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1. Introduction 
 

TｴW TAPEER-BRAIN ;ﾉｪﾗヴｷデｴﾏ IﾗﾏHｷﾐWゲ ﾏｷIヴﾗ┘;┗W ;ﾐS ｷﾐaヴ;ヴWS ﾗHゲWヴ┗;デｷﾗﾐゲ デﾗ ヮヴﾗ┗ｷSW 
ヮヴWIｷヮｷデ;デｷﾗﾐ Wゲデｷﾏ;デWゲ ;ﾐS デｴWｷヴ ;ゲゲﾗIｷ;デWS Wヴヴﾗヴ H;ヴゲ ;デ デｴW ﾗﾐW-SWｪヴWWっﾗﾐW-S;┞ 
;II┌ﾏ┌ﾉ;デWS ゲI;ﾉWが ﾗ┗Wヴ ﾉ;ﾐS ;ﾐS ﾗIW;ﾐく R;ｷﾐ SWデWIデｷﾗﾐ ;ﾐS ヴ;ｷﾐ ヴ;デWゲ Wゲデｷﾏ;デWゲ aヴﾗﾏ LEO 
ﾏｷIヴﾗ┘;┗W ｷﾏ;ｪWヴゲ ;ヴW ﾏWヴｪWS ┘ｷデｴ a┌ﾉﾉ ゲヮ;IWっデｷﾏW ヴWゲﾗﾉ┌デｷﾗﾐ S;デ; aヴﾗﾏ デｴW デｴWヴﾏ;ﾉ 
┘ｷﾐSﾗ┘ Iｴ;ﾐﾐWﾉ ﾗﾐ Hﾗ;ヴS ｪWﾗゲデ;デｷﾗﾐ;ヴ┞ ふGEOぶ ヮﾉ;デaﾗヴﾏ ふM“Gが MWデWﾗゲ;デΑがGOE“-EがGOE“-Wが 
MT“AT ｷﾐ ヲヰヱヲが ヴWヮヴWゲWﾐデWS ｷﾐ Figure 1ぶく  
TｴW SWデ;ｷﾉゲ ﾗa デｴW ;ﾉｪﾗヴｷデｴﾏ ;ヴW ;┗;ｷﾉ;HﾉW ｷﾐ デｴW ATBD SﾗI┌ﾏWﾐデ ふCｴ;ﾏHﾗﾐ Wデ ;ﾉくがヲヰヱヲ;が RﾗI; 
Wデ ;ﾉくが ヲヰヱヴぶ ┘ｴｷﾉW デｴW ゲIｷWﾐデｷaｷI H;Iﾆｪヴﾗ┌ﾐS ﾗﾐ Hﾗデｴ デｴW ;ﾉｪﾗヴｷデｴﾏ ;ﾐS デｴW Wヴヴﾗヴ ﾏﾗSWﾉｷﾐｪ 
Waaﾗヴデ ;ヴW ヮヴWゲWﾐデWS ｷﾐ ふRﾗI; Wデ ;ﾉき ヲヰヱヰき Cｴ;ﾏHﾗﾐ Wデ ;ﾉくが ヲヰヱヲHが RﾗI; Wデ ;ﾉ ヲヰヱΑぶく 
 

 
Figure 1. Example of daily accumulated rainfall map from TAPEER-BRAIN product over one day. 

 

