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Merging Level-2 Chl-a and SST data

1 Introduction

Level 2 datasetsuch as Cha concentration and normalized walisiving radianceare
derivedgeophysical quantities in sensorvigne o met r i es. Due to the Ea
and the viewingieometrythe 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 compoitargy

one time clouds cover a sifieant part of the ocean and make thcean invisible fothe
ocean color sensor. By using clefrde pixels from a number of passes it is possible to
acquire moreor-less clouefree images. Some areas aspecially cloudyandmore

difficult for getting vsible data. As tbuds move around during the diays possible to

use holes in the clouds and composdata from multiplesensors and multipleasses

during different times of the dag get maximum coverage. For example,oaa

composite data from MO} Terra withanoverpass at 10:30, SeaWiFS at 12100n

and MODISAqua at 13:3Q@o get enhanced coverage

Global mapped ocean color data that can be downloadedHeMASA Ocean Color
websitehttp://oceancolor.gsfc.nasa.gov/ftp.htislat lower spatial resolution, 8tkm

and 4 km In order tocreatefull -resolution(1 km)time series you need to download
corresponding Leve2 (unmapped) datasets and do your own mapping and compgositi
This exercise describes the procedures for creatinly r@solution mergedAquaTerra
SeaWiFXhlorophyll time series of grarea of choice using a suite of WAM programs.
The same procedurgused to merge and composg8Tdata 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 sensargour choice

2 Prerequisites

We assumehiat 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 that you have installed WIM and WAM.e e secti on Al nstall
and WAMO in Exercises_WIM_WAM. pdf .

3 Ord ering and downloading the data

SeaWiFSMODIS-Aquaand MODISTerralLevel2 data can be ordered from the Ocean

Color Levell and 2 Browser website

http://oceancolor.gsfc.nasa.gov/cgi/brews?sen=amYou canselectthe sensor (for

SeaWiFS also the data typMLAC or GAC), specifythe boundariesf your area of

interest, select a montr anothertimeperiodnd c¢c | i ¢k o nTheinélicknd swaths
AOrder datao, entleectyofuDo eemati 1l a@atddmye ser,desre f
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Level 2 0 .-2 pbdudtdypes yoshouddleave it open to getll product types

you need at | east -2icfhllaogrsoop)h.y IHo ra oS SaTn dy ofiuL envee
Level 2 Skalvayg undeledlinthe temind options i Remi ndo, ARequir
and 0 Nafteicflyyac)ki ng on ASubmito you resmoedd t o wal
to the email You will thenreceivetwo emails whenprocessing oyour orderhasstarted

and when the files ameadyfor downloadng.

St I

4 Selecting the standard map projection

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

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

pixels will be filled by duplicating neighboringkm pixels.

In the following example | will choose a target projection thatAtbers Conic Equal
Areaprojection generad with the Terascan (SeaSpace Corp) utiisteR with the

following parametergprojection=albers min_lat=16 max_lat=45 min_let35

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

This target map covers theest coasof North America and the California Currefrt

this projection each pixel is 1 KmA 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 projedion is much more acceptable.

Output hagemapped and composited data files in H#hotated imagess both HDF
asPNG. Theannotated imagesanalsobe created afterwards with a program like
wam_serie$ut it is convenient to créathem simultaneouslyith the datdiles. It is
important that the quiclooks have all theequiredinformation like the Lat.on grid and
thecolor scaleAll the requiredinformation should bén anoverlay file thais then
overlaidon top ofthedata Theannotated imagesn be smaller thatme data filesln the
example belowhedata images adarge (3840 x 3405 pixels) and tlgpiick-looks will be
reducedby 8 times The image belowhowsthe overlay image that was created with
WIM. In this case the targewerlayimagewas reduce® times, LatLon grid was
overlaid,and colorscale wasddel. All these operations are part of tihéeractiveWIM
program and will not be covered here. It is important to note that in order to get the right
numbers with the color scale youetkto set the scaling type of the overlay to that of the
resulting image (e.d.og-Chl), stretch the color scaling as needed only THEN use
ViewAnnotateto create the numbers along the color. ¥au canlet WIM create the
numbers for the color scalgb usi n-Ge A A u & b e dhe numberasdieitiuallg t
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(separated by a commi)y u s i n g.Inftih€ exaniple betowhe color range was

chosen 0.0610 mg m* of Chl-athatcorresponds to a rangé48i 200 in pixel valuesin

the example below therd areas were filled with pixel val@55 Thecoastlines and the

