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Merging Level -2 Chl-a and SST data

1 Introduction

Level2 datasetsuch as Cha concentration and normalized wakesving radianceare
derivedgeophysical quantities in sensor vigwe 0 met r i e s . Due to the Ea

and the viewinggeometrythe ground projection of each satellite swath is different. In

order to make individual swaths comparable to each other they need to be mapped to a

common projection. Another important aspect is the need for image compoAitamy
one time clouds cover a sificant part of the ocean and make thcean invisible fothe
ocean color sensor. By using clefide pixels from a number of passes it is possible to
acquire moreor-less cloudfree images. Some areas aspecially cloudyndmore
difficult for getting wsible data. As uds move around during the diys possible to

use holes in the clouds and composdata from multiplesensors and multipleasses
during different times of the dag get maximum coverage. For example,cas
composite data from MOB}Terra withanoverpass at 10:30, SeaWiFS at 12100n

and MODISAqua at 13:3Q0 get enhanced coverage

Global mapped ocean color data that can be downloaded®MASA Ocean Color
websitehttp:/oceancolor.gsfc.nasa.goVv/ftp. htislat lower spatial resolution, atkm

and 4 kmIn order tocreatefull-resolution(1 km) time series you need to download
corresponding Leve2 (unmapped) datasets and do your own mapping and comgositi
This exercise describes the procedures for creatinly @solution mergedAqua Terra
SeaWiF<hlorophyll time series of grarea of choice using a suite of WAM programs.
The same proceduig used to merge and compos#8 Tdata fromAqua and Terra
sensorsThe derived composites are better than the standard composites available
globally as they (1) have higher spatial resolution; (2) provide flexible time of
compositing; (3) merge data from multiple senszirgour choice

2 Prerequisites

We assumehat you are familiar with the basics of the command line, i.e. how to open
the command window, change directory, issue a command, etc.

We also assume thgbu have installed WIMand WANl see section Al
and WA Exercisesy WIM_WAM.pgf

3 Ord ering and downloading the data

SeaWiFSMODIS-Aguaand MODISTerraLevel2 data can be ordered from the Ocean
Color Levell and 2 Browser website
http://oceancolor.gsfc.nasa.gov/cgi/brewd?sen=amYoucanselecthe sensor (for
SeaWiFS also the data typ®LAC or GAC), specifythe boundariesf your area of
interest, select a montn another time period nd c | i ¢ k o nrhen &ickn d
AOrder databo, entleectyomDo eemat 1 a@atddme sa
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| 2 0 .-2 pbdwtteypes yoshoutdleave it open to getll product types

need at | east -2icfhllaogrsogp)h.y IHo ra oS SaTn dy ofiuL envee
| 2 S ™alwayé dngelediintie temind options i Re mi nd 0, ARequir
and 0 Nafteicflyicc)ki ng on ASubmito you respoedd t o wa
to the email You will thenreceivetwo emails whenprocessing ofour orderhasstarted

and when the files ameadyfor downloadng.

4 Selecting the standard map projection

Before you startnappingthe data you need to pick a suitataegetmap projectionThe
easiest projection to create with WIM is thieear projectioni you need to decide the
latitude and longitude rangendeither theimagesize in pixels or the pixel size in meters
Other projections, such @dbers Conic Equal Arear Mercatorprojections may be
preferable in some cases but are more complex to define. You need to consider the
resulting pixel size of yor target image. The nominal spatial resolution of ocean color
data is typically about 1 km but at the edges of the swath the resolution is Iweg
mapping to a target projection there is never going to be-&oemee mapping of pixels.
You can incease the apparent resolution of the target image by selecting a piXessize
than 1 km. Asingle pixel on a typical computer screen is so small thatmaynot

notice the duplication of pixels.or example, you can increase the apparent resolution to
about 500 m if you need a smaller area at higher resol@iboourse, those 50t

pixels will be filled by duplicating neighboringdm pixels.

In the following example | will choose a target projection thatAdkeers Conic Equal
Areaprojection generat with the Terascan (SeaSpace Corp) utifiisteR with the

following parametersprojection=albers min_lat=16 max_lat=45 min_leh35

max_lon=100 corner_edges=yes square_aspect=yes num_samples=3840 est_center=yes

This target map covers theest coasbf North America and the California Curret

this projection each pixel is 1 A Linear projection with the same area would have
severe distortions and pixel size would be different in different parts of the image. For
smaller areas thieinear projecion is much more acceptable.

