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1. Introduction 
 

TŚĞ TAPEER-BRAIN ĂůŐŽƌŝƚŚŵ ĐŽŵďŝŶĞƐ ŵŝĐƌŽǁĂǀĞ ĂŶĚ ŝŶĨƌĂƌĞĚ ŽďƐĞƌǀĂƚŝŽŶƐ ƚŽ ƉƌŽǀŝĚĞ 
ƉƌĞĐŝƉŝƚĂƚŝŽŶ ĞƐƚŝŵĂƚĞƐ ĂŶĚ ƚŚĞŝƌ ĂƐƐŽĐŝĂƚĞĚ ĞƌƌŽƌ ďĂƌƐ Ăƚ ƚŚĞ ŽŶĞ-ĚĞŐƌĞĞͬŽŶĞ-ĚĂǇ 
ĂĐĐƵŵƵůĂƚĞĚ ƐĐĂůĞ͕ ŽǀĞƌ ůĂŶĚ ĂŶĚ ŽĐĞĂŶ͘ RĂŝŶ ĚĞƚĞĐƚŝŽŶ ĂŶĚ ƌĂŝŶ ƌĂƚĞƐ ĞƐƚŝŵĂƚĞƐ ĨƌŽŵ LEO 
ŵŝĐƌŽǁĂǀĞ ŝŵĂŐĞƌƐ ĂƌĞ ŵĞƌŐĞĚ ǁŝƚŚ ĨƵůů ƐƉĂĐĞͬƚŝŵĞ ƌĞƐŽůƵƚŝŽŶ ĚĂƚĂ ĨƌŽŵ ƚŚĞ ƚŚĞƌŵĂů 
ǁŝŶĚŽǁ ĐŚĂŶŶĞů ŽŶ ďŽĂƌĚ ŐĞŽƐƚĂƚŝŽŶĂƌǇ ;GEOͿ ƉůĂƚĨŽƌŵ ;M“G͕ MĞƚĞŽƐĂƚϳ͕GOE“-E͕GOE“-W͕ 
MT“AT ŝŶ ϮϬϭϮ͕ ƌĞƉƌĞƐĞŶƚĞĚ ŝŶ Figure 1Ϳ͘  
TŚĞ ĚĞƚĂŝůƐ ŽĨ ƚŚĞ ĂůŐŽƌŝƚŚŵ ĂƌĞ ĂǀĂŝůĂďůĞ ŝŶ ƚŚĞ ATBD ĚŽĐƵŵĞŶƚ ;CŚĂŵďŽŶ Ğƚ Ăů͕͘ϮϬϭϮĂ͕ RŽĐĂ 
Ğƚ Ăů͕͘ ϮϬϭϰͿ ǁŚŝůĞ ƚŚĞ ƐĐŝĞŶƚŝĨŝĐ ďĂĐŬŐƌŽƵŶĚ ŽŶ ďŽƚŚ ƚŚĞ ĂůŐŽƌŝƚŚŵ ĂŶĚ ƚŚĞ ĞƌƌŽƌ ŵŽĚĞůŝŶŐ 
ĞĨĨŽƌƚ ĂƌĞ ƉƌĞƐĞŶƚĞĚ ŝŶ ;RŽĐĂ Ğƚ Ăů͖ ϮϬϭϬ͖ CŚĂŵďŽŶ Ğƚ Ăů͕͘ ϮϬϭϮď͕ RŽĐĂ Ğƚ Ăů ϮϬϭϳͿ͘ 
 

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

 