TｴW ヴWデヴｷW┗;ﾉ ﾗa S;ｷﾉ┞ ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ ;ﾐS ｷデゲ ゲ;ﾏヮﾉｷﾐｪ Wヴヴﾗヴ ;ヴW ﾐﾗデ ヮﾗゲゲｷHﾉW aﾗヴ ﾗﾐW S;┞ 
ｷa デｴWヴW ｷゲ ﾐﾗ GEO S;デ; aﾗヴ デｴ;デ S;┞く Iゲゲ┌Wゲ ;ヴｷゲW ┘ｴWﾐ GEO S;デ; ;ヴW ﾐﾗデ a┌ﾉﾉ┞ ;┗;ｷﾉ;HﾉW aﾗヴ デｴW 
S;┞く D;ｷﾉ┞ ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ H;ゲWS ﾗﾐ aW┘ aｷﾉWゲ ｷゲ ﾐﾗデ ヴWヮヴWゲWﾐデ;デｷ┗W ﾗa デｴW ﾏWデWﾗヴﾗﾉﾗｪｷI;ﾉ 
ゲｷデ┌;デｷﾗﾐ ﾗa デｴW S;┞く TｴW ヮ┌ヴヮﾗゲW ﾗa デｴｷゲ ゲデ┌S┞ ｷゲ デﾗ ｪｷ┗W ; IﾗﾐaｷSWﾐIW ｷﾐSW┝ ﾗﾐ デｴW 
;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ SWヮWﾐSｷﾐｪ ﾗﾐ デｴW ;┗;ｷﾉ;Hｷﾉｷデ┞ ﾗa GEO S;デ;  
Tﾗ SWヴｷ┗W ゲ┌Iｴ IﾗﾐaｷSWﾐIW ｷﾐSW┝が ; ゲWﾐゲｷデｷ┗ｷデ┞ ;ﾐ;ﾉ┞ゲｷゲ ﾗa デｴW TAPEER-BRAIN ;ﾉｪﾗヴｷデｴﾏ デﾗ デｴW 
ﾏｷゲゲｷﾐｪ ｷﾐaヴ;ヴWS ﾗHゲWヴ┗;デｷﾗﾐゲ aヴﾗﾏ GEO ヮﾉ;デaﾗヴﾏゲ ｴ;ゲ HWWﾐ ヮWヴaﾗヴﾏWSく TｴW ﾏｷゲゲｷﾐｪ S;デ; 
aヴﾗﾏ GEO ヮﾉ;デaﾗヴﾏ I;ﾐ HW ﾗII┌ヴヴWS aﾗヴ SｷaaWヴWﾐデ ヴW;ゲﾗﾐゲ ぎ  ｷﾐデWヴヴ┌ヮデｷﾗﾐ S┌W デﾗ ヮﾉ;デaﾗヴﾏ 
a;ｷﾉ┌ヴWが WIﾉｷヮゲW ヮｴWﾐﾗﾏWﾐﾗﾐが ﾏ;ｷﾐデWﾐ;ﾐIW くくく Fヴﾗﾏ デｴｷゲ ;ﾐ;ﾉ┞ゲｷゲが デｴW WﾏヮｷヴｷI デｴヴWゲｴﾗﾉSゲ ﾗa 
ﾏｷゲゲｷﾐｪ S;デ; ヮWヴIWﾐデ;ｪW aﾗヴ デｴW S;┞ ｷゲ SWデWヴﾏｷﾐWS ;ﾐS ;ヮヮﾉｷWS ｷﾐ デｴW TAPEER-BRAIN 
;ﾉｪﾗヴｷデｴﾏ デﾗ ヮヴﾗ┗ｷSW IﾗﾐaｷSWﾐIW ｷﾐSW┝ aﾗヴ W;Iｴ S;┞ ;ﾐS W;Iｴ ｪWﾗゲデ;デｷﾗﾐ;ヴ┞く  
 

Fｷヴゲデ ; ﾏWデｴﾗSﾗﾉﾗｪ┞ ﾗa ゲWﾐゲｷデｷ┗ｷデ┞ ;ﾐ;ﾉ┞ゲｷゲ ｷゲ W┝ヮﾉ;ｷﾐWS デｴWﾐ デｴW ヴWゲ┌ﾉデゲ ;ヴW ゲｴﾗ┘ﾐ ;ﾐS デｴW 
SWデWヴﾏｷﾐ;デｷﾗﾐ ﾗa デｴW デｴヴWゲｴﾗﾉSゲ ｷゲ ヮヴWゲWﾐデWSく Fｷﾐ;ﾉﾉ┞が デｴW IﾗﾐaｷSWﾐIW ｷﾐSW┝ SWヴｷ┗WS aヴﾗﾏ 
デｴWゲW デｴヴWゲｴﾗﾉSゲ ｷゲ SWゲIヴｷHWSく 
 

