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ABSTRACT

An al gorithmfor renoval of the influence of the Oxygen "A" band
absorption from atnospheric correction of SeaWFS has been

devel oped. This is inportant for MODIS as SeaWFS will provide the
test data set for the MODI'S at nospheric correction al gorithm

REPORT

| shall describe devel opnents (if any) in each of the major task
cat egori es.

1. Atnospheric Correction Al gorithm Devel oprent.
a. Near-term (bj ecti ves:

(i) Investigate the effects of stratospheric aerosol on the
behavi or of the proposed atnospheric correction algorithm

(ii) Investigate the effects of vertical structure in the aerosol
concentration and type on the behavior of the proposed atnospheric
correction algorithm

(iii) Investigate the effects of polarization on the behavior of
t he proposed atnospheric correction algorithm

(iv) Conplete exam nation of ways to inprove the accuracy and the
speed of our inplenentation of the proposed al gorithm

(v) Complete a procedure to correct the 765 nm band on SeaWFS for
the effects of absorption by the Oxygen "A' Band

b. Task Progress:
) W are continuing our effort to understand how to utilize the

(
1380 nm MODI S spectral band to atnospherically correct inagery for
the effects of stratospheric aerosol. W have investigated sinple



to conpl ex methods of correction. For exanple, in the nost
trivial, we assunme that we know not hi ng about the opti cal
properties of the stratospheric aerosol and sinply subtract the
refl ectance at 1380 nmfromthe other bands. In contrast, in the
nost conpl ex, we assune that all of the stratospheric aerosol's
properties are know (using the 1380 nmband to estimate only its
concentration) and then utilize a nultiple scattering code to try
to renove its effects fromthe other bands. To date, we have found
no approach that we are satisfied with. The accuracy of the
retrievals of water-1|eaving radi ance are poorer than we believe

t hey should be, and we shall continue to | ook for a satisfactory
procedure to utilize the 1380 nm band.

(ii) Some prelimnary conputations (using our 50-|ayer Monte Carlo
code) relating to the influence of vertical structure of the
aerosol on atnospheric correction (the algorithmassunmes that the
aerosol is all in the surface boundary |ayer) have been carried
out. These show an increased error in the retrievals in the
presence of vertical structure; however, the error is not

excessi ve.

(iii) W are now addi ng pol arization to our 50-1ayer Monte Carlo
radi ati ve transfer code. W expect this to be conplete during the
next quarter.

(iv) In the inplenmentation of our correction algorithm extensive
| ookup tables are required for each aerosol nodel we enploy. These
gi ve radi ances for the various view ng directions and sol ar
positions. The view ng and sol ar azinmuths are incorporated via a
Fourier transform (series). W have recast the al gorithm by

repl acing the Fourier transform by an azi nuthal interpolation.

Al so, we have inproved the |east-squares fits in the | ookup tables
by the addition of a quadratic termin the expansion series for
each sun and viewing angle. This inproves the algorithns
performance in situations in which the aerosol concentration is

hi gh. These enhancenents have been provided to R Evans for
testing with the SeaWFS processing code to understand their
timng inpact.

(v) W conpleted a procedure to correct the 765 nm band on SeaW FS
for the effects of absorption by the Oxygen "A" Band. A paper on
this was submtted to Applied Optics.

C. Anticipated Activities During the Next Quarter:

(i) Continue exam nation of possible schenes for enploying the
1380 nm band for correcting for stratospheric aerosols.

(ii) Upon conpletion of the Monte Carl o code includi ng

pol ari zati on we shall produce a conplete set of pseudo data to
test the effects of both vertical structure and polarization on
the correction al gorithm



ii) Finish adding polarization effects to the Monte Carl o code
(1i).

(iv) Work with R Evans to incorporate inprovenents in our

i npl enentati on procedure into the SeaWFS processi ng code.