TŚĞ ƌĞƚƌŝĞǀĂů ŽĨ ĚĂŝůǇ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ĂŶĚ ŝƚƐ ƐĂŵƉůŝŶŐ ĞƌƌŽƌ ĂƌĞ ŶŽƚ ƉŽƐƐŝďůĞ ĨŽƌ ŽŶĞ ĚĂǇ 
ŝĨ ƚŚĞƌĞ ŝƐ ŶŽ GEO ĚĂƚĂ ĨŽƌ ƚŚĂƚ ĚĂǇ͘ IƐƐƵĞƐ ĂƌŝƐĞ ǁŚĞŶ GEO ĚĂƚĂ ĂƌĞ ŶŽƚ ĨƵůůǇ ĂǀĂŝůĂďůĞ ĨŽƌ ƚŚĞ 
ĚĂǇ͘  DĂŝůǇ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ďĂƐĞĚ ŽŶ ĨĞǁ ĨŝůĞƐ ŝƐ ŶŽƚ ƌĞƉƌĞƐĞŶƚĂƚŝǀĞ ŽĨ ƚŚĞ ŵĞƚĞŽƌŽůŽŐŝĐĂů 
ƐŝƚƵĂƚŝŽŶ ŽĨ ƚŚĞ ĚĂǇ͘ TŚĞ ƉƵƌƉŽƐĞ ŽĨ ƚŚŝƐ ƐƚƵĚǇ ŝƐ ƚŽ ŐŝǀĞ Ă ĐŽŶĨŝĚĞŶĐĞ ŝŶĚĞǆ ŽŶ ƚŚĞ 
ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ĚĞƉĞŶĚŝŶŐ ŽŶ ƚŚĞ ĂǀĂŝůĂďŝůŝƚǇ ŽĨ GEO ĚĂƚĂ  
TŽ ĚĞƌŝǀĞ ƐƵĐŚ ĐŽŶĨŝĚĞŶĐĞ ŝŶĚĞǆ͕ Ă ƐĞŶƐŝƚŝǀŝƚǇ ĂŶĂůǇƐŝƐ ŽĨ ƚŚĞ TAPEER-BRAIN ĂůŐŽƌŝƚŚŵ ƚŽ ƚŚĞ 
ŵŝƐƐŝŶŐ ŝŶĨƌĂƌĞĚ ŽďƐĞƌǀĂƚŝŽŶƐ ĨƌŽŵ GEO ƉůĂƚĨŽƌŵƐ ŚĂƐ ďĞĞŶ ƉĞƌĨŽƌŵĞĚ͘ TŚĞ ŵŝƐƐŝŶŐ ĚĂƚĂ 
ĨƌŽŵ GEO ƉůĂƚĨŽƌŵ ĐĂŶ ďĞ ŽĐĐƵƌƌĞĚ ĨŽƌ ĚŝĨĨĞƌĞŶƚ ƌĞĂƐŽŶƐ ͗  ŝŶƚĞƌƌƵƉƚŝŽŶ ĚƵĞ ƚŽ ƉůĂƚĨŽƌŵ 
ĨĂŝůƵƌĞ͕ ĞĐůŝƉƐĞ ƉŚĞŶŽŵĞŶŽŶ͕ ŵĂŝŶƚĞŶĂŶĐĞ ͘͘͘ FƌŽŵ ƚŚŝƐ ĂŶĂůǇƐŝƐ͕ ƚŚĞ ĞŵƉŝƌŝĐ ƚŚƌĞƐŚŽůĚƐ ŽĨ 
ŵŝƐƐŝŶŐ ĚĂƚĂ ƉĞƌĐĞŶƚĂŐĞ ĨŽƌ ƚŚĞ ĚĂǇ ŝƐ ĚĞƚĞƌŵŝŶĞĚ ĂŶĚ ĂƉƉůŝĞĚ ŝŶ ƚŚĞ TAPEER-BRAIN 
ĂůŐŽƌŝƚŚŵ ƚŽ ƉƌŽǀŝĚĞ ĐŽŶĨŝĚĞŶĐĞ ŝŶĚĞǆ ĨŽƌ ĞĂĐŚ ĚĂǇ ĂŶĚ ĞĂĐŚ ŐĞŽƐƚĂƚŝŽŶĂƌǇ͘   
 

FŝƌƐƚ Ă ŵĞƚŚŽĚŽůŽŐǇ ŽĨ ƐĞŶƐŝƚŝǀŝƚǇ ĂŶĂůǇƐŝƐ ŝƐ ĞǆƉůĂŝŶĞĚ ƚŚĞŶ ƚŚĞ ƌĞƐƵůƚƐ ĂƌĞ ƐŚŽǁŶ ĂŶĚ ƚŚĞ 
ĚĞƚĞƌŵŝŶĂƚŝŽŶ ŽĨ ƚŚĞ ƚŚƌĞƐŚŽůĚƐ ŝƐ ƉƌĞƐĞŶƚĞĚ͘ FŝŶĂůůǇ͕  ƚŚĞ ĐŽŶĨŝĚĞŶĐĞ ŝŶĚĞǆ ĚĞƌŝǀĞĚ ĨƌŽŵ 
ƚŚĞƐĞ ƚŚƌĞƐŚŽůĚƐ ŝƐ ĚĞƐĐƌŝďĞĚ͘ 
 

