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1 Purpose and Requirements

WIM Automation Module ( = WAM) is a major addition to the tools available for WIM users. It
allows automating repetitiver complextasks byusing WAM applications that cdilinctionsin
theWIM library. For the use"WWAM has three componentsSirst, WAM programs with the
graphical Windows interface make it easy éery WIM user t@erform complex operations on
series ofimages. Secondisers with just a little bit more computer knowledge ase the
providedcommandine WAM programsand runpowerful application®n series of images.

Third, users with interest in programming can usé/thig library to createheirown WAM
applications using any of the .NET languageg. VB or C#

WAM is based on the Microsoft .NET Framework. It is realized agite of dynamic link
librariesthat provide easgccess t@omplex functionsWindows Vista and later versions of
Windowsincludethe Microsoft NET Frameworkout on older versions of Windows it gnaeed
to be installedNote thatNET Frameworkmay be already installday another prograrfiYou can
find this out with theControl Paneli Add or Remove Programs

If you do need tanstall the .NET Frameworkit can bedone inseveral ways:
1 From the exeutabledotnetft.exeincluded in theVAM_samplegolder of theDVD.

i From theMicrosoft site
http://www.microsoft.com/downloads/thankyou.aspx?familyld=0856&&824b0d8edd
aabl15c5e04f5&displayLang=en&oRef=http%3a%2{%2fwww.microsoft.com%2fdownloads
%2fBrowse.aspx%3fdisplaylang%3den%26productiD%3dC003-PHBI-4A2D-8FD1-
0BA441296CBC

The defaullocationfor WIM and WAM programge.g.C:\Program File§Wimsoftin English
(US) settings)s added to the PATHystemvariable when installing WIM/WAMSometimes
that fails andyou need to manually add it. To do tltfine a new environmental variapéeg.
WIMSOFT, set it to the location of the location of your WIM/WAM installatiomd add it to the
PATH environment variable. Yotan do it withPropertiesof My Conputer (right-click on it),
Advanced Environment Variabled=or example, in the Spanish versaf Windows the default
WIMSOFTp at HC:\Archivos de program&Vimsofdé i n s tCaPaxogranoFfles\Wimsofo .
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You can write your own WAM programh.is best to use the Visual Studio but you can also use
thefree command lineompilers forC#included in the .NET Framewarkou canstart by
compiling andmodifying the sample WAM program&ource codesf various WAM programs
(all'in the C# language) anecludedin theWAM _sampledolder of the WIMMWAM DVD.

WAM functionality is being extended and new functions are added to it. Therefore we
recommendhecking outhe latest coppf WAM whenever you start a new project.

To compile your own programs you also dée add lhe location of the .NET Framework
librariesto the pathFor running the commarithe C# compiler you also need to add its location
to your PATH variableFor the versior2.0 of the .NET Frameworikis

"%windir¥aMicrosoft. NENFrameworkv2.0.5072".

2 WAM samples overview

2.1 WAM programs with graphical interface

Program Name Purpose

wam_series A GUI programdesigned to apply various operaticas
series of matching images. It has optifarsinput and output
formats, aitting a sukareamedian filtering, overlays,
converting, remappinghangingcolors, etc.

wam_match Finds matches between in situ measurements and a series
satellite imagedvlakes XY scatter plots of the satellite verst
in situ dataCreates a CSV text file with matelp statistics of
a DX x DY window image statistics corresponding to in situ
measurements.

wam_statist Calculates statistics of masked areas for a series of image:
Using a listof images, an image with masked areas or list o
stations calculate statistics for the series of images. Output
CSV file ready for importing into MS Excel.

2.2 Command-line WAM programs

2.2.1 Anomalies, change detection and EOF

Program Name Purpose

wam_anomaly Calculates anomalies relative to the meaaverall,monthly
8-dayor 5-dayannual cycle. Reads all matching images,
calculates and saves the meand countsthen calculates anc
saves the anomalies relative to the means

wam_change Calculategshange between 2 images, shows the difference

© Mati Kahru, WimSoft
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wam_eof

wam_count

wam_variance

2.2.2 Convert

Program Name

anomaly This is implemented for ice concentration: it show:
increase or decrease in ice concentration.

Runs EOF or Pricipal Component Analysis (PCA) on a setis
of imagesSee separate documéitercises_ WAM_EOF.pdf
for details.

Counts the numbers of pixels larger or smaller than a thres
for a whole series of matching images, satvea text file
(CSV file).

Calculates pixelise mean, standé deviation and the numbe
of valid pixels for a set of matching filenames.

Purpose

wam_compess _hdf

wam uncompress _hdf

wam_assemble hdf

wam_extract by name

wam_extract SDS

wam_disassemble

wam convert 100xbyte

wam_convert_amsre

wam_convertccmp

wam_convert goesl1112

wam_convert_gsm

wam_convert_log

wam_convert _meris

© Mati Kahru, WimSoft

Compressedataset$SDS)within HDF files This can
drastically reducéile size without any noticeable difference
for the user.

Uncompresses datasets (SDS) within HDF files. Tiseases
file sizeand is used only because some applications canno
compressed HDF files.

Assembleglataset (SDS)from amultiple HDF filesinto a
single HDF file with multiple datasets.

Extracts datasets (SDS) selected by name from a HDF file
saves together in one file

Extracts datasets (SDS) (either all or selected by their seqt
number) froma HDF file and saves as individual HDF files.

Disssemblegsplits) multipledataset (SDS) froma single file
into multiple HDF fileswith a single dataset (SDS).

Converts the float32 ice concentration HDF datasets to HD
scaled byte.

Converts datasets of AMSRE in binary format of the Remo
Sensing Systems to HDF. Can read the followirngs:
SST, WSPD, VAPOR, CLOUD, RAIN.

ConvertsCCMP wind data in HtCDF format to HDF

Converts GOES 112 SST daily data from binary raster to
HDF format, adds attributes for compositing and time serie
analysis.

Converts UCSB GSM datasets to4stpling, adds attributes
for compositing and time series analysis.

Converts HDF datasets to HDF with log scaling of specifiec
slope and intercept.

ConvertsMERIS DIM files to HDF4 with longitude and
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wam_convert mid

wam convert nl

wam_convert_ngsst

wam_convert _percent

wam_convert ssmibin

wam_convert_to_power

wam_gradient
wam_miror

latitude arrays for getocation.See alsavam_conert_nl

Converts the Mixed Layer Depth datasets in Float32 forma
HDF in Int16 format, optionally masks land.

Converts ENVISAT (MERIS) N1 files to HDF4 i longitude
and latitude arrays for gdocation.See also
wam_conert_meris

Converts the New Generation SST (NGSST) binary datase
HDF while adding attributes.

Converts percent (range €100.0) to fraction in a scaled byte
(e.g. 0.61.0).

Converts raster binary files of ice concentration to HDF wit|
added attributes, scaling anajgction

Converts HDFlatasets to the power of, e.g. 2 or 3.
Calculates horizontal or vertical spatial gradients.

Mirrors over vertical, horizontal or both axegptionally sets
projection.

2.2.3 Operations with bands

Program Name

Purpose

wam_band ratio

wam ratio 2sets

2.2.4 Compositing
Program Name

Calculates a series of né@@hl-a and CDOMmages using aet
of Lwn datasetsvith aband ratio algorithime.g.OC4v4or
SPGANT.

Calculates a series of ratio images ugrggtsof images.

Purpose

wam_composite

wam composite pairs

wam_composite quikscat

© Mati Kahru, WimSoft

Create an avage composite and a count image of a series
HDF images. Reads HDF files either listed in a list file or
matching a pattern, calculates a mean composite and a co
image from all valid pixels, saves as HDF filkdries to
create the correct startéhend attributes so that the start anc
end periods correspond to the first and last images,
respectively.

Reads a list with-2olumns of filenames, composites each p

Reads all LeveB QuikSCAT files in the folder, calculates th
mean composite of ascending and descending orbits, save
HDF files. Obsolete, needs to be updated.
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2.2.5 Edge or Front Analysis

Program Name
wam_edge

wam_edge accumulate

Purpose

Edge (front) detection on a series of images. Runs SIED e«
detection algorithm, finds the frequency of edges on a seri¢
SST images.

Accumulates statistics of edgedges.

2.2.6 Image Operations

Program Name

wam mozaic land ocean

wam_overlay

wam_reduce

wam reducevalid

wam reducefixed

2.2.7 Mapping
Program Name

wam_remap

wam_remap?2

wam_remap_lla

wam_remap_and_overlay

wam_ remapto kmz

© Mati Kahru, WimSoft

Purpose

Makes a mosaic from two RGB images based on the pixel
value of a mask image.

Makes a series of overlaid &ges using a standard overlay fi
Reads an overlay image, reads all matching HDF #betsacts
all datasets (SDSg)uts the overlapn top of each image,
saves each as HDF.

Reduces a series of HDF images. Redbdsiatching HDF files
in a folder, reduces the size by a predefined times using a
selected reduction type, saves each as HDF.

Reduces a series of HDF imagesile using the valid range

Reduces a series of HDF images fixed size (192 x 94)
while using the valid range

Purpose

Remap a series of images, possibly with external geo
referencingo a target projection. Read all matchiHBF

files, pick SDS guess the respective gaxferencing file,
map to the target projection, save as HDF.

Remap a series of images, possibly with external geo
referencing ta target projectiorOptions for selecting
SDS median filtering, filtholes filling and selected LUT

Remap a series of images with external latitude/longiti
array (LLA) to a target projection.

Remapand overlay a series of imagdde target
projection image is also used as an overlay.

Remays a series of images to a target projectiwat must
be Linear overlay the target image and annot&etput
is savedas KMZ for visualization in Google Earth
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wam_remap_regions

wam_xy2l
wam_lI2xy

Remaps a series of imag®smultiple target projections.
Calculatedatitude and longitude from, y.

Calculates x, y from latitude and longitude.

2.2.8 Primary Production and Export Flux

Program Name

wam_npp _list
wam_npp

wam n oint
wam ef

2.2.9 Statistics
Program Name
wam binarize

wam fill

wam_integrate

wam matchl2

wam_matchmultiband

wam_match nearest

wam_statist_grid

© Mati Kahru, WimSoft

Purpose

Calculateshet primay production(NPP) imagesising a list of
Chl, PAR andsSTimagesandthe BehrenfeldFalkowski
(1997)VGPM modelwith various options

Calculates NPP images usitigg best matchinget of images
and variousalgorithms

Calculates NPP statistics farfistofi st at i ons 0
latitude, date, time) and series of imagesgvarious
algorithms

Createglataset®f export fluxof carbonusingthe Laws
(2004) model anéhput datasetef NPP, SST and Ch&

Purpose

Calculates the count of all pixels larger or smaller than a Li
saves HDF and PNG images with those pixels retained anc
other masked.

Fills invalid pixels with the mean of the neighboring valid
pixels with options for masking land and ice.

Integrate a series of images to calculate, e.g., total global
primary praluction or integrated values for specific areas.

For a list of stationand some Leve? ocean color filesfinds
matchupsnearest in time with sufficient valid data, calculatt
statistics for X 3 pixel area entered at the statiarsing
various algorithms

For a list of stations,jmdsa set oinearest imagen time with
sufficient valid datacalculateutputstatisticsusing different
algorithms for3 x 3 pixel area centered at the station

For a list of stations, finds the nearest image in time with
sufficient valid data, calculates statistics for 3 pixel area
centered at the station.

Calculate statistics for latitude/longitude grid for a series of
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wam_statist sta

wam lakel mask

sortmasks
sortstas

sortgrid

images. Reads a series of images; calculates statistics for
lat/lon grid, saves statistics.

Reads a list of stations (specified by longitude, latitude, nar
andall matchingimages; calculates statistics for 3x3 pixel
areas centered at the station, saves statisticalle®dixel
values in &CSVtext file.

Labels the mask image usedwam_statistwrites the
sequence number into thedudle of ech mask, saves &bF
andPNG.

Sort the statistis of masked areas by area instead of by ime
Sorts the statistics by mask number of a text file created by
wam_statistThe output fils are sortecandreadyfor plotting
with MS Excel.

2.2.10 Screening Level -3 data according to quality flag

Program Name

wam_screen _goesll11?

wam_sceen nask

wam_screen_pf

wam_screen_sst_ocpg

2.2.11 Processing

Program Name

wam_rgb_modis

zoom modis lat lon

© Mati Kahru, WimSoft

Purpose

Using cloud probability as a quality flag image, screens GC
11-12 SST data, i.e. keeps only the haghality pixels while
replacing others with zeros.

Screes standardiles; sortsinto foldersdepending owalid
pixelsfoundin a masked areaf interest.

Screens AVHRR Pathfinder version 5 files, keeps only the
quality pixels. Uses both SSha quality images, makes all
SST pixels with quality flags less than 7 zero, converts to E
with SST-Pathfinder scaling.

Using a quality flag image, screens, i.e. keeps only the higl
guality pixeswhile replacing others with zeros. Screens Le\
3 MODIS Aqua (and Terra) SST data produced by the Oce
Color Processing Group, converts to Byte with the-SST
Pathfinder scaling.

Level -1B MODIS data

Purpose

Creates cagegistered trueolor RGB composites from MODI¢
Level1B data at 1 km, 500 m or 250resolution does
accurate band eregistration, optionally maps to a target
projection.See separate documéirercises_modis_250m.pd
for details.

Interpolates km MODIS latitudelongitude array to 25@n
resolution. Readall matching MODO3 or MYDO3 files and
interpolates the latitude and longitude arrays to 258e®s.
Exercises_mdis_250m.pdfor details.
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wam_turbidity

wam_turbidity aster

2.2.12 Processing Level

Program Name

wam_12 map
wam_compose 2sensors

wam_composite 2x
wam_composite intime
wam_compositemonth
wam_composite_year
wam_composite last

wam_composite list
wam_composite_running

2.2.13 Merging Level
Program Name
wam_merge_|3

2.2.14
Program Name
wam_gaal2

wam_gaal3

2.2.15 Correlation between images and a point tim

Program Name

wam_correlation

wam_correlation series

© Mati Kahru, WimSoft
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Calculates turbidity index from MODIS bands1 and 2, map:
a target projection. Readseefl-produced HDF file produced
with bands 1 and 2, MODO03 geeferencim file. See
Exercisesmodis_250m.pdf

Calculates turbidity index from ASTER bands1 and 2, map:
a target projection. SdexercisesASTERpdf

-2 ocean color and SST data

Purpose

A suite of programs to map and composi#&SA Level2
ocean color and SST othdatasets. Using the Levé data and
flags to create dailynapped composites. Daily composites a
then used to create higher level composies 5-day, 15day,
monthly, yearly,last N day running N dayor composites
specified by dime range or &st of files.

-3 data

Purpose

Merge different LeveB productgevenwith different
resolution. For example, by merging alleathe but low
resolution microwave SST with higlesolution but clear
weather infrared SST you get merged SST product.

Inherent Optical Properties (I0OP)

Purpose

Calculates Inherent Optical Properties (IOfPgin Level2
Lwn datausing the Lee et al QAAvalgorithm

Calculates Inherent Optical Properties (IOPs) from mappec
Level3 Lwn datausing the Lee et al. QAAvalgorithm

e series

Purpose

Calculates a correlation image (with each pixel representin
the correlation coefficient) between a series of images 4nd
dimensionatime series, e.an ENSQndex

Calculates a correlation image (with each pixel representin
the correlation coefficient) between two series of images.
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wam_corrmatrix

2.2.16 Simple utilities
Program Name
rerit

wam_add _attribute

wam_add name

wam minmax

11

Calculates a correlation matibetween two sets of time serie

Purpose

Calculates confidence limits for correlation coefficient with .
given number of pairs

Adds a gltral string attribute to a set of matching HDF files.

Renames the SDS in the file with the name of the file. Man
standard products use the same SDS namd3mgdata In
many cases it is useful to have the iem(datasets) named
with a name that clearly identifies the image.

Shows the valid range for a s#étmatchingHDF files.

2.2.17 Sample WAM programs for learning and testing

Program Name

Purpose

test cut hdf

test bandratio

wam _filter

wam_attribute

wam_histo _mask

test statist

wam_rgb

© Mati Kahru, WimSoft

Shows how to create a series of images of a selecteatsab
and save as JPEGs, GIFs or HDFs. This example shows h
read all matching HDF files in a folder, cut out a predefinec
subarea, stretch the color scale, save each in difféoemats.