2. Sensitivity analysis of TAPEER-BRAIN algorithm to missing data 

and determination of degree of confidence 

2.1 Methodology 

Tﾗ SWデWヴﾏｷﾐW ; IﾗﾐaｷSWﾐIW ｷﾐSW┝ aﾗヴ デｴW S;ｷﾉ┞ ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉが ゲWﾐゲｷデｷ┗ｷデ┞ ;ﾐ;ﾉ┞ゲｷゲ ﾗa 
TAPEER-BRAIN ;ﾉｪﾗヴｷデｴﾏ デﾗ ﾏｷゲゲｷﾐｪ S;デ; aヴﾗﾏ GEO ヮﾉ;デaﾗヴﾏ ｴ;ゲ HWWﾐ ヮWヴaﾗヴﾏWSく  
TAPEER-BRAIN ヮヴﾗS┌Iデゲ ;ヴW Iﾗﾏヮ┌デWS aヴﾗﾏ S;デ; GEO ヮﾉ;デaﾗヴﾏ ┘ｷデｴ a┌ﾉﾉ ;┗;ｷﾉ;Hｷﾉｷデ┞ aﾗヴ デｴW 
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ヮWヴｷﾗS ﾗa ゲデ┌S┞く TｴW┞ ;ヴW I;ﾉﾉWS ヴWaWヴWﾐIW ヮヴﾗS┌Iデ aﾗヴ ;ﾐ;ﾉ┞ゲｷゲく TｴW ゲWﾐゲｷデｷ┗ｷデ┞ ;ﾐ;ﾉ┞ゲｷゲ ﾗa デｴW 
;ﾉｪﾗヴｷデｴﾏ ｷゲ H;ゲWS ﾗﾐ Iﾗﾏヮ;ヴｷゲﾗﾐ ﾗa デｴW TAPEER-BRAIN さヴWaWヴWﾐIWざ ヮヴﾗS┌Iデ ┘ｷデｴ デｴW 
TAPEER-BRAIN さSWｪヴ;SWSざ ヮヴﾗS┌Iデ SWヴｷ┗WS aヴﾗﾏ GEO S;デ; ヮ;ヴデﾉ┞ ;┗;ｷﾉ;HﾉWく 
“W┗Wヴ;ﾉ デ┞ヮW ﾗa SWｪヴ;S;デｷﾗﾐ ﾗﾐ デｴW ｷﾐヮ┌デ GEO S;デ; ;ヴIｴｷ┗W ;ヴW ;ヮヮﾉｷWS ぎ aｷﾉWゲ ﾏｷゲゲｷﾐｪ 
ヴ;ﾐSﾗﾏﾉ┞が SｷaaWヴWﾐデ ヮWヴIWﾐデ;ｪW ﾗa ﾏｷゲゲｷﾐｪ aｷﾉWゲ Iﾗﾏヮ;ヴWS デﾗ デｴW W┝ヮWIデWS ﾐ┌ﾏHWヴ ﾗa S;デ; 
ヮWヴ S;┞が ゲ┌IIWゲゲｷ┗W ﾏｷゲゲｷﾐｪ aｷﾉWゲが ゲｷﾏ┌ﾉ;デｷﾗﾐ ﾗa WIﾉｷヮゲW ヮｴWﾐﾗﾏWﾐﾗﾐ1くくくTｴWヴWaﾗヴWが ;ﾉﾉ 
ｪWﾗゲデ;デｷﾗﾐ;ヴ┞ ヮﾉ;デaﾗヴﾏ S;デ;ゲWデゲ ;ヴW SWｪヴ;SWS aﾗヴ SｷaaWヴWﾐデ ゲW;ゲﾗﾐゲ ;ﾐS SｷaaWヴWﾐデ ┞W;ヴゲく 
TｴW ヮヴWゲWﾐデ ゲデ┌S┞ SWヮWﾐSゲ ﾗﾐ ｴﾗ┘ TAPEER-BRAIN ;ﾉｪﾗヴｷデｴﾏ ┘ﾗヴﾆゲく Tﾗ SWデWヴﾏｷﾐW デｴW S;ｷﾉ┞ 
ヴ;ｷﾐa;ﾉﾉ ;II┌ﾏ┌ﾉ;デｷﾗﾐが デｴWヴW ;ヴW デ┘ﾗ ヮ;ヴ;ﾏWデWヴゲ ┘ｴｷIｴ ;ヴW Iﾗﾏヮ┌デWS aヴﾗﾏ SｷaaWヴWﾐデ ゲｷ┣W ﾗa 
ﾉW;ヴﾐｷﾐｪ ┘ｷﾐSﾗ┘ぎ デｴW ヴ;ｷﾐ┞ Iﾉﾗ┌S aヴ;Iデｷﾗﾐ H;ゲWS ﾗﾐ ; HヴｷｪｴデﾐWゲゲ デWﾏヮWヴ;デ┌ヴW デｴヴWゲｴﾗﾉS ;ﾐS 
デｴW ﾉﾗI;ﾉ ﾏW;ﾐ ヴ;ｷﾐ ヴ;デW ┗;ﾉ┌Wく TｴW デWﾏヮﾗヴ;ﾉ ゲｷ┣W ﾗa デｴW ﾉW;ヴﾐｷﾐｪ ┘ｷﾐSﾗ┘ aﾗヴ デｴW ヴ;ｷﾐ 
SWデWIデｷﾗﾐ ｷゲ ﾗﾐW S;┞ ﾗﾐﾉ┞ ┘ｴWヴW;ゲ デｴW デWﾏヮﾗヴ;ﾉ ゲｷ┣W ﾗa デｴW ﾉW;ヴﾐｷﾐｪ ┘ｷﾐSﾗ┘ aﾗヴ デｴW 
IﾗﾐSｷデｷﾗﾐ;ﾉ ヴ;ｷﾐ ヴ;デW ｷゲ aｷ┗W S;┞ ふヲ S;┞ゲ HWaﾗヴW ;ﾐS ヲ S;┞ゲ ;aデWヴぶく Aゲ デｴW IﾗﾐSｷデｷﾗﾐ;ﾉ ヴ;ｷﾐ ヴ;デW ｷゲ 
;┗Wヴ;ｪWS ﾗﾐ ゲW┗Wヴ;ﾉ S;┞ゲが ｷデ ｷゲ ﾏﾗヴW ヴﾗH┌ゲデ デｴ;ﾐ デｴW ヴ;ｷﾐ SWデWIデｷﾗﾐ デﾗ デｴW ﾏｷゲゲｷﾐｪ ｷﾐヮ┌デ aｷﾉWゲく 
Iデ ｷゲ W┝ヮWIデWS デｴ;デ デｴW SWｪヴ;S;デｷﾗﾐ ﾗﾐﾉ┞ aﾗヴ デｴW I┌ヴヴWﾐデ S;┞ ┘ｷﾉﾉ ｷﾏヮ;Iデ ﾏﾗヴW デｴW S;ｷﾉ┞ ヴ;ｷﾐa;ﾉﾉ 
;II┌ﾏ┌ﾉ;デｷﾗﾐ デｴ;ﾐ ; SWｪヴ;S;デｷﾗﾐ ﾗa デｴW S;┞ゲ ;ヴﾗ┌ﾐS デｴW S;┞く TｴW ヴWゲ┌ﾉデゲ aヴﾗﾏ デｴW デWゲデゲ ﾗa 
SWｪヴ;S;デｷﾗﾐ ﾗa デｴW S;┞ゲ ;ヴﾗ┌ﾐS ﾗﾐW ｪｷ┗Wﾐ S;┞ ┘ｷﾉﾉ ﾐﾗデ HW ゲｴﾗ┘ﾐ ｷﾐ デｴｷゲ SﾗI┌ﾏWﾐデ ;ゲ デｴW┞ 
ゲｴﾗ┘ ﾐﾗ ヴW;ﾉ ｷﾏヮ;Iデ ﾗﾐ デｴW S;ｷﾉ┞ ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ ;ﾐS Iﾗﾐaｷヴﾏ デｴW ヮヴW┗ｷﾗ┌ゲ ;ゲゲ┌ﾏヮデｷﾗﾐく 
Iﾐ デｴW aﾗﾉﾉﾗ┘ｷﾐｪが ┘W ┘ｷﾉﾉ IﾗﾐIWﾐデヴ;デW ﾗﾐﾉ┞ ﾗﾐ デｴW デWゲデゲ ;ﾐS ヴWゲ┌ﾉデゲ ﾗa デｴW SWｪヴ;S;デｷﾗﾐゲ 
;ヮヮﾉｷWS ﾗﾐ ﾗﾐW ｪｷ┗Wﾐ S;┞く 
 