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

and determination of degree of confidence 

2.1 Methodology 

TŽ ĚĞƚĞƌŵŝŶĞ Ă ĐŽŶĨŝĚĞŶĐĞ ŝŶĚĞǆ ĨŽƌ ƚŚĞ ĚĂŝůǇ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů͕ ƐĞŶƐŝƚŝǀŝƚǇ ĂŶĂůǇƐŝƐ ŽĨ 
TAPEER-BRAIN ĂůŐŽƌŝƚŚŵ ƚŽ ŵŝƐƐŝŶŐ ĚĂƚĂ ĨƌŽŵ GEO ƉůĂƚĨŽƌŵ ŚĂƐ ďĞĞŶ ƉĞƌĨŽƌŵĞĚ͘  
TAPEER-BRAIN ƉƌŽĚƵĐƚƐ ĂƌĞ ĐŽŵƉƵƚĞĚ ĨƌŽŵ ĚĂƚĂ GEO ƉůĂƚĨŽƌŵ ǁŝƚŚ ĨƵůů ĂǀĂŝůĂďŝůŝƚǇ ĨŽƌ ƚŚĞ 
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ƉĞƌŝŽĚ ŽĨ ƐƚƵĚǇ͘ TŚĞǇ ĂƌĞ ĐĂůůĞĚ ƌĞĨĞƌĞŶĐĞ ƉƌŽĚƵĐƚ ĨŽƌ ĂŶĂůǇƐŝƐ͘ TŚĞ ƐĞŶƐŝƚŝǀŝƚǇ ĂŶĂůǇƐŝƐ ŽĨ ƚŚĞ 
ĂůŐŽƌŝƚŚŵ ŝƐ ďĂƐĞĚ ŽŶ ĐŽŵƉĂƌŝƐŽŶ ŽĨ ƚŚĞ TAPEER-BRAIN ͞ƌĞĨĞƌĞŶĐĞ͟ ƉƌŽĚƵĐƚ ǁŝƚŚ ƚŚĞ 
TAPEER-BRAIN ͞ĚĞŐƌĂĚĞĚ͟ ƉƌŽĚƵĐƚ ĚĞƌŝǀĞĚ ĨƌŽŵ GEO ĚĂƚĂ ƉĂƌƚůǇ ĂǀĂŝůĂďůĞ͘ 
“ĞǀĞƌĂů ƚǇƉĞ ŽĨ ĚĞŐƌĂĚĂƚŝŽŶ ŽŶ ƚŚĞ ŝŶƉƵƚ GEO ĚĂƚĂ ĂƌĐŚŝǀĞ ĂƌĞ ĂƉƉůŝĞĚ ͗ ĨŝůĞƐ ŵŝƐƐŝŶŐ 
ƌĂŶĚŽŵůǇ͕  ĚŝĨĨĞƌĞŶƚ ƉĞƌĐĞŶƚĂŐĞ ŽĨ ŵŝƐƐŝŶŐ ĨŝůĞƐ ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞ ĞǆƉĞĐƚĞĚ ŶƵŵďĞƌ ŽĨ ĚĂƚĂ 
ƉĞƌ ĚĂǇ͕  ƐƵĐĐĞƐƐŝǀĞ ŵŝƐƐŝŶŐ ĨŝůĞƐ͕ ƐŝŵƵůĂƚŝŽŶ ŽĨ ĞĐůŝƉƐĞ ƉŚĞŶŽŵĞŶŽŶ1͘͘͘TŚĞƌĞĨŽƌĞ͕ Ăůů 
ŐĞŽƐƚĂƚŝŽŶĂƌǇ ƉůĂƚĨŽƌŵ ĚĂƚĂƐĞƚƐ ĂƌĞ ĚĞŐƌĂĚĞĚ ĨŽƌ ĚŝĨĨĞƌĞŶƚ ƐĞĂƐŽŶƐ ĂŶĚ ĚŝĨĨĞƌĞŶƚ ǇĞĂƌƐ͘ 