Shows how to calculate a new image using a band ratio
algorithm. Reads all matching pairs of image files in HDF (i
of 443 and 520 nm bands) in a folder, applies a band ratio
algorithm, savede calculated image as a float HDF, conve
to a BYTE image using CHL scaling, stretches colors, save
a JPEG.

Apply afilter, e.g. Median filter, to a series of images, save
results. Reads all matching HDife§ in a folder, cuts out a
predefined suarea, applies the Median filter, and saves ea
as a JPEG.

Print the value of an HDF attribute from a series of HDF file
Reads all matching HDF files in a foldektmcts the value of
an integer attribute (e.g.
and the attribute value.

Calculates a series of histograms for a specified rectangle.
Reads a mask, a list of file filem&s, calculates and saves
histograms of a rectangle.

Calculate statistics of a rectangular area. Reads a specifie(
image as HDF, calculates statistics for a specified rectangt
area, prints to the screen andesain a text file.

Simple example for creating series of RGB composite imac
Reads all matching image files from a folder, calculates RC
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images from selected bands.

wam_to_hdf Converts alimatching plain raster images in a directory to
HDF while adding attributes. Using filenames as clues for t
it tries to add attributes
needed for time series analysis.

3 Examples of WAM programs

The following are @amples of WAM programsSome of the programs are quite complex and
powerful while some are simple exampld$e souce codes of akire included. You can
compile the example programsth the C# compiler or run the precompiled executables

To build asimple commandine programcdt o t he directory of your sour
foll owed by the programdés name without the exter
test.cscd to your WAM directory and type

c test

On success the batch filelfa) makes an executable test.exe in yguiMSOFT directory.
Remember that the executable must be in the same folder as your WIM executables and DLLs.
You can now run the program by typing

test

Remember that your WAM executables have to be in the same folder\AdNhexecutables
and DLLs.

3.1 WAM programs with graphical interface

3.1.1 wam_series

Wam_seriess a powerful application based on WAM for doing multiple operations on a series of
images. In contrast to the other, mostly commiamel WAM utilities it is a Windowgorms
applicationandcannot be built with the simple batch fidebatas it needs linking with other

libraries.

A common scenario for WIM users is that there is a series of image files that need the same kind
of kind of transformations. You can easily that with WIM on a single image but doing it on
many images is tedious and error prone. For example, you may have a large gkuiohl of
imagesbutyou want to cut ot a small subset of your area of interesty-be map it to another
projection, overlayxoastlines and/or station locations, stretch the color scale, annotate with year
and date, and save in a number of different formats (GIF, JPEG,HDF, Lat/Lon/Value).

Here is wherwam_seriegomes in. You can perform many operatioms a series of imagwith

a few mouselicks. Anotherimportantbenefit of usingvam_serieginstead of doing it

interactively with WIM)is that you can save a log of yaperations and parameter values and
use thermanother timeWam_seriesanalsocalculate statistics @& selected rectangle for a series
of images.

Wam_serietias a number of inputs that specify the sources, outputs and operations. All selected
options are stored in the registry just before processing starts, so even if you closetiseries
application or turn off the PC, the next run when you steat_serieyouwill have your last

options selected as the default ones. However, this method only saves the last set of options.

© Mati Kahru, WimSoft
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However, when yoswitch to another projegou will need to change the sefable options and

all your first pr oj e daoréasingthpptionsohddferemti ptojectslyorr over wr i
need tosave them in a log file. All the parameter values are siavadog file and calbe read

back The followingarethe input peameters.

You always need to specify the input and output options:

fiFfromdiroi s the input directory where the input fi
folder where your files are and copy and paste the Address bar.

fiFile patternd i s h o w hediles inghe iputidifegtoryt For example, you may first
want to process only files from 1999 and give 0f¢
fS2000*. *0 t o Rlease beecareful vt riatchirfg tod reasy.files: you may match
files that ae notsuitable and produce an error.

fiTodro i s the folder name whee@gl GQMAUWMOUuUtbud put f il e
be usedor output files fromwam_series

fiSave Logga n betBogd0 ar e buttons for savinglogeadi ng th
file. When you click on AGet Logo a file picker
need to have typed the full path of the log file in the text box immediately to the right of the
button. When you just start experimenting withm_seriesyou can ignore the log options. The
logs are fosimple text files fosaving all the parameters of a project so that you can restore them
later.

fiinputtyped6 | ets you specify the input type of file
With HDF files conténing multiple images (scientific datasets = SDS) you also need to specify
the sequence number of the image. With single ir

fiSavea®d | ets you specify t hPENGHDF,plDFRwithfLLA e type as
and/or Lat/LoValue. If you specify statistics as processing option then no output files other than
the statistics result is created.

The following processing options are available:

Median filter with the windowsize(typically 3 x 3 or 5 x 5 pixels) lets you smootle thutput
image with a median filter of a specified size.

Fill Holes with the windowsize(typically 1 x 1 or 3 x 3 pixels) lets you fill zern@mlued pixels

(e.g. missing data due to clouds) with the mean value of thearomeighboring pixels. As a
sideeffect it also fills areas that are not supposed to have valid data, e.g. land if you are working
with ocean data. In that case you can maskitiveanted modifications with a custom overlay

(see the Overlay option belowgemember thatou cannot overla@-valuedpixels as they will

be transparent.,e. the image will retain its current value and not attain the overlay value.

remedy for that case is to use a small-nero pixel value (e.g. 1) in the overlay and use Color
Stretch with the start value almthe noreero pixel value.

Mirror? (Upside down?) is a seldom used option. It may be needed for L&l Level2 data
(i.e. unmapped) from ascending orbits (e.g. Aqua) where the image may appear upside down.
WIM will normally try to mirror the image @aamatically.

Rotate 90 degoption will rotate the output image by 90 degrees. Currently théogation
parameters are not converted. If you save just the bitmap (e.g. JPEG or PNG) then it does not
matter, however, if you save as HDF and later try to tieadHDF file then the gelmcation will

be wrong.
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fiCoastline® wOverlay Pixel Valuelets you specify the WIM coastlines file to be used (for
example, GWimdewMapsdcoast_inter.b) and the pixel value of the coastline. Typically, you

may want to us@55 (white) for the coastlines to be visible on black background or 1 (purple or
black) on white background. Please note that the overlay is created for the first image file and is
assumed the same for the remaining images. If you are remapping imag@g&s projection

then they will all have the same size and projectliothat casédt is more versatile to create an
overlay filei including not just coastlines but possibly-lan grid, station locations, land painted

to a different color, color barstci and then use the Overlay option (see next).

fiOverlayo0 | et s you specify an over [lawthWIWbetoret hat you
runningwam_seriesFor example, you may want to put a specific U, longitude grid,

manually edited coloscale Jocationsof certain stations of labelgpracticallyanything on top of

all the images. Bathymetry contours may be used in the overlay image. Remember that the

overlay needs to be of the same size as the output files and the background (traosphee

overlay image) needs to have pixel value dR@member that if the overlay pixel value is O, it

will be transparent, i.e. the image will retain its current value and not attain the overlay value.

fiLoad Paletted | et s y ou s p dedile fusuallg.lutdtipatyou Idad for egeha | e t
image. That will change the color palette of the image. For example, when working with
anomalies you may want to use a specific palette ga@mnaly.lutor anomaly7.Iu).

ffAnnotated0 wi t h X anbtYevaluesldtd yeu specify where an annotation consisting of the

year and start day of the image will be put. X means the distance in pixels from the left and Y

means the distance in -poxkebdbs anymot hehéeose, 1 heyd
corresponding to the top right corner will be used. The program tries to guess the start year and

Julian day from the image name. This works for most SeaWiFS, MODIS-Benslges,

Pathfinder SST images, etc. If it does not work for your images, please IsoWknow and we

will try to make it work.

fiCut subimage®d wi th | atitude values for the North (t
values for the East (right box) and West (left box) lets you cut out a rectangular area as the area of
interest for eithiesaving or statistics. Remember to use negative longitude for West longitudes
and negative latitude for south latitudes. All values are in decimal degrees, e.g. latitude of 0.5
means 0 degrees and 30.0 minutes north. Please note that if you are reimnaggp#sgo a target
projectionthenyoudodt need t o u slfgoufuCaivironganeh, iyouraemapped .
image will be emptylf the image has no projection then, of course, you cannot locate certain
latitudes and longitudes. For images withngpmct i on t he fil ongituded and
mean just the x and y of the image coordinates.

fiStatistic®do  w iValithMimfMaxd sel ects to calculate statistic
or a subarea specified by ingbugputfileColstatisica forithmage o v al
whole series of images is saved in a textdilgistics.txin the current folder. The Min and Max
values for the valid data range need to be specified as invalid values should be excluded from the
statistics calcukgons. For example, in case of typical chloroptayllalues the Min and Max can
be 0.015 and 64.0, respectively. Please note that Statistics excludes most other operations, i.e. if
you are calculating statistics then you are not creating images and rgae ve

fiMin, Max Temperature for CoastWatchd i s oihtheynputifées ate of the
CoastWatch type and lets you specify the min and max temperature ¥abrasAugust, 2006
on this option is no longer available from the GUI. It is still possible togh#hese values by
editing the log file.

fiConverttobyte® | et s y o ubyte .0.\nELB &nd Rivat) images to simple scaled
byte i mages that are easier to manChlprud, ate and vi
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Logarithmic 6 , SSTAPathfindero , Pixdl_Valued, Lirfearo ,Logarithmic o With the last 2
you can aSlopad a&lmtdrcefiitch ef ifiel d s

fiColor stretchd | et s vy o Gtarop ea@nidd yivahee s cor ViemSptondi ng t
Colors(color definition) type of color stretabperation in WIM.

fiRemapt®d | ets you remap the image to a selected |
The default mapping option is Alnverse Mappingo
may be very slow for large LLA images. TRerward Mappingis usually the fastest but may
produce gappy images. Therward with Fill Gaps starts with thé-orward Mapping and then
usednverse Mappindor the gaps

The output window s howsStasth oaQuitol fobgu tftroonns tahree pfroor
you guessed it!

1 When processing large images the program may need a lot of RAM and may take a long time
to process a large number of images. It is recommended to start with a small subset of images by
selecting a file name pattern that includes amlg @ two images. You may want to process your
series of images in more than one batch,separating the batchbyg year, date, etc.

1 The recommended coastlines filcmast_inter.fseeWIM pdf = WI M User 6s Manu
details on GSHHS coastline files).

1 When using overlays, all the input files should be of the same size and projection (location).
The first overlay is generated dynamically from a selected global coastlines file. This overlay is
generated only once, i.e. for the first image. It is then as$tinae all the following image files

have the same size and projection after processing and before the overlay is being used. It would
be possible to remove this restriction and create a new coastlines overlay for each image file but
that would make the pgram slower. Please note the pixel value of the generated overlay. For
SeaWiFS LeveB images you may want to use a pixel valué whereas for Pathfinder SST a

good value would b&55. This is because land pixels on SeaWiFS images are typically white an
using pixel value of 255 would typically make a white overlay on white background. In contrast,
Pathfinder SST images have land with black pixels (value = 0) and it is appropriate to use white
(typically, pixel value 255) as the overlay pixel value.

1 Theoverlay is assumed to be pgenerated with WIM and saved in HDF format. Using a
pre-generated overlay can be used, for example, to put bathymetry contours, station locations or
other predefined features on the series of images. Bathymetry contours hageteerated in

WIM in a 2-step process usingecBathy Imagdirst and then applyingxamineContour Lines

1 For HDF files you can select the-f@sed) sequence number of the SDS (image) that you
want to use from each file. As you know, each HDF file ltawve many images in the form of
SDS (Scientific Datasets). The default is to read the firgt)(@DS but you can select another

SDS. For example, if you want t2HDEfleswiththén| or ao f
following SDSs: longitude, lati ude, chl or _a, | 2 _fl ags, eps_78, K_
sel Boctf ot t he SDS number. Pl sina Bleisicecttead byt WMt t he s
and does NOT includethe SBS t hat ar e el i-mBpadfiMdinb ynaf Sevi it mg © &
imge to be readod. For example, |l etds say that yo

longitude and latitude arrays in a SeaWiFS Le&Véle are only 161 pixels wide. In that case the

longitude and latitude are not counted in the sequence of imageby&VIM (or WAM).

Therefore, the previous sequence of i mages woul c
i2d0 you need to Oselect SDS number
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The Convert to BYTE function is needed only for mbitte images (e.g. for int16 and
float32images). Theptions that are not applicable using the current selections are gray and not
available for modification. A screenshot of the currgain_seriess shown below.

=5

' —Saveas —
Fram dir; IE:HF‘ru:ugram filesvwdimzoft magesihdiS eawiF S Level3 - GiF ‘
File pattern: IS*EHLEI“ 7 JPEG
Todr: II::"\Temp - NG
ﬂ IE:"\F'ngram fileshwimzofthlog_wam_series. bt  HOF
Get Log
—_— e e [T HDFin RGE
S — [5D5] — [T Median-filter? Size: |3
0n - [T FilHoles? Size: [3 Mull walue |0 ;
& HOF | I | | [~ HODF with LL&
[ Mimar? [Upside down?]
oazia ate at.Lon M alue
" Coastwatch [T LatLonVal
[T Fotate 90 deg
™ Img [Eyte] _
L1 ¥ Coastines IE:"-.F'ru:ugram FileswWimzoft\t apshcoast_inter b

with Owerlay Pixel Y alue |1

[~ Overay IE:'\F‘ngram Filez\Wimzafth2nd_owl. hdf

[T Load Palette IE:'\F‘ngram Filezhwfimzafthchl. ut

V¥ Annotate: ®= [.
I'IEIEI Yo |12 IE‘uB—

¥ Cut subimage? 120 105
[ Statistics, Yalid Min, kax: ||:|_|:|1 5 ||34 |1 ]
Coreeert to byte’? IND, uze curment scaling j Slope, Intercept |1 I':'
V' Color Stretch 20 220

[~ Remap to IE:'\F‘rn:ngram fileghwimzafts mages hdfthSeawiFShbaja_2000_aprilhcamposzite, hdf
= Forward Mapping € Forward wo FillGaps % [nverse Mapping

519330011333365.L 3rm_YR_CHLO hdf
S20000612000037.L3m_MO_CHLO

=== [lghel ===
| - Start |

519972741997304.L3m_MO_CHLO hdf =
e [ Quit |

3.1.2 wam_match

Introduction . The need to understand the relationships between satellitendegeoaind
measurements is fundamental in any application of satellite measurements. The problem is that
satellites never measure exactly the same variables as ground measurements. Of course, ground
measurements can also use different methods that needritekcalibrated and intevalidated.

For example, when measuring ocean chlorophyll the ground measurements include variants of
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HPLC, fluorometry and spectrophotometry. Satellite measurement of chlorophyll is based on
radiance spectrum measured at thiedbthe atmosphere. It is a very complex process to derive,
first, the watefleaving radiance and, second, the chlorophyll concentration. There is-4@ one

one relationship between the remote and ground methods. Another source of discrepancy is the
hugedifference in the measurement footprint. The sampling area of a typical ocean color sensor
is 1 km x 1 km whereas ground sampling is usually done with a water bottle with scales of the
order of a decimeter (10 cm). A different scenario for doing satgiidend matchups is to use

satellite data but relate these to totally different kind of ground measurement, for example to
compare satelliteletected seaurface temperature or chlorophyll concentration with the

distribution of whales or turtles. The idef&finding matches between satellite anditu data

seems simple but in practice the task may easil.
measurements that you want to compare with satellite images. You can just move the mouse
pointer and by rifgt-clicking in WIM see the geophysical values at a certain location of longitude
and latitude. This can be done if you have only a few points and a single image. However, usually
we have a whole time series of images and a set of points. The humbgroskiile pairs of
comparisons gets too big too easy. With only 10 points and 10 images we may have to find 10 x
10 = 100 corresponding matching points. We may also want to choose selectively only those
images and those points that have the time differbatgeen them below a certain time limit.