TｴW ｪWﾗゲデ;デｷﾗﾐ;ヴ┞ ヮﾉ;デaﾗヴﾏゲ ｴ;┗W ; ゲIｴWS┌ﾉW ﾗa ゲﾉﾗデ ;Iケ┌ｷゲｷデｷﾗﾐ ヮWヴ S;┞く TｴWヴW ｷゲ ; ヴWaWヴWﾐIW 
ﾐ┌ﾏHWヴ ﾗa ゲﾉﾗデ ヮWヴ S;┞ ┘ｴｷIｴ ｷゲ SWｪヴ;SWS デﾗ ゲｷﾏ┌ﾉ;デW ﾏｷゲゲｷﾐｪ S;デ; ヴ;ﾐSﾗﾏﾉ┞く 
TｴW ｪWﾗゲデ;デｷﾗﾐ;ヴ┞ ヮﾉ;デaﾗヴﾏゲ ;ﾐS SWｪヴ;S;デｷﾗﾐ ヮWヴｷﾗS IｴﾗゲWﾐ ;ヴW デｴW aﾗﾉﾉﾗ┘ｷﾐｪぎ 

 GOE“-E aヴﾗﾏ ヰヱっヰヱっヲヰヱヲ デﾗ ヱヰっヰヱっヲヰヱヲが S;┞ ﾗa ゲデ┌S┞ ぎ ヰヵっヰヱっヲヰヱヲ 

 M“G ;ﾐS GOE“-E aヴﾗﾏ ヰヱっヰΒっヲヰヱヲ デﾗ ヱヰっヰΒっヲヰヱヲが S;┞ ﾗa ゲデ┌S┞ ぎ ヰヵっヰΒっヲヰヱヲ 

 METEO“ATΑ aヴﾗﾏ ヲヱっヰΑっヲヰヱン デﾗ ンヱっヰΑっヲヰヱンが S;┞ ﾗa ゲデ┌S┞ぎ ヲヵっヰΑっヲヰヱンく 
 

 DWｪヴ;S;デｷﾗﾐ ﾗa ｪWﾗ S;デ; aﾗヴ ﾗﾐW ｪｷ┗Wﾐ S;┞ ぎ 
o ゲｷﾏ┌ﾉ;デｷﾗﾐ ﾗa WIﾉｷヮゲW ヮｴWﾐﾗﾏWﾐﾗﾐ ﾗa METEO“AT Α ぎ ヴWﾏﾗ┗W ヴ ゲﾉﾗデゲ 