TŚĞ ƉƌĞƐĞŶƚ ƐƚƵĚǇ ĚĞƉĞŶĚƐ ŽŶ ŚŽǁ TAPEER-BRAIN ĂůŐŽƌŝƚŚŵ ǁŽƌŬƐ͘ TŽ ĚĞƚĞƌŵŝŶĞ ƚŚĞ ĚĂŝůǇ 
ƌĂŝŶĨĂůů ĂĐĐƵŵƵůĂƚŝŽŶ͕ ƚŚĞƌĞ ĂƌĞ ƚǁŽ ƉĂƌĂŵĞƚĞƌƐ ǁŚŝĐŚ ĂƌĞ ĐŽŵƉƵƚĞĚ ĨƌŽŵ ĚŝĨĨĞƌĞŶƚ ƐŝǌĞ ŽĨ 
ůĞĂƌŶŝŶŐ ǁŝŶĚŽǁ͗ ƚŚĞ ƌĂŝŶǇ ĐůŽƵĚ ĨƌĂĐƚŝŽŶ ďĂƐĞĚ ŽŶ Ă ďƌŝŐŚƚŶĞƐƐ ƚĞŵƉĞƌĂƚƵƌĞ ƚŚƌĞƐŚŽůĚ ĂŶĚ 
ƚŚĞ ůŽĐĂů ŵĞĂŶ ƌĂŝŶ ƌĂƚĞ ǀĂůƵĞ͘ TŚĞ ƚĞŵƉŽƌĂů ƐŝǌĞ ŽĨ ƚŚĞ ůĞĂƌŶŝŶŐ ǁŝŶĚŽǁ ĨŽƌ ƚŚĞ ƌĂŝŶ 
ĚĞƚĞĐƚŝŽŶ ŝƐ ŽŶĞ ĚĂǇ ŽŶůǇ ǁŚĞƌĞĂƐ ƚŚĞ ƚĞŵƉŽƌĂů ƐŝǌĞ ŽĨ ƚŚĞ ůĞĂƌŶŝŶŐ ǁŝŶĚŽǁ ĨŽƌ ƚŚĞ 
ĐŽŶĚŝƚŝŽŶĂů ƌĂŝŶ ƌĂƚĞ ŝƐ ĨŝǀĞ ĚĂǇ ;Ϯ ĚĂǇƐ ďĞĨŽƌĞ ĂŶĚ Ϯ ĚĂǇƐ ĂĨƚĞƌͿ͘ AƐ ƚŚĞ ĐŽŶĚŝƚŝŽŶĂů ƌĂŝŶ ƌĂƚĞ ŝƐ 
ĂǀĞƌĂŐĞĚ ŽŶ ƐĞǀĞƌĂů ĚĂǇƐ͕ ŝƚ ŝƐ ŵŽƌĞ ƌŽďƵƐƚ ƚŚĂŶ ƚŚĞ ƌĂŝŶ ĚĞƚĞĐƚŝŽŶ ƚŽ ƚŚĞ ŵŝƐƐŝŶŐ ŝŶƉƵƚ ĨŝůĞƐ͘ 
Iƚ ŝƐ ĞǆƉĞĐƚĞĚ ƚŚĂƚ ƚŚĞ ĚĞŐƌĂĚĂƚŝŽŶ ŽŶůǇ ĨŽƌ ƚŚĞ ĐƵƌƌĞŶƚ ĚĂǇ ǁŝůů ŝŵƉĂĐƚ ŵŽƌĞ ƚŚĞ ĚĂŝůǇ ƌĂŝŶĨĂůů 
ĂĐĐƵŵƵůĂƚŝŽŶ ƚŚĂŶ Ă ĚĞŐƌĂĚĂƚŝŽŶ ŽĨ ƚŚĞ ĚĂǇƐ ĂƌŽƵŶĚ ƚŚĞ ĚĂǇ͘  TŚĞ ƌĞƐƵůƚƐ ĨƌŽŵ ƚŚĞ ƚĞƐƚƐ ŽĨ 
ĚĞŐƌĂĚĂƚŝŽŶ ŽĨ ƚŚĞ ĚĂǇƐ ĂƌŽƵŶĚ ŽŶĞ ŐŝǀĞŶ ĚĂǇ ǁŝůů ŶŽƚ ďĞ ƐŚŽǁŶ ŝŶ ƚŚŝƐ ĚŽĐƵŵĞŶƚ ĂƐ ƚŚĞǇ 
ƐŚŽǁ ŶŽ ƌĞĂů ŝŵƉĂĐƚ ŽŶ ƚŚĞ ĚĂŝůǇ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ĂŶĚ ĐŽŶĨŝƌŵ ƚŚĞ ƉƌĞǀŝŽƵƐ ĂƐƐƵŵƉƚŝŽŶ͘ 
IŶ ƚŚĞ ĨŽůůŽǁŝŶŐ͕ ǁĞ ǁŝůů ĐŽŶĐĞŶƚƌĂƚĞ ŽŶůǇ ŽŶ ƚŚĞ ƚĞƐƚƐ ĂŶĚ ƌĞƐƵůƚƐ ŽĨ ƚŚĞ ĚĞŐƌĂĚĂƚŝŽŶƐ 
ĂƉƉůŝĞĚ ŽŶ ŽŶĞ ŐŝǀĞŶ ĚĂǇ͘  

