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Fol l owing the format of nmy nonthly reports, | shall describe
devel opnents (if any) in each of the major task categories
separately.

1. Atnospheric Correction Al gorithm Devel oprent.
a. Task bjectives:

During CY 1992, there are three objectives under this task

i) Conplete and thoroughly test our present radiative transfer
codes and begin production runs and analysis with the goal of

i mproving the performance of the algorithmthat was originally
proposed for SeaWFS (Wang 1991) and that we believed could form
t he basis of an atnospheric correction algorithmfor MXD S

ii) Develop and test a radiative transfer code that accounts for
the curvature of the earth. This will be used to study

nodi fications to the atnospheric correction algorithmthat may be
required at high latitudes.

iii) Study the variation of aerosol scattering with wavel ength and
scattering angle using the aerosol nodels (size distributions and
i ndices of refraction) that are utilized in the LOMRAN code

b. Wrk Acconpli shed:

i) Over the past several years have witten several radiative
transfer (RT) codes in support of our algorithm devel oprent
effort. These include (1) scalar RT codes for a two-I|ayer

at nosphere bounded by a flat or w nd-roughened Fresnel -reflecting
ocean utilizing the successive order of scattering solution (van
de Hul st 1980) and the matrix operator nethod (Pl ass, Kattawar,
and Catchings 1973), and (2) vector codes for the sanme problem



usi ng the successive order of scattering solution. To be useful
for al gorithmdevel opnent, it is necessary that these codes yield
radi ances that are accurate to 1-3 parts in 1000. This accuracy
exceeds the capabilities of nost codes, thus assuring that the
codes can in fact yield such accuracies is difficult. W can
conpare the output of our code with the solution of standard
problens, e.g., Rayleigh scattering in a honbgeneous atnosphere
(Coul son, et al., 1960) which should have such accuracy; however,
there are very few such problens that are useful for our codes.
Qur approach has been to apply different nunerical solutions to a
particul ar problemand require that they agree to the required
accuracy. This is a slow and tedious process, requiring the

devel opnent of two codes with the required accuracy rather than
one. This process has now been conpleted for our scalar codes. In
conjunction with (ii) and (iii) above, we have carried out a
det ai | ed conpari son between our scalar code for a flat ocean (with
a rough surface) and a Monte Carl o code for the same probl em
usi ng the LOMRAN aerosol nodels to provide the scattering phase
functions for the aerosols. The two codes provide radi ances that
agree to within approximtely 2--3 parts out of 1000 under the

| east favorable conditions. Because of this we have started to use
t he successive order of scattering code to produce the initial set
of look up tables to be utilized by the SeaWFS at nospheric
correction algorithm--- the MO S prototype.

VW have al so nodified our full vector code to conpute accurate
downwel | i ng radi ances to be used to test our nethod for inverting
sky radi ance to derive aerosol properties (see major task category
6 bel ow).

ii) The devel opnent of an accurate (approximately 1--2 parts per
1000) Monte Carlo code for RT in a spherical shell atnosphere
boundi ng a rough, Fresnel-reflecting, ocean has been carried out
in stages. First, we devel oped a basic code to handl e Rayl ei gh
scattering in an atnosphere above a totally absorbing surface. The
results of this code agreed well with those of Adans and Katt awar
(1978) and with our standard code when the radius of the earth is
all owed to becone very large, i.e., the spherical shell atnosphere
goes over to a plane parallel atnosphere when the radius of the
shell goes to infinity. [The agreenent with Adans and Kattawar is
at the 1--2 parts per 1000 Il evel.] Next, we added a snooth

Fresnel -refl ecting sea surface to the bottom of the spherica

shel | atnosphere and, again, tested the results by taking the
l[imt as the radius of the shell becomes very large. Finally, we
have added a wi nd-roughened Fresnel -reflecting surface. Testing
the wind ruffled case by taking the limt as the radius of the
earth goes to infinity and conparing with the successive order
code because the treatnment of the sea surface using the Cox and
Munk (1954) surface slope density function is approxinmate in both
codes, i.e., the Monte Carlo code takes nultiple reflection from
the sea surface into account while the standard anal ytical codes
do not. Thus, we were able to test in only against the Monte Carlo
code for a plane parallel atnosphere over a rough ocean. W
believe the error is at nost approximately 3 parts per 1000. W



have started using this code to investigate the error induced in
the CZCS algorithmby the assunption of a plane parall el
at nosphere.