HWデ┘WWﾐ ヱΒH デﾗ ヲヰH ふﾐﾗデWS ｴWヴW;aデWヴ EIﾉｷヮゲW ヱΑХぶ 
o ヴWﾏﾗ┗W ヴ;ﾐSﾗﾏﾉ┞ ヲヵХ ﾗa S;デ; ヮWヴ S;┞ ふﾐﾗデWS ｴWヴW;aデWヴ ヲヵХぶ 
o ヴWﾏﾗ┗W ンヵХ ﾗa S;デ; ヮWヴ S;┞ ｷﾐ ; ヴﾗ┘ ふﾐﾗデWS ｴWヴW;aデWヴ ンヵХ HﾉﾗIﾆぶ 
o ヴWﾏﾗ┗W ヵヰХ ﾗa S;デ; ヮWヴ S;┞が ﾗﾐW ゲﾉﾗデ ｷﾐ デ┘ﾗ ふﾐﾗデWS ｴWヴW;aデWヴ ヱゲﾉﾗデヲ ヵヰХぶ 
o ヴWﾏﾗ┗W ヵヰХ S;デ; ヮWヴ S;┞ ｷﾐ ; ヴﾗ┘が ｴ;ﾉa S;┞ aヴﾗﾏ ヰヰH デﾗ ヱヲH ふﾐﾗデWS 

ｴWヴW;aデWヴ ヵヰХ HﾉﾗIﾆぶ 
o ヴWﾏﾗ┗W ヴ;ﾐSﾗﾏﾉ┞ ΑヵХ ﾗa S;デ; ヮWヴ S;┞ ふﾐﾗデWS ｴWヴW;aデWヴ ΑヵХぶ 
o ヴWﾏﾗ┗W ΑヵХ ﾗa S;デ; ヮWヴ S;┞ ｷﾐ ; ヴﾗ┘ ふﾐﾗデWS ｴWヴW;aデWヴ ΑヵХ HﾉﾗIﾆぶ 

 

 

“W┗Wヴ;ﾉ ﾏWデヴｷIゲ デﾗ Iﾗﾏヮ;ヴW ヴWaWヴWﾐIW S;ｷﾉ┞ ヴ;ｷﾐa;ﾉﾉ ;II┌ﾏ┌ﾉ;デｷﾗﾐ ┘ｷデｴ デｴW SWｪヴ;SWS S;ｷﾉ┞ 
ヴ;ｷﾐa;ﾉﾉ ;II┌ﾏ┌ﾉ;デｷﾗﾐ ;ヴW ┌ゲWSぎ  
 

Fﾗヴ デｴW ｪヴｷS ヮﾗｷﾐデゲ ┘ｴｷIｴ ヴWﾏ;ｷﾐ ヴ;ｷﾐ┞ ｷﾐ デｴW ヴWaWヴWﾐIW ;ﾐS デｴW SWｪヴ;S;デｷﾗﾐ ;ﾐS ｴ;┗W ;ﾐ 
;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ ｪヴW;デWヴ デｴ;ﾐ ヱ ﾏﾏっS;┞ぎ 

 ﾏW;ﾐ ;ﾐS ゲデ;ﾐS;ヴS SW┗ｷ;デｷﾗﾐ ﾗa ヴWﾉ;デｷ┗W SｷaaWヴWﾐIW ﾗa S;ｷﾉ┞ ヴ;ｷﾐa;ﾉﾉ ;II┌ﾏ┌ﾉ;デｷﾗﾐ 

                                                           

1 Eclipse phenomenon is a period of few hours per day where is not possible to obtain data from GEO 

platform. Eclipse phenomenon is common with Meteosat7-IODC. 
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 ヮWヴIWﾐデ;ｪW ﾗa ｪヴｷS ヮﾗｷﾐデ ┘ｴｷIｴ Iｴ;ﾐｪWS aヴﾗﾏ ヴ;ｷﾐ┞ デﾗ ﾐﾗﾐ-ヴ;ｷﾐ┞ ;ﾐS ┗ｷIW ┗Wヴゲ;く  
 

2.2 Results 

First, the statistics results are presented (graphics and tables in figure 2, 3, 4). Then the maps 

of relative difference of accumulated rainfall and the rain detection changes are presented 

for several geostationary platforms, seasons and type of degradations (figures 5, 6, 7, 8). 

 

 

Figure 2. Average of the relative difference between reference and degradation, only for rainy pixels 
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Figure 3. Standard deviation of the difference between reference and degradation only for rainy pixels 

 

Eclipse 17 %
25%.
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0,00%

5,00%

10,00%

15,00%

20,00%

25,00%

Percent of grid point with a detection change
Rainy grid point to Non-Rainy grid point and vice versa

MSG 08/05/2012
GOES-E 01/05/2012

GOES-E 08/05/2012
MET7 07/25/2013%

 

MSG 08/05/12 GOES-E 01/05/12 GOES-E 08/05/12 MET7 07/25/13

2,88% 4,89%

25%. 2,84% 4,43% 2,05%

7,57% 9,84%
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Figure 4. Percentage of grid points with a detection change between reference and degradation : rainy grid point to non-

rainy grid point and vice versa 

 