 

TŚĞ ŐĞŽƐƚĂƚŝŽŶĂƌǇ ƉůĂƚĨŽƌŵƐ ŚĂǀĞ Ă ƐĐŚĞĚƵůĞ ŽĨ ƐůŽƚ ĂĐƋƵŝƐŝƚŝŽŶ ƉĞƌ ĚĂǇ͘  TŚĞƌĞ ŝƐ Ă ƌĞĨĞƌĞŶĐĞ 
ŶƵŵďĞƌ ŽĨ ƐůŽƚ ƉĞƌ ĚĂǇ ǁŚŝĐŚ ŝƐ ĚĞŐƌĂĚĞĚ ƚŽ ƐŝŵƵůĂƚĞ ŵŝƐƐŝŶŐ ĚĂƚĂ ƌĂŶĚŽŵůǇ͘ 
TŚĞ ŐĞŽƐƚĂƚŝŽŶĂƌǇ ƉůĂƚĨŽƌŵƐ ĂŶĚ ĚĞŐƌĂĚĂƚŝŽŶ ƉĞƌŝŽĚ ĐŚŽƐĞŶ ĂƌĞ ƚŚĞ ĨŽůůŽǁŝŶŐ͗ 

 GOE“-E ĨƌŽŵ ϬϭͬϬϭͬϮϬϭϮ ƚŽ ϭϬͬϬϭͬϮϬϭϮ͕ ĚĂǇ ŽĨ ƐƚƵĚǇ ͗ ϬϱͬϬϭͬϮϬϭϮ 

 M“G ĂŶĚ GOE“-E ĨƌŽŵ ϬϭͬϬϴͬϮϬϭϮ ƚŽ ϭϬͬϬϴͬϮϬϭϮ͕ ĚĂǇ ŽĨ ƐƚƵĚǇ ͗ ϬϱͬϬϴͬϮϬϭϮ 

 METEO“ATϳ ĨƌŽŵ ϮϭͬϬϳͬϮϬϭϯ ƚŽ ϯϭͬϬϳͬϮϬϭϯ͕ ĚĂǇ ŽĨ ƐƚƵĚǇ͗ ϮϱͬϬϳͬϮϬϭϯ͘ 
 

 DĞŐƌĂĚĂƚŝŽŶ ŽĨ ŐĞŽ ĚĂƚĂ ĨŽƌ ŽŶĞ ŐŝǀĞŶ ĚĂǇ ͗ 
o ƐŝŵƵůĂƚŝŽŶ ŽĨ ĞĐůŝƉƐĞ ƉŚĞŶŽŵĞŶŽŶ ŽĨ METEO“AT ϳ ͗ ƌĞŵŽǀĞ ϰ ƐůŽƚƐ 

