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Global navigationsatellitesystem

Globalnavigationsatellitesystem(GNSS)consistsof:

Å GlobalPositioningSystem(GPS)

Å Galileo

Å GLONASS

Å BeiDou

Å (QZSS)

Å (IRNSS)

InGNSS,theestimationofpositionandrelatedparametersisbasedon

theveryprecisetimemeasurementofelectromagneticwave

propagation.



GNSS signalpropagationin the atmosphere

GNSS signalsin the atmosphere

ionospheric

delay
troposphericdelay

hydrostaticdelay wet delay



Troposphereinfluence on the GNSS signalpropagation

ἡ╗╓(slanthydrostaticdelay)ðdelaycausedbythehydrostaticpartofthe

atmospherewhichvaluedependsonpressureandtemperature.

ἡ╦╓(slantwetdelay)ðdelaycausedbythewetpartoftheatmosphere

whichvaluedependsontemperatureandwatercontentinthetroposphere.

Troposphericdelayforeachsatellite-receiverpathcanbedescribedas:

ὛὝὈὛὌὈὛὡὈ

╢ἢἎ(slanttroposphericdelay)ðtotaldelaycausedbythetroposphere

alongthesatellite-receiverpath.
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Inpractice,troposphericdelayisexpressedinthezenithdirection:
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άὪ‐isthe mappingfunctiondependent on the elevationangle(ů) of the 

satellite: 

whereὥȟὦȟὧarecoefficientsseparatelydeterminedfor hydrostaticand wet 

delays.

Troposphereinfluence on the GNSS signalpropagation
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Zenithtroposphericdelay:

:ὝὈ ὤὌὈὤὡὈ ᵼ ὍὡὠὤὡὈȟὖȟὝ

an approximate function of ὖ

an approximate function ofὩ
directoutcomeof GNSS 

observationpeocessing an approximate function ofὤὝὈȟὖȟὝ

GNSS meteorology-zenithtroposphericdelayconversionto IWV

integratedwatervapour(kg/m2) or

precipitablewatervapour(mm)



The GNSS meteorology

GNSS-deliveredPWV/IWV reflectsmoisturecontentin the atmosphereand canbe obtainedwith various

temporalresolution, whilethe spatialresolution isdeterminedwith numer of stations.

Temporalresolution typicallyfrom 

5min to 1 hour



ÅENSO (MEI index) ÅIndian Ocean Dipole (DMI index)

Tropicalmoisture: long-term variability



Tropicalmoisture: long-term variability

Db{{ ǎȅǎǘŜƳǎ Ŏŀƴ ōŜ ŘŜǇƭƻȅŜŘ ŀǎ ŀ 
ǇŜǊƳŀƴŜƴǘ ƴŜǘǿƻǊƪ ŀƴŘ ƻǇŜǊŀǘŜŘ 
Ŏƻƴǘƛƴǳƻǳǎƭȅ ǿƛǘƘƻǳǘ ǘƘŜ ƴŜŜŘ ŦƻǊ 
ŘŜŘƛŎŀǘŜŘ ŦƛŜƭŘ ŎŀƳǇŀƛƎƴǎ ƻǊ ƻƴπǎƛǘŜ 
ǇŜǊǎƻƴƴŜƭΣ ǿƘƛƭŜ ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ 
ǇǊƻǾƛŘƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴ ŀǘ ƳǳƭǘƛǇƭŜ 
ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎ



Tropicalmoisture: long-term variabilityimpacton diurnaltimescale



Tropicalmoisture: long-term variabilityimpacton diurnaltimescale



ÅThediurnalcycleistheprimarymodeofconvective

variabilityinthetropicalenvironment.

ÅMonitoringandunderstandingitsdiurnalfeaturesare

importantforabetterunderstandingofweathervariability

inthetropicsandglobalenergytransport.

ÅInsufficientdiurnalandspatialsamplingofinsitu

observations

Å Bulkproperties(clouds,precipitation)wellsampledby

satellites,butnotmoisture.

ÅCanGNSSfillthegapandadvanceunderstandingof

couplingbetweenmoisturevariabilityandprecipitationon

adiurnaltimescalewithintheglobaltropics?

