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OverviewOverview

• Satellites and SensorsSatellites and Sensors

• Satellite data for Climatology?Satellite data for Climatology?

• Case StudiesCase Studies
– Wind SpeedWind Speed
– Significant Wave HeightSignificant Wave Height
– Atmospheric Moisture and PrecipitationAtmospheric Moisture and Precipitation



    

Satellites and SensorsSatellites and Sensors

• Active Active MicrowaveMicrowave
– Transmit ‘ping’ from space, measure returning signalTransmit ‘ping’ from space, measure returning signal

• Passive Passive MicrowaveMicrowave
– Measure microwave energy emitted from earthMeasure microwave energy emitted from earth

• Passive Passive Visible/Near IR ImagingVisible/Near IR Imaging
– Measure visible light and heat reflected off earthMeasure visible light and heat reflected off earth

• Passive Passive Thermal ImagingThermal Imaging
– Measure ‘black body’ temperature emitted from earthMeasure ‘black body’ temperature emitted from earth

• Passive Passive Multi-spectral ImagingMulti-spectral Imaging
– Measure across microwave, visible/NIR and thermal Measure across microwave, visible/NIR and thermal 

bandsbands



    

Satellites and SensorsSatellites and Sensors

• Active Microwave – Radar ImagingActive Microwave – Radar Imaging
– Sensors: SAR, ASARSensors: SAR, ASAR
– Returns: image at radar wavelengthsReturns: image at radar wavelengths
– Flown on: Radarsat, EnvisatFlown on: Radarsat, Envisat
– Resolution: down to 10 mResolution: down to 10 m
– Parameters: Ice, waves, swell, internal wavesParameters: Ice, waves, swell, internal waves



    



    

Satellites and SensorsSatellites and Sensors

• Active Microwave - ScatterometerActive Microwave - Scatterometer
– Sensors: SeaWinds/Quikscat, ASCAT, (NSCAT)Sensors: SeaWinds/Quikscat, ASCAT, (NSCAT)
– Measures: Backscatter ~ surface roughness ~ wind speedMeasures: Backscatter ~ surface roughness ~ wind speed
– Flown on: QuikBird, Metop, ERS-2 (ADEOS, ERS-1)Flown on: QuikBird, Metop, ERS-2 (ADEOS, ERS-1)
– Resolution: 25kmResolution: 25km
– Parameters: Ice, Wind vectorsParameters: Ice, Wind vectors



    



    

Satellites and SensorsSatellites and Sensors

• Active Microwave - AltimeterActive Microwave - Altimeter
– Sensors: SSALT, NRA-2, RA-2, GFO RASensors: SSALT, NRA-2, RA-2, GFO RA
– Measures: time ~ altitude; signal shape ~ wave Measures: time ~ altitude; signal shape ~ wave 

height; signal scatter ~ wind speedheight; signal scatter ~ wind speed
– Flown on: Jason, Envisat, GFO (ERS-1, ERS-2, Flown on: Jason, Envisat, GFO (ERS-1, ERS-2, 

Topex/Poseidon)Topex/Poseidon)
– Resolution: 5 km along track.  No swathResolution: 5 km along track.  No swath
– Parameters: Significant Wave Height, Wind Speed, Parameters: Significant Wave Height, Wind Speed, 

Ocean Surface Topography, Mesoscale Ocean Ocean Surface Topography, Mesoscale Ocean 
Features, Derived Geostrophic CurrentsFeatures, Derived Geostrophic Currents



    

Altimeter (Jason) Sea Level Anomaly: El Nino (Top) & La Nina (Bottom)



    

Satellites and SensorsSatellites and Sensors

• Passive MicrowavePassive Microwave
– Sensors: TMI, SSM/I, AMSR, AMSUSensors: TMI, SSM/I, AMSR, AMSU
– Measures: Brightness temperatures from surface and Measures: Brightness temperatures from surface and 

atmospheric radiation at multiple wavelengths in atmospheric radiation at multiple wavelengths in 
microwave spectrummicrowave spectrum

– Flown on: TRMM, DMSP, AQUA, MetOpFlown on: TRMM, DMSP, AQUA, MetOp
– Resolution: 25 km in 1400 km wide swathResolution: 25 km in 1400 km wide swath

– Parameters: ocean surface wind speed, ice cover and Parameters: ocean surface wind speed, ice cover and 
age, integrated columnar water vapor, cloud liquid age, integrated columnar water vapor, cloud liquid 

water, precipitation rate, and sea surface temperaturewater, precipitation rate, and sea surface temperature  



    

F13 SSM/I 28 April 2008 Evening Pass



    