ďĞƚǁĞĞŶ ϭϴH ƚŽ ϮϬH ;ŶŽƚĞĚ ŚĞƌĞĂĨƚĞƌ EĐůŝƉƐĞ ϭϳйͿ 
o ƌĞŵŽǀĞ ƌĂŶĚŽŵůǇ Ϯϱй ŽĨ ĚĂƚĂ ƉĞƌ ĚĂǇ ;ŶŽƚĞĚ ŚĞƌĞĂĨƚĞƌ ϮϱйͿ 
o ƌĞŵŽǀĞ ϯϱй ŽĨ ĚĂƚĂ ƉĞƌ ĚĂǇ ŝŶ Ă ƌŽǁ ;ŶŽƚĞĚ ŚĞƌĞĂĨƚĞƌ ϯϱй ďůŽĐŬͿ 
o ƌĞŵŽǀĞ ϱϬй ŽĨ ĚĂƚĂ ƉĞƌ ĚĂǇ͕  ŽŶĞ ƐůŽƚ ŝŶ ƚǁŽ ;ŶŽƚĞĚ ŚĞƌĞĂĨƚĞƌ ϭƐůŽƚϮ ϱϬйͿ 
o ƌĞŵŽǀĞ ϱϬй ĚĂƚĂ ƉĞƌ ĚĂǇ ŝŶ Ă ƌŽǁ͕ ŚĂůĨ ĚĂǇ ĨƌŽŵ ϬϬH ƚŽ ϭϮH ;ŶŽƚĞĚ 

ŚĞƌĞĂĨƚĞƌ ϱϬй ďůŽĐŬͿ 
o ƌĞŵŽǀĞ ƌĂŶĚŽŵůǇ ϳϱй ŽĨ ĚĂƚĂ ƉĞƌ ĚĂǇ ;ŶŽƚĞĚ ŚĞƌĞĂĨƚĞƌ ϳϱйͿ 
o ƌĞŵŽǀĞ ϳϱй ŽĨ ĚĂƚĂ ƉĞƌ ĚĂǇ ŝŶ Ă ƌŽǁ ;ŶŽƚĞĚ ŚĞƌĞĂĨƚĞƌ ϳϱй ďůŽĐŬͿ 

 

 

“ĞǀĞƌĂů ŵĞƚƌŝĐƐ ƚŽ ĐŽŵƉĂƌĞ ƌĞĨĞƌĞŶĐĞ ĚĂŝůǇ ƌĂŝŶĨĂůů ĂĐĐƵŵƵůĂƚŝŽŶ ǁŝƚŚ ƚŚĞ ĚĞŐƌĂĚĞĚ ĚĂŝůǇ 
ƌĂŝŶĨĂůů ĂĐĐƵŵƵůĂƚŝŽŶ ĂƌĞ ƵƐĞĚ͗  
 

FŽƌ ƚŚĞ ŐƌŝĚ ƉŽŝŶƚƐ ǁŚŝĐŚ ƌĞŵĂŝŶ ƌĂŝŶǇ ŝŶ ƚŚĞ ƌĞĨĞƌĞŶĐĞ ĂŶĚ ƚŚĞ ĚĞŐƌĂĚĂƚŝŽŶ ĂŶĚ ŚĂǀĞ ĂŶ 
ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ŐƌĞĂƚĞƌ ƚŚĂŶ ϭ ŵŵͬĚĂǇ͗ 

 ŵĞĂŶ ĂŶĚ ƐƚĂŶĚĂƌĚ ĚĞǀŝĂƚŝŽŶ ŽĨ ƌĞůĂƚŝǀĞ ĚŝĨĨĞƌĞŶĐĞ ŽĨ ĚĂŝůǇ ƌĂŝŶĨĂůů ĂĐĐƵŵƵůĂƚŝŽŶ 

                                                           

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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 ƉĞƌĐĞŶƚĂŐĞ ŽĨ ŐƌŝĚ ƉŽŝŶƚ ǁŚŝĐŚ ĐŚĂŶŐĞĚ ĨƌŽŵ ƌĂŝŶǇ ƚŽ ŶŽŶ-ƌĂŝŶǇ ĂŶĚ ǀŝĐĞ ǀĞƌƐĂ͘  
 