This means that even with 10 points and 10 images we have to do 100 comparisons of the time
difference between a point and an image. We can easily imagine what will happen if we have
hundreds of points and hundreamfsmages: the task just gets overwhelming to be done
Amanuall yo, i.e. we need a special software proc

Design Wam_matclis a complex utility that is based on WAM functions but also uses routines
from other libraries (e.g. graphics and dattig). The purpose offam_matchs to generate

matchup datasets between satellite amditudata. The idea behind this utility is that you have a
set ofin situdata (a set of points) collected from a set of locations in space and time, i.e. specified
by longitude, latitude and time. You then use a list of satellite images and try to find matching
points between the points and the images by applying several constraints, e.g. that the time
interval between the point value and the satellite pass isger ldrard T hours and the ground

point is inside the satellite image and has valid values (i.e. is hotctmaded or otherwise

invalid). The satellite images can be from a single pass or from a composited image. A
composited image is a certain averagerdhe compositing period that is typically 8 days, a

month or a year. When making time comparisons between point and satellite data we therefore
assume that the point data have a fixed sampling fiipeirf) but the satellite data have a range
from start(Tstar) to end Tend. We set a maximum time differend&@maxand assume that we
have a matctup in time between a point and a satellite image if

Tpoint >= (Tstart dTmax) and dPoint <= (Tend + dTmax).

The following figure illustrates this conditioRoint timeTpointcan be betweenstartandTend
but does not have to. It needs to be betwiestarti dTmaxandTend+ dTmax Typical

maximum time differencdTmaxis 3 or 4 hours when using a single satellite pass but can be
relaxed to cover more thdnday. When using composited images of, say, 8 days, it should be
feasible to useTmaxof 24 hours or more.
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Tstart Tend
| | | | | AN

T T T T T
Tstart- dTmax Tpoint Tend+ dTmax

The restriction on space is typically that the point sample is within a certain rectangular window
centered at the nearest matching pixel. Tgprandows are 3 x 3 or 5 x 5 pixels in size. Itis
possible to use the value from the single nearest satellite pixel but more often the mean or the
median of the valid pixels within the 3 x 3 window are used. This is because the nearest pixel
may not betie best matclip with a point sample considering advection by ocean currents during
the time interval between the point sample and satellite image.

An important restriction is the validity of the satellite data. Invalid or missing data within an
image is aused, e.g. by clouds, and is usually flagged or masked with invalid pixel values. There
are two ways of separating valid values from invalid values: using a valid range or a separate
image of flags.

9 Valid range with Min and Max is the easiest way of defing valid pixels. The problem
is that the valid range may not obvious and may change for different scalings. Also, when
doing matchups with multiple images in the same file (elglor_a nLw412 nLw443
nLw4d9qQ é) t he valid r an giadividualymadee Alsbjifsbneer ent f or
cases we may need to have more details in the classification of pixels based on their
quality.

I Usingflagsal | ows a more detailed chawmdoreri zati on
each pixel a set of flags is generatedcliflag indicates a certain condition is confirmed.
For example, SeaWiFS Levelimages have 32 flags each of which can be on or off.
These flags include likes of high satellite zenith angle, stray light, high solar zenith angle,
navigation error, moderatsun glint, etc. You can pick any combination of these to
exclude points. For example, high satellite zenith angle indicates low quality matchup
and these points should be excluded from 4gjgality pixels. Most of the flags,
excluding OCEAN flag indica some problem with the pixel. Using flags to eliminate
pixels from matckups is a versatile method but can only be used if such a flag image is
available Wam_matclis currently set to use SeaWiFS Le#dlags and are not suitable
for MODIS and other sesors. This may be changed in the next releasesof_match

A screenshot of the currewam_matchis shown below. The screen resolution for running
wam_matclshould be at least 1024 x 768 pix&¢am_matctuses registry to store last parameter
values. Tle following input fields are used.

1 fUseflagp checkbox indicates if flags are to be
(currently of the SeaWiFS Lewv@lflags) can be selected. The OCEAN should be left
unchecked if ocean pixels are sought. You may siigh now flags selected and one by
one add flags to eliminate pixels. You can start with only a few or no flags checked in
order to get many mateahps, and then oHAey-one set the flags to see which flags
eliminate which matclup points. The eliminatedaichups will be moved to a special
el i mi nat e dupsasdecan b®dxammedtaftehsaving to a CSV file.
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1 fListoflmagesds speci fies a text file that has a |is
matchup with each image file (full path name, e.g.
D:\satseawif§L2\ace0108/4\S2001105040220.L.2 HRBN.sub1.hdf) on a separate line
(see a sample list). The image list is easily generated by a command like this:

dir/b /s S*.hdf > list.txt. The option /sadds the full path to the files (e.qg.
C:\satSeaWiF3L2\cal0004). Check out the sample list filsst_mapped.txt

Please note that with image files (e.g. MODIS LeXeGLI Level2) having the latitude
longitude arrays (LLA) in a separate file, the list file format is slightly different. After the
first imagename, the name of the file with the LLA is listed after a comma. No full path
is given for the LLA file, it is assumed to be in the same folder as the primary file.

9 fListof Pointdatadb speci fies is a text fil eolkehat has
used in the matchup. The point list is in the WIM point file format and has tab or comma
separated columns of longitude, latitude, date and time followed by station and whatever
measurements you have. See included sample point files. The poinbdist geenerated
in Excel worksheet and saved as tab or comma separated t€gSilefile). In WIM
point files havdraditionally hadt.pnt extension but you can also use ttesvextension
that is more compatible with other prograrke first line in goint file is a header and
is not used for data. The format of a point file is the following:

Lon Lat Date Time Cruise Station Pt Value
-117.303 32.958 4/7/2000 22:07 CAL0004 93.26.7 2.11
-117.401 32.930 4/7/2000 23:07 CAL0004 93.28 2.11

Any number oflines can follow the header with each point as a separate line. Points can
be excluded without deleting the line by preceding the line with the # chaiuter.
minimum set of columns isongitude Latitude Date If Timeis missing then it is

assumed todn 12:00.

Check out the sample point firratchcsv.

The date has to be in the US format of MM/DD/YYYY or the European format
(DD/MM/YYYY). The European format is assumed only if a decimal comma is detected
in theLongitudevalue.

1 dTimelag, hro s p ele maximanstime lag in hours from the start or end time of the
image in hours (see a figure above). Please note that in case of composites the interval
between the start and end time can be a month (in case of a monthly composite) and the
time lag is courdd from the start and end.

1 AWindows, DXxDY0 speci fies the size of t he window i
statistics is calculated. 3 x 3 pixels is typically used but may be increased to 5 x 5 or even
bigger.

1 fAMinValid Pixels0 s peci fi es tehoévalichpixels imthenwindow tob
accept a matchup. For example, in case of 3 x 3 window we may request that at least 5
pixels (out of 9) be valid in order to accept a matchup.

1 fSaveresultsim speci fies a file wheremahe results w
Separated) format.

T MBand®® wi th individual checkboxes for up to 16
(e.g. SeaWiFS Levé&! files) may have many images in the same file and you may select
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more than one bands for mateps. If you selectedtousefigs (fAUse fl agso) t|
flags image will be used anyway (if found). The standard mapped images (SMI) in Level

3 have typically a single image and tieb@ind should therefore be used. For example, if

you want to use fichl or-2HDFfiléswithime ®llewingof Sea Wi F
scientific datasets (SDS): longitude, latitude, chlor_a, 12_flags, eps_78, K_490,

nLw_412,¢é you need to select only -piand A20.

a file is created by WIM and does NOT include those Shigat are eliminated by
SettingsSpecialMinimal width of image to be reafou can check the bands with WIM

before searching for mataips.

1 nAvalidrange, Max,Mind6 speci fies the minimum and maxi mu
valid. Only valid pixelsareuse i n t he statistics calculations
flagso is not selected.

Af ter the usStartd cH utctkesn otnh g-upseleegiirts.cAHog 6f outputima t ¢ h
printed into the text box while the found matgbs (if any!) are put intadata-grid and into a

graph. In this screenshot example given below 34 matches were found. There are now several
ways of tracing the origins of each matchup. You can select variables to be plotted from the point

dataset (Xaxis) versus variables from tkatellte data(¥a xi s) as wel | as the poi
variable using respectivettpown contr ol s. The poiPontlaseloALabel 0 i
text box. A Al abelo is actually any field in the

and can be sSelecePointéabedi m o tmiadéwn Gontml. When moving the

mouse cursor to a particular point you can see t
in the dategrid the corresponding row is selected. Vice versa, vahenv is selected in the data

grid by selecting it with a mouse click, the corresponding point in the plot will be surrounded by a

blue diamond frame. The value is used to repraséging valuesn both the point and satellite

data can be chosen. Typicalues are 0 019.

All matching points can be saved in a CSV (comma separated) file than can be loaded into Excel

for further analysis. By doubielicking on a point in the graph that point will be eliminated from

the set of matclups shown in the graggnd inthedatg r i d, and pl aced i nto a s
matches. Both the retained and eliminated matches will be saved to a CSV (comma separated) file
whe8avefasCSY butt on i s c | Savekas XIMLO Rseaswpeesc ttihvee Inyat chh e s
XMLfilesbut this function is SawbsPpl® op®Radela§ | mpl ement
EMFO buttons save the graph in the PNG (portable
windows metafile) formats, respectively.

For runningwvam_matclyou basically need a set dftsllite images, a list of these image files in
a list file and a point file with a list of ground samples. Please note the format of these files,
especially of the point file and use exactly the same format of representing dates and times.
Check out theample list filelist_mappedC.txt and sample point filenatchcsv. These files
should be in your WimSoft folder (e.G:\Program FileSWimSof}. The results will be probably
wrong if you use a different format.

9 First try to replicate the results of theudig below with the sample files. You need to
copy the sample images from the WIM/WAM CD to your hard disk. The sample list file
expects them to be i@:\Program FileSWimSoftimage$SeaWiF®aja_2000_april You
can get this if you just manually copy tlmeagesfolder from the CD to youwimSoft
folder. Thelmagedfolder has a lot more files than are needed for this example but you
may delete them later if not needed.
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1 Fill out all the control boxes exactly as in the figure below, then 8tekt You shoudl
get exactly the same results, i.e. 34 matches. As you see some of the matches look like
outliers. If you move your mouse pointer to the point in the scatter plot, the
corresponding row in the data grid will highlight. If you doubliek on the outlier ¢r
any other matclup point for that matter), the point will be removed from the plot and
from the matckup set to the eliminated set of maigh points and the figure will be
rescaled. Both sets (matdip points and eliminated matcip points) will be saed to a
comma separated (CSV) files if you click Save as CSV. The graphs can be saved as PNG
or EMF. Note that in this example only one image (SDS) was present in the image files,

also that no flags were used.

1 Now you are ready to try to match up your daith satellite images. Just please follow

the formats.

Related command line utilities, suchveam match neareswvam match multibanand

wam_match_|2donot need dist file of images. Instead, they finlde nearest image in time with
sufficient number of valid pixels corresponding to a station (defined by longitude, latitude, date

and time).

(== 2 |

Flags List of Images:

List of Paint data:

[ Useflags

[F ATMFEAIL T NAVWARN |C:"-.Pn:|g|am Files"Wimsoft'list_mapped_C t«

' LAND ™ ABSAER Time lag, hr ——Window, DX x DY

Ceapanc T TRICHO (2 [ B

Min Valid
F'i)f.eI5|5
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™ band_2
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¥/ CLDICE I~/ SPARE -118.203 32517 4/3/2000 12:21 CALDDD4  S200009919  7.478347
I~ COCCOLT [~ SPARE -118.547 32.352 4/3/2000 18:31 CALODD4 5200009919 1.31168
T -118.885 32.185 45812000 2.1:52 c,?mom S200009919 -2.03832
P e -119.235 2013 492000  2.08 CALODD4  S200009919 -6.304986
-119.568 3185 4/9/2000 6:12 CALDDD4  S200009919 -10.37165
[ HITAU | SPARE -119.235 32013 4/9/2000 2:08 CALDDD4  S200010020 1841772
Cloww  TISPARE [ |
¥ CHLFAML T~ OCEAN
Save Log | Get Log | 4
-
alid range L
Max: (g4 5
) 34 .
Min: [0 016
Point Label: =
oint La '_6 2]
5 . .
. *
Select Point Label: 14
*
= *
|Lon ZI :I’o +
Select Y variable: 0+ T T T T T T T T T T T T T T
[chlor a =] 0o 1 2 4 5 6 7 & % W 1 12
LorgOfChlza
Exit

Pain
0.30¢
0.40z
0.37¢
0.31¢
0.31¢
0.201

02% > | | [ band_14
D [ band_15
Separator:
Tab -

Save as CSV
Load from CSV
Re-screen

Save as XML

Save as EMF

Missing Value:
0
Select X Vaniable:

AvaOfChla =] l

-

" band 8
" band 9
™ band_10
™ band_11
™ band_12
™ band_13

Save as PNG

Start

© Mati Kahru, WimSoft



WAM Specification 22

3.1.3 wam_statist

wam_statistis a Windows Forms program thaombines the functionality efam_statist_sta
andwam_integ_masWwith a GUI and should be easier to use.

You can make your selections either by typing the filename into the text box or picking the file

with the file picker button. Please note that tisdiniction betweemask statistics andtation

(point) statistics is based on the filename exte
Mask files are assume to be only with the .hdf extension (HDF filedeaxtension (WIM

compressed imagdds) and the text files with station coordinates antdemare assumed to have

the.csvor .pntextension. Please note that the format of the station list assiieest 3

c o | u mongitude,iLatitude, Statian d.atitud®e,Longitude, Statiodr .  Tfau# is t kave

Longitudefirst andLatitudesecond but if namdsongitudeor Latitudeare found reversed in the

header then the sequence is adjusted accordingly. After the 3 columbangigude Latitude

Station you can havanyother stringsWhenthe calculations on an image are finished, the

image name is moved from the top box to the bottom Ble&.output has the usual WIM

statistics. When doing statistics for stations (i.e. points), the statistics is done for the 3 x 3 pixel

window centered ahe nearest pixel and the individual values of the 9 pixels are added to the
statistics.The def ault separator in the output file is
(US) system of formatting (Acult commadisusedt ti ngs) .
instead of the decimgloint in the US and therefoobannot be used asseparator between

numbers.i T a, B 8 p@ocre A S e naretheother aplions A S e mshoulookino

most culturesin addition to the regular statistissam_stéist calculates th&@otal column. For

images in the global equal angle projectiatal is the sum of pixel area times the pixel

geophysical value. For example, in case of primary producttea is the total primary

production in the masked area. Fdnartprojectiong otalis just the sum of pixel geophysical

values, i.e. it is not integrated over the area.

a5 WAM_Statist
List of Images: Mask or Station File Name:
|C:"-.Prog|am Files"Wimsoft“list_mapped_C bt = |C:"-.Prng|an'| Files"Wim Soft\masks hidf =
To Process Save results in:

- |C “\Program files"\Wimsoft wam_statist_results csv

g;.glfl}sflfﬂl}ﬂzzL2_HMBR.submapped_scaled.hdf.Sc:aIing=LOGARITHMIC. Min=0.01035142, Max= i
g;.glfl}s‘%ﬂl}z}‘l 7.L2_HMBR submapped_scaled hdf,5caling=LOGARITHMIC, Min=0.01035142, Max=
g;.ggl}s‘f‘lzul}‘l 216.L2_HMER submapped_scaled hdf 5caling=LOGARITHMIC, Min=0.01035142, Max=
gf[é%l}syzﬂl}m23.LZ_HMBR.submapped_scaled.hdf.Sc:aIing=LOGARITHMIC. Min=0.01035142, Max=

520001 142044351 2_HMEBR submapped_scaled hdf Scaling=LOGARITHMIC, Min=0.01035142, Max=

Processed 64 56547

2000102201256 L2_HMER submapped_scaled hdf m 242[:‘5%%11251 55023..2_HMBR submapped_scaled hdf,S5caling=LOGARITHMIC, Min=0.01035142, Max=
e E‘;ﬁgﬁﬁgﬁﬁ;ﬂm EE;:ﬂEﬂ:gg:ﬂ::g:}:ﬂﬂﬁ gf[é}[é[;i 162033312 HMBR submepped_scaled e Scalng-LOGARITHWIC, Mn=001035142 M= =
52000106195107.L.2_HMBR submapped_scaled hdf -

32000107202422 L3 HMER, submapeed seded hef 5200117194024 L 2_HMBR submapped_scaled hdf Scaling=L OGARITHMIC, Min=0.01035142, Max=
52000108202317 L2_HMER submapped_scaled hdf £4.56542

52000111201216.L.2_HMBR submapped_scaled hdf =| | |Pone!

