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Emissivity Progress at JPL

New ASTER Cloud Masking Methodology

Hulley G.C., S.J. Hook, 2008, A New Methodology for Cloud Detection and Classification with Advanced Spaceborne
Thermal Emission and Reflection (ASTER) Data, Geophys. Res. Lett., 35, L16812, d0i:10.1029/2008GL 034644

ASTER Land Surface Emissivity Database — CA/NV

Hulley G.C., S.J. Hook, A.M. Baldridge, 2008, The ASTER Land Surface Emissivity Database of California and Nevada,
Geophys. Res. Lett., L13401, doi:10.1029/2008GL034507

The North American ASTER Land Surface Emissivity
Database (NAALSED) Version 2.0 (http://emissivity.jpl.nasa.gov)

Hulley, G.C., S.J. Hook, 2009, The North American ASTER Land Surface Emissivity Database Version 2.0, Remote Sensing
of Environment, in 2" review

Validation of the North American ASTER Land Surface
Emissivity Database (NAALSED) Version 2.0

Hulley, G.C., S.J. Hook, 2009, Validation of the North American ASTER Land Surface Emissivity Database (NAALSED),
Remote Sensing of Environment, in 2™ review


http://emissivity.jpl.nasa.gov/�

...Emissivity Progress

MODIS vg Emissivity Evaluation

Hulley, G.C., S.J. Hook, 2009, Intercomparison of versions 4, 4.1 and 5 of the MODIS Land Surface Temperature and
Emissivity products and validation with laboratory measurements of sand samples from the Namib desert, Namibia.,
Remote Sensing of Environment, 113, 1313-1318

AIRS vg Emissivity Validation over the Namib and Kalahari

Hulley, G.C., S.J. Hook, E. Manning, S. Lee, E. Fetzer, 2009, Validation of the Atmospheric Infrared Sounder (AIRS)
Version 5 Land Surface Emissivity Product over the Namib and Kalahari Desert, Journal of Geophysical Research
Atmospheres, submitted

Evidence for the Effects of Precipitation on Land Surface
Emissivity Retrievals from AIRS, MODIS and ASTER

15t Draft

AIRS, MODIS, NAALSED Intercomparison Paper over North

America
In progress..



AIRS V5 Emissivity Validation

AIRS Land Surface Emissivity Product
Retrieval at 39 hinge-points (3.7-15 pum)
Twice-daily: 2002-2009
45 km spatial resolution
Stage 1 validation, uncertainty of 10%

ASTER Land Surface Emissivity Product
Retrieval at 5 bands in the TIR (8-12 pum) using TES algorithm
16 day repeat: 2000-2009
90 m spatial resolution
Stage 3 validation, uncertainty of 1.5%

Laboratory Measurements (JPL)

Nicolet FT spectrometer 2.4-15 um (4 cm™?)
Reflectance converted to emissivity using Kirchhoff’s law (e =1-r)
Uncertainty of 0.02%



AIRS vg.0 Emissivity
Validation

Validation Targets:

- Namib Desert (desert)
- Kalahari Desert (semi-arid)

AIRS emissivity validation requires
large, homogeneous sites with
known composition.
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Namib Desert

- Sand samples collected at Sossussvlei in Namib-Naukluft park
- 10 samples from a dune crest and interdune area

Landsat visible image

Major: Quartz
Minor: Feldspar,
Magnetite

ASTER RGB Emissivity image
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Kalahari Desert

- 20 sand samples collected at Kgalagadi National Park (27-22 November 2008)
- Sampling areas included dune crests, troughs, dry riverbeds

ASTER false-color visible image

Major: Quartz
Minor: Hematite
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- Low correlation between AIRS day and night emissivity, higher with ASTER.
- AIRS longwave daytime emissivity greater than 1.0 for two observations over Namib
- Good agreement in spectral shape with lab and ASTER data (~2.2%)
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- Large day/night differences in shortwave (up to 15%)
- Large daytime temporal variations (up to 30%)
- No spectral shape



AIRS V5.4 Prelim Evaluation

AIRS Interim vi.4 Land Surface Emissivity produced at JPL for 6
September 2002 in preparation for v6.0

New Retrieval Methodology:

Susskind, J., and J. Blaisdell, (2008), Improved surface parameter retrievals using AIRS/AMSU 453 data, Proc. SPIE, 6966, DOI:
10.1117/1112.774759.

