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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

the WIM library. For the use"WAM has threeeomponentskirst, WAM programs with the
graphical Windows interface make it easy évery WIM user terform complex operations on
aseries oimages. Secondisers with just a little bit more computer knowledge can use
commandine WAM programsand runcomplexapplicationon series of images. Third, users
with interest in programming can use WM library to createheirown WAM applications

using any of the .NET languagesg.C#.

WAM is based on the Microsoft .NET Framework. It is realized adte of dynamic link
librariesthat provide easgiccess teomplex functionsWindows Vista and later versions of
Windowsincludethe Microsoft NET Frameworkbut on older versions of Windows it may need
to be installedNote thatNET Frameworkmay be already installdaly another prograrfiYou can
find this out with theControl Paneli Add or Remove Programs

1 Note that starting with the March, 2010 version WAM requiNEST Frameworksersion 4]t
is possible that your computer has receivedtireent. NET Frameworksersion 4 as part of
Windows Update. If not then you need to install it yourself. You can execute (emigkea
file dotNetFx40 Full_x86 x64.exein theWAM_samplefolder of the DVD

Alternatively, he same fil&lotNetFx40 Full_x86 x64.execanbe downloaded from
http://www.microsoft.com/downloads/details.aspx?displaylang=en&FamilylD=0a391abd
-25¢1-4fc0-919f+b21f31ab88b7

Please note that earlier versions of WAM useHT Frameworkversion 2. The setup file for that
was provided in aexecutablalotnetfxt.exén the WAM_sampleolder of the DVD The same

file can also be downloadembnm theMicrosoft site
http://www.microsoft.com/downloads/thankyou.aspx?familyld=0856&a&24b0d8edd
aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com%2fdownloads%2f
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Browse.aspx%3fdisplaylang%3den%26productiD%3dC003-BHRB-4A2D-8FD1-
0BA441296CBC

Note that if you are using WAMf March, 2010 or later, you do noe¢ed .NET
Framework version gyou need version

The defaullocationfor WIM and WAM programge.g.C:\Program File§Wimsoftin English
(US) settings)s added to the PATHystemvariable when installing WIM/WAM.Sometimes
that fails andsou 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 installatimd add it to the
PATH environment variablérou can do it withPropertiesof My Computelright-click on it),
Advanced Environment Variabled-or example, in the Spanish versar Windows the default
WIMSOFTp a t HC:\Archivoside program&Vimsofd i n s tCaRxogranoFfles\Wimsofo .

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 Framewark'ou 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 ngwoject.

To compile your own programs you also need to hAdddcation of the .NET Framework
librariesto the pathFor running the commarhe C# compiler you also need to add its location
to your PATH variableFor the versior2.0 of the .NET Framework s

"%windir¥aMicrosoft. NENFrameworkv2.0.50727.

2 WAM samples overview

2.1 WAM programs with graphical interface

Program Name Purpose

wam_series A GUI programdesigned to apply various operatidas
series of matching images. It has optiarsinput and output
formats, cutting a suhreamedian 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 list of images, an image with masked areas or list (
stations calculate statistics for the series of images. Output
CSV file ready for importing into MS Excel.
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2.2 Command-line WAM programs

2.2.1 Anomalies, change

Program Name

detection and EOF

Purpose

wam_amual max

wam_annual_timing

wam_anomaly

wam_change

wam_eof

wam_count

wam_ max_trend

wam trend

wam_variance

2.2.2 Convert

Program Name

Finds annual maximum, minimum, time of the maximum,
valid countdor each pixel in a series of matching HDF
datasets.

Finds annual the count, first day and last day over or balow
thresholdfor each pixel in a series of matching HDF datase!

Calculates anomalies relative to the mean of overall, montt
8-dayor 5-dayannual cycle. Reads all matching images,
calculates and saves the means and counts, then calculate
saves the anomalies relative to theans.

Calculates change between 2 images, showshiduage, i.e.
increase or decrease, as either ratio or difference

Runs EOF or Principal Component Analysis (PCA) on a se
of images. See separate docuniexgrcises_ WAM_EOF.pdf
for details.

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

Finds the Sen slope or the Linear regression slope and the
significance of change for each pixel in a series datasets.

Findsthe Sen slope or the Linear regression slope and the
significance of change for each pixel in a series datasets.

Calculates pixelvise mean, standard deviation and the nunr
of valid pixels for a set of matchirfidenames.

Purpose

wam_ compress hdf

wam uncompress hdf

wam_ assemble hdf

wam_disassemble

wam_ convert 100xbyte

© 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. Triseases
file sizeand is used only because some applications canno
compressed HDF files.

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

Disassembles (breaks upHDF file withmultiple dataset
(SDS)into multiple HDF fileswith a singledatasetach

Converts the float32 ice concentration HDF datasets to HD
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wam

convert_amsre

wam

convertccmp

wam

convert _goesl111?

wam

convert_gsm

wam

convert_log

wam

convert_meris

wam

convert mid

wam

convert nl

wam

convert_ngsst

wam

convertoisst

wam

convert_percent

wam

convert_ssmi

wam

convert_to_power

wam_gradient

wam

mirror

Program Name

scaled byte.

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

ConvertsCCMP wind data in BtCDF format to HDE.

Converts GOES 112 SST daily data from binary raster to
HDF4 format, adds attributes for compositing and time serit
analysis.

Converts UCSB GSM datasets to4staling, adds attributes
for compositing and time series analysis.

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

Converts thVIERIS DIM files to HDF4 with longitude and
latitude arrays for getmcation.See alsavam_convert_nl

Converts the Mixed Layer Depth datasets in Float32 forma
HDF4 in Int16 format, optionally masks land.

Converts th&ENVISAT (including MERIS) N1 files to HDF4
with longitude and latitude arrays for gleation. See also
wam_convertmeris.

Converts the New Generation SST (NGSST) binary datase
HDF4 while adding attributes.

