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(\% LST Named An Essential Climate
®8F \ariable by CCSP, GCOS & EOS*

SURFACE TEMPERATURE EVAPOTRANSPIRATION
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*Climate Change Science Program Strategic Plan Chapter 12. Observing and Monitoring the Climate System, published by the
U.S. Climate Change Science Program, Washington, DC 20006 (Images from M.C. Anderson)
The Second Report on the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC, GCOS-82, April
2003 (WMO/TD No. 1143).
M. D. King, , EOS Science Plan: The State of Science in the EOS, ED. 1999.




Climate Change Detection Using
Preliminary AVHRR LTDR
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» “Anomaly” is determined relative to
reference climate information
(statistics) derived from long time
series of well-calibrated products
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45-year Record From Just 3 Sensor Designs



Observatory Differences Provide Unique
Challenges for Diurnally-Changing Variables

Satellite Sensor AVHRR MODIS VIIRS
Characteristics
Platform/System NOAA/POES EOS Terra and Aqua NPP/NPOESS™*
Data Period 1981-present 2000 (Terra) to present Planned: ~2009 (NPP)
2002 (Aqua) to present to ~2026
(NPOESS)
patial Resolutio 1.1 (LAC) 1 0.75
-(Nadir) [km] ~4 (GAC”)
ixel Growth Unconstrained Unconstrained Constrained
Across Sca
verpass Time 13:40-14:30 10:30 (Terra) 13:30
(nominal) (NOAA pm orbit drifts); 13:30 (Aqua)
(METOP will also provide
09:30 data from
- tZUU/U . . . , .
Temporal Resolution At least twice daily At least twice daily At least twice daily
Radiometric 10 bits 12 bits 12 bits
Resolution
Swath 2800 km (£55 “off nadir) 2330 km (55 “off nadir) 3040 km (£56 “off nadir)
Mid-IR bands 1 4 2
(number)
TIR bands (number) 2 3 3

All are nominally sun-syncronous, polar-orbiting




Spectral Differences Add To Emissivity
and Water Vapor Uncertainties

High resolution atmospheric absorption spectrum
and comparative blackbody curves.
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Orbital Drift of NOAA Satellites

Is Africa’s Surface Cooling?

LST in July 1996 LST in July 2000

NOAA-14’s First Year: Overpass Time: ~13:30 NOAA-14’s Fifth Year: Overpass Time: ~16:00

= LST Time Series require temporal “normalization” for intercomparison

From Pinheiro et al., Remote Sensing of Environment, 103 (2006) 8
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Intercomparison of Heritage Algorithms
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Most Algorithms Are Minimally Sensitive
to Sensor Bandpass Differences

Mean Precision Error
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Sensitivity to Emissivity Uncertainties
Varies Significantly
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=» Land-cover-based € maps are likely not sufficient.

From Yu et al., IEEE, forthcoming 12



N% Towards Spatially Continuous
Emissivity Maps

From Pinheiro et al., RSE, 2006

= ¢(MODIS IGBP Land Cover Type, Soil Type, <barren, herbaceous, tree fractional cover>, laboratory emissivity

= Pros: Inter- and intra land cover class spatial variability, pixel-wise “spatially continuous” per reality
=>»Cons: Fractional emissivity summed linearly (no cavity), Not temporarly or angularly varying, Not validated
13



NASA
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Atmospheric Path Length Effects Can
Be Reduced With One Additional Term
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=> “Angularly-tuned” split window algorithms still “break down” at high view angles

From Yu et al., IEEE, forthcoming
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Validation Approaches

“Simultaneous Nadir Overpass”: Polar-orbiting
satellites with different altitudes regularly cross
orbital intersections within seconds of each other

in polar regions From F. Weng., IGARSS, (2005)

Field campaigns provide rigorous but limited data
2 paigns p g
" (e.g., Validation of AVHRR 14 LST in South Africa (Y2000).
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From Pinheiro et al.,
Remote Sensing of Environment, 103 (2006)

Continuous field observations from NOAA’s
Climate Reference Network and SurfRBad are
archived in near real time at the National Climatic
Data Center (NCDC). Approximately 100 sites.
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2007 Plans



“S*\f‘“ Tasks for Pilot LST Product

« Acquire 1 yr. TOA B(T) from Project

« Generate global “continuous fields” emissivity maps
— AVHRR already developed for Africa
— Extendable to MODIS, VIIRS, global

* Finalize algorithm choice (Yu recent work)
* Develop QA/QC method/format
« (Generate global LST test product

« Validation/evaluation with field / ASTER / MODIS
products

* Qrbital Drift to be addressed if time allows

17




Task Schedule for 2007

Task Planned
Completion
Acquire 1 yr. TOA B(T) from Project January
Finalize algorithm choice March

Generate global “continuous fields” emissivity maps May
Develop QA/QC method/format May
Generate global LST test product July

Validation/evaluation with field/ASTER/MOD11 December
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Questions?

Thanks!
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