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ABSTRACT

The Airborne Visible/Infrared Imaging Spectrometer (AVIRIS)is animaging spectrometer that measures
gpatial images of the total up welling spectra] radiance from 400 to 2500” nm at 10 nm spectral intervils.
Quantitative research and application objcctives for surface investigations require conversion of the
measured radiance to surface reflectance or surface leaving radiance. ‘1’0 calculate apparent surface
reflectance an estimation of aerosol optical depth is required for compensation of aerosol scattering and
absorption across the spectral range. Determination of other atmospheric characteristics such as
atmospheric water vapor and surface pressure is also required. in this paper we describe a set of
algorithms to estimatc aerosol optical depth, atmospheric water vapor, and surface pressure height from
t he AVI RIS measured radiance. Based upon these determined atmospheric parameters we describe an
algorithm to calculate apparent Surface re flectance from the. AVIRIS measured radiance using a radiative
transfer code.

1.() IN'I’'ROI>LJC'I" 1ON

An AVIRIS data set was acquired over a portion of the San Francisco peninsula thatincluded the Jasper
Ridge ccological preserve on the 2nd of June 1992. This scene covers 10 by 11 km with20 by 20 m
spatial resolution and includes a varicty of vegetated and unvegetated surface cover types. Figure 1 shows
aradiance spectrum for a dry grass area in the ecological preserve. Theshape of this spectrum results
from the solar irradiance, molecular and acrosol scattering of the atmosphere, gas absorption of the
atmosphere, illumination geometry and the reflectance of the surface. This Jasper Ridge data Set was
sclected to evaluate a group of algorithms to estimate the absorption and scattering characteristics of the
atmosphere directly from AVIRIS data. These derived atmospheric parameters are used to constrain an
inversion algorithm for calculation of apparent surface reflectance from AVIRIS-measured upwelling
spectral radiance. The MODTRAN2 (Berk et al., 1989) radiative transfer code is used to model the
atmosphere in each of these algorithms.

2.() AEROSOL OPTICAL DEPT1 |

Under low visibility conditions the radiance scattered from atmospheric aerosols may comprise a
significant_proportion of the total radiance reachingthe AVIRIS sensor. A plot showing the aerosol
scattered radiance contribution to the total radiance troma ().2S reflectance surface with a Skm rural
atmosphere visibility is given in Figure 2.




A nonlinear least square spectral fitting (N1.1.SS1%) algorithm has been developed to estimate the aerosol
optical depth directly from the AVIRIS measured radiance. ‘I’ his algorithm optimizes the fit between the
AVIRIS radiance and a MOIDTRAN?2 modeled radiance with the aerosol optical depth asthe primary fitting
parameter. Parameters modeling the reflectance magnitude, reflectance slope and the leaf chlorophyll
absorption arcalsoincludedinthefittingalgorithm. For this experiment at Jasper Ridge the MOIDYTRA N2
rural aerosol model was used. Figure 3 shows the results of the, N1.1.SSE algorithm for a forest target in
the Jasper Ridge scene. The algorithm determined an aerosol optical depth of 0.42 at 500 nm for this
spectrum. Aerosol optical depths were calculated for the entire Jasper Ridge AVIRIS data set. The
determined values ranged from 0.27 in the peninsula mountains to 0.S3 near the San Francisco bay.
Research planned in the future will investigate the sensitivity of this algorithm to the modeling of surface
spectral reflectance and assumption of aerosol model.

