environmental Surveillance System

Acronym Full Name Data  Tempeoral Temporal Spatial Spatial Latoncy Link References
Coverage Resalution Coverage Resolution
ARC-2 Africa Rainfall Climatology v.2 5 G 1963-present Daily Africa ol 2days NpL//Rp.cpe.ncep noaa.gov/fews/ Novella and Thiaw
fewsdata /africa/nrc (2012)
CHIRP v.2 Climate Hazards Group InfraRed v.2 SR 1981-present Daily 50° 0.05' 2days f1p.//ftp.chyg, uosb.odu/pub/ocg /chy Fusk et al, (201%)
products
CHIRPS v.2 CHIRP with Swation v.2 S,R.G 198]-present Daily 50 0.05" 1 moath fip://Mp.chg vesh.edu,/ pub/org chg/ Funk et al. (2015)
products.
CMORPH-Raw v.]  Climate Prediction Center MORPHIng raw v.1 s 1998-present 3h 80" 0.25" 2days ftp://fip.cpc.ncep noaa. gov/ precip Joyce et al. (2004)
CMORPH V1.0
CMORPHCRT v.1  CMORPH bias corrected v.1 5G 1994-present 3h 60" 0.25° 6 months fipi//fep.cpe.ncop nona.gov /precip Xie ot al. (2017)
CMORPH V10O
CMORPH-BLD v.1 CMORPH satellite-gauge merged v.1 5G 1998-present Daily 60° 0.25° 10menths  fip!//Np.cpe ncep noaa gov/precip Xie et 0l (2007)
CMoRFIL VIO
vl Climate Prediction Center unified v.1 G 1979-present Dadly Global 0,5 1days ftpi//fip.cpe neep aa gov/precip/CPC_ Xie e al. (2007)
UNI PRCP/GAUGE GLN Chen et al. (2008)
ERA-Interim European Centre for Medium-range Weather R 1979-present 3h 60 0.75° 3moaths hatpa://wwow.ecmwiint/en/forecasts Dee et al. (2011)
Forecast Re Amalysis Interim datasers/reanalysis-datasets/er
interim-band
GSMaP-RT v.6 Global Satellite Mapping of Precipitation S 2000-present Hourly 60° 0. 3Idays ftp://hokusat.corc. oo jp/standand/v6/  Ushio et al. (2009)
standard v.6 Yoamamoto and Shige
(2014)
GSMaPAd)f v 6 GSMaP adjusted v.6 S, G 2000 resent Hourly 60" o 3days fipi//hokusal core jaxa jp/standard/v6/  Ushio et al. (2009)
Yamamoto and Shige
(2014)
GPCC w7 Global Precipitation Climatology Center G 1901-2013 Monthly Global | lnegulx haep://rda vcar. edu/datsets/dsd 9.0/ Bocker et nl (2013)
Schneider et al, (2014)
JRA-55 Japanese 55-year Re Analysis R 1959-present ah Global 0,56° 1 Moath hatps/frda ucar. odu/dataseta/ds6 28,0/ Kobayashi et al. (2015)
JRA-55 Adj JRA-55 Adjusted RG 1959-2013 3h Global 0,56 Stopped tp./ search.dinsip net/en/dataset fzumi et al, (2017)
S14FD
MERRA.2 Modemn-Era Retrospective Analysis for Research S, R, G 1980-present Hourly Global 0,5 2 Months hrps://disc. gafe nasa. gov Gelaro ot al. (2017)
and Applications 2 Reschie e al. (2017)
MSWEP v.2.2 Multi-Source Weighted Easembie Precipitation S,R.G 1979-present 3h Global oy Few months  hitp//www.gloh20 org/ (Petsonal Bock et al. (2018)
v.22 communication) Bock et al. (2019)
PERSIANN.CDR Precipitation Estimates from Remotely Sensed 5 G 19832016 Daily 0" 0.28" 6 moaths Iutps://chrasdiata eng uch odu Ashouri et al. (2015)
Information using Artificial Newral Network and
Climate Data Record
PERSIANN-RT PERSIANN real time S 2000-present 6h 60" 0.25" 2days hetps: //chrsduta cog uci.eda Hw ot al. (1997)
Sorooshian et al. (2000)
PERSIANN-Ad) PERSIANN Adjusted S. G 2000-2010 3h 60" 0.25° Stopped hatpe/ /fire.eng.uch edu, PERSIANN Hsu et ol (1997)
Sarooshian et al. (2000)
SM2RainCCl v.2  Soil Moisture to Rain applied on ESA Climate s 1998-2015 Daily Global 0.25" Stopped hetps:/ Zzenodo.org/meeord B46260# Ciabatta et al. (2018)
Change Initiative v.2 XQEZtYgrZaQ
TAMSAT w3 Tropical Applications of M logy using 5.6 1963-present Daily Africa 0.0375" 3days hetpe: //www. tamsat org, uk/about Maidment et al. (2017)
SATollite nad ground based olwervations v.3
TMPA-RT v.7 TRMM Multisatellite Precipitation Analysis Real S 1998-present 3h o 0.25" 1 doy et/ Amdrador, gafc nasa. gov Huffman ot al. (2018)
Time v.7 Huffman ot al. (2010)
TMPA-Ad) v.7 TMPA Adjusted v.7 S, G 2000-present 3h 50 0.25' 3moaths hatps: 7/ earthdatn nasa. gov Huffman et al. (2018)
Huffman et al. (2010)
WFDEI WATCH Forcing Data methodology applied to R, G 1979-2016 Daily Land 0.5 Stopped fip: /1. thasa ne.at, Weedon et al. (2014)
ERA-Interim