Output hagsemapped and composited data files in KHiBRnotated imagess both HDF
asPNG. Theannotated imagesanalsobe created afterwards with a program like
wam_seriedut it is convenient to créathem simultaneouslyith the datdiles. It is
important that the quichooks have all theequiredinformation like the Lat_on grid and
thecolor scale All the requiredinformation should bén anoverlay file thatis then
overlaidon top ofthedata Theannotated imagesa be smaller thatihe data filesln the
example belovthedata images ararge (3840 x 3405 pixels) and tlopiick-looks will be
reducedby 8 times The image belowhowsthe overlay image that was created with
WIM. In this case the targeterlayimagewas reduce® times, LatLon grid was
overlaid,and colorscale wasddel. All these operations are part of tikeractiveWIM
program and will not be covered here. It is important to note that in order to get the right
numbers with the color scale youeaeto set the scaling type of the overlay to that of the
resulting image (e.d.og-Chl), stretch the color scaling as needetl only THEN use
View-Annotateto create the numbers along the color. yaru canlet WIM create the
numbers for the color scalggb us i n-Ge AA U & b e dhe nmberaxdwiduallg t
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(separated byacommia)y u s i n g.Infil€ example bedwhe color range was

chosen 0.0610 mg m?® of Chta thatcorresponds to a rangé48i 200 in pixel valuesIn

the example below thend areas were filled with pixel val@s5. Thecoastlines and the

Lat-Lon grid werecreated with a pixel value of(that makes them blackip lease note

that if you stretch theadors of this overlay between 48 and)2@he gridlines and labels

will not bevisibleontheblack Do ndét 6 wor r ipl inthelgeicklookse c o me vi s

005 o1 0.2

Fig. 1. The reduce@hltaoverlay image with color bar, latitudengitude grid and filled
land.Colors have been stretched between 48 and 200 pixel values corresponding@to Chl
concentration 0®.05i 10 mg ni.
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Fig. 2. The reduced SST overlay image with color bar, latitadgitude grid, and filled
land. Colors have been stretched between 87 and 255 pixel values corresponding to SST
of 10.051 35.25C.

5 Level -2 flags

Level-2 data have pixels with variable qualities specified by their L2\ gs. In your

final i mages you dondét want to use pixels th
that the pixel is most probably bad while other flagscatewarnings thatnaybe

ignored.

In this example using both Aquéerraand SeaWIiFS data | usédgsATMFAIL, LAND,
HIGLINT, HILT, HISATZEN, STRAYLIGHT, CLDICE, HISOLZEN, HITAU, LOWLW,

CHLFAIL, NAVWARN, CHLWARN, DARKPIXEL, SEAICE, NAVFAIL  to eliminate low

quality pixels. Otkr flags BADANC, COASTZ, NEGLW, COCCOLITH, TURBIDW, ABSAER,
TRICHO, MAXAERITER, MODGLINT, ATMWARN, FILTER, SSTWARN, SSTFAIL ) were
ignored. It was found that the pixels marked with the latter flags were statistically not
different from neighboring pixels mile their elimination would have decreased the
amount of usable data. In addition to eliminating the flagged pixels, the cloud image
determined with the flagLDICE was dilated (expanded) to eliminate contaminated pixels
near cloud edges. Cloud edges aften associated with erroneously high-ahlalues.
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6 Processing steps

Preprocessing
The following operationsre used after the data fild®ve beedownloaded.
1 bzip2 7id*bz2
This command uncompresses*diiz2 files in the current folder using thezip2exe

utility. In many casegou havedownloadedsome very small.bz2 files with either no
data at all owith very small datasets ohly invalid pixels thatare not worth remapping.

1 wam compress _hdf *.hdf

Theaboveoperations important if you do batch processing of many files. If you just

have a few manually selected files then it isenitical but is useful as ieduce the files

sizeon diskby about 5 timedf it finds bad datafileswith no data, itvill move these

flest o a f ol deYoucaadaklde | Bbaed od he wHhhbid e folder #fb
commandnvokesinternal compression within the HDF file and will not affect the file

extensioror data usag&Keeping HDF files with no datasetsaycrash the next stqjas

no data can be extracted from these Yisazdwill justwaste disk space.

wam_|2 _map
f wam[2 map PATTERN TARGET

wam_I2_maps the program that remaps and composites all matching-Redatiasets

and creates daily mapped composiie®e command abowvehows the basic form of
wam_I2_mapwith PATTERN being a matchingldéiname pattern (folder and filename
pattern combined) and TARGET is the HDF filename with the target projection. If you
want to create annotated quildoks with a separate overlay and image dates then you
need a more complex commarithe full command sytax can be checked by typing the
name of the command without arguments.