S52000113200123.L.2_HMER.submapped_scaled hdf 1 =
S2000114204435.L.2_HMER.submapped_scaled hdf

S2000115155023.L.2_HMER submapped_scaled hdf Separator:  |Comma -

52000116203331.L.2_HMEBER submapped_scaled hdf

52000117154024..2_HMEBR.submapped_scaled hdf 5 Get Log Save Log |C:"-._Pr0g|am files"\Wimsoft\log_wam_statist bd Start
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3.2 Command-line WAM programs

NOTE! The current syntax of these commdiné utilities may have changed! You can always
check the syntax by typinge name of the program without arguments.

3.2.1 Anomalies, change detection and EOF

wam_anomaly

Usage: wam_anomaly Pattern 1/12/46/73 [PaletteFile
[true/false_Showlnvalid [MaskFile [Meanfile [AnnotateX
[Annotate Y]]]11]

Mean to be subtracted is either Overall (1 ), Monthly (12), 8 - day
(46)or5 -day (73)

Example for monthly anomalies:
wam_anomaly *.hdf 12 anomaly5.lut false .. \ landmask.hdf

The true/false_Showlnvalid should be 'true' to show invalid

pixels in black,
'false' to show invalid pixels in whit e that means no anomaly

You can use a precalculated 'Mean.hdf' file or use 'no' to
calculate the mean

AnnotateX and AnnotateY are, respectively, X and Y in pixels
where to put the Da

te annotation

The default is to put it into the upper right corner.

To sp ecify annotateX and annotateY without the Meanfile, use 'no’
for Meanfile.

wam_anomalys a powerfucommandine WAM program that calculatedbe mears and the
anomaliegrom the meandt has two operation modes: monthly and annual. In the monthly mode
(argument 12) it calculates twelve monthly means and anomalies from the monthly means. In the
annual mode (argument 1) it calculates a single general mean and anomalies from the general
mean.To see the complete and-tgpdate syntax typ@am_anomalyithoutarguments.

Patternis a matching filename pattern, for examtehdf The second argument specifies the
interval of the annual cycle to be used. The mean annual cycle and anomalies from it are
calculated for annual (1), monthly (12)-d8y (46) and &ay (73) intervalsPaletteFileis a
specified palette file (e.g@nomaly5ut), MaskFileis an optional mask file (see below). As
output, the program generatdgan.hdf using the specified intervé.g. monthly means if
option 12 is useds 2% argumeny, ValidCounts.hdf the number of valid pixels used in the
calculation of the means, and anomaly images for each of the matching image used.

If the 1 (annual) option is used then you want to find the annual anomalies comparedtiming
mean. If thel2 (monthly) option is used then you want to find the monthly means and the
monthly anomalies compared to the interannual mean for a particular month.

You would normally use&vam_serie$o generate a suitable series of images for your area of
interest and therunwam_anomalyo create the anomaly image series. You would normally use

it on a series of monthly images and the generation of monthly means makes sense if you have
more than one year of monthly data. For SST the anomalies are calculated by sulttecting
corresponding monthly mean from each image data. For chlorophyll the anomaly is calculated as
the ratio of the image to the corresponding monthly mean. By default the SST anomaly is scaled
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to the limits of £ 5 degrees C of a byte image, i.e. pixelevaRB8 corresponds to theean (i.e.
anomaly of (), pixel value of 254 corresponds to positive anomaly of ~5 C, pixel value of 1
corresponds to negative anomaly of ~5 C. Pixel values 0 and 255 are normally reserved for out of
bounds values or no data. Fttarophyll the maximum positive anomaly is 10 times the
corresponding monthly mean and the minimum anomaly is 0.1 times the corresponding monthly
mean. For visualization of the anomalies you can use a specitbtealettegnomaly.lutor
anomaly7.luxthat has red for positive and blue for negative anomalies and the saturation shows
the intensity of the anomaly. Some of the optional functiongim_anomalye.g.Medianfilter,

Fill Holes) fill in missing values and smooth the images and extend thibatalas, e.g. ocean

values over land. To prevent that you can ustaskFilethat has noizero pixel values over

land. All pixels that have nonzero values will be overwritten with the mask value in the anomaly
image.

Please note that when using filenamesmuments (e.g. tHalette File)you cannot usepaces.

A space would mean a separation between consecutive arguments. For example, you cannot use a
Palette fileC:\Program File§Wimsoftanomaly7.lutas an argument. Instead, you need to copy

the palettdile to a folder with no spaces in the name, Ejsat

wam_change

Usage: wam_change Filel File2 [AnnotateX AnnotateY LUT_File]

AnnotateX and AnnotateY are, respectively, X and Y in pixels
where to put the Date annotation

The default is to put it into t he upper right corner.

wam_changealculates change between two images and creates the difference similar to the
anomaly. It currently works with ice concentration imaged you mayeedto beadapedfor
other data sets.

wam_eof
Usage: wam_eof FilePatt ern [Mask.hdf [DemeaningOption]
FilePattern is a filename pattern and all matching files will
be processed
Mask.hdf is a mask file in HDF format. Pixels to be included
are nonzero, pixels to be excluded (e.g. land) are zero
DemeaningOption should be either 'Pixel' to subtract the
corresponding mean pixel value,
or 'Image' to subtract the image mean from each image, or 'No'
for no demeaning at all.
The default is to subtract the 'Pixel' mean.

wam_eofperforms EOF (empirical orthogonal functiongdysis on a series of images. It is
closely related to the Principal Component Analysis. It is typically run after running
wam_anomalyi.e. on anomaly images. Please see a separate document

Exercises_ WAM_EOF.pttir detailed instructions and examples.

wam_count

Usage: wam_count Pattern Threshold +/ - [Maskfile] [NoTest][Sort]
where Pattern is a matching pattern of HDF filenames,
Threshold is the upper or lower threshold value,
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+or - means that pixels larger or smaller than the Threshold
are counted.

Maskfile is an optional HDF file that specifies areas of
interest with pixel

values of 1, 2, .... Up to 255 diferent masks can be used.
The Maskfile must have the same size as all the matching images!
Default is to count only Valid pixels.
The 'NoTest ' option forces to use ALL pixels (Valid or Invalid).
The 'Sort' option sorts by pixel count, starting from the
biggest.
Output is saved in the current directory as a *.csv file.
You may want to rename the output file name.

wam_ countis a utility that redsinput images frona series of matchingDF files nly the first

datasets read)and counts the number of pixels either larger or smaller than a specified threshold.

For example, you may be interested to create a time series of the area with tempeexta
threshold valugor below a threshold valuey the size of the area with very high @hlevels
(e.g. corresponding to a red tide). Withm__counyou can create the time series with a single
command.

The resultof wam_coungare saved in a tefte in the CSV file format that is suitable for

importing into ExcelWithout theMaskoption the whole image is scanned and the pixels either
larger or smaller than a threshold are counted. WitiMigkoption only those pixels that
correspond to the asked areas are used. TWaskfile is a simple byte image read from a HDF

file with masked pixels different from 0. Multiple masks can be specified with pixel values 1, 2,
€, up to 255. Counts are then geneptmisesed f or
then all images must have the same size equhktsize of th&laskimage. TheMaskfile is

similar to the mask file used in theam_statisutility. Mask files can be created witie Edit-

Draw functions in WIM (see the manual pagesvafim statis). Sample output frorwam_count

using 4 masks is given below:

Fileduime CountOfPixelsLargerThan9.99
img1.hdfi043,51811580
img2.hdfl465543815583

The counts of piXe with values larger than 9.99 4 masked areas in a series of 2 iptagre
separated with commaldote that comparisons of double precision numbers can be tricky. In this
case the idea was to find the counts of pixels with values larger or equal than 10. In order to
include values of 10.@ritten like 9.9999999999 we hawet the threshold slightmaller than

10 (9.99.

Here is anothewsefulapplication forwam_countYou may have many images that are partly or
mostly cloudy and you want to find those that are least cloudy. You can do that and even sort
those images shiat the best images are at the top of the list. For example, a seriesaof Chl
images typically have pixels with no data with pixel value 0 or 255. You find the number of
pixels over or below this kind of threshold and sort the images witBdaheption.If using the
Maskoption (see below) with th8ortoption, only the mask value 1 is being used and images are
sorted accordingly. For example, assuming that owaCGhiages have the lgghl scaling of 1

byte per pixel images and pixel value O (correspuntb Chta of 0.01) means no data. We also
assume that we have sjfeed a mask with pixel valueib theMask.hdffile. We can then find

the number of valid pixels in the masked area eéries of matching image filesthe
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M2008_chl_dayolder and sd those files (descending order, filenames with the highest number
of pixels at the top) with the following command:

wam_couniM2008_chl_ddFmapped.hdd.01 + mask.hdiort
That would give ug CSV filethat starts like that:

FileName CountOfR#sLargerThan0.01
M2008064_chl_a_mappedifdR7
M2008044_chl_a_mappeds2@65
M2008045_chl_a_mappedi@b2
M2008046_chl_a_mapped.B866
M2008003_chl_a_mapped35dfi4
M2008002_chl_a_mapped3ddfll

Note that the filenames are sorted adatg to the number of valid pixels. We now know which
our best images dre

wam_variance
Usage: wam_variance Pattern
where Pattern is a matching pattern of filenames

Calculates pixelvise mean, standard deviation and the number of valid pixets $et of
matching filenames. The output files (Mean, SD, Valid counts) are saves as HDF.

3.2.2 Convertto HDF /Compress HDF

wam_compress_hdf
Usage: wam compress_hdf PATTERN
where PATTERN is a matching pattern of hdf filenames

wam_compress_hdéads B matching HDF files and saves them with the internal HDF
compression. In many cases this results K13 @imes reduction in file size without a noticeable
effect on speed of accedsis is a very useful utility in many cases. In addition to reduciag th
size of a file by many times without practically any penalty, it is valuable in the compositing
programs as it removes occasional HDF files without any data to separate folder.

wam_uncompress_hdf

Usage: wam uncompress_hdf PATTERN
where PATTERN is a matching pattern of hdf filenames

wam_uncompress_hdfeads all matching HDF files and saves them avitlthe internal HDF
compressiofn a newly created foldddncompressedrhis isonly needed because some
applications cannot read compressed HD#sfil

wam_extract_by name
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Usage: wam_extract_by name Pattern SDSname [SDSnhame ...]
SDSname is case - sensitive

Example:

wam_extract_by name longitude latitude chlor_a 12_flags

wam_extractby nameselectddataset$SDS)by name and saves together in one. filhe

command can be run for all theatchingHDF files. Related commanglam_extract SDSaves

individual datasets all in separate files and picks datasets by their sequence number and not name.
For example, standard MERIS L2 files produced by NASA h&Jarhe datasethat are hard to

handle because of their siZehe following command extracts thaur datasets (longitude,

latitude, chlor_a and 12_flags) and saves in a new file:

wam_extract_by name *FRS omgituddatitudechlor_a 12_flags

Thenew filename is produced from the old filename and the sequence numbers of the selected
datasets, e.g. in this case ti@vfilename isM2009337175855.L2 FRS.x_0_1 12 17dwithe
sequence numbers are 0, 1, 12,ld'Addition to just having fewer datasén the file, this

operation reduces the file size also because as the default option, compression if used when
saving HDF files.

wam_extract_SDS
Usage: wam_extract_SDS Pattern [SDSNumber ]
SDSNumber is 0 - relative
If SDSNumber is not specified, all SDSs will be extracted

wam_extract_SD8xtracts individual datasets (SDS) from all matching HDF files and saves them
in individual files. The numbering is@lative.See also the very similaram_disassemhle

wam_assemble hdf
Usage: wam assemble_hdf PAT TERN
where PATTERN is a matching pattern of hdf filenames

wam_assemble_hdfads all matching HDF files, extracts the first dataset (SDS) and saves these
in a new HDF file with multiple datasefsor example, if you haveultiple monthly (or dai)

HDF files and you want to assemble those into a single yeanydnthly) HDF file then this

utility does just thatFor example, the following command reads 12 matching monthly HDF files
and makes a single annual HDF filed cal&k®98 assembled.hdf

wam_assemble_hdf Monthly \ S1998*.hdf

wam_disassemble
Usage: wam_disassemble File
where File is a hdf file with multiple SDSs

wam_disassemblereadsan HDF file with multiple SDSs (datasets) and splits it into mulriple
HDF files each with a single SDBor example, if you have thdeans.hdfile from running
wam_anomalwith monthly datasets of January, February, etc then you can split the file into
multiple monthly HDF files. This is the opposite whatm_assemble_hdbes and very similar
towam_extrat_SDS
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wam_convert_100xbyte
Usage: wam_convert_100xbyte Pattern

Reads all matching HDF files, converts Float32 datasets (SDS) of relative concentration (range
0.0-1.0, e.g. with ice concentratipmo scaled byte (slope = 0.0Bdds Start and End
attributes based on file name

wam_convert_amsre
Usage: wam_convert_amsre FileNamePattern [n]
where FileNamePattern is a matching pattern of AMSR - E filenames
n (<= 5) is the sequence number of an image to be read:
SST =0, WSPD =1, VAPOR =2, CLOUD =3 , RAIN =4
The default is to read all 5 images into a single HDF file.

wam_convet_ccmp
Usage: wam_convert_ccmp_wind Pattern
- converts CCMP Wind data in netCDF to HDF

Reads all matchingrossCalibrated MultiPlatform (CCMP) Ocean Surface Wind Camngnts
(Atlas et al. 2008, 2009)nd converts the Level 3.5a net CDF files into HDEMP data are
multi-satelliteproducts of ocean surface wind that spaarly 21 years. The product is derived
through crossalibration and assimilation of ocean surfaged data from SSM/I, TMI, AMSR
E, SeaWinds on QuikSCAT, and SeaWinds on ADHDECMP data can be downloaded from
ftp://podaac.jpl.nasa.gov/ocean_wind/ccmp/L3.5a/data/

wam_convert_gosl1112
Usage: wam_convert_goes1112 Pattern

Reads all matching GOES-IP raster binary files with the PODAAC header, converts to HDF

with 2 datasets: SST attige scadd cloud probability. Adds attributes for time series analysis.

The cloud percentage is @nscaled byte with the following scaling: P(clear) = 1.08%p[ (2-

count) / const ] where const = 40.5461Ra&r example, pixel value 252 corresponds to cloud

probability of 0.01%, i.e. most likely a clear pixplxel value 237 corresponds to cloud

probability of 01%. Seeftp://podaac.jpl.nasa.gov/sea_surface_temperature/fpseSOES 11

12 data and documentation. This application works with the new format of GOESdELa

using daily datasets with filenames like sst24b_2008_001, sst24b_2008_ 002, etc. The string

A24bo in the file name means 24 hr SST with the
and A0010, A0020 mean year days.

Another WAM applicationwam_screen_goesl1istreens the output of
wam_convert_goes11Hhd keeps only those pixels above a threshold.

wam_convert_gsm

Usage: wam_convert_gsm Pattern
- converts UCSB Float32 GSM data to Byte with Chl scaling
- addstime a ttributes for subsequent compositing
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wam_convert_log

Usage: wam_convert_log Pattern [slope [intercept]]
Defaults: slope=0.018, intercept=0; These are for PP
For Log - Chl use slope=0.015, intercept= -2

wam_convert_meris

Usage: wam_convert_meris Patter n [paraml [param2] ]

Readsmatching MERIS DIMfiles, convertdo HDF4 format adds longitude and latitude arrays
for geolocation. See alsavam_convert_nl

wam_convert_mid
Usage: wam_convert_mld Pattern [landmask.hdf]

Reads all matching HDF files, conveRt®at32 datasets (SDS) of to Int16.

wam_convert_nl

Usagel: wam_convert_nl Pattern [Variablel [Variable2] ...]