TRMM TMI 28 April 2008 Evening Pass



    

Satellites and SensorsSatellites and Sensors

• Passive Visible/NIR/IR ImagingPassive Visible/NIR/IR Imaging
– Sensors: VISSR, MVISR, AVHRR, MODIS, MERIS, Sensors: VISSR, MVISR, AVHRR, MODIS, MERIS, 

ATSR, SEAWIFS ….ATSR, SEAWIFS ….
– Returns: Brightness at multiple wavelengthsReturns: Brightness at multiple wavelengths
– Flown on: Multiple platformsFlown on: Multiple platforms
– Resolution: From 100s of metresResolution: From 100s of metres
– Parameters: cloud incl low cloud/fog, ocean colour, Parameters: cloud incl low cloud/fog, ocean colour, 

turbidity, dust, aerosolsturbidity, dust, aerosols



    

AVHRR Image (NOAA-16) 22 Sep 2005 – Hurricane Rita



    

MODIS Image - 04 Apr 2003



    

SEAWIFS (OrbView-2) Images: 04 Oct 2002 – Chrorophyll



    

The Case for Satellite ClimatologyThe Case for Satellite Climatology

• Global coverage (not just shipping routes)Global coverage (not just shipping routes)

• Don’t avoid severe weather conditionsDon’t avoid severe weather conditions

• Volume of observationsVolume of observations

• Well calibrated against in situ measurementsWell calibrated against in situ measurements

• Bulk re-processing for new algorithmsBulk re-processing for new algorithms

• Minimal subjective human interpretationMinimal subjective human interpretation



    

Limitations and ChallengesLimitations and Challenges

• ‘‘Incomplete’ weather observationIncomplete’ weather observation

• Affected by severe weatherAffected by severe weather

• Unable to capture some extreme eventsUnable to capture some extreme events

• Limited diurnal coverage from sun synchronous Limited diurnal coverage from sun synchronous 
satellitessatellites

• Limited coastal coverageLimited coastal coverage

• Short observational history unsuitable for long time Short observational history unsuitable for long time 
series, climate change trends etcseries, climate change trends etc



    

Case StudiesCase Studies

• Wind Speed (Quikscat)Wind Speed (Quikscat)

• Significant Wave Height (Multiple altimeters)Significant Wave Height (Multiple altimeters)

• Atmospheric Moisture and Precipitation (SSM/I)Atmospheric Moisture and Precipitation (SSM/I)
------------------------------------------------------------------------------------------------------------------------

• Sea Surface Temperature Sea Surface Temperature 

• Cloud Cloud 

• Sea IceSea Ice

• Ocean ColourOcean Colour



    

Wind Speed and DirectionWind Speed and Direction

• Sensor: SeaWinds scatterometer on QuikscatSensor: SeaWinds scatterometer on Quikscat

• Data Source: Remote Sensing SystemsData Source: Remote Sensing Systems

• Resolution: 25 kmResolution: 25 km

• Swath Width: 1800 kmSwath Width: 1800 km

• Time Series: ~ 9 yearsTime Series: ~ 9 years

• Observations: ~ 2.2 billionObservations: ~ 2.2 billion

• Parameter: Wind speed vectors at 10 m (~ 10 Parameter: Wind speed vectors at 10 m (~ 10 
minute averaged)minute averaged)

• Processing: Already QC’d and flagged.  Bin on Processing: Already QC’d and flagged.  Bin on 
regular grid and calculate statisticsregular grid and calculate statistics



    



    



    



    



    



    

Significant Wave HeightSignificant Wave Height

• Sensors: GFO, Envisat, Topex/Poseidon, Jason, Sensors: GFO, Envisat, Topex/Poseidon, Jason, 
ERS-2ERS-2

• Data Source: JPL PODAAC, ESA, USNData Source: JPL PODAAC, ESA, USN
• Resolution: 5 kmResolution: 5 km
• Swath Width: NilSwath Width: Nil
• Time Series: ~ 36 satellite yearsTime Series: ~ 36 satellite years
• Observations: ~ 600 millionObservations: ~ 600 million
• Parameter: Significant Wave HeightParameter: Significant Wave Height
• Processing: Extract from geophysical data Processing: Extract from geophysical data 

records, QC, bin on ¼ degree grid, calculate records, QC, bin on ¼ degree grid, calculate 
statisticsstatistics



    



    



    



    



    



    