[
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(v) None, task was conpl et ed.
2. Wiitecap Correction A gorithm

a. Near-term (bjectives: As described in our |ast Sem -Annual
Report, financial constraints prevent our carrying out a whitecap
study of the scope originally proposed. Since our recent analysis
suggested that it is neither possible nor inportant to have a
precise prediction of the reflectance increase of the ocean due to
whitecaps, i.e., errors of the order of 0.002--0.004 can be

tol erated, we consi dered abandoni ng our experinmental whitecap
progran1conp|ete|y. However, to assure acceptance of an

at nospheric correction that utilizes the whitecap renova

procedure as one conponent, we believed that some validation of

t he whitecap al gorithmwas necessary. Thus, we decided to limt
our effort to trying to collect sufficient whitecap data to
validate in a coarse nanner the correction nodel that we devel oped
based on a survey of the literature.

Qur revised approach to the validation of the whitecap al gorithm
is to construct a ship-based radi ometer for observing whitecaps
while the ship is on station or underway. The radi oneter,
suspended froma boomoff the bow of the ship, will continuously
view a spot about 12 cmin dianmeter on the sea surface. A second
radi oneter on the deck of the ship will record the incident

i rradi ance. The refl ectance of the surface neasured by the

radi ometer will be recorded as a function of tine. This
reflectance will consist of background reflectance (low from

whi tecap-free areas (the predom nant situation) and a much hi gher
refl ectance whenever a portion of a whitecap is in the field of
view of the radioneter. After determ ning the reflectance of the
whitecap-free areas (essentially the " “baseline' ' of the

refl ectance) and subtracting it fromthe entire record, we will be
left with the tine-average reflectance due to the whitecaps. This
is the average whitecap-|eaving reflectance for a pixel.

The radioneter will be acconpani ed by a neteorol ogi cal package
which will provide the speed of the wind relative to the ship (and
ot her, possibly relevant, parameters) and a GPS unit to provide

t he absol ute speed of the ship. Conbining these will yield the

wi nd speed.

The whitecap radi oneter will record in 10 nm bands centered at 6
wavel engt hs: 410, 510, 550, 670, 750, and 860 nm and the downward
surface irradiance will be neasured in 5 bands, also 10 nm wi de,
centered at 410, 510, 550, 670, and 860 nm Thus, we wll be able
to study the validity of the al gorithmthroughout the rel evant
spectral region.



Qur plan is to deploy this radioneter on all SeaWFS/ MODI S crui ses
in which we participate, and from “ships of opportunity'' when
f easi bl e.

b. Task Progress: W are well into construction of the radioneter
itself. We have acquired the neterol ogi cal package, and GPS. The
data acquisition systemconputer is no |longer avail able so we have
started procurenent of a new system Qur goal is to have a

conpl eted systemready for testing and depl oynment on D. dark's
Cct ober - Novenber MODI' S cr ui se.

C. Anticipated Activities During the Next Quarter: Finish the
whi tecap radioneter and test at sea in Cctober-Novenber.

3. In-water Radiance D stribution Schedul e.

a. Near-term (bj ectives: None.

b. Task Progress: None.

C. Anticipated Activities During the Next Quarter: None.

4. Residual Instrunent Polarization.

a. Near-term (bj ectives: None.

b. Task Progress: None.

Cc. Anticipated Activities During the Next Quarter: None.

5. Direct Sun dint Correction

a. Near-term (bj ectives: None.

b. Task Progress: None.

C. Anticipated Activities During the Next Quarter: None.

6. Prelaunch At nospheric Correction Validation Schedul e.

a. Near-term Objectives: The objectives of this task are two fold.
First, we need to denonstrate that our atnospheric correction
schene will work to the required accuracy. To effect this we wll
apply the algorithmto conpute the sky radiance in the blue from
neasurenents in the near infrared. W should be able to do this to
about the sane accuracy as | ooking downward from space. Second, we
need to study the aerosol phase function and its spectral
variation in order to verify the applicability of the aerosol
nodel s. To effect these requires instrumentation for measuring the
sky radi ance and the optical thickness of the atnosphere. Such
instrumentation is available in our |aboratory and has been

nodified to operate with the rel evant MDD S spectral bands. CQur
near-termobjective is to learn howto invert sky radiance to



obt ai n aerosol optical properties, to carry out such inversions,
and to study the variation of the phase function w th wavel engt h.
VW have collected a first data set at Key Wst, one day of which
appears to be good enough to anal yze.