- Extracts selected datasets from ENVISAT (MERIS) *.N1 files
and saves in HDF4 with added attributes

Usage2: wam_convert_nl Pattern
- Showsali stof datasets in the 1st matching file

Readsselected datasets imatchingENVISAT (MERIS) *.N1 files, convertdo HDF4 format;
adds longitude and latitude arrays for g¢ecation.When no datasets are selected, makes a list of
all available datasets the first matching N1 file.
For example,
wam_convert_ n1  *.N1
Listsall datasets in the first matching N1 file.

wam_convert_nl *.N1 algal_1
Extracts datasetigal_1from all matching*.N1 files and saves together with tlagitude and
longitudedatasets im corresponding HDF4 file that can be read and processed with other
WIM/WAM programs..

wam_convert_percent
Usage: wam_convert_percent Pattern

Reads all matching HDF files, converts percent (rangd@000%) to fraction in a scaled byte
(e.g. 0.61.0).

wam_convert_ssmibin
Usage: wam_convert_ssmibin Pattern

Reads all matching raster binary files of ice concentration distributed by NSIDC
(ftp://sidads.colorado.edu/pub/DATASE/seaice/polastereo/nasateajrénd converts to HDF

files with added attributes, scaling and projection. Ice concentration is represented as fraction of
ice with a valid range 00.0-1.0.

wam_convet_to_power
Usage: wam_convert_to_power Pattern Power
Pattern is a filename pattern to match
Power is the power to be used, e. g. 2 for square, 3 for cube,
etc
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Reads all matchinglDF filesand converts thBrst dataset to a power of, e.g. 2 or 3.
Implemented specifically for converting wind speed to winelsst

wam_gradient
Usage: wam_gradient Pattern [Vert or Hor]
Pattern is a filename pattern to match
default is Vert = vertical or north - south, Hor = horizontal or
east - west

Calculates vertical (NS) or horizontal (EW) gradients of matching HDF filgis.i$ intended to
calculate wind stress divergence (meridional or zonal) when @G$IW\Pwind stress data, e.g.
UPSTRfor zonal divergencer VPSTRfor meridional divergenceseewam_convert_ccmp

wam_mirror
Usage: wam _mirror Pattern h/v/b [Projection [ProjectionShift]]
Mirror options: h = horizontal, v = vertical, b = both
Optionally set Projection and ProjectionShift:
currently only Glob Equal Angle = GEA is implemented.
Examples:
wam_mirror *.hdf h
wam_mirr or *.hdf h GEA 180

Reads all matching HBPor netCDF (*.nc¥iles, mirrors over horizontal, vertical both axe.
Optionally sets projection type (currently only to Global Equal Angle) and projections shift (for
Global Equal Angle)saves as HDF

3.2.3 Operati ons with bands

wam_band_ratio
Usage: wam_band_ratio Lwn555_pattern AlgorithmType
Lwn555_ pattern is name pattern for the denominator band, e.g.
Lwn555, Lwn565 or Lwn551
It is assumed that all bands are in their respective
directories, e.qg.
L412, L 443, L555, ... at the same level.
AlgorithmType can be: OC4v4, OC4L, SPGANT, CDOM300, CDOMA440
SPGANT is blended with OC4v4 at very low Chl
Output is to a folder one level up from the source folders.
After processing, move the processed files to an other folder!

wam_band_ratiomplements bandatio algorithmdor Chla and CDOMOCA4v4 is the standard
SeaWi FS chlorophyl | a | that cain berdownl¢aGedl RredtQICALYs e t
the Arctic version (Cota et al., 2004) aBBGANT is a Sothern Oceaspecific Chia algorithm

The different wateteaving radiance bands (L443, L490, L510, L5Bkjst be in separate
folders.Theoutput,Chl-aimagesscaledn byteand CDOM images in Int1ADF format.

It must be noted thadeally thebandratio and other biaptical algorithms are applied to Lex2l
radiances, i.e. before binning, compositing and mapping. Howieveay betoo much work to
obtain individual LeveR images and applye algorithms
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wam_ratio_2sets

Usage: wam_ratio_2sets Patte rnl Pattern2
Patternl and Patteren2 are filename patterns to match
The result is a pixel wise ratio of Filel/File2

wam_ratio 2setsuses 2 sets of matching HDF files aradculates a set of ratio imagé&sr
example, if &Patternlof S2009*.hdimatchesvith 12 images and Rattern2of S2008*.hdf
matches with 12 images then the result would be 12 ratio imiagek of the ratio images is a
Float32pixel image and only those pixels that are valid in both image 1 and image 2 have the
ratio value while theixels corresponding to invalid pixels are set to 0.

3.2.4 Compositing

wam_compaosite
Usage: wam_composite List_or_Pattern composite [count SDS_Number]

wam_composites a quick way to create image composites from various file types. Detecting the
range of validvalues and excluding flagged values is important for creating proper composites.
You may need to check that the proper value$Miim andfMax are detected. Here is a typical
example where to usegam_composite Let 6 s say t hat yoGhlimagerot t o mak
a certain 1alay period using available daily images but the official products are daily-dayl 8
images. You can download the daily images and make the required composite yourself. You can
make the composites interactively with WIM butsitthuch more convenient to use
wam_compositeAll you need to do is make a list of the image files names that you want to
composite. Having a list gives the additional benefit of having a record of files used in the
composite. You can create the list by giyndoing dir/b on your image files and piping that to a

list file. For example,

dir/lb S200301*CHLO > list.txt

That creates a list file calldi$t.txt and dumps all the matching SeaWiFS filenames infléase

note that if you want to use the list fiimm another directory then it should have the full paths

and not just the filenames. You can use the option /s to add the full pathto theelist6 s s ay t hat
we want to create a composite image of ALL the January images of different years. We can create

a list of all SeaWiFS January images with a command like this:

dir/t/s S????001*CHLO > list.txt

That dumps all the filenames like S19980011998031.L3m_MO_CHLO,
S19990011999031. L 3 niist.OYouCddr_sKip filegfroin lbetngused in the
composiing by preceding the file name with the # character. That allows you to keep the file
name in the list in case you want to use it another time. The syntaxw@nuncomposites:

wam_composite list.txt composite.hdf count.hdf [target_projection_file]

Tha creates two HDF files: eompositdile and the correspondirgpuntfile. The count file

shows the number of pixels that were used to create the corresponding composited pixel. If you

wan to use the composited image in a time series analysis then ybio meake sure that the

attributes are correct. It is assumed that the list is sorted with earlier images first, followed by

later images. In the resulting images the attributes are set so that the start attributeB @.g.i o d

Start Year oDayfoPeriiSotdar3t alritmeo, AStart Year o, fASt
Orbito) are taken from the first Theratrigues and t he e
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AStart Year o, fAStart Dayo and corraysiponding
Different satellite images have slightly different ways of recording the time and therefore you
may have to modify the source code to fit your needs. As an opt&on, compositallows

remapping of the images to a target projection. The targedqia) is read from a
target_projection_filghat has to be an HDF file with a projection.

Wam_compositaccumulates all images sequentially in a Sum and Valid Count arrays and finally
makes the composite. You can also select the SDS (Scientific Datasé@mthat you want to

read and composite. Many HDF files contain multiple datasets and you probably want to read
only a specific dataset and composite those from a series of HDF files. The default SDS number
is 0. It can also be used to composite frequémages where 0 is a valid pixel value and pixels

with no data have the value df.

wam_composite pairs
Usage: wam_composite _pairs  List Of2Files

wam_compositegpairs makes composites of each pair of filenames read from a comma separted
list. For examplewe may have separate images of ice concentration in the Northern and Southern
hemisphares mapped to the same global projection. We then want to combine those 2 into a
common global image. For each pair a new composite is made. The list must havérfiairyest

for both files. A sample lidile looks like this:

CiSatNorthimg1A.hdf, SatSoutimg1B.hdf
C\SatNortimg2A.hdf, SatSoutimg2B.hdf
CiSatNorthimg3A.hdf, \SatSoutimg3B.hdf
C\SatNortimg4A.hdf, SatSoutimg4B.hdf

This will produce 4 composited files; one for each pair using the first image in each file. The
filenames of the new composites are combined fronmainees of théwo input files.

wam_composite_quikscat

Usage: wam_composite_quikscat Pattern [u/v]
where Pattern is matching filename pattern
optional u/v specifies either wind u or v component
the default (without u or v) is wind speed

wam_composite_quikscabmposites the ascending and descending orbits of 3eRelikSCAT
files and saves as HDFhe defaul option is to composite wind speed but eitheruloe v
component can be selected.

3.2.5 Edge or Front Analysis

wam_edge
Usage: wam_edge Pattern [WindowSize [LandMask [Left Top Right
Bottom]]]
Use windowSize O for variable window size
LandMask is an HDF im age with Left Top Right Bottom are pixel
coordinates and allow to cut out a subset of the image (must
equal in size to LandMask!)

wam_edgdinds edges (fronts) in a series of SST images. Please see a separate document
Exercises_ WAM_Edge_Detection.puif detailed instructions and examples.
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wam_edge_accumulate
Usage: wam_edge_accumulate Pattern 1/12 [ReduceX]
- Filename Pattern is the SST file pattern and NOT the
* Sied.hdf pattern
- BOTH the corresponding SST file AND the edge file (Sied)
have be in th e same folder!
The SST file is needed to calculate the frequency of fronts per
valid SST pixels
12 or 1 means that averaging is either per per Month (12) or
per Overall (1)
Optional ReduceX makes the size of the resulting images
ReduceX times smaller

wam_edge_accumulatalculates certain means of the edge images. Please see a separate
documenExercises_ WAM_Edge_Detection. fmif detailed instructions and examples.

3.2.6 Image Operations

wam_mozaic_land_ocean
Usage: wam_mozaic_land_ocean Oceanlmage Landlmag e Landmask

wam_mozaic_land_oceais a utility to make a mosaic from RGB images of land and ocean

based on a land mask image. When making guasicolor images (e.g. from MODIS 250 m

data) that is normally very bright compared to the dark ocean. Intrdee features in the ocean

we need to enhance the brightness but then land becomes too bright and loses its structure. The
solution is to use separate brightness (color stretch) intervals for land and ocean and then make
mosaic of the two images. Weeua land mask image that defines where to use the pixel from the
land image (land mask pixel value > 0) or ocean image (land mask pixel value = 0). All three
images must be of the same size.

wam_overlay
Usage: wam_anomaly Pattern OverlayFile [LUTfile [colo rMin
colorMax]]

wam_overlayis autility to automége the creation of standard overlaid files. For example, you can
create a standard overlay image with coastlines, land masks, grid, color scale, station locations,
etc and put it on top of a series of imagk the HDF file with images has multiple datasets

(SDSs) then each one of those will be saved separately with a numerical index. The source code
can be modified for other options. The syntax is:

wam_anomaly Pattern OverlayFile [LUTfile [colorMiij colorMa

wherePatternis a matching pattern of file namé&verlayFileis the file with the overlay,
LUTfile is a standard WIM LUT filecolorMin andcolorMaxare the color range for color
stretching. OnlyPatternandOverlayFileare required, other argumemai® optional All input and
output image files are assumed toHigF. The example can beasily modified to change some
of the options
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wam_reduce
Usage: wam_reduce P attern [N] [RedyceType]
Default is N = 2 times reduction
Default ReduceType is Max
Possible ReduceTypes: Average, Min, Max, Median, Neighbor, Sum

wam_reducés a simple example how to use WAM to read a series of images, reduce the size of
the images and save the reduced images. The most common usage is converting between global
standardnapped images (SMI) of different sizes. For example,

wam_reduce \@mpA*.hdf 4 Max

reducesll matchingA*.hdf images insource imagem C:\tempby 4 timesusing themaximum
pixel value in the 4 x pixel window.As output, the progm generateeduced HDF fileén the
current directory. The example can be easily modified or used as a building block in other
applications.

wam_reduce valid
Usage: wam_reduce_valid pattern [N] [RedyceType]
Default is N = 2 times reduction
Default ReduceType is M ax
Possible ReduceTypes: Average, Min, Max, Median, Neighbor, Sum

wam_reducevalidis amore advaned version of thevam_reducaeutility. When doing the
reduction, it useenly thevalid pixels andexcludes the invalid pixel# is crucial, for example,
for the Average reduction to exclude the invalid pixels in order to get a sensible result.

wam_reduce fixed
Usage: wam_reduce_valid pattern [RedyceType]
The resulting image size is 192 x 94
Default ReduceType is Max
Possible ReduceTypes: Average, Min, Max, Median, Neighbor, Sum

wam_reducefixedis aanother version of th&@am_reducaitility. Instead of reducing a certain
number of times, it reduces to a fixed image size. The final image size can only be changed in the
source code. When doing the redaict it uses also uses the valid rangevas_reduce_valid

3.2.7 Mapping

wam_remap
Usage: wam_remap Pattern TargetProjectionFile [SDS_numbers]

[JPG][PNG]
SDS numbers are separated by space. Default is to Remap only
SDS 0.
Note that SDS 0 can be Latitude that you probably DO NOT want to
remap.
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Example: wam_remap A*.hdf .. \ Target.hdf0 15
will remap SDSs 0, 1, 5 in all matching files to the
projection in Target.hdf
and save as HDF
Options JPG or PNG save additionally the JPG or PNG of only the
1st SDS .

wam_remap?2

Usage: wam_remap?2 Pattern Target [SDSNumber MedFilt FillSize

Fillvalue Palette]

Default is to read SDS number 0, do no filtering, no filling and
using the default palette

Optionally can read a specified SDS (0 - referenced), Median -
filter, Fi Il - holes
and use a selected palette file
- SDSNumber is the number of SDS (0 - referenced) to be read and
remapped
- MedFilt is the median window size, typically 3 (skipped if O or
negative)
- FillSize is the Fill Holes window size, typically 1 or 3
(skipp edifO

or negative)
- Fillvalue is the Fill Holes pixel value, e.g. 0 or 255 (skipped
if negative)
- Palette is the LUT file

wam_rema@ndwam_remap2ire two related utilities for mapping HDF files. Simple and easy
remapping is also included in the Gltllity wam_series Bothwam_remamndwam_remap2

can remap HDF files which have gegferencing information either in the file itself or in an
external geaeferencing file. The name of the external geferencing file is guessed from the
filename itséf. Another sample programam_remap_llaises a specified list of files and their
respective geoeferencing files for remapping. The main difference is that wém_remaygyou
can remapnultiple datasets (SDS) from the same file while wittam_remap3ou have more
options but remap only one dataset from a file at a time.

Patternis the filename or filename pattern (with wildcard characters ? and *) that matches one or
more files. TargetProjectionFiles the filename of a HDF file in the target projectidhe
optionalSDS_numberare a ereferenced SDS (dataset) sequence number to be mapped. The
default (if none is given) is SDS number 0.

For example, you can try to remap a sample SeaWiFS2awehge to thdinear projection in
the example file compdsi.hdf:

wamremafs2003090*.sub.hixamplésomposite.hdf 2

The above command assumes that you have the SeaWiFS Level?2 fileunrdrgfolder and the
target projection file in a folddexamplesone level upPlease note that we have specified SDS
(dataset) number 2, i.ehlor_a If you open the file with WIM you can realize that datasets 0 and
1 are, respectivelyongitudeandlatitudeand you cannot remap those. Please note that omitting
the SDS number means that you pick SDS number 0. In thesticat mean®sngitudeand an
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empty resulting image. You can remap multiple datasets at once by specifying their sequence
numbers (&elative) separated with a space. For example

wam_remap A*.htifarget.hdf 2 4 6

will find all matchingA*.hdffiles, and remap datasets 2, 4 and 6 to the projection taken from file
.\Target.hdf

The syntax ofvam_remap2as more options:

Usage: wam_remap?2 Pattern Target [SDSNumber MedFilt FillSize
Fillvalue Palette]

For example
wam_remap2 MYDO02QKM.*RGBsihdico Zin.hdf

will find all matching MODISAqua RGB files, read the first dataset (number 0) and remap it to
the projection taken from file\sb_aco_200m.hdf. The program will try to find the respective
external geaeferencing file assuming MODIS filename norokature. The external geo
referencing file is also called LLA (Longitudetitude Array) file and is assumed to have hame
pattern MOO03* or MY03*. If there are multiple matching LLA files then the first one is used.
You can create your own LLA file with a ®W program zoom_modis_lat_lo(see below). If
present, the output fromoom_modis_lat_lors used as it has higher resolution (250 m).
Wam_remap#vill pick the LLA file generated byoom_modis_lat_logsimply because it is listed
(in alphabetic sequencegfore the standard MODIS product 03. The remapped output file will
have the name of the target projection file in it. Therefore the same image mapped to different
projections will be in separate files.