iii) Acentral feature of all atnospheric correction algorithns
for oceanic imagery is that the properties of the atnosphere (in
particular the aerosol) are assessed in the NNIR portion of the
spectrum where the ocean is alnost totally absorbing. This
assessment mnust then be utilized to provide a correction in the
visible (in the case of MDD S down to 412 nnm). To help in
under st andi ng how one shoul d extrapol ate neasurenents of the
aerosol in the NNRinto the visible we exam ned the properties of
several standard aerosol nodels in this regard. Qur plan was to
use the LOMRAN 7 aerosol nodels (Shettle and Fenn 1979) to
guantify the rel ationship between the spectral variation of the
aerosol optical thickness and the spectral variation of the

singl e-scattered aerosol reflectances. To this end we devel oped as
set of Me scattering codes to conpute the aerosol phase functions
an extinction coefficients for the LOMRAN nodel s. These have been
used to generate the optical properties for several LOMRAN
nodel s, which have then been used in our RT codes to sinulate the
radi ance at the top of the atnosphere.

c. Data/Analysis/Interpretation:

i) On the basis of the results of the simulations using the
realistic LOMRAN aerosol nodels described under (iii) above, we
found it necessary to develop an entirely new approach to the
proposed at nospheric correction algorithm The probl emwas that
the spectral variation in the single-scattered aerosol radiance
did not follow a sinple | aw that woul d enabl e extrapolation into
the visible fromthe NNR Furthernore, the nultiple scattering
effects were found to be strongly dependent on the aerosol nodel.
The new algorithmis presented in the Appendix to this report. It
is our maj or acconplishment during this reporting period.

ii) None.

iii) See item (i) above.

d. Anticipated Future Actions:

i) Qur proposed al gorithmfor atnospheric correction will utilize
a set of look up tables (generated from various aerosol nodels)
for its inplementation. W are now generating a prelimnary set of
tabl es (coarse resolution) that will be used with SeaWFS.

VW al so need to exam ne nore aerosol nodels to determ ne the
m ni mum requi red for an adequat e atnospheric correction.

ii) W will examine the influence of earth curvature on the newy
proposed SeaW FS al gorithm



iii) No further action planned above that in (i) above.
e. Probl ens/ Corrective Actions:

i) Even the prelimnary set of sinulations for constructing the
coarse | ook up tables for SeaWFS is very conputationally

i ntensive. For exanple, our scalar RT code, which includes
scattering by nol ecul es and aerosols, vertical stratification of
t he at nosphere approxi mated by two | ayers (nol ecul es and aerosol s
in the lower |ayer, nolecules only in the upper layer), and a
stochastically rough Fresnel-reflecting air-sea interface,
requires about 1.5 hours to run a single simulation on a

DECst ati on 5000/ 200. These prelimnary SeaWFS | ook up tabl es
consi st of all conbinations of nine aerosol nodels (phase
functions), eight aerosol optical thicknesses, fifteen sun angles,
ei ght wavel engths and a single wind speed (0), which would require
a total of 9x8x15x8x1x1.5 hours or about 1.5 years. Please note
that these conmputations are short of the those required for the
full | ookup tables. W estimate that the full | ookup tables wll
require forty sun angles, twenty phase functions, and at | east
four wi nd speeds, or approximately 24 tinmes the prelimnary
conput ati on above. Thus the SeaWFS al gorithmwhen fully

i npl enented will have required about 35 years of DECstation

5000/ 200 CPU tine just to generate the | ookup tables. In the case
of MODI'S, the conputations will probably have to be done in the
vector node (includes polarization) and vector code is 4 tines

sl ower than the scal ar code (four elenents of the Stokes vector
are required), so |ookup tables with the sane resolution wll
requi re about 140 years on our existing DECstation.

Presently, we are addressing this conputational burden with the
hel p of Robert Evans and unused CPU cycles on a | arge nunber of
DECst ati ons which are dedicated to other projects; however, we
have totally ~“out grown'' our conputational facilities. This is
di scussed in considerable detail in our "~ Team Menber Conputer
Facilities Plan'' submtted during this reporting period.

ii) The code for this analysis is very conputational intensive
(Monte carlo) and we face a critical shortage of CPU cycl es.

iii) None.

e. Publications:

i) A paper will be submtted in the next 6 nonths.
ii) None.

iii) None.