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 
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AŶĂůǇƐŝƐ ŽĨ ƚŚĞ ƐƚĂƚŝƐƚŝĐƐ ƌĞƐƵůƚƐ͘ 
FŽƌ Ăůů ƚŚĞ ŐĞŽ ƉůĂƚĨŽƌŵ Žƌ ƐĞĂƐŽŶƐ ͗ 
WŚĞƚŚĞƌ ĨŽƌ ƚŚĞ ĚĞƚĞĐƚŝŽŶ ĐŚĂŶŐĞ ŝŶ Figure 4 Žƌ ƚŚĞ ƌĞůĂƚŝǀĞ ĚŝĨĨĞƌĞŶĐĞ ĂǀĞƌĂŐĞ ŽĨ 
ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ŝŶ Figure 2 ĂŶĚ Figure 3͕ Ă ŶĞƚ ĐŚĂŶŐĞ ŝƐ ŽďƐĞƌǀĞĚ ǁŚĞŶ ŝƚ ĞǆĐĞĞĚƐ Ă ϱϬй 
ŽĨ ƐƵĐĐĞƐƐŝǀĞ ŵŝƐƐŝŶŐ ŐĞŽ ĚĂƚĂ ;ďǇ ďůŽĐŬͿ͘ TŚĞ ƉĞƌĐĞŶƚĂŐĞ ŽĨ ƚŚĞ ŐƌŝĚ ƉŽŝŶƚƐ ǁŝƚŚ Ă ĚĞƚĞĐƚŝŽŶ 
ĐŚĂŶŐĞ ŝŶĐƌĞĂƐĞƐ ĨƌŽŵ ϱй ƚŽ ϮϬй ;ƐŚŽǁŶ ŝŶ Figure 4Ϳ͘ TŚĞ ƌĞůĂƚŝǀĞ ĚŝĨĨĞƌĞŶĐĞ ĂǀĞƌĂŐĞ 
ŝŶĐƌĞĂƐĞƐ ĨƌŽŵ ϱϬй ƚŽ ƐƵƉĞƌŝŽƌ Ăƚ ϭϬϬй ;ƐŚŽǁŶ ŝŶ Figure 2Ϳ͘ 
 

AŶĂůǇƐŝƐ ŽĨ ƚŚĞ ŵĂƉ ƌĞƐƵůƚƐ͘ 
IŶ Figure 5͕ ĨŽƌ ƚŚĞ ĚĞŐƌĂĚĂƚŝŽŶƐ ŽĨ Ϯϱй ŽĨ ŵŝƐƐŝŶŐ ŐĞŽ ĚĂƚĂ ĂŶĚ ϱϬй ŽĨ ŵŝƐƐŝŶŐ ŐĞŽ ĚĂƚĂ ;ŽŶĞ 
ƐůŽƚ ŝŶ ƚǁŽͿ͕ ƚŚĞ ƌĞůĂƚŝǀĞ ĚŝĨĨĞƌĞŶĐĞ ŽĨ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ŽƐĐŝůůĂƚĞƐ ďĞƚǁĞĞŶ -ϮϬй ĂŶĚ 
нϮϬй͘ FŽƌ ƚŚĞ ĚĞŐƌĂĚĂƚŝŽŶƐ ŽĨ ϳϱй ŽĨ ŵŝƐƐŝŶŐ ŐĞŽ ĚĂƚĂ ĂŶĚ ϱϬй ŽĨ ƐƵĐĐĞƐƐŝǀĞ ŵŝƐƐŝŶŐ ŐĞŽ 
ĚĂƚĂ ;ďǇ ďůŽĐŬͿ͕ ƚŚĞ ƌĞůĂƚŝǀĞ ĚŝĨĨĞƌĞŶĐĞ ŽĨ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů ŽƐĐŝůůĂƚĞƐ ďĞƚǁĞĞŶ -ϴϬй ĂŶĚ 
нϴϬй͘ IŶ Figure 6͕ ƚŚĞ ƌĂŝŶ ĚĞƚĞĐƚŝŽŶ ĐŚĂŶŐĞƐ ĨŽƌ Ăůů ƚǇƉĞƐ ŽĨ ĚĞŐƌĂĚĂƚŝŽŶƐ ĂƌĞ ŶŽƚ ůŽĐĂƚĞĚ ŽŶ 