Aﾐ;ﾉ┞ゲｷゲ ﾗa デｴW ゲデ;デｷゲデｷIゲ ヴWゲ┌ﾉデゲく 
Fﾗヴ ;ﾉﾉ デｴW ｪWﾗ ヮﾉ;デaﾗヴﾏ ﾗヴ ゲW;ゲﾗﾐゲ ぎ 
WｴWデｴWヴ aﾗヴ デｴW SWデWIデｷﾗﾐ Iｴ;ﾐｪW ｷﾐ Figure 4 ﾗヴ デｴW ヴWﾉ;デｷ┗W SｷaaWヴWﾐIW ;┗Wヴ;ｪW ﾗa 
;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ ｷﾐ Figure 2 ;ﾐS Figure 3が ; ﾐWデ Iｴ;ﾐｪW ｷゲ ﾗHゲWヴ┗WS ┘ｴWﾐ ｷデ W┝IWWSゲ ; ヵヰХ 
ﾗa ゲ┌IIWゲゲｷ┗W ﾏｷゲゲｷﾐｪ ｪWﾗ S;デ; ふH┞ HﾉﾗIﾆぶく TｴW ヮWヴIWﾐデ;ｪW ﾗa デｴW ｪヴｷS ヮﾗｷﾐデゲ ┘ｷデｴ ; SWデWIデｷﾗﾐ 
Iｴ;ﾐｪW ｷﾐIヴW;ゲWゲ aヴﾗﾏ ヵХ デﾗ ヲヰХ ふゲｴﾗ┘ﾐ ｷﾐ Figure 4ぶく TｴW ヴWﾉ;デｷ┗W SｷaaWヴWﾐIW ;┗Wヴ;ｪW 
ｷﾐIヴW;ゲWゲ aヴﾗﾏ ヵヰХ デﾗ ゲ┌ヮWヴｷﾗヴ ;デ ヱヰヰХ ふゲｴﾗ┘ﾐ ｷﾐ Figure 2ぶく 
 

Aﾐ;ﾉ┞ゲｷゲ ﾗa デｴW ﾏ;ヮ ヴWゲ┌ﾉデゲく 
Iﾐ Figure 5が aﾗヴ デｴW SWｪヴ;S;デｷﾗﾐゲ ﾗa ヲヵХ ﾗa ﾏｷゲゲｷﾐｪ ｪWﾗ S;デ; ;ﾐS ヵヰХ ﾗa ﾏｷゲゲｷﾐｪ ｪWﾗ S;デ; ふﾗﾐW 
ゲﾉﾗデ ｷﾐ デ┘ﾗぶが デｴW ヴWﾉ;デｷ┗W SｷaaWヴWﾐIW ﾗa ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ ﾗゲIｷﾉﾉ;デWゲ HWデ┘WWﾐ -ヲヰХ ;ﾐS 
ЩヲヰХく Fﾗヴ デｴW SWｪヴ;S;デｷﾗﾐゲ ﾗa ΑヵХ ﾗa ﾏｷゲゲｷﾐｪ ｪWﾗ S;デ; ;ﾐS ヵヰХ ﾗa ゲ┌IIWゲゲｷ┗W ﾏｷゲゲｷﾐｪ ｪWﾗ 
S;デ; ふH┞ HﾉﾗIﾆぶが デｴW ヴWﾉ;デｷ┗W SｷaaWヴWﾐIW ﾗa ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ ﾗゲIｷﾉﾉ;デWゲ HWデ┘WWﾐ -ΒヰХ ;ﾐS 
ЩΒヰХく Iﾐ Figure 6が デｴW ヴ;ｷﾐ SWデWIデｷﾗﾐ Iｴ;ﾐｪWゲ aﾗヴ ;ﾉﾉ デ┞ヮWゲ ﾗa SWｪヴ;S;デｷﾗﾐゲ ;ヴW ﾐﾗデ ﾉﾗI;デWS ﾗﾐ 

MSG 08/05/12 GOES-E 01/05/12 GOES-E 08/05/12 MET7 07/25/13

21,35 31,33

25%. 39,58 41,22 19,29
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62,53 106,38 90,86