The optional argumentdedrilt specifies the window zé (typically 3) of the median filter
(skipped if negative) FillSize specifies the window size (typically 1) of the fill holes operation
(skipped if negative)illValue specifies the pixel value to be filled with neighboring pixels
(typically either 0 0 255)andPaletk is the optional external palette fitdut (as found in the
LUT folder).

wam_remap_lla
Usage:
wam_remap_lla list_file target_file
where list_file has 2 filenames separated by comma, tab or
space per line
Example:
wam_remap_lla list2.t xt mytarget.hdf
If the same LLA is used for all files, you can use:
wam_remap_lla Pattern LLA_file target_file
where Pattern is a matching filename pattern,
LLA file is a HDF file with the Latitude and Longitude arrays,

output is 1 level up from the source file location
Example:
wam_remap_lla *.hdf .. \' myLLA.hdf .. \ myTarget.hdf
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wam_remaplla is a utility to remap a set afiDF files with external latitude/longitude array

(LLA) to another projection. The LLA projection is quite versatile but verynimeaient and

slow to use. Therefore it makes sense to remap those files to another projéatiepntax has 2
options.

In the first optiorwam_remap_llaeads a list of files to be remapped, a target filename (with the
target projection), does the remampand saves the remged files Either forward or inverse

mapping procedure is used as selected in \@#¢tingsSpecial The list file should have 2

filenames in each line: the first name is the file with image to be remapped and the second
filename (seprated with a comma) is the filename with the LLA. Lines starting with # are

skipped. It is advised to start with a small set of files, and you can mark the files to be skipped
with the # character. The source image file may have many imagessjS@8yone (fixed in

the code) is read and remapped. A long list of attributes (e.g. Start Year, Start Day, End Year,
End Day) are copied from the source images to the remapped images. This is done to facilitate the
use of the remapped images in time series aizaly

The 2nd option is useful if the same LLA file is used for all the image files. You can use the same
LLA filename in the list but it is more convenidotspecify the LLA file in the command.

wam_remap_and_overlay
Usage: wam_remap_and_overlay Patter n Overlay [xPos yPos [LutFile
[Min Max]]]
Pattern is the matching filename pattern
Overlay is the hdf file with target projection and overlay
(if Overlay is a RGB image then all images will be converted to
RGB)
xPos is annotation x position, yPos is anno tation y position
Use negative xPos or yPos to disable annotation
LutFile is external LUT file, Min and Max are respectively
the pixel values of color stretching

Used to emap avhole serieset of HDF files to another projectiamd put a standard estay on
top of them. The Overlay file is used for both the target projectiomsmath overlayThe output

is saved as both HDF and PNGthe Overlay file is a WIM RGB image then the output images
are also converted to RGB. Using RGB image allows usitays from different palettegor
exampleyou may want to make land gray liuthe gray color is not available in the palette (e.g.
in a typical palette likehl1l_white_end.ljtthen you can create a RGB Overlay image with gray
land and use it as ovayl Remember that pixel value 0 and the black color in the RGB overlay
image is considered transparent

Instructions for making a RGB overlay with fixed RGB coldtik a projectia image, create
coastlines withGeo- Get Map Overlaycoast_full.h Backgiound Value= 0, Foreground Value=

1. Convert the image into RGB wiffranstConvert to 24bpp (RGBFill the land areas manually
with a color of choice, e.g. gray. Save as HDF. That will be your RGB overlay. You can also put
gridlines, stations, color bretc on the overlay image.

A more difficult approach is to directly edit the LUT file. Instructions are given below but
normally that is not needed. You cawndify your favorite palett¢LUT) file (*.lut) with a text

editor. Pick colors for coastlines.§e RGB = 240, 120, 85) and for land (e.g. RGB = 223, 223,
204). Edit the LUT file and change the pixel value 1 td 11, pixel value 2 to your coastline

value and pixel value 3 to your land value. The beginning of the LUT file should look something
like that:

0 0 0 0
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11 1 1
2 240 120 85
3 223 223 204

Now fill land with pixel value 3 (withEditi Draw - Fill, Outline= 3, Fill = 3).Load your

modified LUT (File i Look up Tablé¢ Load LUT). If you want to add black latitudengitude

grid lines, doGeoi Grid with pixel value 1 (nearly black). Convert to RGB wittansfi

Convert to 24bpp (RGBY¥ave as HDF. This file will now be yotiargetProjectionand

overlay).A sample RGB overlay is shown below on the left and a sample output (overlaid) in the
right. The purpose of these operations is to have land and coastlines with fixed RGB colors. If
that is not required then the modification of the LUT and the conversion to RGB are not

necessary.

wam_remap_to _kmz
Usage: wam_remap_to_kmz  Pattern OverlayFile [xPos yPos [lutFile
[Min Max]]]
Pattern is the matching filename pattern,
OverlayFile is the hdf file with target projection and
overlay,
xPos is annotation x position, yPos is annotation y position
lutFile is external LUT file, Min and Max ar e respectively
the pixel values of color stretching

wam_remap_to_kmemaps, overlays and annotateseries of imagesith a datetime string.
Output is saved as KMZ for visualization in Google Eartie target projection has to bmear
(Google Earth requirement).

wam_remap_regions

Usage: wam_remap_regions Pattern
where Pattern is a matching filename pattern,
Target Projections and Overlays as well as
output locations are fixed in the code
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Output is converted to RGB before overlaying.

Similar towam_remap_and_overldut works withmultiple regions: it createsraumber of

remapped and overlaid images for each source image it reads. The regions and their projections as
well as the output folders are fixed in the source code. Thereforegudd need t@dapt to your

needs and recompile

wam_ xy2ll
Usage: wam_xy2ll FileName x y
If no X, y is given, calculates lat - lon for the Upper - Left and

Lower - Right corners of the image

Calculates latitude and longitude from x, .

wam_I12xy
Usage: wam_ lI2xy FileName Lat Lon
If no Lat and Lon is given, shows the size of the image

Calculates x, y from latitude and longitude.

3.2.8 Primary Production and Export Flux

wam_npp_list
Usage: wam_ npp_list list_file [OPTION]
OPTION can be KI

wam_npp_listcalculates images oNet Primary Production (NPP) using tBehrenfeld and
Falkowski (1997) VGPM modeVarious options are implemented. It needs a detailed list file
specifying the directories where the input files are and all the individual filenames. Another, mo
flexible programwam_npp(see below) needast the directory nameandfinds itself thebest
matchingimage files.

Sample list files are provided. A sample list fikd_calc_mpp.txtis forwam_npp_lisand
list_npp.txtis thelist file for wam_npp Both list files usedatafiles in thelmagesfolder of the
WIM/WAM CD and assume that you have copiedithagesfolder toC:\Program
Files\Wimsof.

With the (AKIO) opti on)verbienofkheWEPMesusecdhd | shi zaka (

In both lists he first3 lines specify tk paths of the chlorophyll, PAR a&&Tfiles, respectively

The list file forwam_nppcan also use a string for finding matching fil€ke list for

wam_npp_lismust havdines with filenames of the ChIPAR, and SST data, followed bye

Julian day of the middle of the period, and optionally the three option parameters (see the WIM
manuaWimpdff or an expl anation). The |l inesand hat start
can be used for comments, to record alternative pathnataethat isalsoa convenient way to

mark sets of images that you do not want to use in the current run but would like to keep in the
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list. The NPPimages are created of type Int16 and include the various parameter values as HDF
attributes.

In summary, m order to calculate primary production images (either global or regional), set up
your Chl, PAR and SST images in specified folders. Then create a simple text file, with a list of
images and options to be us&¥du can use arovidedlist file list_cal_npp.txt as a templatélo

test the program, run

wamnpp listlist calc_npyxt
Note! You have to remove tlie R e-@ m | pyoperty of the file (rightlick-Properties)

The function that calculates primary production has 3 optional parameters that follisy ahe

image names. The default values are 1,1,1, i.e. each line is followed by three values of one. The
first parameter specifigghotoinhibition(2 = no photoinhibition 1 and anything else =
photoinhibition). The second parameter speciffBoptfunctions (see WIM manual). The third
parameter specifies euphotic zone depth calculatiern@rel and Maritorena, 2001 model=3

SPG Southern Ocean formulation; 1 and anything else=Morel and Berthon, 1988).

wam_npp
Usage: wam_npp PathsFile [Algorithm] [AnyYe ar]
Available Algorithms:
CbPM = Behrenfeld et al, 2005 Carbon based Productivity Model
DIERRSEN = Dierssen et al., 2000 Southern Ocean algorithm
ESQRT = Eppley Square Root of Chl
Kl = Kameda & Ishizaka (2005) version of VGPM

Marra = Marra, Ho, T rees, 2003 model
SPGANT- Southern Ocean version of VGPM; modified Pbopt and
Euphotic depth

VGPM (Behrenfeld & Falkowski, 1997)
VGPMEppley - VGPM with Eppley (1972) PbOpt = f(SST)
VGPMCAL - VGPM adjusted for CalCOFI data by Kahru et al., 2009
Def ault (missing) is VGPM (Behrenfeld & Falkowski, 1997)
Extra option (argument2, AnyYear) must be a string of 0 or 1
1 in the Nth position means that the Nth image can be from any
year, e.g. a composite over many years;
0 in the Nth position means that f or Nth image years and days
are considered when calculating the difference in days.
Default is to calculate difference in Days considering Years
Example:
011 for VGPN would use EXACT year for Chl and ANY year for PAR
and SST;
00101 for CbPM would use EXACT year for Chl/aph, bbp, K490 and
ANY year for PAR and MLD.
PathsFile has paths and matching name pattern for all the images
used
A sample PathsFile for VGPM (paths for Chl, PAR and SST):
C:\ Sat\ SEAWIFS L3\ Month\ CHLO_9,5S2006001*
C:\ Sat\ SEAWIFS L3\ Mont h\ PAR_9,S2006001*
C:\ Sat\ MODISA L3\ Month\ SST_9,A2006001*screened.hdf
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Whereasvam_npp_lisuses aletailedtext file that specifies all image filenames to be ydskd
list for wam_npphas just the directory names and the progtaeff finds the best making set of
images. The required images depend on the algorithm and include BAR and SST images
for theseries oVGPM algorithns and aph or Chh, bbp, PAR, K490 and MLD for the CbPM
algorithm.

Sample list files are provided. A sample list filg_calc_npp.txis forwam_npp_lisand
list_npp.txtis the list file forwam_npp Both list files use data files in th@magedolder of the
WIM/WAM CD and assume that you have copied lthagesfolder toC:\Program
Filess\Wimsoft.

You cantestwam_npp with the following command:
wam_npp list_npp.txt
The list file list_npp.txfor VGPM algorithmhas the following content:

# path for Chl files, matching pattern

C:\ Program Files \ WimSoft \ Images \ SeaWiFS\ baja_2000_april \ ,5200010*.hdf
# path for PAR files, match ing pattern

C:\ Program Files \ WimSoft \ Images \ SeaWiFS\ L3\ Month,*PAR*

# path for SST files, matching pattern

C:\ Program Files \ WimSoft \ Images \ SST,2000*screened.hdf

For each matching Chl fiwam_npginds the best matching PAR and SST file using the files
with minimal time difference with the Chl image. The maximum time difference is 30 days. Only
the Kameddshizaka option can be set witlkam_nppwvhereasvam_npp_lisallows to set all 3
options individually.

A sample list file for the CbPM algorithm (use ®@bPM option in the command line) has the
following content:

E: \ sat \ SEAWIFS L3\ Month \ GSMchl,2006001

E:\ sat \ SEAWIFS L3\ Month\ GSMbbp,2006001
E:\ sat \ SEAWIFS L3\ Month\ PAR_9,52006001
E:\ sat \ SEAWIFS L3\ Month\ K490 9,52006001
F: \ sat \ MLD MLD,2006001

The paths spdfy, respectively, directories of images of aph or-@hbbp, PAR, K490 and MLD.
The second argument on each line (after the comma) is optional and is used to match only
specific matching files. In this example the January of 2006 (matching string 206i6&0are
used.

wam_npp_point

Usage: wam_npp_point list_file [Algorithm] [AnyYear]
Algorithm:

missing equals VGPM (Behrenfeld & Falkowski, 1997)

VGPM (Behrenfeld & Falkowski, 1997)

VGPMCAL - VGPM adjusted for CalCOFI PP data by Kahru et al.,
2008
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SPGANT- Southern Ocean version of VGPM; modified Pbopt and
Euphotic depth

Kl = Kameda & Ishizaka (2005) version of VGPM

CbPM = Behrenfeld et al, 2005 Carbon based Productivity Model
Default Algorithm is VGPM

Extra option (argument2, AnyYear) must b eastringofOor1
1 in the Nth position means that the Nth image can be from any
year, e.g.

a composite over many years;

0 in the Nth position means that for Nth image years and days
are considered

when calculating the difference in days.

Defa ult is to calculate difference in Days considering Years
Example: for VGPN 011 would use any years of the PAR and SST for
a Chl image;

for CbPM 00101 would use any years of the PAR and MLD.

wam_npp_pointalculates net primary production (NPP) foralisof fAst ati onso speci f
longitude, latitude, date and time and using series of ima#3is calculated per day (mg

C/nf/day), i.e. the time value is actually not used and is used only for compatibility with the
wam_matctprogram.

Note the diffeence with other programs in this section: whereas npp_list, wam_npp
wam_cbpmandwam_efcalculate new imagesyam_npp_pointalculates NPP values and saves
the statistics as text in a spreadsheet type file.

The algorithms available ar@mrentlythe standar@ehrenfeld and Falkowski (199YGPM

mode| the Kameda and Ishizaka (200%he Behrenfeld at al (2005) Carbon based Productivity
Model (CbPM)and the simple Eppley square root of Chl (ESQRT) (Eppley et al., 1D85)
VGPM algorithm assumesdl alefault options (corresponding to options 1,1,&vam_npp _list).
Other options and algoritremaybe added.

The idea behindvam_npp_poinis to give paths of satellite files and let it find the best matching
files and extract the pixel data for eachtigallar neighborhood (station). A text file wigathsof
satellite data and the name of the list of statienssed as inpuf he list fileneeds to have 4 or
more lines specifying, respectively, the three paths of the Chl, PAR, and SST files, & (the
line) the filename with the list of stations. The lines starting with the # character are skipped. You
can use the # character to comment out lines that you may want to usédatenouldalso

specify a matching string of characters that is usedktich the files in that directory. For
example, Chl and PAR files may be in the same foldetlzamit is essential to keep them
separate witthe matching string of PARfor PAR files andCHL for Chl files. The matching

string is separated from the paiiime with a commaNote that thesubdirectoriesunder the

given directory are also searched for matching files. Therefore, you can have your files in

separate subdirectories for different years, e.c
matching fies will still be foundA sample list filelist_npp_point.txis included in th&Vimsoft
folder. In that file | hayvethatleseima ned @ajectandtamt he #fr eal

using sample paths of the images that are included on the WIM G@ierfmages | assume
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that you have copied thmagedfolder from the WIM CD to you€:\Program FileSWimsoft
folder.