MSG 08/05/12 GOES-E 01/05/12 GOES-E 08/05/12 MET7 07/25/13
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ƐƉĞĐŝĨŝĐ ŐĞŽŐƌĂƉŚŝĐĂů ƌĞŐŝŽŶ͘ TŚĞ ŵĂŝŶ ǀĂƌŝĂƚŝŽŶ ŝƐ ƚŚĞ ůŽƐƐ ŽĨ ƌĂŝŶ ĚĞƚĞĐƚŝŽŶ ;ŝŶ ďůƵĞ ŽŶ ƚŚĞ 
ŵĂƉƐ͕ ƚŚĞ ĨĂůƐĞ ƉŽƐŝƚŝǀĞ ŝƐ ŝŶ ƌĞĚ͗ ĚĞƚĞĐƚŝŽŶ ŽĨ ƌĂŝŶ ŝŶ ƚŚĞ ĚĞŐƌĂĚĞĚ ĐĂƐĞ ǁŚĞƌĞĂƐ ƚŚĞƌĞ ŝƐ ŶŽ 
ƌĂŝŶ ĚĞƚĞĐƚŝŽŶ ŝŶ ƚŚĞ ƌĞĨĞƌĞŶĐĞ ĐĂƐĞͿ͘ TŚĞ Figure 7 ĂŶĚ Figure 8 ĐŽŶĨŝƌŵ ƚŚĂƚ ƚŚĞ ŝŵƉĂĐƚ ŽĨ ŽŶĞ 
ĚĞŐƌĂĚĂƚŝŽŶ ƚǇƉĞ ;ŚĞƌĞ ϳϱй ŽĨ ŵŝƐƐŝŶŐ ŐĞŽ ĚĂƚĂͿ ŝƐ ƚŚĞ ƐĂŵĞ ƌĞŐĂƌĚůĞƐƐ ŶĞŝƚŚĞƌ ƚŚĞ ŐĞŽ 
ƉůĂƚĨŽƌŵƐ ;M“G͕ GOE“-E͕ METEO“AT-ϳͿ ŶŽƌ ƚŚĞ ƐĞĂƐŽŶƐ ;ŝŶ ƐƵŵŵĞƌ Žƌ ǁŝŶƚĞƌ ĨŽƌ GOE“-EͿ͘ 
 

OďǀŝŽƵƐůǇ͕  ƚŚĞ ŵŽƌĞ ŝŶƉƵƚ ŐĞŽ ĚĂƚĂ ŝƐ ŵŝƐƐŝŶŐ͕ ƚŚĞ ŵŽƌĞ ƚŚĞ ƌĂŝŶ ĚĞƚĞĐƚŝŽŶ ŝƐ ĂĨĨĞĐƚĞĚ͘ BƵƚ͕ ŝĨ 
ƚŚĞ ŝŶƉƵƚ ŐĞŽ ĚĂƚĂ ŝƐ ŵŝƐƐŝŶŐ ƐƵĐĐĞƐƐŝǀĞůǇ͕  ƚŚĞ ŝŵƉĂĐƚ ŝƐ ŐƌĞĂƚĞƌ ŽŶ ƚŚĞ ĂĐĐƵŵƵůĂƚĞĚ ƌĂŝŶĨĂůů 
ƚŚĂŶ ŝĨ ŝƚ ŝƐ ŵŝƐƐŝŶŐ Ăƚ ƌĂŶĚŽŵ͘ FŽƌ ƚŚĞ ƐĂŵĞ ƉĞƌĐĞŶƚ ŽĨ ŵŝƐƐŝŶŐ ŐĞŽ ĚĂƚĂ ;ϱϬйͿ͕ ƚŚĞ ƌĞƐƵůƚƐ ŽĨ 
ƚŚĞ ŵŝƐƐŝŶŐ ĚĂƚĂ ŽŶĞ ƐůŽƚ ŝŶ ƚǁŽ ĂŶĚ ďǇ ďůŽĐŬ ƐŚŽǁ Ă ŶĞƚ ĚŝĨĨĞƌĞŶĐĞ ǁŚĞƚŚĞƌ ƚŚĞ ĂǀĞƌĂŐĞ ŽĨ 
ƚŚĞ ƌĞůĂƚŝǀĞ ĚŝĨĨĞƌĞŶĐĞ ;Ϯϰй ƚŽ ϳϬйͿ Žƌ ƚŚĞ ƌĂŝŶ ĚĞƚĞĐƚŝŽŶ ĐŚĂŶŐĞ ;ϭϭй ƚŽ ϭϱйͿ ŝŶ Figure 2 
ĂŶĚ Figure 3͘ 

 
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 

 



14 

 

 

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 

͙Ϳ͘ 
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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