3.0 SURFACE PRESSURE HEIGHT

In order to compensate for atmospheric absorption due to well mixed atmospheric gases and the effect of
atmospheric molecular scattering, an algorithm has been developed to estimate the surface pressure
elevation from the AVIR1S measured radiance. This algorithm assesses the strength of the 760 nm oxygen
absorption band measured in the AVIRIS data. The oxygen band strength is calibrated to surface pressure.
elevation using the oxygen band model in the, MODTRAN? radiative transfer code. A precursor oxygen
ant] carbon dioxide absorption band algorithm for estimating surface pressure elevation was described and
applied to an AVIRIS data set acquired over Mountain Pass, California in 1990 (Green et ai., 1991a), The
cur-rent algorithm uses a N].1 .SSI procedure between the A VIRIS measured radiance and MODTRAN2
calculated radiance. Parameters constraining the pressure elevation, the reflectance magnitude anti the
reflectance slope in the 760 nm spectral region are allowed o vary in the fit. To improve the estimation of
pressure elevation the AVIRIS data were averaged over 11by 11 spatial samples to increase the effective
precision of the. data. Figure 4 shows ihe fit results for the dry grass area of the Jasper Ridge AVIRIS
data. A pressure clevationof 250 m was determined for this spectrum. In 1993 work is planned to
establish accuracy and precision uncertainty estimates for this approach to estimation or surface pressure
elevation. When applied to the entire. Jasper Ridge AVIRIS data set, pressure. elevations were caleulated
that ranged from 0 mtowardsthe San Francisco Bay to 800" minthe mountains onthe peninsula. These
estimates arc consistent with the. topography of the region.

4.) ATMOSPHT iRICWATER VAPOR

Over most of the AVIRIS spectral range the strongest atmosphericabsorber is water vapor. The effect on
theupwelling radiance arriving at AVIRIS isshown in Figure 5 as the atmosphere varies from a water free
to humid state. in addition to absorbing strongly in the AVIRIS spectral range, the abundance of water
vapor in the terrestrial atmosphere varies greatly both spatially and temporally. An example showing
greater than 20 percent variation in the spatial and temporal distribution of water vapor has been described
for a series of four AVIRIS data set acquired at 12 minute intervals over Roger Dry lake, California
(Green et al., 199 b).

To compensate for water vapor absorption in AV1 RIS spectra, a determination of total path water vapor is
required for each spatial element. Water vapor algorithms for AVIRIS have been developed (Conel et al
1988, Green et a 1989, and Green, ctd. 1991a) based initially on the LOWTRAN (Kneizys et al.,1987)
and currently on the MODTRAN2Z (Berk etal., 1989) radiative transfer code. The MODTRAN?2 water
vapor algorithm fits the A VIRIS mecasured radiance for the 940 nm water band to a radiance spectrum
generated by the radiative transfer code. A non linear least squares spectral fitting procedure is used with
parameters allowing the atmospheric water vaporamount, e reflectance magnitude, the reflectance slope
and ascaled surface leaf liquid waterabsorption spectrum to vary. Figure 6 shows an atmospheric water
vapor transmission spectrum and plant leaf reflectance spectrum. —Inthe 940 spectral region, over




vegetated targets, the leaf water absorption must be compensated for in the algorithm to avoid incorrect
estimation the atmospheric water vapor. Atmospheric aerosol scattering and absorption effects are.
compensated through constraint of the aerosol optical depth for the MOI'T'RAN2 model atmosphere uscd.
Figure 7 shows the fit between the AVIRIS measured and the N].1 .SS¥ spectrum for the 940 nm water
vapor band over the green grass target in the Jasper Ridge AVIRIS data.  Figure 8§ shows the surface
liquid leaf water reflectance spectrum required to achicve this fit. When applied to the entire AVIRIS
Jasper Ridge data set arange in atmospheric water vapor from 9 m 22 perciptable millimeters of
atmospheric water vapor is mapped. This water vapor distribution data set is required to constrain the
algorithm for the inversion of measured radiance to apparent surface reflectance.

5.() REFLECTANCE CA] .CULATION

Calculation of surface spectral reflectance. from the total upwelling radiance measured by AVIRIS using a
radiative transfer code has been pursued since the flights of AVIRIS in 1989 (Green, et al. 1990, Green, et
a. 1991, Green et al.1992), This algorithm begins with equation (1) that shows the total radiance
measured by AVIRIS (1 ) as the exoatmospheric solar irradiance (F) multiplied by the. two way

transmission of the atmosphere (1,,) multiplied by the surface reflectance (p) summed with the
atmospher ic path radiance (1 ‘p)'

Ilt:' (};*Tdu* p) ft+ 1 P (H

Using the water vapor, pressure. elevation anti aerosol optical depth estimations derived in the previous
algorithms, the two way transmitted radiance anti atinospheric path radiance spectrum ai e calculated for
cach spatial element with MODTRAN2. Computer [00K up tables are used to accelerate these calculations.
With these determined parameters the surface reflectance is calculate.(i as shown in equation (2).