The list filelist_npp_point.txhas the following contents:

#E: \ sat \ SEAWIFS L3\ Daily \ CHLO_9,*CHLO_9

#E: \ sat \ SEAWIFS L3\ Daily \ PAR_9,*PAR_9

#F: \ SST\ MODISA_8day\ SST_9,A*screened.hdf

C:\ Program

Files \ WimSoft \ Images \ SeaWiFS\ baja_2000_april,S2000*.hdf

C:\ Program Files \ WimSoft \ Images \ SeaWiFS\ L3\ 8day,S2000*PAR
C:\ Program Files \ WimSoft \ Images \ SST,*screened.hdf

C:\ Program Files \ Wimsoft \ match.csv

The list of stationsrfiatch.cs\un this example) is the typical comma or tab separated (CSV) file

with the following columnsLongitude Latitude Date, Timeand any number of additional

columnsiltisalsoc al | ed t he WI M fApoi nt careflllyfbllewedheg t he f or m
longitude and latitude must be decimal numbers, the date and time naitsteom the US

format(e.g. MM/DD/YYYY). P | e a s ldast of Roimt déitad f owam tmhatehprogram in

this manual for more details. In this example | aingishe same sample filengtchcsy) that is

used in thavam_matclexample Please note thatthough theTimecolumn in thematch.csyile

is not used invam_npp_pointit mustbe present in the file and have some data. You can fill it

with anydummytime data, e.g. 12:00.

wam_npp_pointeadsall the matching filenames f@ach image typd-or each station (point) in
the point file themagefiles are sorted by the closeness in time to the current point. In the best
matching image a 3 x 3 pixel windowastracted centered at the nearest pités. common that
the best matching image in time is cloudy over the particular stéttismequired thaat least
pixels out of the@ are validor each of the component imagédess thar8 valid pixels are

found then the@extmatching imagés usedThis switching to the next matching image is
repeated until enough valid data is foundhar tnaximum difference betweesttion (point)

and an imagé30 days$ is reachedFor all valid pixels in the 3 x 3 pet neighborhood NPP is
calculated and the statistics is saved to a file. The output filenasoasguctedrom the list file

by appemsdiong ol i.tc Maingthe ollowingesnmand:t by

wam_npp_point list_npp_point.txt

The outpt is savd in a filelist_npp_point.txt_out.cswm the same directoryfeach line in the
output filehas a copy ofhe columnsn input file and addshie following columns:

DiffDays1, DiffDays2, DiffDays@&he difference in days between the station and the ussltitsat

image for Chl, PAR and SST, respectivelpage( t he Chl |, PAR and SST i mage
together with the + signgYear(start year)EYear(end year)SDay(start day) EDay (end day),

Statian (station name), Nin (number of valid pixels)Nout(number of invalid pixels)vin

(minimum of NPP)Max (maximum of NPP)Mean(mean of NPP)StDev(standard deviation of
NPP),Median(median of NPP)Pointvalue(NPP from the nearest pixel, i.e. the center of the 3 x

3 pixel window),Pixelvalueq9 NPP alues from the 3 x 3 pixel windowlpvalid NPPvalues

due to invalid Chl, PAR or SST hav89 value Lines with no NPP data are skippdthe purpose

of copying the input data into the output file is to make it easy to compare satellite data with in

situ data.
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Whereas standard PAR data are currently available only from-BesebWiFS, moreptionsare
available fompicking satellite Chl and SST datéou can choose betwediiferent sensors,
different spatial resolutions and different compositing intar¢alg. LeveR, Level3 daily, &

day, monthly).The current versioof wam_npp_poinassumes that Chl, PAR and SST data are
always in the first SDS (as in L3 dat&jherefore L2 data cannot be used in genétawever,

you can extract the Chl data fromMed-2 files withwam_seriesind save as separate Chl images,
possibly remapping to a standard map.

Here are some considerations for picking the satellite data. The purpeasmohpp_poinis to
providebestmatching satellite NPP values for in situ measwgntsin situ measurements are
normally conducted over a periofitimethat is less than 1 day. Therefore, the best set of

matching images are the daily Chl, daily PAR and daily SST. Daily Chl and SST images are often
cloudy or have no orbit coverageAR images are not affected by clouds but are affected by orbit
coveragdnot all days have coverage). If there is no data in the best matchup imdgehee.
imagewith the least time difference betweaatation (point) an@ satellite image then
wam_pp_pointwill pick the nextclosesimageuntil it reaches the last image or 30 days of
maximum differenceY ou can also use-@y images or even monthly imagéghen using

monthly images the current month must have valid data as the next mahthysbeyond the
maximum time difference of 30 days. As Chl has the most influence orit MARportant to use

the best Chl matchup. The influence of SST is relatiwelgkand therefore it may keegood idea

to use SST composites over a longeriod (e.g. &lay) in order to not loose any matchups due to

no SST dataMultiple data formats (e.g. Pathfinder vb SST and OCPG SST) can be used for SST.
The Pathfinder BSST data has interpolated SST and has no missing pixels due to clouds. This is
probably the best SS® use in NPP calculations as it guarantees a reasonable if not the most
accurate SST value.

The statistics is calculated based on all valid 9 pixels in the 3 x 3 pixel window. The current
version ofwam_npp_pointinds the center of the 3 x 3 pixel winw by thel ongitudeand
Latitudeof the point but it does not remap the otheighboringpixels. Therefore if the spatial
resolution or the projection of the Chl, PAR and SST images are different thairdtseother
than the center pixel may not be etha matched.

The sample list fildist_npp_point.txisessemapped Leve? Chl images in the
SeaWiF%aja_2000_aprifolder, global Level3 8day PAR and SST compositésf you donot
have these sample images then you can easily use other3LievajesKeep in mind that
wam_npp_poinhas to find the best matching images for each station (pint)y the file name

and it may be confused if you have different types of images in the same Taldegfore it is

important tokeep diferent data files in sepatedirectories and tanatch only the correct files

using the matching string=or exampleS2000*PARs the matching string for PAR imagesed

in the example

wam_ef
Usage: wam_ef PathsFile [Fraction] [AnyYear]
PathsFile has paths and matching name pattern for NPP, SST and
Chl
A sample PathsFile for NPP, SST and Chl:
C:\ SeaWiFS\ L4\ Monthly \ NPP_blended, S2001*.hdf
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C:\ Sat \ Merged\ L3\ Monthly \ SST_9,M2001*screened.hdf
C:\ Sat \ SEAWIFS L3\ Monthly \ CHLO_9,S2001*
Optional argument Fraction saves the fractio n EF of NPP
in a separate HDF file (with 100x scaling);
Any other string in its place means no fraction saving
Extra option AnyYear must be a string of O or 1
1 in the Nth position means that the Nth image can be from any
year, e.g.
a composite 0 ver many years;
0 in the Nth position means that for Nth image years and days
are considered
when calculating the difference in days.
Default is to calculate difference in Days considering Years
Example:
100 would use ANY year for NPP but EXACT y ear for SST and Chl;
101 would use ANY year for NPP and Chl but EXACT year for SST.
The optional argument Fraction saves the fraction EF of NPP
in a separate HDF file (with 100x scaling)

wam _ef usesprimary production and SSdatato calculateexportflux according tahe Laws
algorithm(Prog. Oceanogr60: 343 354, 2004). lalso needs surface Ghlto calculate euphotic
zone depth according tocertairparameterizatiofe.g. Morel and Maritoren2001). Itreads a
list of paths and matchingenames of NPP, SST and Chl and calculates the export #ux.
sample list for 2001 is below:

# PATHS for NPP, SST, Chlor_a

F:\ SeaWIFS\ L4\ Monthly \ NPP_SPGANT _blended, S2001*.hdf
F: \ AVHRRMonth \ pf5_month_asc \ bsst, 2001*.hdf

#F: \ Merged\ L3\ Monthly \ SST_9, M2001*.hdf

F: \ SeaWIFS\ L3\ Monthly \ CHLSPGANT _blended, S2001*.hdf

The outpuis Export Flux EF = ef* NPP) whereefis the export fraction and NPP is net primary
production. ERs savedn Int16 format.Other detailse.g. units, input files, etc. are recorded in
the HDF attributeslf the optional argumerfractionis used then the export fraction of PP (ef) is
saved as a separate byte image.

3.2.9 Statistics

wam_binarize
Usage Usage: wam_binarize Pattern Limit [ -]
Pattern is a matching pattern of HDF file names
Limit is the pixel value: default is to count pixels > Limit
Optional argument - ' means that count is of pixels < Limit
Note:
- |1 mages have to be Byte images
- Limitis in Pixel Values (not geophysical) and scaling is

ignored

- I mages must have  the same size and projection
- Pixel values 0, 254 and 255 are considered invalid and not
counted .
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wam_binarize counts the number of pixels larger or smaller thanrat and saves images with
those pixels retained and others masked (filled with white). Images are sawetth &IDF and
PNG. Coastlines are overlaid in the PNG image. As iDF; files matchingPatternthat are
Byte images can besed.Scaling is not used and pixel values are assumed lnrthe Pixel
values0, 254 and 255 are assumed to be invalid and are not counted.

wam_fill

Usage: wa m_fill Pattern [nRun [dX [dY [Mask [Patternice]]]]]
Pattern is pattern of matching HDF filenames
nRun is the number of iterations, dX and dY are the window size

in pixels.
Defaults: nRun =2,dX =3,dY =3
Mask is a HDF image with valid area maske d with value 1

Patternice is a pattern of HDF filenames of ice concentration
(scaled byte)

If ice pixel value > 0, the filled pixel will be made 0.
wam fill fills missing (invalid) pixels with the mean pixel value of the dX x dY window around
the pixa. HDF files matchindPatternare used.
A common problem when filling invalid values is that the filling process may covefdamd
small islands or other coastline) where we do not want to fill with valid pixels. The purpose of
Maskis to prevent filing islands and other land next to coastlifiee Maskimage specifies valid
ocean area with pixel valueahd all pixels outside the valid area will be masked with pixel value
0 or 255 TheMaskspecifies a constant area where filling is expected. A wmrlex situation
is presented by ice cover that is not constant but varidblee cover is changing seasonally,
multiple ice images are needed to specifyaamvered by ice When the matching pattern of ice
imagesPatternliceis provided, wam_fill searches all matching ice images and finds the closest
matching ice image. The ice images need to be of pixelBypmwvhereas the filled images can
be eitheint16 or Bytetype.All pixels in thematchingice image with pixel value > 0 are
considered icand the corresponding pixels in the filled image will be seftter0 or 255.

wam_integrate

Usage: wam_integrate Pattern [DeltalLon DeltalLat [Masklmage]]
where Pattern is a matching pattern of HDF filenames,
DeltaLon and DeltaLat are the size of the window,
Masklimage is HDF file that specifies region of interest with

nonzero pixels.

Mask values can be: 1, 2, 3, ... or just 1 for a single area of

interest.

Mask values MUST be consec utive.

Defaults are 1 deg Latitude and 1 deg Longitude for Deltas

Example: wam_integrate *hdf11 OceanMask.hdf

Here a sample mask OceanMask.hdf specifies our area of interest.

wam _integrate runs through a set of matching standard mapped images (in global
equirectangular or equal angle projection) and performs spa#glation.For example:

wam_integrate SeaWlBSlonthi1998*.hdf 1 1 SatméssanMask.hdf
is using matching primary production fil84998*.hdfto calculate global primary production (in

Gigatons of Carbon per month, the same as Petagra@arlodn per month) for the ocean area
specified in the mask image @ceanmask.hdfBy using a mask image it is possible to calculate
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t he integrals in more than one specified area, e.g. separately for different latitude bands. A major
problem with most gallite datasets is that some pixels have no data due to clouds or other
reasons and these missing pixels have to be dealt with some wdyeltdleconandDeltalLat
arguments specify the size of a small window in degoé&mngitude and latitudeshere thanean

value is calculatetbased on all valid pixel sin the wind@mdthe mean value is assumed &dir
themissing pixels in that windowA problem with that approach is that we may assign the mean
value of a window to pixels in that window that represand or ice. D prevent that from

happening we useMaskimage that specifies all possible valid pixels. Maskimage also

allows to calculate separate integrals for more than one arealslaBkénage must specify areas

of interest with consecutive gl values starting from T’he Maskimage must have the same

size as all the images to be used and be a byte image with pixels from area(s) of interest having
values starting from 1 and pixels outside the area of interest have value of 0.

It is crucial that only the valid values are used in the calculation. Theredhe integratenust

guess the valid range of values and this is reported fof'tineatye. For example, an output of

First image: S19980011998031.L.3m_MCHLSPGANThdf:  fMin=1, fMax=30000

reports that the valid range is fronfflin) to 30000(fMax). The valid range is retrievedr
each image but is output only for théithage.

wam_match_|2
Usage: wam_match_I2 PointFile Pattern [Algorithm]
where PointFile is a CSV file with
Lon,Lat, Date,Time,Station,Value
Pattern is a matching pattern of L2 HDF filenames, e.g.
C:\ Sat\ MODISA L2\ A*L2_LAC.x.hdf
Default Algorithm is OC3M for MODIS (O'Reilly et al., 1998, 2000)
Available Algorithms are:
OC3M for MODIS (O'Reilly et al., 1998, 2000 )
OC4v4 for SeaWiFS (O'Reilly et al., 1998, 2000)
OCA4L (Cota et al., 2004, Arctic version)
OC3L is a OCA4L hack for MODIS
SPGANT (Mitchell & Kahru, 2009, Southern Ocean version of OC4)

wam_matchl2 is a command line utility that is related to tB&I applicationwam_matchsee
wam_matchin this documentiwam_match_|2eads &ointfile (in CSV format)with station
information (withLongitude Latitude Date, Time Stationin that sequence) and finds the nearest
satellie imagen timewith sufficient valid data to create statistics for the 3 x 3 pixel window
centered at theearest pixel to thetation.The time and date have to be the GMT (UTC) time and
date as satellite data are recorded using tfids® program is jgplied toLevel2 ocean color
datasets that are provided by the NASA Ocean Color Processing Group. The mraidsaai

images by their proximity to the deed timeof the station. It then goes through the sorted list of
images and tries to find valitiypically, cloudfree) data for eacpoint (statior). If the nearest
datasetn time is cloudyor has no valid data for other reasabhswitches to the nextevel2
datasetf{le) in time. This process continues until the firatid (cloud-free) matchup is found or

until the maximum allowed time differen€80 day9 is reached. In contrast ¥eam_matchyou
dondét need a fixed | ist fi lteeswpathitomatonaiggse names t c
e.9.C:\Sat\MODISAL2\A2008300*.hdfnote the ¥. Match-up is considered only if the number

of valid pixels in the 3 x 3 pixel window is at least 3 (that can be changed in the code) AND the
center pixel (i.enearest pixel opoint value) is also valid.
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wam_match_|2xtracts all needed bandsmifw (hnormalized watetteaving radiancs), chlor_a
andl2_flags It then calculates statistics for each point using a selected Chl algorikiet2L

files typically have alreadghlor_adataset but this program allowalculatinga new estimate of
chlor_ausing henLwdata. For example, when reading MODISA data, the default algorithm is
OC3M that is already used in tbelor_adataset in the L2 file. The calculated OC3M field
shouldbe close tdhechlor_adataset calculated by NASAowever, somélifferencesare

always present and depend on minoridebf the calculation (e.g. tlextraterrestrial irradiance
coeflicients for each band). Anothadvantage ofvam_match_I2s that it allows using variable
algorithmsfor creating matctups without creating correspding image filesThe list of

available algorithmsan be easily expanded

A samplePointfile is given below. You can exclude lines from being used by using the #
character in the beginning of a line.

Lon,Lat,Date, Time,Station,Chl
-118.159,33.495,10/2&008,21:45,1,0.368
#-118.105,33.434,10/26/2008,22:45,2,0.436
#-118.011,33.402,10/26/2008,23:45,3,0.623
-114.406,31.325,10/27/2008,15:45,4,2.408

A sample command and the output is given below.
wam_match_I2 test.csv Nest\2008 S2008MLACG1\S*.hdf OC4v4
Ushg Poit file CiSatProjectgest.csv
Using SeaWiFS OC4v4
Using algorithm OC4v4
Area of interest size: 3 x 3 = 9 pixels
Minimum number of valid pixels 3 out of 9 pixels
No matchup if N of valid pixels < 3 OR point value invalid
Maximum difference in daylsetween point and satellite pass: 30
6 points read from €SatProjectsChekaluktest.csv
Header:Lon,Lat,Date, Time,Station,Chl

wam_match_multiband

Usage: wam_match_multiband list_file [Algorithm][AnyYear]
Algorithm:
Default is OC4v4 (O'Reilly et al., 1 998, 2000)

OCAL (Cota et al., 2004, Arctic version)

SPGANT (Mitchell & Kahru, 2009, Southern Ocean version of OC4)
Default Algorithm is OC4v4
Extra option (argument2, AnyYear) must be a string of O or 1

1 in the Nth position means that the Nth image can be from any
year, e.g. a composite over many years;
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0 in the Nth position means that for Nth image years and days
are considered when calculating the difference in days.