Converts thel (Optimum InterpolationsST QISST) binary
datasets to HDFwhile adding attributes.

Converts percent (range €100.0) to fraction in a scaled byte
(e.g. 0.01.0).

Converts rastesSMI binary files of ice concentration to H@AF
with added attributes, scaling and projection

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

Mirrors over vertical, horizontal or both axasptionally sets
projection.

2.2.3 Operations with bands

Purpose

wam

band ratio

wam

ratio 2sets

© Mati Kahru, WimSoft

Calculates a series of né&@hl-a and CDOMmages using aet
of Lwn datasetsvith abandratio algorithm e.g.OC4v4or
SPGANT.

Calculates a series of ratio images udrgptsof images.
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2.2.4 Compositing

Program Name

Purpose

wam_composite

wam composite pairs

wam_composite quikscat

Create an averag@mposite 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 start and extttibutes so that the start and
end periods correspond to the first and last images,
respectively.

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

Reads all LeveB QuUikSCAT files in the folder, calculates th
mean composite of ascending and descending orbits, save
HDF files. Obsolete, needs to be updated.

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 efdge images.

2.2.6 Image Operations

Program Name

wam_mozaic land ocean

wam_overlay

wam_reduce

wam reducevalid

wam reducefixed

© Mati Kahru, WimSoft

Purpose

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

Makes a series afverlaid images using a standard overlay f
Reads an overlay image, reads all matching HDF fbesacts
all datasets (SDS)uts the overlapn top of each image,
saves each as HDF.

Reduces a series of HDMAages. Reads all matching HDF fils
in a folder, reduces the size by a predefined times using a
selected reduction type, saves each as HDF.

Reduces a series of HDF imagdsile usingonly the valid
pixels

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

wam_remap

wam_remap?2

wam_remap_lla

wam_remap_and_overlay

wam_remapto kmz

wam remap regions

wam_xy2l|
wam_lI2xy

Purpose

Remap a series of images, possibly weitternal gee
referencing to a target projection. Read all matchbdr
files, pick SDS guess the respective gaexferencing file,
map to the target projection, save as HDF.

Remap a series of images, possibly witteexal gee
referencing to a target projectiddptions for selecting
SDS median filtering, filtholes filling and selected LUT

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

Remapand overlay a series of imag@$e target
projection image is also used as an overlay.

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

Remaps a series of imagesmultiple taget 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 fill

© Mati Kahru, WimSoft

Purpose

Calculateshet primary productioiNPP) imagesising a list of
Chl, PAR andSSTimagesandthe BehrenfeldFalkowski
(1997)VGPM modelwith various options

Calculates NPP images usitigg best matchinget of images
and variouslgorithms

Calculates NPP statistics fadistoffi 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&a

Purpose

Fills invalid pixels with the mean of the neighboring valid
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wam_integrate

wam_ matchl2

wam_matchmultiband

wam_ match nearest

wam_statist_grid

wam_statist sta

wam label mask

sortmasks
sortstas
sortgrid

pixelswith options for masking land and ice.

Integrate a series of images to calculate, e.g., total global
primary production or integrated values &pecific 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 centered at the statiting
various algorithms

For a list of stations,mdsa set ofnearest imagen time with
sufficient valid datacalculateutputstatisticsusing different
algorithms for3 x 3 pixel areacentered 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
images. Reads a series of images; calculates statistics for
lat/lon grid, saves statistics.

Reads a list of stations (specified by longitude, latitude, nai
andall matchingimages; calculates statistics for 3x3 pixel
areas centered at the station, saves statisticalla®gixel
values in &CSV text file.

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

Sort the statistics of masked areas by area instead of by in
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 _goesl11?

wam_screen ask

wam_screen_pf

wam_screen_sst_ocpg

© Mati Kahru, WimSoft

Purpose

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

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

Screens AVHRR Pathfinder version 5 files, keeps onlyotst
quality pixels. Uses both SST and quality images, makes a
SST pixels with quality flags less than 7 zero, converts to E
with SST-Pathfinder scaling.

Using a quality flag image, screensg, keeps only the high
quality pixelswhile replacing others with zeros. Screens Le\
3 MODIS Aqua (and Terra) SST data produced by the Oce
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2.2.11 Processing

Program Name

wam_rgb_modis

zoom modis lat lon

wam_turbidity

wam_turbidity aster

10

Color Processing Group, converts to Byte with the-SST
Pathfinder scaling.

Level -1B MODIS data

Purpose

Creates caegistered trueolor RGB composites from MODI¢
Level1B data at 1 km, 500 m or 250resolution does
accurate band egegistration, optionally maps to a target
projection.See sepate documenExercises_modis_250m.pd
for details.

Interpolates km MODIS latitudelongitude array to 25@n
resolution. Readall matching MODO3 or MYDO3 files and
interpolates the latitude amhohgitude arrays to 250 risee
Exercises_modis_250m.ddf details.

Calculates turbidity index from MODIS bandsl1 and 2, map:
a target projection. Readseefl-produced HDF file produced
with bands 1 and 21ODO03 geereferencim file. See
Exercises_modis_250m.pdf

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

2.2.12 Processing Level -2 ocean color  and SST data

Program Name

wam_I2 map
wam_compose 2sensors

wam_composite 2x
wam_composite intime
wam_composite_month
wam_composite_year
wam_composite last

wam_composite_list
wam_composite_running

2.2.13 Merging Level
Program Name
wam_merge_|3

© Mati Kahru, WimSoft

Purpose

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

-3 data

Purpose

Merge different LeveB productgevenwith different
resolutior). For example, by merging alleather but low
resolution microwave SST with higiesolution but clear
weather infrared SST you get merged SST product.
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2.2.14

Program Name
wam_QAAVS |2

wam_ QAAVS5 I3

11

Inherent Optical Properties (I0OP)

Purpose

Calculates Inherent Optical Properties (IOPs) from L-2vel
Lwn datausing the Lee et al QAAvalgorithm

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

2.2.15 Correlation between images and a point time series

Program Name

wam_correlation

wam_correlation series

wam_corrmatrix

2.2.16 Simple utilities
Program Name
rerit

wam_add_attribute

wam_add name

wam_minmax

2.2.17
Program Name

Sample

WAM programs for learning

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 correlatn image (with each pixel representing
the correlation coefficient) between two series of images.