2. Wiitecap Correction Al gorithm

a. Task bjectives:



During CY 1992 we planned to arrange to borrow the required CCD
canera from NOAA and conplete its calibration. W al so planned to
try to obtain some whitecap data by depl oyi ng the instrunent
either froma ship or a bridge/dock. This will allow us to

conpl ete our evaluation of the feasibility of using the subject
canera to carry out the whitecap study. It is inportant to note
that present MOD S fundi ng does not all ow purchase of such a
canera until CY 1995, so experinmental data can only be obtai ned
when the canera can be borrowed from NOAA coi ncident with
avai l abl e ship time.

b. Wrk Acconpli shed:

VW initially anticipated borrowi ng the camera from NOAA for a
cruise in Mnterey Bay in August. However, in discussions with
NOAA it was discovered that the instrument was already | oaned to
NASA/ Wal | ops (F. Hoge) for use in overflights of a JGOFS leg in
the central Pacific Ccean. The same group was al so planning to
work in conjunction with the cruise doing overflights, thus we
made arrangenments to obtain the canmera data after their
operations. This would have all owed us to have a nmuch expanded
data set to work with. Unfortunately the canera failed during the
initial operations and no data was acqui red.

c. Data/ Analysis/Interpretation: None
d. Anticipated Future Actions:

The canera system has been fixed by NOAA. W are presently
arranging for the canmera systemto be used during an unrel ated
cruise in March. NOAA has agreed to send us the systemin February
for use during February and March. W anticipate being able to
test this canera during this cruise and obtain shipboard

nmeasur enent s of whitecaps.

e. Problens/Corrective Actions: None

It is inmportant to note that present MOD S fundi ng does not all ow
purchase of such a canera until CY 1995, so experinmental data can
only be obtained when the camera can be borrowed from NOAA
coincident with available ship tinmne.

f. Publications: None.

3. In-water Radi ance Distribution Schedul e.
a. Task bjectives:

During CY 1992 the objectives are to nodify the instrumentation
and to start to obtain high-quality radi ance data for studying the
variation of the water-|eaving radiance with sun and vi ew ng

angl es.



b. Wrk Acconpli shed:

The new i nstrunent was tested at Lake Pend Oeille, Idaho. Initia
data fromthis crui se have been anal yzed.

c. Data/Analysis/Interpretation:

Initial test data have been anal yzed mainly to | ook at instrunent
response and perfornance.

d. Anticipated Future Actions:

Information fromthe test will be used to i nprove the system
operation. The camera systemw || then be used in field work in
the com ng sumrer or early fall of this year.

e. Problens/Corrective Actions: None

f. Publications: None.

4. Residual Instrunent Polarization.

a. Task bjectives: None

5. Direct Sun dint Correction

a. Task bjectives: None

6. Prelaunch At nospheric Correction Validation Schedul e.
a. Task bjectives:

The objectives of this task are two fold. First, we need to
denonstrate that our atnospheric correction scheme will work to
the required accuracy. To effect this we will apply the algorithm
to conputing the sky radi ance, which we should be able to do at
about the sane accuracy. Second, the conplex nature of the
spectral variation of the scattering phase function that is being
reveal ed in the conputations described under Task 1, item(iii),
above will have to be verified and if true, the nethods devel oped
under this task will be used to try to better understand this
spectral variation. To effect these requires instrunentation for
nmeasuring the sky radi ance and the optical thickness of the

at nosphere. Such instrunentation is available in our |aboratory
and is being nodified to operate with the relevant MDD S spectra
bands. Qur near-termobjective is to learn howto invert sky

radi ance to obtain aerosol optical properties, to carry out such
i nversions, and to study the variation of the phase function wth
wavel engt h.

b. Wrk Acconpli shed:



Measurenents of the sky radiance distribution were perfornmed on a
cruise in Mnterey Bay during August. Al so obtained during this
crui se were neasurenents of the atnospheric optical depth.

c. Data/ Analysis/Interpretation: None.

The at nospheric optical depth data fromthis cruise have been
reduced. W are presently reducing the sky radi ance distribution
dat a.

d. Anticipated Future Actions:

VW will conplete the data reduction on the sky radi ance
distribution data, early this year and start working this data
into the phase function retrieval nodel s.

e. Problens/Corrective Actions: None

f. Publications:

A manuscript " Retrieval of the Col umar Aerosol Phase Function
and Single Scattering A bedo from Sky Radi ance over the Ccean:
Sinulations,'' by M Wang and H. R Gordon, has been accepted by
Applied Optics. It describes a possible schene for inverting sky
radi ance measurenents to obtain aerosol properties. The reported
work received partial support fromthe project

7. Detached Coccolith Al gorithmand Post Launch Studies.

a. Task bjectives: None

8. Post Launch Vicarious Calibration/lInitialization.

a. Task bjectives: None

9. Single Scattered Aerosol Radi ance and PAR Al gorithns.

a. Task bjectives: None

QO her Devel opnent s

The new at nospheric correction algorithmfor SeaWFS (on which
MDIS will build) was presented in a one-hour oral report to the
full MODS Ccean G oup during the MIDI' S Sci ence Team Cct ober
neet i ng.

The PI reviewed the MDD S Software and Data Managenent Pl an

The PI conpl eted his Team Menber Conputer Facilities Plan.

Finally, the second MOD S Sem - Annual report was prepared and
subm tt ed.
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