Tropicalmoisture: diurnalvariability
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Precipitation CloudTop Temperature(Tb) Integratedmoisture(PWV)

The Tropical Rainfall Measurement 

Mission gridded dataset (TRMM 

3B42 v7) 

Å0.25  Ҹspatialresolution

Å3-hour temporalresolution

Å01.2001 ð12.2018 timespan(full

18 years)

Global, mergedinfraredgridded, 

multi-satellite product (Level 3)

dataset

Å4 km spatialresolution

Å30-min temporalresolution

Å01.2001 ð12.2018 timespan(full

18-years)

Reprocessedobservationsfrom 42 

IntegrantionalGNSS Servise(IGS) 

stations, 

ÅScatteredacrossglobaltropics

Å1-hourtemporalresolution

Å01.2001 ð12.2018 (atleast16-year 

longobservations)

Tropicalmoisture: diurnalvariability



Precipitation CloudTop Temperature(Tb) Integratedmoisture(PWV)

The Tropical Rainfall Measurement 

Mission gridded dataset (TRMM 

3B42 v7) 

Å0.25  Ҹspatialresolution

Å3-hour temporalresolution

Å01.2001 ð12.2018 timespan(full

18 years)

Global, mergedinfraredgridded, 

multi-satellite product (Level 3)

dataset

Å4 km spatialresolution

Å30-min temporalresolution

Å01.2001 ð12.2018 timespan(full

18-years)

Reprocessedobservationsfrom 42 

IntegrantionalGNSS Servise(IGS) 

stations, 

ÅScatteredacrossglobaltropics

Å1-hourtemporalresolution

Å01.2001 ð12.2018 (atleast16-year 

longobservations)

interpolatedto GNSS sitelocations

Tropicalmoisture: diurnalvariability



Diurnalcycledecomposition:

ÅIncludingdailymean,diurnalandsemi-diurnalharmonics

Åconductedindependentlyforeachvariableatalllocations

toinvestigatevariabilityinarangeoftropicalclimates

Åcalculatedasamonthlycomposite,amulti-yearannual

averageandamulti-yearseasonalaverageforeachofthe

fourseasons

Tropicalmoisture: diurnalvariability



Land-lockedstations

ÅClearvariabilityofPWV,precandTB

ÅPWVsinglemaximuminlocalafternoonduringenhanced

precipitation

ÅDailyvariationinPWVissmallcomparedtotheaverage

ÅPrecipitationandTbmaximuminlocalafternoon

Tropicalmoisture: diurnalvariability



Coastalstations:

ÅPWVconsistentwithTbandprecipitation

ÅSinglePWVmaximuminlocalafternoon

ÅHighermeanPWVcomparedtoland-lockedexamples

Tropicalmoisture: diurnalvariability



Smallislandsstations:

ÅSinglePWVmaximuminlocalafternoon

ÅSecondary,early-morningprecipitationpeak,associatedwitha

largerthanusualvariabilityincloudtoptemperatureaverages(dots)

andPWVminimum

ÅTbpointsarescatteredduringthemorningminimum,indicating

substantialvariabilityincloudpopulations

Tropicalmoisture: diurnalvariability



GNSSenablestofollowdiurnalvariabilityinatmospheric

integratedmoisture

Tropicalmoisture: diurnalvariability

Thereappearstobedifferenceindiurnalevolutionofcoupled

thermodynamicsbetweenland-locked,coastalandsmallisland

stations



PWV

ÅGNSSallowsustoidentifyvisibledifferences

betweenanalysedstations

ÅDailymeanPWVrangesfrom3.64to57.52mmð

determinedbystationlocationandaltitude

ÅContinentalandlargeislandstationsshowlarger

diurnalamplitudeofPWVthansmallislands

ÅAmplitudesofdiurnalPWVvariationsaresmall

comparedtodailymeanvalues(0.13-2.47)

ŘƛǎǘƛƴŎǘŘƛǳǊƴŀƭŘƛǎǘƛƴŎǘǎŜƳƛπŘƛǳǊƴŀƭ

Tropicalmoisture: diurnalvariability



Precipitation

ÅHighPWVvaluesareassociatedwithhigh

precipitationrates(e.g.BAKO),andlowPWV

valuescorrespondtosmallprecipitationvalues

(e.g.AREQ)

Ådiurnalamplitudeishighovercontinentaland

largeislandstations,whereprecipitationpeaksin

thelocalafternoon

Å30%ofstationsarecharacterizedbyasemi-diurnal

precipitationamplitudeexceedingadiurnalone.