Calculates a correlation matrix between two sets of time se

Purpose

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

Adds a global 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 images (datasets) name
with a name that clearly identifi¢lse image.

Shows the valid range for a sdtmatchingHDF files.

and testing

Purpose

test cut hdf

test bandratio

© Mati Kahru, WimSoft

Shows how to create a series of imagfes selected sulrea,

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 different forn

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, saves the calculated image as a float HDF, conv
to a BYTE image using CHL scaling, stretches colors, save
a JPEG.
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wam_filter Apply a filter, e.g. Median filter, to a series of images, save
results. Reads all matching HDF files in a folder, cuts out a
predefinedsubarea, applies the Median filter, and saves ea
as a JPEG.

wam_attribute Print the value of an HDF attribute from a series of HDF file
Reads all matching HDF files in a folder, extracts the value
anintegerattribeét (e. g. WAStart Dayo
and the attribute value.

wam_histo_mask Calculates a series of histograms for a specified rectangle.
Reads a mask, a list of file flenames, calculates and saves
histograms o rectangle.

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

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

wam_to_hdf Converts all matching plain raster images in a dingcto

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 examples of WAM progranfSome 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
foll owed by the programds name without the
test.cscd to your WAM directory and type

cC test

On success the batch filelja) makes an executablest.exe in youtWWIMSOFT 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 as the WIM executables
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 comralamal WAM utilities it is a Windows forms

© Mati Kahru, WimSoft
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applicationandcannot be built with the simple batch fdébatas 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 do that with WIMaosingle image but doing it on
many images is tedious and error prone. For example, you may have a large phtiohl of
imagesbutyou want to cut ot a small subset of your area of interesty-be map it to another
projection, overlay coastlines andAsation 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 imagegth

a few mous-clicks. 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 of a selected regtarfor a series

of images.

Wam_seriedas 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 clese tiseries

application or turn off the PC, the next run when you starh_serieyouwill have your last

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

However, when yoswitch to another projegou will need to chage the selectable options and

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

back The followingarethe input parameters.

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 uhspeuify thedfiles in the input directory. For example, you may first
want to process only files from 1999 and give 0f°¢
iS2000*. *0 t o Rlease beecareful Vit riatchirfg tod reasy.files: you may match
files that are natuitable and produce an error.

fiTodro i s the folder name wheeg@gh GMAUWMOUuUtbud put fil e
be usedor output files fromwam_series

fiSave Logga n etBogd0 ar e buttons for saving/reading 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 ridjiet of t
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.

filnputtyped | et s you s p e @les{HPF, CdagWaitcim, png (Bytd), y 3B o f
With HDF files containing multiple images (scientific datasets = SDS) you also need to specify
the sequence number of the i mage. Wi th single ir

fiSavead | et s you Ssfiegpmeiad GIF, IPE@NGoHDF, piDFtwith LLA
and/or Lat/Lon/Value. 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 smooth the output
image with a median filter of a specified size.
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Fill Holes with the windowsize(typically 1 x 1 or 3 x 3 pixels) lets you fill zen@mlued pixels

(e.g. missing data due to clouds) witle mean value of the na®ro neighboring 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
(seethe Overlay option belowRemember 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. i the overlay and use Color
Stretch with the start value above the 1zeno 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 pegrapside down.
WIM will normally try to mirror the image automatically.

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) thenat does
matter, however, if you save as HDF and later try to read that HDF file then themcggon will
be wrong.

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

may want to use 255 (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 theasne for the remaining images. If you are remapping images to a target projection
then they will all have the same size and projectliothat casét is more versatile to create an
overlay filei including not just coastlines but possibly-lan grid, sation locations, land painted

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

fiOverlayd0 | et s you specify an over |llywhWIMbetoret hat you
runningwam_seriesFor example, you may want pot a specific latitde, longitude grid,

manually edited color scallmcationsof certain stations of labelgracticallyanything on top of

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

overlay needs to be tiie same size as the output files and the background (transparent on the

overlay image) needs to have pixel value dR@member that if the overlay pixel value is 0, it

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

fiLoad Paletted | et s you speci fy &lutdthpatyouldadforegquhal et t e f i
image. That will change the color palette of the image. For example, when working with
anomalies you may want to use a specific palette gaanaly.lut or anomaly7.Iu}.

fAnnotated0 wi t h X antlYevaltesalétd you 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 pixels from th@ p . | f-1¥y ouomwsa&nyi of these, the d
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-Benelges,

Pathfinder SSTmages, etc. If it does not work for your images, please let Wimsoft know and we

will try to make it work.

fiCut subimage®d wi th | atitude valwues for the North (t
values for the East (right box) and West (left box) lets gut out a rectangular area as the area of
interest for either saving 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 degreesd 30.0 minutes north. Please note that if you are remapping images to a target
projectionthenyoudod6t need t o u slfgoutuCavironganeh,iyauraegmapped .
image will be emptylf the image has no projection then, of course, you cdonate certain
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|l ati tudes and | ongitudes. For i mages with no prc
mean just the x and y of the image coordinates.

fStatisticad w iValihMimfMaxd sel ects to calcul ate statistioc
or a subarea specified by the ACut subi maged val
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 specifiedvalid values should be excluded from the
statistics calculations. For example, in case of typical chlorophydllues 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 calalating statistics then you are not creating images and vice versa.