Atmospheric Moisture and PrecipitationAtmospheric Moisture and Precipitation

• Sensor: SSM/I on DMSP and TMI on TRMMSensor: SSM/I on DMSP and TMI on TRMM

• Data Source: Remote Sensing SystemsData Source: Remote Sensing Systems

• Resolution: 25 kmResolution: 25 km

• Swath Width: ~ 1400 kmSwath Width: ~ 1400 km

• Time Series: ~ 51 satellite yearsTime Series: ~ 51 satellite years

• Observations: ~ 41 billionObservations: ~ 41 billion

• Processing: Already QC’d and flagged.  Bin in Processing: Already QC’d and flagged.  Bin in 
regular grid and calculate statisticsregular grid and calculate statistics



    



    



    



    



    



    



    



    



    



    



    



    



    

Blended SeaWindsBlended SeaWinds

• NCDC ProjectNCDC Project
– Sensors: SSM/I F13, F14, F15; AMSR-E; TMI; QuikscatSensors: SSM/I F13, F14, F15; AMSR-E; TMI; Quikscat
– 21 year, 6 hourly, 0.2521 year, 6 hourly, 0.25º dataset (6 satellites since 2002) º dataset (6 satellites since 2002) 
– http://www.ncdc.noaa.gov/oa/rsad/seawinds.htmlhttp://www.ncdc.noaa.gov/oa/rsad/seawinds.html
– Local diurnal variability?Local diurnal variability?

http://www.ncdc.noaa.gov/oa/rsad/seawinds.html


    

Other Satellite Climatology ResourcesOther Satellite Climatology Resources

• GHRSSTGHRSST

• ISCCPISCCP

• Sea IceSea Ice

• Ocean ColourOcean Colour



    



    

GHRSST-PPGHRSST-PP

• Multi-sensor, multi-platform foundation SSTMulti-sensor, multi-platform foundation SST

• Geostationary and sun-synchronous platformsGeostationary and sun-synchronous platforms

• Microwave and thermal imaging sensorsMicrowave and thermal imaging sensors

• Near real-time swath (L2P) productsNear real-time swath (L2P) products

• Re-mapped (L3) productsRe-mapped (L3) products

• Optimally interpolated gridded regional and global Optimally interpolated gridded regional and global 
(L4) analyses to 5 km and 6 hourly resolution(L4) analyses to 5 km and 6 hourly resolution

• Best copy re-analysis datasets for climate studiesBest copy re-analysis datasets for climate studies



    

OSTIA L4 Global SST Analysis – 04 May 2008



    



    

ISCCPISCCP

• 8 km, 3 hourly geostationary satellite brightness 8 km, 3 hourly geostationary satellite brightness 
temperature in all channelstemperature in all channels

• Covers 28 satellites since 1978Covers 28 satellites since 1978

• Cloud type determined by reflectance and Cloud type determined by reflectance and 
temperature from pairs of IR and VIS/NIR images temperature from pairs of IR and VIS/NIR images 



    

ISCCP Cloud Climatology



    

The NSIDC DAAC archives and distributes brightness temperature data, polar 
atmosphere data, satellite imagery, sea ice data, snow cover data, and ice sheet data. 

Visible Infrared: NSIDC distributes visible and infrared data from the TIROS 
Operational Vertical Sounder (TOVS) suite of instruments, the MODIS instruments, and 
the AVHRR instrument. 

LIDAR: NSIDC distributes laser data from the GLAS instrument. 

Passive Microwave: NSIDC distributes passive microwave data from the AMSR-E 
instrument, the AMSR instrument, the SSMR instrument, and the SSM/I instrument. 

Active Microwave: NSIDC distributes active microwave data from the RADARSAT 
instrument, scatterometer instruments, and radar altimeters. 

http://nsidc.org/daac/projects/visible_infrared/index.html
http://nsidc.org/daac/projects/lidar/index.html
http://nsidc.org/daac/projects/passivemicro/
http://nsidc.org/daac/projects/activemicro/


    

NSIDC Minimum Arctic Sea Ice Extent

NScat - 1979 Quikscat - 2005



    

Antarctic Sea Ice Extent (Quikscat)

Jul 99 May 08



    



    

Mean Chrorophyll 2003 – 2006 (MODIS and SEAWIFS)

January April

July October



    

SummarySummary

• Satellite sensors provide a massive volume of Satellite sensors provide a massive volume of 
quality data that can be used to develop quality data that can be used to develop 
climatologies of some variables also measured by climatologies of some variables also measured by 
in-situ observations.in-situ observations.

• These data are already in the public domain These data are already in the public domain 
(USA) or available to researchers (Europe)(USA) or available to researchers (Europe)

• We cannot ignore them, butWe cannot ignore them, but

• Which is the right JCOMM group to exploit them?Which is the right JCOMM group to exploit them?

• What products should be developed?What products should be developed?



    

QuestionsQuestions