Also, to obtain a long-termtinme series of the aerosol properties
inammritinme environnent, we are in the process of procuring a
Cl MEL sun/sky radi oneter that can be operated in a renote

envi ronnent and send data back to the |aboratory via a satellite
link. These are simlar to the radi ometers used by B. Hol ben and
Y. Kauf man.

Finally, to obtain sky radiance data close to the sun, which we
cannot do with our sky canmera froma noving ship, we have designed
a solar aureole canera and will start construction this quarter.

b. Task Progress: W have began anal ysis of the Key Wst dat a;
however, for the only day with a clear enough sky the data were
obt ai ned at such a small solar zenith angle that inversion is only
accurate for the forward part of the phase function. Qur present
inversions yield a value of single scatter albedo that is too | ow
W are trying to track down the source of the difficulty.

The CI MEL El ectroni que, Automatic Sun Tracki ng Photoneter, a Vitel
Inc. GCES Data Transmtter with accessories, and a set of Sol ar
Power Panel s are now on order

Critical conponents of the aureol e camera are now on order

C. Anticipated Activities During the Next Quarter: Continue
anal ysis of the Key west data, assenble and test the Automatic Sun
Tracki ng Photoneter, and assenble and test the aureol e canera.

7. Detached Coccolith Al gorithmand Post Launch Studies.

a. Near-term (bj ectives: re-analyze cruise data for the

devel opnent of a coccolith algorithmand set up chenostats for

| aborat ory neasurenents of coccolith-specific light scatter as a
function of growh rate.

b. Task Progress: The optical data that we are anal yzi ng was from
a cruise to the central north Atlantic Ccean during a hal f-
mllion square kil oneter bl oomof the coccolithophorid, Emliania
huxl eyi. W have found that the chlorophyl|-specific absorption
was simlar to previously reported | aboratory culture measurenents
of the same species. Volume scatter measurenents showed that the
suspended coccoliths were responsi ble for about 80% of the total
backscatter in the center of the bloom Vertical profiles of
backscatter showed that greatest calcite-dependent |ight scatter
was observed just bel ow the base of the m xed | ayer. Areal nmaps of
cal cit e-dependent backscatter and refl ectance (cal cul ated from
absorption and backscatter) were extrenely simlar, due to the
dom nance of backscatter over absorption. Calcul ated reflectance
in this nesoscal e feature reached as high as 21% at 440nm and 24%



at 550nm Total scatter (b) was also calculated as the difference
bet ween beam attenuati on and absorption. The ratio of backscatter
to total scatter (B) was about 0.01-0.02 at 440nm and 550nm for
scatter values of 1 to 3/m As total scatter decreased froml1l/m B
i ncreased. The behavi or of B was conpared for coccolith-dom nated
versus chl orophyl | -dom nated waters. Definition of Bis critical
for the devel opnent of a "coccolith algorithm' for M S.

VW are conpleting our first trials of our new chenostat reactors,
verifying maxi mumgrowh rates of the coccolithophores in "batch
node"; this is critical for future interpretation of our |ight
scatter results. One feature of the new chenostats is that we can
control the hydrodynam c sheer that cells experience within the
reactor. This is an inportant factor for coccolith detachnent
because t he appearance of bloons in space is associated with

i ncreases in coccolith detachment. What we do not know (and our
future experiments will answer this) is whether the changes in
shape of coccoliths associated with changing growh rates al so
significantly inpacts their light scatter properties.

C. Anticipated Activities During the Next Quarter: Continue trials
wi th our new chenostat reactors.

8. Post Launch Vicarious Calibration/Initialization.

a. Near-term (bj ectives: None.

b. Task Progress: None.

Cc. Anticipated Activities During the Next Quarter: None.

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

a. Near-term (bj ectives: None.

b. Task Progress: None.

C. Anticipated Activities During the Next Quarter: None.
OTHER DEVELCOPMENTS

The PI spent a significant portion of this reporting period

conpl eting the necessary requests to obtain governnment perm ssion
to procure several itens of capital equipnent.