fiMin, Max Temperature for CoastWatcho i s oihtheynputifdes ate of the
CoastWatch type and lets you specify the min and max temperature ¥brasAugust, 2006
on this options no longer available from the GUI. It is still possible to change these values by
editing the log file.

fiConverttobyte® | et s y o ubyte .g.\nELG and Rioat) images to simple scaled
byte images that are easier to manipulate and visudliree s el ect alChler ascal i ngs a
Logarithmic 6 ,SSTRPathfinderd ,Pixél_Valued, Lirfearo ,Logarithmicd With the last 2
you can aSloped & lmtdrcefitch ef ifiel d s

fiColorstretchd | et s vy o Gtarop ea@ndd yivaheed cor ViemSptondi ng t
Colors(color definition) type of color stretch operation in WIM.

fiRemaptdd | et s you remap the image to a selected |
The default mapping opt i typroduces béstlookirg imagesbMappi ngo
may be very slow for large LLA images. TRerward Mappings usually the fastest but may
produce gappy images. TRerward with Fill Gaps starts with thé-orward Mapping and then
usednverse Mappindor the gaps

Theout put window shows s$taotot aQuidg Ald utotmon sh ea rpe ofga
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 gtaa syall subset of images by
selecting a file name pattern that includes amlg or twomages. You may want to process your
series of images in more than one batch,separating the batchbg year, date, etc.

1 The recommended coastlines filecmast_inter.b(seeWIM 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 thenraed that 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 thprogram 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 avitite
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.

© Mati Kahru, WimSoft



WAM Specification 16

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 contoute bavgenerated 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 fila bave many images in the form of

SDS (Scientific Datasets). The default is to read the firtt)(@DS but you can select another

SDS. For example, i f you want t-2HDEfleswithihéh!| or ao
following SDSs: longitude,&at i t ude, chl or _a, l 2 _fl ags, eps_78,
sel 2octf ot t he SDS number . Pl esinatleisicectead by WMt t he s
and does NOT includethe SBS t hat are el i-mBpa€iMdind ynafi Sevi it hg ®d
i mage to be readbo. For example, |l etbs say that y
longitude and latitude arrays in a SeaWiFS L&évéle are only 161 pixels wide. In that case the

longitude and latitude are not counted in the sequence of imeagtby WIM (or WAM).

Therefore, the previous sequence of images woul c
iR you need to Oselect SDS number

f

The Convert to BYTE function is needed only for mbltte images (e.g. for int1l6 and
float32images). The options that are not applicable using the current selections are gray and not
available for modification. A screenshot of the currgain_seriess shown below.
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“2 wam_series

Fromdir:|C:\Program files\wimsafti magesthdfSeawiFS \Level3

File pattern: IS*EH LO®
Todir: IE:'\Temp

Savis Lo IE:'\F‘rn:ngram fileswimsaftilog_wam_series. bt

Get Log
NP
~ Input type: (5D5] - [T Median-fiter? Size: |3

||:| vI [~ Fill Holes? Size: |3 Hull walue ||:|
= HODF

[~ Mirror? [Upszide down?]
[~ Rotate 90 deg

" Coastwatch
™ |mg [Eyte]

_|of x|

_SEI"\.-'E as - ]
[T GIF ‘
W JPEG

[~ PMG

[~ HDF

[ HODF in RGE

[~ HOF with LLA

[ LatLon\alue

LB

with Owerlay Pixel Value |1

V¥ Coastiines IE:"-.F'ru:ugram Filzshwimsoft\h apshcoast_inter.b

[ Overay IE:'\F‘ngram Filez\wfimzofth2nd_owl. hdf

[T Load Palette IE:'\F"ru:ugram Filez'wfimzatthchl ut

v Annatate: ¥= .
o0 o [12 C—

W Cut subimaga? 130

-105

[T Statistics, Walid Min, bax: ||:|.|:|1 5 ||34 |1 g

Corveert to byte™ IND, uze curment scaling j Slope, Intercept |1

|0

[ Color Stretch |2|:|

220

[ Femap to II::"-.F'ngram fileztfimzoft magesihdi S eaw iFShbaja_2000 aprilhcomposzite. hdf

€ Forward Mapping ! Forward w. Eill Gaps & |nverse Mapping

519972741397304.L3m_t0_CHLO. hat
519980011998365.L3rm_YR_CHLO hdt
52000061 2000091.L3m_t0_CHLO
=== [onel ===

3.1.2 wam_match

Introduction . The need to understand the relationships betweeltiteadata and ground
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

ﬂ CJuit |
- Start |

17

measurements can also use different methwaisneed to be interalibrated and intevalidated.

For example, when measuring ocean chlorophyll the ground measurements include variants of
HPLC, fluorometry and spectrophotometry. Satellite measurement of chlorophyll is based on
radiance spectrum maagd at the top of the atmosphere. It is a very complex process to derive,

first, the watefleaving radiance and, second, the chlorophyll concentration. There is4@ one
one relationship between the remote and ground methods. Another source of digaeeihenc

huge difference in the measurement footprint. The sampling area of a typical ocean color sensor

© Mati Kahru, WimSoft



WAM Specification 18

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 foandsatelliteground 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 tuds. The idea of finding matches between satelliteimsdu data

seems simple but in practice the task may easi |y

measurements that you want to compare with satellite images. You can just move the mouse
pointer and by rightlicking 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 pointswhiger of all possible 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 ime tdifference between 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 poistand hundreds of images: the task just gets overwhelming to be done
Amanuallyo, i.e. we need a special software

Design Wam_matclis a complex utility that is based on WAM functions but also uses routines
from other libraries (e.g. gphics and data grid). The purposea@m_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.édnspeicified

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 satghiétes is no larger thaT hours and the ground
point is inside the satellite image and has valid values (i.e. is notctmadled or otherwise
invalid). The satellite images can be from a single pass or from a composited image. A
composited image is a ¢ain average over the 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 age
from start [star)) to end Tend. We set a maximum time differend@maxand assume that we
have a matchup in time between a point and a satellite image if

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

The following figure illustrateghis condition. Point tim@pointcan 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 than 1 day. When using composited images of, say, 8 days, it should be
feasible to useTmaxof 24 hours or more.