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

that if you stretch theators of this overlay between 48 andd2the gridlines and labels

will not bevisibleonthe black Donét 6 wor r ipleintheeickookse c o me vi s

0.05 /0.1 0.2

Fig. 1. The reduce@hl-a overlay image with color bar, latitudengitude grid and filled
land.Colors have been stretched between 48 and 200 pixel values corresponding to Chl
concentration 00.057 10 mg .
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Fig. 2. The reduced SST overlay image with color bar, latitogitude 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

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

final i mages you donét want to use pixels th
that the pixel is most probably bad while other flangcatewarnings thamaybe

ignored.

In this example using both Aqu@erraand SeaWiFS data | usédgsATMFAIL, LAND,
HIGLINT, HILT, HISATZEN, STRAYLIGHT, CLDICE, HISOLZEN, HITAU, LOWLW,

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

quality pixels. Otler 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 hile 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 edgesaiten associated with erroneously high-ahtalues.
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6 Processing steps

Preprocessing
Thefollowing operationsareused after the data filégmve beemlownloaded.

1 bzip2 171d*.bz2

This command uncompresses*diiz2files in the current folder using theip2exe

utility. In many casegou have some very sméiles have either no data at all or have

very small datasets of invalmxels thatare not worth remappin@he next operation

wi || move the files with no datdaetethe a f ol der
whol e f o IKeeping filéswith mbaatacan stop the following operations from

running andwill waste disk space.

1 wam _compress _hdf *.hdf

This command reducesdlsize of thelatafiles considerablyandalso movedad files

with no datada f o | d.&eepirgbiRFdfiles with no datasetsycrash the next
step.Please note that this compress®applied withinthe HDF file itself anddoes not
change thé1DF file type or the file naménotlike thewinzip, bzip2or other compression
programs da)

wam_12_map
1 waml2 map PATTERN TARGET

wam_|2_maps the program that remaps and composites all matching-Redatasets

and creates daily mapped composifde command abow&hows the basic form of
wam_|12_mamwith PATTERN being a matchingl@&name 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 commaiithe full command sylax can be checked by typing the
name of the command without arguments.

1 wam_I|2_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. iPthe 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 prod8ifitss 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 t.L2_LAC.x.hdfor *.L.2_LAC) of both Aqua and Terra
include also SST dataut no SST quality datdherefore mapped SST images will not be
generated from them.

1 If you downloaded separate SST dataZ* LAC_SST.x.hdfor *.L.2_LAC_SST)
then please separate these frabhR* LAC.x.hdfor *.L.2_LAC filesto a separate
folder. Itypically use folders like A207 for Aqua L2 data and2007_SST for Aqua
L2 SST datand, respectively, T2007 and T2007_SST for Tdroa SST datshe
commanasyntax is the same but the overlay file should correspond the SSWithata
a different range and annotation) is spedifi SST. The *.L.2_LAC_SSTiles have a
separateual_sstdataset with the SST quality flags. It is missing in the general
*.L2_LAC files.

wam_|2_mapses multiple passes to create the daily mapped images. If the target area is
very large then you will probablyave multiple noroverlapping passes. At high latitudes
consecutive passes become claseach otheand you can have many partly overlapping
passes per da full list of actual working commands used to generaterggblution
California Current datasénhttp://spg.ucsd.edu/SatelliteData/California_Curjast/

given in the end of this document.

wam_composite_2sensors

This step merges data frothsensordg-or ocean color you carse L2 datasets from
Aqua, Terra and SeaWiFS. SeaWiFS detee? 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 commaifdr ¢as
different sensors). ThHBAC 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 keyvesd
specifies that data in PATTERNL1 has prefeeeove data in PATTERNZ2. Thiss used

in case you are merging data with different resolution or quality. For example, when
merging SeaWiFSLAC (higher resolution) wittGAC data (lower resolution) or
MODIS-Aqua data (higher quality) withlODIS-Terra datglower quality) youshould
use the lower quality/resolution dataRSTTERNZ2 and thé&' eskeyword.

The best strategy seems to be the following sequence of meagamfyom 4 datasets
(SeaWiFS MLAC, SeaWiFS GAC, MODI&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 Chh.