75%. 112,24 98,09 173,27 94,10

Standard deviation
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ゲヮWIｷaｷI ｪWﾗｪヴ;ヮｴｷI;ﾉ ヴWｪｷﾗﾐく TｴW ﾏ;ｷﾐ ┗;ヴｷ;デｷﾗﾐ ｷゲ デｴW ﾉﾗゲゲ ﾗa ヴ;ｷﾐ SWデWIデｷﾗﾐ ふｷﾐ Hﾉ┌W ﾗﾐ デｴW 
ﾏ;ヮゲが デｴW a;ﾉゲW ヮﾗゲｷデｷ┗W ｷゲ ｷﾐ ヴWSぎ SWデWIデｷﾗﾐ ﾗa ヴ;ｷﾐ ｷﾐ デｴW SWｪヴ;SWS I;ゲW ┘ｴWヴW;ゲ デｴWヴW ｷゲ ﾐﾗ 
ヴ;ｷﾐ SWデWIデｷﾗﾐ ｷﾐ デｴW ヴWaWヴWﾐIW I;ゲWぶく TｴW Figure 7 ;ﾐS Figure 8 Iﾗﾐaｷヴﾏ デｴ;デ デｴW ｷﾏヮ;Iデ ﾗa ﾗﾐW 
SWｪヴ;S;デｷﾗﾐ デ┞ヮW ふｴWヴW ΑヵХ ﾗa ﾏｷゲゲｷﾐｪ ｪWﾗ S;デ;ぶ ｷゲ デｴW ゲ;ﾏW ヴWｪ;ヴSﾉWゲゲ ﾐWｷデｴWヴ デｴW ｪWﾗ 
ヮﾉ;デaﾗヴﾏゲ ふM“Gが GOE“-Eが METEO“AT-Αぶ ﾐﾗヴ デｴW ゲW;ゲﾗﾐゲ ふｷﾐ ゲ┌ﾏﾏWヴ ﾗヴ ┘ｷﾐデWヴ aﾗヴ GOE“-Eぶく 
 

OH┗ｷﾗ┌ゲﾉ┞が デｴW ﾏﾗヴW ｷﾐヮ┌デ ｪWﾗ S;デ; ｷゲ ﾏｷゲゲｷﾐｪが デｴW ﾏﾗヴW デｴW ヴ;ｷﾐ SWデWIデｷﾗﾐ ｷゲ ;aaWIデWSく B┌デが ｷa 
デｴW ｷﾐヮ┌デ ｪWﾗ S;デ; ｷゲ ﾏｷゲゲｷﾐｪ ゲ┌IIWゲゲｷ┗Wﾉ┞が デｴW ｷﾏヮ;Iデ ｷゲ ｪヴW;デWヴ ﾗﾐ デｴW ;II┌ﾏ┌ﾉ;デWS ヴ;ｷﾐa;ﾉﾉ 
デｴ;ﾐ ｷa ｷデ ｷゲ ﾏｷゲゲｷﾐｪ ;デ ヴ;ﾐSﾗﾏく Fﾗヴ デｴW ゲ;ﾏW ヮWヴIWﾐデ ﾗa ﾏｷゲゲｷﾐｪ ｪWﾗ S;デ; ふヵヰХぶが デｴW ヴWゲ┌ﾉデゲ ﾗa 
デｴW ﾏｷゲゲｷﾐｪ S;デ; ﾗﾐW ゲﾉﾗデ ｷﾐ デ┘ﾗ ;ﾐS H┞ HﾉﾗIﾆ ゲｴﾗ┘ ; ﾐWデ SｷaaWヴWﾐIW ┘ｴWデｴWヴ デｴW ;┗Wヴ;ｪW ﾗa 
デｴW ヴWﾉ;デｷ┗W SｷaaWヴWﾐIW ふヲヴХ デﾗ ΑヰХぶ ﾗヴ デｴW ヴ;ｷﾐ SWデWIデｷﾗﾐ Iｴ;ﾐｪW ふヱヱХ デﾗ ヱヵХぶ ｷﾐ Figure 2 
;ﾐS Figure 3く 

 
Figure 5. Map of the relative difference of accumulated rainfall between reference and several degradations on one day 

for MSG platform 
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Figure 6. Map of the rain detection change between reference and several degradations on one day for MSG platform 

 

Figure 7. Map of the relative difference of accumulated rainfall between reference and one type of degradation on one 

day for several geo platforms and several seasons 
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Figure 8. Map of the rain detection change between reference and one type of degradation on one day for several geo 

platforms and several seasons 

 

2.3 Determination of the different thresholds of missing data 

percentage 

 

All the metrics show a significant change from a degradation of 50% of successive missing 

data regardless season, geostationary platform. Percentage of grid points which changed 

rain detection increases from 5% to 20%. The relative difference average of accumulated 

rainfall increases from 50% to percent greater than 100%.  

Missing at random and successive missing data do not impact daily rainfall accumulation 

equally. For the same percent of missing data (50%),  the relative difference mean of daily 

rainfall accumulation is higher when the missing data are successive (~70-77%) than the 

missing data randomly (~22-24%). This is due to best chances to miss a precipitation event 

when the missing data are successive.  

 

Confidence index is based on 3 levels, resulting from last comparisons: 

 OK : if the percent of missing data is inferior to 25% for missing randomly or if the 

percent of missing data is inferior to 15% for successive missing data 

 

 WARNING : if the percent of missing data is between 25% and 75% for missing at 

random or  if the percent of missing data is between 15% and 50% for successive 

missing data 
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 KO : if the percent of missing data is superior to 75% for missing at random or if the 

percent of missing data is superior to 50% for successive missing data 

 

The thresholds for each level of confidence index do not need to change according to the 

season or the geostationary platform as the comparison results show no change whatever 

season or geostationary platform. 