Tstart Tend
| | | | | AN
7/

T T T T T
Tstart- dTmax Tpoint Tend+ dTmax
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The restriction on space is typically that the poarhple is within a certain rectangular window
centered at the nearest matching pixel. Typical windows are 3 x 3 or 5 x 5 pixels in size. It is
possible to use the value from the single nearest satellite pixel but more often the mean or the
median of the vad pixels within the 3 x 3 window are used. This is because the nearest pixel
may not be the best matcip with a point sample considering advection by ocean currents during
the time interval between the point sample and satellite image.

An important resiction is the validity of the satellite data. Invalid or missing data within an

image is caused, 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 valie¢ & a separate

image of flags.

T Valid range with Min and Max is the easiest way of defining 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 therse file (e.gchlor_a nLw412 nLw443
nbwd9qQ é) the valid range may be different for
cases we may need to have more details in the classification of pixels based on their
quality.

1 Usingflagsallows a more detailledchaa ct er i zati on ofupsHoe Aqual ity
each pixel a set of flags is generated. Each flag 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 ofdh satellite zenith angle, stray light, high solar zenith angle,
navigation error, moderate sun 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 shld be excluded from highuality pixels. Most of the flags,

excluding OCEAN flag indicate 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_maitclis currently set to use SeaWiFS Le%dlags and are not suitable
for MODIS and other sensors. This may be changed in the next releagm® afnatch

A screenshot of the currewam_matchis shown below. The screen resolution for running
wam_matclshouldbe at least 1024 x 768 pixelWam_matchuses registry to store last parameter
values. The following input fields are used.

I fUseflagp checkbox indicates if flags are to be
(currently of the SeaWiFS Lev&lflags) ca be selected. The OCEAN should be left
unchecked if ocean pixels are sought. You may start with 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 oAey-one set the flags to see which flags
eliminate which matclup points. The eliminated mateips will be moved to a special
Ael i mi nat e dupsasdecan b®dxammedtaftehsaving to a CSV file.

1 flistoflmaged speci fi es a stofémage filésitolbeusdédlinaghe has a | i
matchup with each image file (full path name, e.g.
D:\satseawifsL2\ace0108/4\S2001105040220.L2_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 filist_mapped.txt

Please note that with image files (e.g. MODIS LeXeGLI Level2) having the latitude
longitude arrays (LA) in a separate file, the list file format is slightly different. After the

© Mati Kahru, WimSoft



WAM Specification 20

first image name, 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 file that 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 bynssatd whatever
measurements you have. See included sample point files. The point list is best generated
in Excel worksheet and saved as tab or comma separated t€giSilefile). In WIM
point files havdraditionally had®.pnt extension but you can alsise theé.csvextension
that is more compatible with other programie first line in a point 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 CALO0004 93.28 2.11

Any number of lines 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 # chaituter.
minimum set of columns isongitude Latitude Date If Timeis missing then it is

assumed to be 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 formt is assumed only if a decimal comma is detected
in theLongitudevalue.

I dATimelag,hro speci fies the maximum time | ag in hot
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 counted from the start and end.

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

I fAMinValidPixels0 specifies the minimum number of v al
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 ordeo accept a matchup.

1 fSaveresultsid@ speci fies a file where the results v
Separated) format.

f MBand® wi th individual checkboxes for up to 16
(e.g. SeaWiFS Levél files) may have many ingas in the same file and you may select
more than one bands for matahp s . | f you selected to use f e

flags image will be used anyway (if found). The standard mapped images (SMI) in Level

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

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

nLw_412,¢é you need .Pleasesad thatcthe seguehcgof Bddsn d A 2 0

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

before searching for matalps.
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1 fvalidrange,Max,Min6 speci fies the minimum and maxi mu
valid. Only valid pixels are used in the sta"
flagsdo i s not selected.

After the usStartd cH utctkesn otnh d-upslegais. A log of ooitputisnat ¢ h

printed into the text box while the found matgbs (if any!) are put into data-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 matphifou can select variables to be plotted from the point

dataset (Xaxis) versus variables from the satellite dataa(X i s) as wel | as the poi
variable using respectivesthown contr ol s. The poiPontl@aseloALabel 0 i
textbox. A fAl abel d is actually any field in the po
and can be SefettPantlLabdd i cho nalden chotil. When moving the

mouse cursor to a particular point you can see the point labbelanti Poi nt | abel 0 t ext
in the dategrid the corresponding row is selected. Vice versa, when a row 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. Thealue is used to represantssing valuesn both the point and satellite

data can be chosen. Typical values are-®.or

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 graphandinthedata i d, and pl aced into a s
matches. Both the retained and eliminated matches will be saved to a CSV (comma separated) fi
whe8avefasCS¥Y butt on i s c | Havekas XIMLO Rseaswpeesc ttihvee Inyat chh e s
XML files but this funct i BaveasBNGn catBasipagoper |y i mpl
EMFO buttons save the graph in thenhdnhe@ (portabl e
windows metafile) formats, respectively.

For runningwam_matclyou basically need a set of satellite 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,
especilly of the point file and use exactly the same format of representing dates and times.
Check out the sample list filsst_mappedC.txt and sample point filenatchcsv. These files

should be in your WimSoft folder (e.@:\Program FileSWimSof}f. The resub will be probably
wrong if you use a different format.

9 First try to replicate the results of the figure 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 @:\Program FiledWimSoftimagesSeaWiF%aja_2000_april You
can get this if you just manually copy tleagedfolder from the CD to youWimSoft
folder. Thelmagesfolder has a lot more files than are needed for this example but you
may delete them later ifoh needed.