Satgé, F., Defrance, D, Sultan, B., Bonnet, M. P, Seyler, F,, Rouché, M., Pierron, F., & Paturel, J. E. [2020). Evaluation of 23 gridded precipitation datasets across West Africa. Journal of Hydrology, 581(July 2019), 124412,

https://doi.org/10.1016/) jhydrol.2019.124412
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Land Use

Land Cover
from Sentinel 2

Jan'16 Jul'16 Jan'17 Juit Jan'18 Jul'18 Jan*18 Jul'19 Jan'20 Jul 20 Ja

-m Rainfall (Chrips)

Y Weekly time series of Rainfall
CHIRPS v.2
Forest loss
indicators 25
(HANSEN) N\
— 20
£
E 15
-
Automated Environmental g 10
processing Surveillance System .
02014 2015 2016 2017 2018 2019 2020
B mp_11058 ® mp_229 M mp_250 B mp_264
I mp_2661 mp_2662 mp_277
[/
‘| Example of yearly time series of Forest loss by ha over a few malaria posts
HANSEN (~30 m spatial resolution)
Web based

interactive platform
(R shiny)
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Malaria Environmental Surveillance System

Land Use

Land Cover
from Sentinel 2

Forest loss
indicators
(HANSEN)

Automated Environmental
processing Surveillance System

Web based

21 Sentinel-2 satellite
images

November 2019, January
2020 and March 2020

LULC Types

- Dense forest
- Sparse forest
- Dense plantation

I:] Crop field

\:] Grass/ Shrub land
- Bare soil

[ | wetland

- Road

- Water body ]
- Built-up areas . s Kiometers

- Mining areas

Object-based image analysis
(OBIA) with eCognition

interactive platform
(R shiny)
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NDVI NDWIGAO

Land Use

Sentinel 2
gridded data

mean
mean

Land Cover
from Sentinel 2

2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

N . : " . ,
( 1) Make atmospheric conditions correction (SEN2COR algorithm)
automatically and routinely

i) Process Sentinel2 from L1C to L2A level (Sen2Chain) and
Forest loss iif) Provide index production and time series computation
indicators
(HANSEN) Temporal smoothing of NDVI and NDWI Gao indices, with three methods
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e Associating remote sensing environmental monitoring with
malaria surveillance requires close and interdisciplinary

collaboration.

e Critical points include the need to develop software tools and
an enabling environment to provide timely harmonized

epidemiological and environmental data.

* The importance of continual stakeholder input throughout the
sign, implementation, and operation of the system, and the
need to be adaptable to changes in the input data and

expected output.

* The use of remotely sensed data in malaria decision support or
broadly in an epidemiological surveillance system is still limited
with a limited number of published studies describing their

implementation, especially for operational purposes.
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