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Conclusions

A MODIS semi-analytical algorithm for
chlorophyll a was tested using a total of 976 global data
points from regions where the pigments were typically
unpackaged, packaged, or transitional with appropriate
algorithm parameters applied for each data type. This
resulted in “Version 1” of the semi-analytic algorithm,
which did not address the high-latitude regions with
extremely packaged pigments which are included in
“Version 2” of the semi-analytic algorithm. The
algorithm has thus evolved to better represent the entire
global data set.

The "unpackaged” type consisted of data sets
that were generally consistent with the case 1 CZCS
algorithm and contained mostly tropical, subtropical, and
summer temperate data. This algorithm type was
parameterized using Gulf of Mexico and Arabian Sea
data, and it continues to remain the same in both Version
1 and Version 2 of the algorithm. The Version 1
"packaged” type of pigment-absorption parameterization
was consistent with pigments found in eastern-boundary
upwelling data sets containing somewhat more packaged
pigments, but not consistent with the fully packaged
pigments found in high-latitude data. Note that at times
for upwelling centers, some of the phytoplankton have
pigments that are as highly packaged as found in
high-latitude data sets, but that is not true for the general
region. The packaged data sets studied with Version 1
were processed with the algorithm modified for
phytoplankton-absorption parameters consistent with the
Southern California Bight area. This resulted in two
fairly equally divided data sets totaling 604 points. That
left 372 data points that were not well enough
characterized to classify.

The Version 1, semi-analytical (SA) algorithm
for chlorophyll a performed well on each of the data sets
after classification, resulting in RMS1 errors of 0.099
and 0.111 (e.g., 0.10 log unit) for the unpackaged and

packaged data classes, respectively, with little bias and
with slopes near 1.0. RMS2 linearized errors for the
algorithms were 23% and 27% for the two classes,
respectively. The SA algorithm for phytoplankton
absorption provided data accurate to about 30%.

While these numbers are excellent, one must
bear in mind what misclassification does to the
chlorophyll results. Using parameters for an average or
transitional domain in the semi-analytical MODIS
algorithm with the global data set (#=976) yielded an
RMS2 error of 44.6%, while applying the unpackaged
parameters on the global evaluation data set yielded an
RMS2 error of 92%. So, without classification, the
algorithm performs better globally using the average
parameters than it does if misclassification occurs.

For the difficult transition period between
spring and summer or the regions between upwelling
centers and the warmer offshore waters, a data set was
tested that included the eastern boundary region of the
North Atlantic. Nitrogen-depletion temperatures were
used with AVHRR-derived sea-surface temperatures to
sort stations into packaged, unpackaged, and transitional
domains. Comparing sea-surface temperature (SST) to
the nitrate-depletion temperature (NDT) provides a
means of estimating how packaged were the pigments
for a given pixel. Cold SST values relative to NDTs
suggest convective overturning or upwelling has brought
cold, nutrient-rich water to the surface. Phytoplankton in
these waters are typically large, contain high ratios of
chlorophyll pigment per cell because they have recently
experienced very low light levels, and exhibit low
chlorophyll
heating warms this water, reduces the cell requirement
for light-harvesting pigments including chlorophyll a
requirement  for

specific absorption coefficients. Solar

while  increasing the  cell
photo-protective pigments, decreases the size of cells
that can remain neutrally buoyant, and results in an
increase in the chlorophyll specific absorption
coefficient.

RMS2 errors dropped from 50% to 38% as a
result of this data-sorting exercise. Since large regions of
the subtropical and tropical Atlantic, Pacific, and Indian
Oceans remain in the unpackaged bio-optical domain
during all seasons and provide stable data accuracies
from 24% to 28%, it is reasonable to expect that use of
an NDT-based algorithm with MODIS
sea-surface temperatures to separate data into appropriate
bio-optical domains will result in accuracies for the
MODIS semi-analytical chlorophyll a algorithm- that are
significantly lower than our target value of 35%.

This completed the evaluation of mid- to low-

latitude data sets considered for Version 1 of the

sorting



algorithm and used in Collections 1 through 3 for ocean
data found in the MODIS Data Active Archive Computer
(DAAC) at NASA Goddard. Version 2 of the algorithm
is discussed below and is used in Collection 4 of the
ocean data found in the DAAC. Version 2 is summarized
below.

In Version 2, “fully packaged” pigment
parameters were derived from high latitude polar and
temperate upwelling data sets to replace the previously
designated “packaged” parameter set. In addition, a
smoother strategy for transitioning from the unpackaged
to the fully packaged pigment domain was introduced
using sea surface temperatures and nitrate depletion
temperatures. These transitions can be thought of as
transitions between fall and winter (fall overturn) and
spring and summer (spring bloom) or as transitions
between upwelling and offshore waters.

The 5°C range between unpackaged-pigment
conditions (warm waters) and conditions of fully
packaged pigments, provides a means of transitioning
algorithm parameterization between the two extremes
using the weighted average of chlorophyll retrievals from
the two based upon SST-NDT values from -1°C to
4°C. Tests in the Southemn California Bight transition
region between upwelled and offshore waters indicate
that errors are reduced from 39 to 31% using this method
for transitioning between packaging domains.

Compared to the SeaWiFS OC4 empirical
algorithm, application of the MODIS Chlor_a 3
semi-analytical algorithm to Southern Ocean field data
reduced the error in deriving chlorophyll concentration
by almost a factor of two. Accuracy tests using MODIS
satellite data for November 2000 show that Chlor_a 3
retrievals of global mean chlorophyll a concentration are
within 8% of the historical seasonal mean, while
0C4-like empirical retrievals using Chlor a 2 are but
2/3 of the seasonal mean. This suggests that Chlor_a 3
semi-analytical algorithm retrievals of chlorophyll a
concentrations will lead to larger, more accurate pigment
and subsequent global primary production numbers than
are presently being retrieved using SeaWiFS and Coastal
Zone Color Scanner data sets.

Both the Chlor_a 3 and Chlor_a_2 algorithms
used with MODIS Terra (Collection 4) data provide
nearly identical modal chlorophyll values for the
northern (0.087 mg m™) and southern (0.078 mg m™)
central gyres in December 2000. However, the global
mean value for Chlor_a 3 is higher (0.294 mg m™) than
for Chlor_a_2 (0.231 mg m™). This difference can be
explained by the Southern Ocean where Chlor_a_2
values are on average about half of field and Chlor_a_3
values due to lower chlorophyll-specific absorption

coefficients typical of this region. MODIS Terra
retrievals of chlorophyll a using reprocessed Collection 4
data are accurate to better than 41%. Removing data
points from continental shelves improves Chlor a 3
accuracies to 21%, while promoting shelf data using
more appropriate nitrate-depletion temperatures can
improve accuracies to about 20%. The higher accuracies
do exceed our expectations, and only when data from
more regions (e.g. southern central gyres, the southern
ocean) and seasons (northern summer and fall) are
included will a better idea of the actual range of
accuracies be known. Then, an area-weighted global
mean accuracy for each algorithm can be assessed for
MODIS Terra. For MODIS Aqua performance evaluation
awaits reprocessing with vicariously calibrated data.
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