9 Fill out all the control boxes exactly as in the figure below, then 8tekt You should
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 théescplot, the
corresponding row in the data grid will highlight. If you doubliek on the outlier (or
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 ad the figure will be
rescaled. Both sets (mataip points and eliminated matcip points) will be saved 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) wasepit in the image files,
also that no flags were used.
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1 Now you are ready to try to match up your data with satellite images. Just please follow

the formats.

Related command line utilities, suchveam_ match neareswam match multibandnd

wam_match_I2donot 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).
Flags ~ Usefl List of Images: List of Point data: Eis
s€ Tlags
F ATMEAIL T rg,qmamRN |C:"-.Pn:|g|am Files"Wimsoft'list_mapped_C t« - |C:"-.Pr\:|g|am Files"Wimsoft\match csv = W band_0
™ band_1
[+ LAND [~ ABSAER Time lag, hr 7—\Window, DX x DY Min \alid CSV toffrom: b d_Z
- an
[ BADANC [T TRICHO 28 3 3 P'XE|5|5 |C:"-.Prng|am Files\Wimsoft'wam_match_ptbr_all.csv b d_3
an
[T HIGLINT [~ MAXAERIT -
I HILT I~ MODGLINT RMA: Y = 0.3219372 * X +0.2061326 n ™ band_4
N =34 = 0.300772 * X +0.2419431;r = 0.9342567, "2 = 0.8728357 = et
[IHISATZEN [~ CHLWARN [RMA:Y =0.3219372° X +0.2061926 [ ~
[~ COASTZ |~ ATMWARN - | [ band 6
™ band_7
[ NEGLW [ DARKPIXEL Longitude Latitude Date Time Station Image TimeDiffHr | Poin & ™ band &
[ISTRAYLIGHT [SPARE " [, 47875 32683 482000 754 CALDDDZ  S200009919 1192835 0305 | | -, 7o
v CLDICE I SPARE -118.203 32517 4/8/2000 1221 CALDODS S200009919 7478347 0.40z2 b d_‘ID
[~ coCcoLUT [ SPARE -118.547 32352 4372000 183 CALODDS 5200009919 1.31168 0.37¢ - =
; o X A - band_11
I~ TURBIDW T~ SPARE 118.885 32185 4372000 21:52 CALODDS 5200009919 -2.03832 0.31¢
I~ HISOLZEN [~ SPARE -119.235 32013 4572000 208 CALODDS 5200009319 -6.304586 0.31¢ I band_12
-119.568 3185 4972000 612 CALODDS 5200009319 -10.37165 0.201 ™ band_13
[ HTAU T SPARE 119235 32012 492000 208 CALO0O4  S200010020 1841772 02% w| | ™ pand 14
Loww  [TISPARE [ = =
™ band_15
[ CHLFAIL [~ OCEAN
Separator:
Savelog | Getlog | 4 Tab -
«
Valid range E Save as CSY
Max: |45 *
: 34 + Load from CSV
Min:  |0.015
4 Re-screen
Point Label: N
2 24 Save as XML
| © + ‘. —_
4 Save as PNG
Select Point Label: 1d ¢ Save as EMF
*
|Lon ::I ] 0’ Missing Value:
J" o
Select Y variable: r+—TTTTrT T T TT T T T T T -
[chlor = = o 1 2 3 4 5 & 7 8 8 1 1 12 peec e
AvgOfChla AvaOfChia = |
Bt Start
3.1.3 wam_statist

wam_statistis a Windows Forms program that combines the functionalityaoh_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 the distinction betwsesk statistics andtation

statistics Iis based on the

(point)

f

ename

Mask files are assume to be only with the .hdf extension (HDF filede@xtension (WIM
compressed image files) and the text files with station coordinatesaared are assumed to have
the.csvor .pntextension. Please note that the format of the station list assiieest 3

c o | u nmangitude,fatitude, Statien d.atitud®,Longitude, Statiod .

Longitudefirst andLatitudesecond but if namdsongitudeor Latitudeare found reversed in the

The

extensi

def aul t i s

header then the sequence is adjusted accordingly. After the 3 columbangieude Latitude
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Station you can havanyother stringsWhen the calculations on an image are finisheal, th

image name is moved from the top box to the bottom Dle&.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 at the nearest pixel and the individual valubg @ pixels are added to the

statistcs.The def ault separator in the output file is
(US) system of formatting (Acultureo settings).
instead of the decimgloint inthe US and thereforeannot be used asseparator between

numbers.i T a, B 8 p@ocre A S e nareth@other aplions A S e mshouwookino

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

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

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

production in the masked area. For other projecfiaialis 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:"-.Prug|am Files"Wimsoft\list_mapped_Cbd = |C:"-.F‘n:|g|an'| Files"WimSoft‘\masks hdf =
To Process Save results in:

s |C “\Program files"\Wimsoft wam_statist_results cav

£4.56542 -
52000107203422 | 2_HMBR submapped_scaled hdf Scaling=LOGARITHMIC, Min=0.01035142, Max=
6456542

52000109202317.L.2_HMBR submapped_scaled hdf Scaling=LOGARITHMIC, Min=0.01035142, Max=
6456542

52000111201216.L.2_HMER submapped_scaled hdf, Scaling=LOGARITHMIC, Min=0.01035142, Max=
6456542

52000113200123..2_HMBR submapped_scaled hdf, Scaling=LOGARITHMIC, Min=0.01035142, Max=
6456542

52000114204435.1.2_HMBR submapped_scaled hdf, Scaling=LOGARITHMIC, Min=0.01035142, Max=
Processed 64
52000102201256 L2_HMBR submapped_scaled hdf m 52000115195023.L.2_HMER submapped_scaled hdf, Scaling=LOGARITHMIC, Min=0.01035142, Max=