Please note that the first letter of the filenamay 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 with SeaWiFSChAi c hange t o nACOo

3. MODIS Agua with MODIS Terrd changetgi Mo f or MODI S
Chl-a and SST).

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

priority keywordYesis usedhenthe lower priorityPATTERNZ2 data is used only if
PATTERNZ1 data is missing or invalid.

A full list of actual working commands used to generaterfdblution California
Current dataseh(tp://spg.ucsd.edu/Satellite_Data/California_Curjastgiven in the
end of this dcument.

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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| Chl |a. Day 030, Jaduary 30, 2007

" N 00501 0.2 I].5I] 110

b3 e -

.
Py,

Fig. 4. Merged Aqua and SeaWiFS @hlor January 30, 20034.2% of the ocean piels
are valid, an increase of over 10% compared to Aqua alone.
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30, 2007
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Fig. 5. Merged Aqua, Terra and SeaWiFS-&Hbr January 30, 20045.4% of the ocean
pixels are valid, an increase of about 22% compared to Aqua alone.

wam_composite 2x

As shown in Figs. % merging data from multiple sensors increases the covarage
decreasethe number ofmissing pixels. However, even after merging data from 4
datasetshe coverage is still usually inadequate (in our exaH¥ coverage and 55%
of ocean pixelstill cloud-covered. Therefore we will composite the musiensor dily
datasets over time, first over a 5 day perkeat. example, to create composites dver
days weuseDAYS = 5.

1 wam_canposite 2x PATTERN DAYS

1 wam_composite 2RATTERN 15OverlayFile [xPos yPos [lutFile [Min
Max]]]]

The first command above shows the basic form and composites daily mapped images into
5-day compositesThe second command above uses the overlay file (the same as in
previous examples) ariths more options, e.g. fQverlayFile a specific LUT file,

positioning the annotatiorxPos yPo9 and stretching the colors betwddim andMax.

Please see thariousoptions by typing the command with no argumeAtsoutput the
commandoroduces 3 types & day compositdiles: composites{ comp.hdf and
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annotated composites ((omp_annot_hdind* _comppng). Below is a sample-8aiy
composite image using the prendy produceddaily image as one of the components.

I’ Chl a, Days 026-030, 2007

0.2

& : AT g e il e .
S b Hilan”

Fig. 6. A 5day composite of the merged &hfor Januar6-30, 2007 80.1% of the
ocean pixels a&rvalid, an increase of about 3% tompared tthe mergedingle day
image

You can alsdgake5-day composites and mertfese into 15day compositesr create 15
day composites directly from daily composites.

Currently you cannot mix different years, e.g. you cannot composite from December to
JanuaryBelow is a sampl&5-day composite imagesing the previous image as one of
the components. Note the improved coverage.
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| Days 016-030, 2007

Fig. 7. A 15day composite fathe merged Chkéa for January 8-30, 2007 93.8% of the
ocean pixels are valid, an increaselodat 13.7% compared to theday imageabove

As you can see, even the-tlay merged composite fromultiple sensors hasomewhite
holes of no dataVhile it is not hierarchical compositing, it is common practice to make
monthly composites using daily and neti&y or 15day compositeas tlose do not
normally match monthmitss.

wam_composite_month

1 wam_composite_month PATTERN
1 wam_composite_month Pattern [OverlayFile [xPos yPos [lutFile [Min Max]]]]

Thiscommandnakes composites over calendar months. It can use both daily and longer
(e.g. 5day) canposites. It is statistically justified to first make composites in a
hierarchical way, e.g. first-8ay composites and then use these for a monthly composite.
However, when using-8Bay composite as inptle final time interval is usualiyot

exactly a ceendar month. Therefore we use daily input imagégoptionsaresimilar to
wam_composite_5dag.g. forOverlayFile, a specific LUT file, positioning the

annotation XPos yPo9 and stretching the colors betwddim andMax. Please see the
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options by yping the command with no arguments. Baene overlay file as in previous
exampless used

Fig. 8. A monthly composite of the merged @hlor January, 20088% of the ocean
pixels are valid, an increasearfiother4.1% compared to th&s-day imageabove.

The above examples used the LUT @lé1_white_end.luvith Chl range 0.09.0. You

can, of course, use a different LUT file. The example below shows SST with a different
LUT file (hsI256_black _white.ljtlt may be useful to use different LUT fddor

different variablesHowever, he SST image beloveduces the visibility of gradients
becaus®f usinga very smooth LUT file.
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