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Summary

This is the semi-annud technical report for the period July through December 2002 for the
Execution Phase of my MODIS Instrument Team investigator project. The objectives of this
work are:

» Edablish a protocol for developing regiond or Ste-specific bio-optical dgorithms for
coastal “case 2" waters.

* Prescribe aprotocol for “stitching together” locd or site-specific dgorithms.

» Demondrate these protocols in two coastd seas: the Gulf of Mane/Mid-Atlantic region,
and the Yelow Sea/East China Searegion.

» Develop agrategy for monitoring coastal oceans, estuaries, and inland waters.

This report reflects the efforts of a research team conssting of mysdlf, two staff scientists (Dr.
Mark Dowell and Timothy Moore), and one Ph.D. student (Seung-Hyun Son).
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Case 2 Algorithm Protocol Development

There are two areas of agorithm development that are addressed in this project. One is the
bio-opticd dgorithm that retrieves chlorophyll and other opticaly-active condtituent
concentrations. The second areais the primary productivity agorithm.

Bio-opticd dgorithms

Our approach to this god has been to identify bio-opticd provinces and to parameterize
agorithms for each province. Retrievals from the various dgorithms would be “ditched
together” using fuzzy memberships cdculated from remotely sensed reflectance spectra (Moore
et a., 2001). A manuscript (paper # 4) describing globa bio-optica provinces was submitted in
August 2001 to the Journal of Geophysical Research. We findly received reviews of this
paper in July 2002. The paper was tentatively accepted with revisons. We are now findizing
the revised manuscript for resubmisson. In this paper, we identified 6 bio-optical provinces
from in-gtu reflectance spectra and mapped the provinces globdly using SeaWiFS data
(MODIS data were not validated at the time). (See our January 2002 semi-annual technica
report for more details). The mgor criticism of this paper was our inference that the bio-optical
provinces were relaed to digtinct phytoplankton communities. The provinces may smply be
related to ranges of chlorophyll concentration.

While waiting for reviews of this paper, we mined the SeaBASS archive at GSFC to acquire in-
Stu data (inherent and gpparent optica properties) for parameterizing dgorithms for the globa
bio-optical provinces. Based on the SeaBASS data, we have taken a new gpproach to the
development of bio-optical provinces. We identified aga pigment classes based on the
phytoplankton absorption spectra and attempted to relate these to reflectance classes. The
results (presentation #12) were disgppointing in that the reflectance spectra sorted by class
were highly overlgpping. However, we bdieve that we can identify classes usng MODIS data
(usng SST in addition to the radiance spectra). This will comprise the Ph.D. dissertation of
Timothy Moore.

Mark Dowell has one manuscript in preparation related to the bio-optical agorithms associated
with the provinces.

M. D. Dowell, T.S. Moore and JW. Campbell, “Bio-optica properties of distinct oceanic
provinces.” In preparation for submission to Journal of Geophysical Research.

In presentation #11, | was able to demondrate that there is a fundamenta (mathematical)
inconsistency between empiricd ratio dgorithms (such as the OC4 used by SeaWiFS or the
OC3 dgorithm used in the MODIS “SeaWiFS andog” chlorophyll) and semi-andytic
agorithms (such as that used for the Carder Chlor_a3 product). The empirical agorithms are
supported by a large volume of empirical data, whereas the semi-andytic dgorithms are based
on theoreticd models. The discrepancy can be resolved if there is covariance among the
inherent optica properties which govern the water leaving radiance. | plan to submit a paper
specificaly comparing the OC3 dgorithm and the Carder semi-andytic modd in 2003.



Primary productivity dgorithms

We continue to make progress in this area as described in the July 2002 technical report. Dr.
Mark Dowell has been funded by NASA’s Earth Sciences Enterprise (under the Oceans, Ice
and Climate NRA released last year) to pursue this work. The graduate student (Seung-Hyun
Son) who is working on primary productivity agorithms for the Ydlow Sea passed his
qudifying exam and is now working full-time on his dissertation. He is usng MODIS data in
this research.  The long-awaited paper comparing primary productivity agorithms (paper #1)
wasfindly published in the July 2002 issue of Global Biogeochemical Cycles (which appeared
in November 2002). (It was origindly submitted in May 2000).

Mark Dowell has two manuscripts in preparation related to primary productivity agorithms

M. D. Dowel, T. S. Moore, J.W. Campbel and S-H Son. “The bio-optica regulation of
photosynthetically usable radiation in turbid coastdl waters.” In preparation for submission to
Limnol. Oceanogr.

M. D. Dowell, JW. Campbell, T. S. Moore. “Dynamic provinces of the globa oceans.
biogeochemical and ecophysiologica implications.” In preparation for submission to Global
Biogeochemical Cycles.

Demonstration in Gulf of Maine and Y ellow Sea Regions

We are continuing to assemble a database of in-Stu bio-opticd datafor the two demonstration
gtes. Gulf of Maineand Yelow Sea

=  Gulf of Mane. We are planning to serve MODI S data for the Gulf of Maine and Mid-
Atlatic Bight through a new web-based server being developed within the Ingtitute for the
Study of Earth, Oceans and Space. Web-COAST is a web-based data and information server
funded by NOAA as one of the projects supported by the newly established Center of
Excellence for Coasta Observation and Anayss (COOA). It is modded after EOS
WEBSTER, one of NASA’s Earth Science Information Partners (ESIPs) operated at UNH.
Current plans are to provide MODIS data that has been acquired from the DAAC and
remapped to a standard projection. These data will include chlorophyll and SST, as well as
other products. We will post weekly browse images on Web-COAST, but will make dl the
data available via ftp or other media. We will begin by providing data from the validated period
(November 2000 to March 19 2002). In addition, we are recelving a “push order” in which
we obtain data from the forward processing stream. These data till have cross-scan anomalies
which are gpparent when two orbits are composited. We are ill unclear how we will serve
these data. There is a demand for real-time or near-red time data, and these data are still quite
useful for many purposes. Thus, we are tentatively consdering ways to serve the data without
compositing two sequentid orbits.