52000104200205.L.2_HMEBER submapped_scaled hdf

52000105204520.L2_HMER submapped_scaled hdf gf‘%%%LEEzDEBN L2_HMBR submapped_scaled hdf Scaling=LOGARITHMIC, Min=0.01035142, Max= | =
52000106195107.L2_HMBR submapped_scaled hdf -

3200107203422 L2 HMER, submaed selod hef 5200017134024 L2_HMBR submapped_scaled hdf Scaling=L OGARITHMIC, Min=0.01035142, Max=
52000108202317 L2_HMER submapped_scaled hdf 64.56542

52000111201216 L2_HMBR submapped_scaled hdf =| | |Pone!

52000113200123.L.2_HMEBER.submapped_scaled hdf T -
S2000114204435.L.2_HMER.submapped_scaled hdf

52000115155023.L.2_HMER submapped_scaled hdf Separator:  |Comma -

52000116203331.L.2_HMEBER submapped_scaled hdf

S52000117154024..2_HMER.submapped_scaled hdf e Get Log Save Log |C:"'-.Prog|am files"Wimsoft"log_wam_statist b Start

3.2 Command-line WAM programs

NOTE! The current syntax of these commyding utilities may have changed! You can always
check the syntax by typing the name of the progratimout arguments.

3.2.1 Anomalies, change detection and EOF

wam_annual_max

Usage: wam_annual_max Pattern [Slow][Reduce][ReduceFactor]
The Slow version calculates also the Year Day of the Annual

Maximum
Reduce option reduces the image si ze by ReduceFac torti mes
Default ReduceFac toris 2

wam_amual_maxscansa series of HDHiles matchingPattern reads the first dataset and for
each pixel finds the maximurvigx), minimum Min) andnumber of valid counts/alidCounts.
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When used with th8lowoption it also records the time of the maximum in year @slgx<Day).
TheReduceoption reduces the output imagesRgduceFactotimes(default is 2 times)This is
needed if the images are big and there is not enough ®AWlh the command

Examples andnhore information irDetection_of Change.pdhd
Detection_of Change_Short.pdf

wam_annual_timing
Usage: wam_annual_timing Pattern [+/ -]
[Threshold][Reduce][ReduceFactor]

Pattern is the matching file name pattern. Files are assumed to

be in HDF.
+or - means that pixels larger or smaller than the Threshold
are counted, default is +

Threshold is the threshold value, default is 0.15
Reduce option reduces the image size by ReduceFactor times

Imagine that you want to find the extents of the ice pgiiedhow many days the area is covered
by ice) the start and end of the iceripel for each year in a series of daily ice image.
wam_annual_timingvill calculate that for many years with a single command. You can also do
the opposite, i.ecalculate the period (count) of no ice in days, the first day and the last day of no
ice for each year. Of course, you can also apply the same operations to images other than ice
concentration and you will get something like the number of days e @hESThigher or

lower than a threshold, the first and last days of higher/lower than a threshold

The options allow you to choose the threshold value, the operationliofy pixels that areither
higher (+) or lowex-) than the threshold.

TheReduceoptions are similar tavam_annual_maand allowreducing the images atioe
required nemory.

wam_anomaly

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

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 white 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 specify annotateX and annotateY without the Meanfile, use 'no'
for Meanfile.

© Mati Kahru, WimSoft


http://www.wimsoft.com/Course/4/Detection_of_Change.pdf
http://www.wimsoft.com/Course/4/Detection_of_Change_Short.pdf

WAM Specification 25

wam_anomalys a powerfucommandine WAM program that calculatdbe 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 thdymmoa#mns. 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 typeram_anomalyvithout arguments.

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 Slay (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 29 argumeny, ValidCounts.hdf the number of valid pixels used in the
calculation of he 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 comparedtimi®ng
mean. If thel2 (monthly) option is used then you want to find the monthly means and the
morthly 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 then ruwam_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 subtracting the
correspondig 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
to the limits of £ 5 degrees C of a byte image, i.e. pixel value 128 corgsspmthemean (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. For chlorophyllteximum 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.lux that has red fopositive 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 the valid areasegamy. o
values over land. To prevent that you can ustaskFilethat has notzero 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 filenames as argumegishiePalette 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 palette file to a folet with no spaces in the name, €gdsat

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 the upper right corner.

wam_changealculategshe changdrom image in Filel to the image in Filakdshowsthe
differencelike ananomaly With the default color palette increasem Imagel to Imagei®
shown in red and decreasem Imagel to Image2 is showmblue.Depending on the data type
it uses either the pixalise ratio(Image2/Imagele.g. for Chla) or pixelwise difference
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(Image2i Imagel e.g. for SSTand ice concentratignDepending on your data type it may be
needed to adapt the source codeyfmr datdiles to produce the most appropriate scaling.

wam_eof
Usage: wam_eof FilePattern [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 i ncluded
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 defau It is to subtract the 'Pixel’ mean.

wam_eofperforms EOF (empirical orthogonal function) analysis 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. Péasee a separate document

Exercises_ WAM_EOF.pitr 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,
+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 c an 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 readsput images frona series of matchingDF files (nly the first
datasets read)and counts the number of pixels eithegtaror smaller than a specified threshold.
For example, you may be interested to create a time series of the area with temperature over a
threshold valugor below a threshold valuey the size of the area with very high @hlevels

(e.g. correspondingta red tide). Witlwam_counyou can create the time series with a single
command.