Default is to calculate difference in Days considering Years
Example: for OC4L 0001 would use any years of the last band;

wam_matchmultiband is a command line utility that is relatedwam_matchnearesiand
wam_npp_pointLike wam match_neardst finds the statistics for the nearest matgh

however, instead of using one imédde, it calculates a new output value based on a set of input
values. For example, using a sehbfvdatasetsl(443 L490 L510, L555) it calculates Chha and

finds the matchup with thecalculated Chl-a rather than with a Clal values read from a fil& he

set of algorithms can be easil;y expended to include various algorithms for batta@ihlother
variables. Likewvam_npp_poinit needs a text file that specifies the paths to the input files and the
point file (CSV file)with station information (Logitude, Latitude, Date, Time in that sequence)
and finds the nearest satellite imaggth sufficient valid data to create statistics for the 3 x 3

pixel window centered at the station. This program is typically applied to daily global images and
it sorts all images by their proximity to the date of the station. It then goes through the sorted list
of images and tries to find valid (cloticke) data for each station. If the nearest in time image is
cloudyor has no valid datdt switches to the next imagn time. This process continues until the
first cloudfree image is found or until maximuriawed time delay (30 dayss reached. In
contrasttovam match you donét need a fixed |list file wit!
can give a path to ghmatching image files, e.g:\satSeaWiF8.3\Daily\S1999*9will match all

global 9km SeaWiFS images of 1999.

A sample list file looks like that:

# 4 paths to matching input files

FASeaWIR%.3DailyL443 9,520070*9
FASeaWIR%.3 DailyyL490_9,520070*9
FASeaWIR%.3 DailyL510_9,520070*9
FASeaWIR%.3 DailyL555 9,520070*9

# 4- Points

C\SatRojects BWZ2008_NPPointd points 2007.csv

A samplePointfile is given below. You can exclude lines from being used by using the #
character in the beginning afline.

Lon,Lat,Date, Time,Station,Chl
-118.159,33.495,10/26/2008,21:45,1,0.368
#-118.105,33.434,10/26/2008,22:45,2,0.436
#-118.011,33.402,10/26/2008,23:45,3,0.623
-114.406,31.325,10/27/2008,15:45,4,2.408

wam_match_nearest

Usage: wam_match_nearest Point_fi le Pattern
Point_file is a CSV text file with Longitude, Latitude, Date,
Time

Pattern is a matching pattern of satellite filenames to be used
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Example:
wam_match_nearest Points.csv C: \ Sat\ SeaWiFS\ L3\ daily \S* 9

wam_match_nearess a command line utilityhat is related to the GUI applicatisram_match

Please see section wam_matchin this document for more informatioWam_match_nearest

reads a CSV file with station information (including Longitude, Latitude, Date, Tiratn

sequence) and finds the nearest satellite image with sufficient valid data to create statistics for the
3 x 3 pixel window centered at the station. This program is typically applied to daily global

images and it sorts all images by their proximityite date of the station. It then goes through the
sorted list of images and tries to find valid (clefuek) data for each station. If the nearest in time
image is cloudy, it switches to the next image in time. This process continues until the first cloud
free image is found or uhmaximum allowed time delay (3fay9 is reached. In contrast to
wam_match you dondét need a fixed Ilist file with i ma
path to the matching image files, e@j\satSeaWiF8.3\Daily\S1999*9 will match all global 9

km SeaWiFS images of 1999.

wam_statist_grid
Usage 1: wam_statist_grid FilePattern [DeltaLon DeltaLat] [Lonl
Latl Lon2 Lat2]
Usage 2: wam_statist_grid FilePattern [DeltaLon DeltaLat]
Maskimage

Defaults are 2 deg Latitude and 10 deg Longitude for Deltas

Default is to use the whole image.
Example: wam_statist_grid *.hdf 360 60
The example uses Lat bands of 60 deg around globe (note
DeltaLon=360)
To specify a Subset image, use UpperLeft corner Lonl Lon2 and
Lower Right Corner

Lon2 Lat2

Note that Lon is before Lat !
The Maskimage option allows to specify a detailed region with
pixel value 1

wam_statist_gridis one of severamage statistics prograin WIM. In the GUI program

wam_statisthe areas of interest are specifieithvihe mask image where each individual area of
interest is specifi ed Ibyguwiarttte calgulate sthtistiesashyufer (e . g. ]
each D degree by @ degree square then you would need to manually create @ imeasgje with

each ofhe DdegreexQdegr ee squares specified by a respect
Clearly, it becomes tediousanual workln contrastwam_statist_griadloes not need a list file as

it uses a filename patterngelectfiles and it does not need a mdi as itassumesectangular

areas of interestpecified by their longitudes and latitudEsr examplea FilePatternof S*.hdf

or C:\Sat\SeaWiF8.3\MonthI\CHLO_9\S*.hdf would use all matching SeaWiFsS fil@he

default is to us®eltaLonof 10 degree andDeltaLatof 2 degrees and cover the whole image.

The latitude and longitude range of a smaller grid can be specified in the command line. For

example, you may use global images but be interested in image statistics in a certain region, e.g.
latituderange of 2428 N and longitude range of &0 W with a 1 x 1 degree grid.

To run it, type:
wam_statist_gr&F.hdf1 1 84 24 90 28
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whereFileNamePatterns a pattern matching filenames. Note that [Lon1, Lat1] specify the
upperleft corner and [LoB, Lat2] specify the loweright corner and that longitude value is
before the latitude value. Note thainis beforeLat!

Another example: we want to calculate statistics fodé@ree latitude bands for the whole globe
like shown below.

We will use tle following command:

wam_statist_gri&t.hdf 360 10

Note that we use 360 degreesBmitaLon and 10 degrees f@eltaL at and use the whole
image

In Usage 2he Longitude and Latitude range is not giexplicitly but is taken as the full range
of andher image filelt may be easier to use an image fMaskimageanstead oSpecifying
explicitly [Lon1, Latl] [Lonl, Latl]. Please note that Maskimagehere is NOT used in the
same sense as\wam_statidtHere it is just a shorthand for giving the ¢fitudelatitude range.

The program tries to guess the range of valid values and it should work for common images
types. The valid min and max values are reported for the first image. If they are not correct then
the source code needs to be updated angrtdggam recompiled.

Output is written to a filstatistics_grid.csin comma separated (CSV) format and should be
easy to import into a spreadsheet program like MS Excel. The output has the following columns:

Image,SYear,EYear,SDay,EDay,Lat,Lon,Nin,NoutMax,Mean,StDev,Median

HereSYearandEY earspecify, respectively, the start and end year of the in&lgayandEDay,

the start and end day of the imabat andLon are, respectively, the center coordinates of the
grid rectangleNin andNoutare the mmber of pixels within the valid range and outside the valid
range, respectively. Note that the output is sorted first by image, then by latitude and then by
longitude. The Lat and Lon specify the center of each grid cell.

Please note that the output fisesorted by Image and in order to plot time series for each grid cell
you need to sort by Latitude and by Longitude. A separate utility is provided for that with the
following syntax:
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sortGrid Unsorted_grid_time_series [ColumnNOQ]

whereColumnNads the cdumn number to pick. Default is to uS®lumnNaol3 that means
Median. Other options faColumnNaare: 7 forNin, 8 for Nout, 9 for Min, 10 forMax, 11 for
Mean, 12 for StDev, 13 for Median. The output filename is using the same pattern with
fsortededtwsvo ad

The output format has all the longitude cells for a particular image (time) and Latitude value in
the same row.

wam_ statist_sta
Usage: wam_statist_sta StationsList Pattern [OutputFile]

StationsList is a list of stations with Lon, Lat[, Date, Time,
StationName]

Pattern is a matching pattern of HDF file names

OutputFile is text file where output is saved

If OutputFile is not given then output is to the screen
wam_statist_st#s a utility for quickly calculating statistics for a series ofris (stations) and a
series of imagedt uses a list of points (stations) given by their longitude, latitude and name, and
aset of matchingmages, to calculate statistics for 3 x 3 pixel areas centered at the stations for all
the images. The statistiand all the 9 pixel values are saved in a CSV (comma sepeahiedas
text) file suitable for importing into a spreadsheet (e.g. Excel). PleasthabtrelatedGUI
programwam_statistncludesmost ofthe functionality ofwam_statist stdbut does ot save the
individual pixel values

You need to create a station list file with coordinates and have a series of ifagawmple
station list fileis a CSV(comma separated valuddg and itlooks like this:

Lon,Lat,Sta

-113.667,30.3830C

Note that bngitude is before latitude! You can have multiple stations specifiedtatian list
file, e.g.

Longitude,LatituBigtion
-117.3050,32.956ition_1
-117.3950,32.918ftion_2

You can create a text file with a singheaginarystationMyStation.tx{e.g. like the station GOC
in the example abovend runwam_statist_stavith the SeaWiFS CHLO_9 files provided on the
WAM DVD:

wam_statist_sta MyStakbiC\SaiSeaWiFE3Month\CHLO \$1998*.hdf Out.csv

whereMyStationtxt is a text file with lmgitudes, latitudes and station names (in that order),
C:\SatSeaWiF8.3\Monthh \CHLO_9S1998*.hdfis apattern of matching§lenames to be used,
Out.csvis the name of the output fil®utput is a text file (CSV) and that can be loaded into
Excel or vieved in a text editor (e.g. Notepad).

Note that in other | ocalizations (ACultureso)
must use tab instead of comma as the separator between Valeiesitput file isalsoin the CSV
format and has the follang header:
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Image,SYear,EYear,SDay,EDay,Station,Nin,Nout,Min,Maey NethaBtPointvalue,
Pixel_1,Pixel 2,Pixel_3,Pixel_4,Pixel _5,Pixel_6,Pixel_7,Pixel_8,Pixel 9

HereSYearandEY earspecify, respectively, the start and end year of the in&lgayandEDay,
the start and end day of the imabj@ andNoutare the number of pixels within the valid range
and outside the valid range, respectivelgintvalueis the pixel value in the nearest pixel that is
the center of the 3 x 3 pixel area, and the lagildmns are the individual pixel values.

Note that the output is sorted first by image and then by station. If you want to sort first by
station, for easy plotting of time series for each station, you can use another WAMsatiktyas
or sort the filan Excel.

wam_label_mask
Usage: wam_label_mask MaskF ile

Labels the mask image usedwam_statistwrites the sequence number into the middle of each
mask, saves &4DF andPNG. It first counts all pixels between 1 and 254 (excluding 255),
calculates ma&n X and Y coordinates for them. It then converts pixel value 0 to 255 (black to
white), creates coastlines using the moderate resolution coastlines and overlays coastlines in
black. It then annotates the image with the mask number using the mean X and. és
supposed to be in the middle of each cluster (mask) of pixels.

sortmasks
Usage: sortmasks unsorted_file

sortstas
Usage: sortstas unsorted_file

sortgrid
Usage: sortGrid Unsorted_grid_time_series [ColumnNo]
Default is to use ColumnNo=13 that me ans Median

ColumnNo values: 7 for Nin, 8 for Nout, 9 for Min, 10 for Max, 11
for Mean, 12 for StDev, 13 for Median

The output formafrom the WAM statistics programs, exgam_ statistis effective to produce

but cumbersomt use withsimple plotting rouhes, e.g. in MS Excel. To sort the output file into
a format more suitable for plotting in Excel, use a WAM utiitytmasksThe sorted file is

better for plotting ira spreadsheet like MS Excel.

sortstasand sortgrid do similar sorting of the outpudrfrwam_statist_sta and wam_statist_grid,
respectively.

To compilesortstas  d o ncdpdtas MWI¥.dIl is not used here. The commdndbuilding
sortstass:

csc /out:WIMSOMBsortstas.exe sortstas.cs

3.2.10 Screening Level -3 data according to quality flag

© Mati Kahru, WimSoft



WAM Specification 54

wam_screen_goes1112
Usage: wam_screen_goes1112 Pattern [Threshold]
Default threshold is 252, corresponding to cloud % of 0.01

Examples:
Cloud percentage: 0.01% 0.1% 1.0% 2.0% 5% 10% 20% 50%
Thresholds: 252 237 181 157 122 95 6 7 30

Uses output fromvam_convert_goesl111&nd screens SST data according to cloud probability
threshold. Keeps only SST values with equal and higher corresponding threshold value, i.e. less
or equal cloud probabiyi. Seeftp://podaac.jpl.nasa.gov/sea_surface_temperature/fgpes/

GOES 1112 data and documentation.

wam_screen_mask

Usage: wam_screen_mask Pattern Mask.hdf
where Pattern is a matchi ng filename pattern to use
and Mask.hdf is a mask file in HDF

Valid area is masked with pixel value 1

wam_screen_masis a utility for working withstandard ocean coltevel2 satellite data. It is
common that many Levé files are either cloudy, amritside of our area of interestloave no
valid data for variouseasons (e.g. due to low light in polar areas). These files may take up lots o
disk space but have no useful datam_screen_maskortsfiles into separate folders after which
files with no valid datacan be dadted.The valid pixels are currently counted only for the
fichlor_ada n dsb dataset (SDS).The files with at least talid pixelin the valid area

specified by anask image (with pixel value94adr e mo v e dGoodn, esfoithldoe r i
matching dataset into foldéBado files that are completely outside the area of interest are
moved tofiOutsided  athode with no valid data fiNoValidDatad All folders other than

fiGood can be deletedhfter that youshouldrunwam_compres hdfonthe filesi n  Gdo® A
folder.

wam_screen_pf
Usage: wam_screen_pf FileNamePattern [targetProjectionFile]
wam_screen_pffor screening AVHRR Pathfinder version 5 data

wam_screen_sst_ocpg
Usage: wam_screen_sst_ocpg Pattern

wam_screen_sst_ocpg for screening new MODIS Terra and Aqua SST data processed by the
Ocean Color Processing Group (OCPG).

Several ersions of screening programseen_evel3 papped images according to the quality
flag in the corresponding quality image. Pixels with theesponding best quality flag (7 for
Pathfinder, O for MODIS) will retain their value while pixels with lower quality flags will be
nullified.

Thewam_screen_sst_ocpgrsion screens thatestSST data in HDF files producethce 2006
by the NASA Ocean Qor Processing Grougnttp://oceancolor.gsfc.nasa.gov/ftp.hfnfThese
files have the SST and the Flag datasets in the same file. Therefore, screening these is easier as
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there is no need to search tbe other (quality flag) file. The other versions of sisgeeening
programneed to find the quality flaim a separatéle by matching the file name$he quality
file name is searched according to the name pattern of the source image. The commaiel syntax

TheFilenameRitternargument is used to find matching files in the current folder. The
corresponding quality file has to be in the same folder and its name is constructed from the main
image name. The target projection file is optional: it can be tasesinap the screened image to
another projection.

The following example shows the unscreened MODISsseface temperature (SST) image on

the left and the screened SST image on the right. Both have been transformed to BYTE with the
SST-Pathfinder color sling. The unscreened image shows large areas with low SST off South
America (light blue) which are probably due to cloud contamination. Clouds are almost always
colder than the actual. On the screened image on the right thbllighdreas are mostly lolg

i.e. masked with no data. However, even on the screened image there are some green areas next
to the masked areas which are probably the result of incomplete screening.

wam_screen_ptloes similaiscreening fotheVersion 5 AVHRR Pathfinder SST dataaglable

for downloading at the following address:
ftp://podaac.jpl.nasa.gov/sea_surface_temperature/avhrr/pathfinder/datim e®ittrast to the

earlier PathfindeSST data, the Version 5 data haixels of various quality levels, many of

which are obviously contaminated by clouds. The ascending data are daytime passes and should
have better cloud detection. In order to have reliable (best quality) data we eégdrtate all

SST pixels ith quality value less than The screened SST data are shvehe Byte format

with the SSTPathfinderscaling.
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