= Yedlow and East China Seas. Thisisthe thesswork of Seung-Hyun Son, who expects
to complete his Ph.D. dissertation in late 2003. He has compared (presentation #13) fronts
visble in MODIS SST and chlorophyll data to the Simpson-Hunter H/U? criterion for mixed
versus dratified waters. The latter was derived usng a wind-wave modd (Moon, 2000 thesis)
and bathymetry data. He found that the MODI S data could be used to differentiate sratified
and well-mixed regions during the periods of seasond draification. This will later be used to
modd the verticd didribution of chlorophyll and other optically active condituents in
development of a primary productivity model for this region. The Ocean Optics poster on this
work will be presented at an upcoming MODIS Ocean Workshop at UNH, Feb. 3-4, 2003.

Development of Monitoring Strategies

No further progress has been made in thisarea The establishment of the Wel- COAST server
and the reprocessing of MODI'S data will facilitate progressin this area.

Support of MODIS Ocean Team Activities

During this reporting period, we have been active in the evaluaion and vaidaion of MODIS
products in support of new codes applied to the forward processing and the reprocessing. The
new codes were put into operation in June 2002. The MODIS Oceans Team has held weekly
teleconferences to discuss issues raised during this phase. We have continued to evauate
MODIS chlorophyll products and compare them with SeaWiFS chlorophyll data acquired at
the same location and on the same day. Comparisons were presented at the MODI S Science
Team meeting in Greenbdt, Maryland, in July 2002 (Presentation #7), were based on MODIS
Collection 4 data and the SeaWiFS Verson 4 processng. We concluded that the Chlor_a2
product for the period November 1, 2000 to March 19, 2002 based on its agreement with the
SeaWiFS chlorophyll product. | will continue to evaluate and be responsible for the chlor_a 2
product.

| took responshbility for a mgor re-writing of the EOS Data Handbook sections involving
MODIS Ocean Data Products. The previous edition had been published long before MODIS
was launched (even before SeaWiFS was launched), and thus the Handbook needed
subgtantid editing.

| am currently organizing the first of severa regiond MODIS Ocean Data Workshops. The
upcoming workshop will be held at the Universty of New Hampshire on February 3-4, 2003.
A website was developed (http://Awww.opd .sr.unh.edu/modisworkshop) and widdly advertised.

In addition, | co-chaired the session on “Biologica and Physical Oceanographic Processes from
Satellite Data’ at the World Space Congress 2002 in Houston, TX, October 17-18, 2002. As
co-chair, | solicited invited papers from among the MODIS Oceans Team. Ken Carder
presented an invited paper (presentation #) which has subsequently been submitted to the
Advances in Space Research (paper #6). | am now serving as an associate editor for this
journd for the publication of papersin the relm of biological oceanographic processes.



Progressin Related Areas

My contribution to the IOCCG report on Binning Algorithms described in the January 2002
technicd report was completed and submitted to David Antoine, who is acting as the generd
editor of thisreport. In this section, | showed compared monthly average primary productivity
(PP) generated from daily input (PPd) differs from that derived by usng monthly averaged input
fields (PPm). | compared two adgorithms. the Behrenfdld and Falkowski agorithm used by
MODIS to generate the P1 product, and a modified verson of the Howard-Y oder-Ryan
algorithm used to generate the MODIS P2. The latter was modified to estimate euphotic rather
than mixed-layer PP. It isgenerdly bdieved that it is preferable to gpply a nonlinear equation to
daly input fidds and then average the result, rather than use monthly average input fieds.

However, in the case of PP agorithms, when this is done, there is a clear-sky bias. That is,
PPd is cdculated only where there are chlorophyll and SST measurements, i.e., clear-sky
conditions. The PAR fields are not affected by clouds since thereis PAR benesth clouds. Using
monthly input fields to derive PP, one can use the average PAR based on al pixds (both cloudy
and clear). A good compromise is to derive PP from weekly average input fields as is done
with MODIS.

Mark Dowell continues his participation in the current Primary Productivity Algorithm Round
Rohin exercise with his globd province-based dgorithms (as described in the July 2002 semi-
annuad report).

The MODIS data have severa mgor advantages over SeaWiFS. Oneisthe fact that MODIS
provides smultaneous SST and chlorophyll. These are two properties often used as input to
primary productivity dgorithms. It is difficult to match SST and chlorophyll derived from
different satdlites (e.g., SeaWiFS and AVHRR) because of differencesin the cloud masks.

Another advantage of the MODISisits daily coverage. Thetimerate of change of alga

biomass (dB/dt) can be used, together with estimates of primary production, to estimate the loss
rate (due to sinking or grazing by zooplankton). To date a mgjor obstacle in using satdlite data
to study these lossterms at global scae has been that the time step (dt) has been too large (i.e.,
typicd cloud-free globa coverage on the order of 30 days). With the advent of the MODIS
sensor which provides dmost perfect cloud-free coverage of the globa ocean within a7 day
period, amore relevant dataset for studying phytoplankton loss terms now exists. Mark Dowell
has prepared a poster to present at the IGBP Oceans Conference in Parisin January 2003.
This poster will also be displayed at the upcoming MODIS Oceans Workshop in February.