p= (L. - L¥) (F/m* Ty ) (2)

Figure 9 shows the AVIRIS measured radiance for the Stanford University polo field in the Jasper Ridge
scene. in Figure 10 the calculated apparent reflectance is shownin conjunction with a field reflectance
spectrumacquired at a later date from the same target. The mean agreement is 6 percent excluding the
regions of strong atmospheric absorption. in Figures 11 anti 12 the measured radiance and calculated
reflectance spectra are show for green vegetation in the Jasper Ridge data over a3 by 3 AVIRIS spatia
Clement arca. Inspection of thesecalculated reflectance spectra shows compensation for the solar
irradiance, atmospheric absorptionandatmospherically scattered radian ce.  Future work will emphasize
estimation of the contributions to the remaining disagrecment between the calculated and ficld measured
spectra. Discrepancies may be attributed to the AVIRISsensor calibration, the radiative transfer code and
the ficld measurements.

6.0 CONCLUSION

Algorithms are described that allow estimation of the absorption and scattering characteristics of the
atmosphere from the AVIRIS measured radiance. With estimation of these atmospheric parameters,
apparentsurface reflectance may be calculated from the AVIRI Smeasured radiance. These algorithms are
based on the MODTRAN2 radiative transfer code for modeling the absorption and scattering properties of
the atmosphere as well its the illumination gecomeu y at the ume the AVIRIS data were. acquired. This
approach to calculation of app are nt reflectance re quires no independent in situ m ea surements. A
preliminary validationis given for the algorithms through the calculation of apparent reflectance of the polo
ficldand comparison with a fieldmcasured spectrum. - Asthese algorithms are further validated, they offer




an approach to provide apparent surface reflectance data directly to Harth Science investigators. From
analysis of remotely measure.d reflectance spectra, many constituents of the surface may be identified and
there expressed concentration determined based on molecular absorption and material scattering,
characteristics.
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Figure 1. AVIRIS-measured radiance for a dry grass region of the ecological preserve at Jasper Ridge,

CA.
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Figure 2. A plot showing the MOD'TRAN2a modeled total radiance for a 25 percent reflectance target 4 ()
mn clevation with a 5 km visibility atmosphere. Also show are the reflected, molecular scattered and
acrosol scattered radiance components of the total upwelling radiance.
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Figure 3. The nonlinear least sauares fit bet ween the AVIRIS measured radiance and the MODTRAN?2
modeled radiance for estimation of aerosol optical depth. The modeled reflectance required for thisfit in
the 4007 to 600 nm spectral region isalso shown as isthe resulting AVIRIS calculated reflectance.
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Figure 4. The fit with residual between the MOIYTRAN2 nonlinear least square fit spectrum and the
AVIRIS measured spectrum for the estimation of surface pressure elevation from the oxygen band at 760
nn.




._mﬁ

16

14

10

400

*77 0.0 mm Water Vapor

= 2.9 mm Water Vapor

> 29.0 mm Water Vapor
?\ N mw,./. N
i \ A S
Cobtetou o e s e e N e e i NS \L\V\._ T ST w5 B
6oo 800 1000 20 1400 1600 8oo 2000 2200 2400

Wavelength (nm)

Figure 5. Influence of atmospheric water vapor amount on the upwelling radiance arriving at the AVIRIS
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overlap of atmospheric water vapor and leaf liquid water absorption in the 940 nm spectral region,
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Figure 7. Fit with residual between the AVIRIS measured radiance and the MODTRAN2 modeled
radiance in the 940 nm spectral region for an area of green grass in the Jasper Ridge AVIRIS data set.
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Figure 8. Surface reflectance with leaf water absorption]) requiredto achieve accurate, fit between the
measured radiance. and modeled radiance for the spectrumin Figure 4.
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Figure lo. Calculated apparent reflectance and measured reflectance for the polo field.
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Figure 11. AVIRIS measured radiance for a region of green grass in the AVIRIS Jasper Ridge data set.
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Figure 12. Calculated apparent surface reflectance for the green grins target.
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