Following Issues are addressed:
Nonphysical values (e>1)
Surface reflectance modeling errors
Large day/night discrepancies
Only shortwave channels used to retrieve LST, which is held constant in

longwave emissivity retrieval (minimizes cloud clearing errors).
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AIRS v5.0: 3.9 um (2631 cm'l): 6 September 2002
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AIRS v5.4: 3.9 um (2631 cm'l) ): 6 September 2002

AIRS v5.4 Daytime Emissivity AIRS v5.4 Nighttime Emissivity
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AIRS v5.0: 12 pm (833 cm-t ) 6 September 2002
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AIRS v5.4: 12 pym (833 cm-t ) 6 September 2002

AIRS v5.4 Daytime Emissivity AIRS v5.4 Nighttime Emissivity
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Kalahari daytime: 6 September 2002

AIRS Daytime Emissivity — Kalahari desert

: : ; Lab

...... A[RSV5.4-
f ; f f —&—AIRS v5
4 6 8 10 12 14

Wavelength (um)

| AIRS v5.0 — Lab| = 3.0%
| AIRS V5.4 — Lab| = 5.0%

17



Emissivity
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Jul-Aug-Sep: 2002-2006
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Jan-Feb-Mar: 2002-2006
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Jan-Feb-Mar: 2002-2006
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Summary

AIRS vs.o validated to within 2.5% error over Namib and
Kalahari deserts using ASTER/Lab Measurements

V5.0 problems:
Unphysical values (e>1)
Spectral shape (shortwave, quartz spectra over all bare surfaces)
Large diurnal differences (especially in shortwave)

AIRS vg.4 evaluation:
Smaller diurnal differences than vs.o (up to a factor of 1)

Spectral shape is worse over desert areas, improved over vegetated
areas.

MODIS emissivity product is useful for global comparisons
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ASTER Data

Validation with ASTER scenes using the following criteria:

The ASTER scene was:

1.

2.

Cloud-free.

Covered >75% of equivalent AIRS pixel area.

Had low variance in LST across the scene (<3 K).

Had low variance in emissivity (<2%)

The surface was dry (ie. no evidence of rainfall in previous days).
Available within one day of an AIRS observation.

LST and emissivity were uncorrelated and symmetric about the

mean distribution.
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V5 Summary

AIRS combined percent emissivity differences:
Namib: 2.32% (ASTER), and 2.26% (Lab data)
Kalahari: 2.26% (ASTER), and 0.68% (Lab data)

Nonphysical emissivity values (e>1) are observed on occasion.

Emissivity (>10 pm, 1000 cm™) are too closely correlated with emissivity in 8-10 pm (1250-
1000 cM™) range

Characterization of bare surfaces in the emissivity regression with one mineral type (quartz)
could potentially cause errors in spectral shape over rock/soil types with different mineralogy.

Retrieved shortwave emissivities (3.5-5.5 pm, 2857-1818 cm™) have no spectral shape, as a
result of being regressed from the longwave channels, with known poor skill.

Diurnal emissivity differences are significant and can be as large as 15% in the shortwave due
to systematic errors caused by improper modeling of reflected solar radiation, e.g.

assumption of Lambertian surface.
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AIRS v5: 8.6 um (1163 cm™): 6 September 2002
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AIRS v5.4: 8.6 um (1163 cm™) : 6 September 2002
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Namib night: 6 September 2002
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Kalahari night: 6 September 2002

1.05

0.95

0.9

0.85

o
o

Emissivity

0.75

0.7

0.65

0.6

AIRS Nighttime Emissivity — Kalahari desert

: : : : Lab
...... A[RSV5.4-
: : : : —8— AIRS v5

4 6 8 10 12 14
Wavelength (um)

| AIRS V5.0 — Lab| = 4.8%
| AIRS V5.4 — Lab| = 4.5%

29



Emissivity

Amazon night: 6 September 2002
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TRMM Rainfall Anomaly over Namibia for 2006 (base month: April)
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Quartz doublet (8-10 um, 1250-1000 cm™?) sensitive to soil moisture

** AIRS v5 emissivity is sensitive to changes in soil moisture
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**MODIS v4 emissivity (day/night, multi-spectral) is sensitive to changes in soil moisture

**MODIS vg emissivity (SW/land classification) is not sensitive to changes in soil moisture
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