ÅThesemi-diurnalcycleistheprimarilysubdiurnal

modeatsmallislandsthatshowanoverallsmall

diurnalvariation.

Tropicalmoisture: diurnalvariability



Cloudtoptemperature(TB)

Åtheevolutionisdominatedbydiurnalcycle

Åsubstantiallylargerdiurnalvariationover

continentalandlargeislandsthansmallislands

Åshiftinthephasetowardslaterhoursin

comparisonwithdiurnalpeakineitherPWVor

precipitation

Tropicalmoisture: diurnalvariability
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Tropicalmoisture: diurnaland subdiurnalvariability



The GNSS meteorologyin tropicalmoisturevariabilityðsummary

Å GNSS hasabilityto deliverintegratedmoisturedata with anaccurracycomparableto RS, and even

30 yearobservations

Å GNSS IWV observations offer temporal resolution adequate for studying both interannual and 

diurnal variability, while their spatial resolution allows the analysis of the spatial variability of these 

processes

Å We wereableto studya diurnalevolutionof integratedmoistureand foundout thatitis

characterizedby a mono-modaldistribution, unlikee.g. the precipitation

But GNSS hasalsoanotheradvantagesthatwereusedin ourstudies



The GNSS Reflectometry

Thereisanimprovementinunderstandingoftropicaldynamics

whichtranslatestobettermodelrepresentationandimproved

forecastskillofanextremeprecipitation.

¢ƘŜ ƪŜȅƭƛƳƛǘŀǘƛƻƴƛƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎŀ 
ǇǊƻǇŜǊƭƛƴƪ ōŜǘǿŜŜƴǇǊŜŎƛǇƛǘŀǘƛƻƴŀƴŘ 
ŦƭƻƻŘǎƻŎŎǳǊǊŜƴŎŜƛǎŀ ǊƻōǳǎǘΣ 
ŎƻƘŜǊŜƴǘŀƴŘ ƭƻƴƎπǘŜǊƳ ŦƭƻƻŘŘŀǘŀΦ

Whilerelationshipbetweenprecipitationandfloodsmayappear

obvious,itisnot.



The GNSS Reflectometry

Methodsforflooddataaccess:

SUBJECTIVEDATASOURCES

ÅGovermentreports/databaseðrequirehuman-basedobservationandsubsequent

reportingit

ÅCrowdsourced:

-newspapers-butthehighestattentiontolargeevents

-socialnetworks-butthehighestattentiontolargeevents

OBJECTIVEDATASOURCES

ÅSatellite

-optical(e.g.VIIRS/LANDSAT)ðbutcloudcover/densevegetation

-activeradars(e.g.Sentinel-1/PALSAR)ðbutrevisittime

-microwaveradiometers(e.g.SWAMPSv3/GIEMS-2)ðbutspatialresolution

ÅInsituobservationsðirregularobservationalnetwork

.ŀǊŀƴƻǿǎƪƛ Ŝǘ ŀƭΦнлнм



The GNSS Reflectometry

Methodsforflooddataaccess:

SUBJECTIVEDATASOURCES

ÅGovermentreports/databaseðrequirehuman-basedobservationandsubsequent

reportingit

ÅCrowdsourced:

-newspapers-butthehighestattentiontolargeevents

-socialnetworks-butthehighestattentiontolargeevents

OBJECTIVEDATASOURCES

ÅSatellite

-optical(e.g.VIIRS/LANDSAT)ðbutcloudcover/densevegetation

-activeradars(e.g.Sentinel-1/PALSAR)ðbutrevisittime

-microwaveradiometers(e.g.SWAMPSv3/GIEMS-2)ðbutspatialresolution

ÅInsituobservationsðirregularobservationalnetwork

Alternative:

GNSS-Reflectometry
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The GNSS ReflectometryðCycloneGNSS (CYGNSS) dataset



The GNSS Reflectometry



CYGNSS for floodsobjectiveidentification



Å CYGNSS cancapture

CCKW inductedflood

Å CYGNSS candetect

submergedareasunder

city-scale

Case study:

Floodin Padang

(31.05.2017)

CYGNSS small-scalefloodsidentification
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CYGNSS small-scalefloodsidentification