1 wam_I2_map PATTERN OVERLAY xPos yPos

If your target map and overlay are of the same size then you can use your overlay file in
place of the target map like in the command above. e xcoordinate (pixels from

left) and yPos is the-goordinate (pixels from top) where the annotation (date) is written.
You have to pick a good position, e.g. over land, that would not cover useful data.

1 wam_I2_map PATTERN TARGET OVERLAY xPos yPos

If your target map and overlay are different in size (overlay is typically smaller) then you
need to specify both TARGET and OVERLAY separately like in the command above.

This command works through all the matching files and prodifiess perday:
* chl_a_mapped.hdimapped daily data file),

* chl_a_mappedannotatechdf (annotatedHDF file),
* chl_a_mappegng(annotated PNG file)
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The Level2 MODIS data{.L2_LAC.x.hdfor *.L.2_LAC) of both Aqua and Terra
include also SST dataut no SST quality datd herefore mapped SST images will not be
generated from them.

1 Ifyoudownloaded separate SST datd?* LAC_SST.x.hdfor *.L2_LAC_SST)
then please separate these frab®2* LAC.x.hdfor *.L.2_LAC filesto a separate
folder. Itypically use folders like A207 for Aqua L2 data ané2007 _SST for Aqua
L2 SST datand, respectively, T2007 and T2007_SST for Tdvom SST datéhe
commandsyntax is the same but the overlay file should correspond the SSWitata
a different range and annotation) is specifi SST. The *.L2_LAC_SSTiles have a
separatgual_sstdataset with the SST quality flags. It is missing in the general
*.L2 LAC files.

wam_I2_mapses multiple passes to create the daily mapped images. Ifthe target area is
very large then you will probablgave multiple noroverlapping passes. At high latitudes
consecutive passes become climseach otheand you can have many partly overlapping
passes per day full list of actual working commands used to generaterigblution
California Current dataséhttp://spg.ucsd.edu/Satellite _Data/California_C urieist/

given in the end of this document.

wam_composite_2sensors

This step merges data fro2nsensors-or ocean color you carsel L2 datasets from
Aqua, Terra and SeaWiFS. SeaWiFS datae2 types: GAC (global area coverage at 4
km resolution) and MAC (merged local area coveragelakm resolution)lt is usually
best to merge SeaWiFS MLAC and GAC data with the same commaihdr¢aa

different sensors). TH@ AC data normally guarantees the best coverage while MLAC
data (if present) guarantees the best spatial resolution.

1 wam_composite_2sensors PATTERN1 PATTERN2
The command above composites daily mapped images from 2 sensors.

1 wam_composite_2sensors PATTERN1 PATTERN2OVERLAY xPos
yPos Yes

The command above composites daily mapped images from 2 sensors and uses
OVERLAY image with the annotation positioned at xPos, yPos. The kewesd
specifies that data in PATTERN1 has prefeseave data in PATTERNZ2. Thiss used

in case you are merging data with different resolution or quality. For example, when
merging SeaWiFMLAC (higher resolution) wittGAC data (lower resolution) or
MODIS-Aqua data (higher quality) witklODIS-Terra datglower quality) youshould
use the lower quality/resolution dataRATTERNZ2 and thereskeyword.

The best strategy seems to be the following sequence of melegamdrom 4 datasets
(SeaWiFS MLAC, SeaWiFS GAC, MODi8&qua and MODISTerra)

1. SeaWiFS MLAC wih SeaWiFS GAC with MLAC priority into SeaWiFS
merged.
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2. MODIS Aqua with MODIS Terra with Aqua priority into MODIS
merged.

3. MODIS merged with SeaWiFS merged with equal priority into merged
multisensor Cha.

Please note that the first letter of the filenammesy change as a result of merging data
from different sensors/datasets. The rules of change are:

1. SeaWiFS MLAC with SeaWiFSGACno change (keep
2. MODIS Chta merged withSeaWiFSCali c hange t o #fACO

3. MODIS Aqua with MODIS Terrd changetdi Mo f or MODI S
Chta and SST).

If datasets 1 and 2 have equal priority then corresponding valid pixels will be averaged. If

priority keywordYesis usedthenthe lower priorityPATTERNZ2 data is used only if
PATTERNL1 data is missing or invalid.

A full list of actual working commands used to generatertgblution California
Current dataseth{tp//spg.ucsd.edu/Satellite Data/California Curjestgiven in the
end of this dcument.

. Day 030, Janbary 30, 2007
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Fig. 3. Aqua Chh for January 30, 20023.7% of the ocean pixels are valid (i.e. not
cloudy).
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Fig. 4. Merged Aqua and SeaWIFS @hfor January 30, 20034.1% of the ocean p&ds
are valid, an increase of over 10% compared to Aqua alone.
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