 

3. Confidence index of the TAPEER-BRAIN product 

 

 
Figure 9. Example of TAPEER-BRAIN Product with confidence index on accumulated rainfall for the day 

 

The final TAPEER-BRAIN (T-B) product for one day is presented in Figure 9. Additionally to the 

uncertainty, the confidence index described previously is given for each grid point of accumulated 

rainfall.  

 

To give this confidence index, the control quality is based on a theoretical schedule of geo data. We 

compare the geo data really used in the TAPEER-BRAIN algorithm to the theoretical expected data.  
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Figure 10. General flowchart of the confidence index process (red boxes) and how it is linked to TAPEER-BRAIN process 

(black boxes) 

 

In Figure 10, the flowchart shows at which steps the quality control is made in the TAPEER-BRAIN 

algorithm.  The first control of the algorithm is to check if the available input L1GEO data fit the 

theoretical data availability given by each agency in order to warn the production center of a 

potential missing data defects. 

A second control of the algorithm is made in order to check if the TAPEER-BRAIN algorithm uses all 

the data available compared to theoretical data availability. If not, an alert is activated in the log 

output to warn the production center and the percent of missing data per day and per geostationary 

is computed from a theoretical expected number of slots per day and per geostationary and the 

number of geostationary slot really used by the algorithm. This percent is compared to the different 

thresholds (experimentally chosen after the studies presented in section 2) to determine the degree 

of confidence of accumulated rainfall retrieval for the day and geostationary under study.  

 

The last control of the algorithm is made to check the physical validity of the accumulated rainfall 

retrieval. If not, an alert is activated in the log output to warn production center and confidence 

index is putted at the low rate: data is rejected. 

 

The quality control can be included to the production of the TAPEER-BRAIN (internal mode) or can be 

applied after the production (external mode). Then the available outputs are different (see Figure 

10). If the quality control is applied during the production, the outputs available are a confidence 

index inside the TAPEER-BRAIN products, a log file for the production center and a confidence index 

calendar for both user and production center. If the quality control is applied after the production of 

TAPEER-BRAIN, only the log file and the confidence index calendar are available. 

 

 

L1 GEO available

TAPEER-BRAIN

algorithm

Comparison of L1 GEO data 

available with the theoretical

data availability

L2 MW available

TAPEER-BRAIN Product 

with IC

L1 GEO theoretical

data availability

Comparison of L1 GEO data 

used by T-B algorithm with

the theoretical data which

could be used

Quality control of the 

physical rain values

Computation of the 

Confidence Index

Confidence Index 

calendar

Logfile for 

production center

Internal

mode only

External + internal

modes
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Finally, for each day and each geostationary the confidence index has been merged in the 

Quality_Flag in the TAPEER BRAIN product. Bits number 1 to 3 describe confidence index for 

each grid point per day like in following table: 

 

 

Bit no.  Quality 

Flag Name 

Bit Values Definition 

1, 2 and 

3 

Confidence 

Index 

Bit3 Bit2 Bit1  

0 0 1 highest confidence data 

0 1 0 data may be degraded 

1 0 0 data has been rejected 

4 Altitude 

Flag 

0 retrieval in physical range 

1 non retrieval due to altitude > 3000 m 

5 Spare bit   

6 Spare bit   

7 Spare bit   

8 Spare bit   

Table 1. Description of Quality_Flag variable in TAPEER-BRAIN product 

 

It is highly recommended to use only data with the highest confidence index. Be careful with 

intermediate level. At least, it is recommended to not use data where the bit number 3 is 

equal to 1. Studies demonstrate data has been too much degraded to be used. The details of 

the confidence index format are available in the Product Definition Document of TAPEER-

BRAIN. 

 

The confidence index is also produced in calendar format (see Figure 11). It gives to the users a quick 

look of the availability and quality of the TAPEER-BRAIN product. In green the confidence index is at 

the OK level, in orange the confidence index is at the Warning level and in red the confidence index is 

at the KO level. Finally in grey, the TAPEER-BRAIN product is not available. 

 

 
Figure 11. Example of Confidence Index Calendar for TAPEER-BRAIN products 
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4. Conclusion 
 

The confidence index deduced from this study can inform the users on the TAPEER-BRAIN quality 

depending on the geostationary missing data. 

The quality control has been tested on the recent geostationary HIMAWARI-8. The thresholds 

determined are also valid for the new high-resolution geostationary float (as HIMAWARI-8, GOES-16 

ぐぶく 
The quality control could be improved in the future by taking into account the microwave imagers 

missing data impact on the TAPEER-BRAIN product. The current confidence index is only available for 

the accumulated rainfall; this study could be also improved by studying the impact of the missing geo 

data on the uncertainty computation.  
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