The resultof wam_counare saved in a text file 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. WitiMiskoption only those pixels that
correspond to the masked areas are usedVES&file is a simple byte image read from a HDF
file with madsked pixels different from 0. Multiple masks can be specified with pixel values 1, 2,

© Mati Kahru, WimSoft



WAM Specification 27

€, up to 255. Counts are then generated for eact
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 pageswaim_statist Sample output fronrwam_count

using 4 masks is given below:

Filedime CountOfiRelsLargerThan9.99
img1.hdfi043,51811580
img2.hdfl465543,815583

The counts of pixde with values larger than 9.99 4 masked areas in a series of 2 images are
separated with commalsote 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 have set the threshold sligittidler 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 so that the best images are &phef the list. For example, a series of -@hl

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 witBaheption. If using the
Maskoption (sedelow) with theSortoption, only the mask value 1 is being used and images are
sorted accordingly. For example, assuming that owmaGhiages have the lgghl scaling of 1

byte per pixel images and pixel value 0 (corresponding tea@iil0.01) means ndata. We also
assume that we have gifeed a mask with pixel valueib theMask.hdffile. We can then find

the number of valid pixels in the masked area séries of matching image filesthe
M2008_chl_dayolder and sort those files (descendingesrdilenames with the highest number
of pixels at the top) with the following command:

wam_couniM2008_chl_dsFmapped.hdd.01 + mask.hdiort
That would give ug CSV filethat starts like that:

FileName CountOfPixelsLargerThan0.01
M2008064_chl_a_mappediodR7
M2008044_chl_a_mappeds2@b5
M2008045 chl_a mappedii@b2
M2008046_chl_a_mapped.B866
M2008003_chl_a_mapped35dfl4
M2008002_chl_a_mapped3ddifll

Note that the filenames are sorted according to the nuofivalid pixels. We now know which
our best images dre

wam_max_trend
Usage: wam_max_trend Multi - SDS_file [Sen/Lin] [Multiplier
[Significance]]

© Mati Kahru, WimSoft



WAM Specification 28

Multi - SDS_file is a HDF file with multiple SDS - s of the same
size,
representing different periods, e.g. years.
Either the nonparametric Sen slope or Linear regression slope
is used,;
depending on Sen/Lin; default is the Sen slope.
The values are multiplied by the Multiplier with a default=100
Significance ¢ an be 90, 95, 99 that correspond to the
significance levels
0.1, 0.05 and 0.01 of two - sided normal distribution test
Default Significance is 90
Significance for Lin is not implemented yet
Example: wam_max_trend CHLO \ Max.hdf Sen 200

wam_max_trendeads the output file (a mu8DS HDF) fromwam_annual_maa&nd performs

trend analysis for each pixel. Either the nonparam8eitslope or the.inear regression trend

can be used. The significance of the trend estimate (90%, 95%, 99%) can be sgéwfied.

default is to use 90% significance. The number of images must be at least 10 in order to estimate
the significance of the trend according to Sadtmal (Detecting trends of annual values of
atmospheric pollutants by the Mardendall test and Sen's gl estimated the Excel
template application MAKESEN®ublications on air quality31, ISBN 951697-563-1

35 pp. Report Code FMAQ-31, 2003.

When creating the slope image the pixels with significant increasing slopes are red, those
with significant demeasing trend are blue and those with no significant trend are light

gray. The intensity of the red or blue color is related to the steepness of the trend. In order
to get a meaningful slope image you also have to supply a multiplier with which the pixel
value is multiplied. In the regular WIM terminology this multiplier is calleel slope

Here it is theslopeof theslopei mageé For exampl e, a suitabl

in Chla (mgm®) is 200 but 1 fonet primary productiomfig C/nf/day, valuesip to

thousands)For changes in the ice fraction (range from 0 to 0) a suitable multiplier may be
as high as 5000. You can experiment withrthétiplier values- if the multiplier is too

big then most of the highest slopes are capped with the maximommiprum valid

values but if the multiplier is too small then the slope image is all white.

Examples and more information retection_of Change.pdind
Detection_of Change_Short.pdf

wam_trend
Usage: wam_trend File/Pattern [Sen/Lin] [Multiplier
[Significance]]

File/Pattern is either a HDF file with multiple SDS -soft he
same size,

or a Pattern of HDF filena mes with a SDS of the same size.

Either the nonparametric Sen slope or Linear regression slope is
used;

default is the Sen slope.
The values are multiplied by the Multiplier with a default=100
Significance can be 90, 95, 99 that correspond to the
significance levels
0.1, 0.05 and 0.01 of two - sided normal distribution test
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Default Significance is 90
Significanc e for Lin is not implemented
Example: wam_trend CHLO \ * .hdf Sen 200

wam_trends theupdatedversion ofwam_max_trendndwill replacewam_max_trench the
future.While the input fowam_max_trends limited toa single HDF file with multiple datasets
(output fromwam_annual_mgxwam_trendcan read input data either from a single the multi
SDS fileor aseries oimatchingHDF files.

Output file names record both the significance level (90%, 95% or 99%) aktlitigier used.

wam_variance
Usage: wam_variance Pattern
where Patteisa matching pattern of filenames

Calculates pixelvise mean, standard deviation and the number of valid pixels for a set 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 all matching HDF files and saves them with the internal HDF
compression. In many cases this results H136imes reduction in file siagithout a noticeable
effect on speed of accedsis is a very useful utility in many cases. In addition to reducing the
size of a file by many times without practically any penalty, it is valuable in the compositing
programs as it removes occasional Hidésfwithout 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 aitlthe internal HDF
compressiorn a newly created foldddncompressedrhis isonly needed because some
applications cannot read compressed HDF files.

wam_extract_SDS

Usage: wam_extract_SDS Pattern [SDSNumber ]
SDSNumberis 0 - relative
If SDSNumber is no t 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.

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

wam_assemble_hdkads all matching HDF files, extracts the first dataset (SDS) and saves these
in a new HDF file with multiple datase®or example, if you haveaultiple monthly (or daily)

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

utility does just thatfFor example, the following command reads 12 matching monthly HDF files
and makes a single annual HDF filed calgi®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_disassemblés the opposite fowam_assemblédndf. It readsa single HDF file with multiple
datasets (SDndsavednto multiple HDF files vith a single datasét each For example,
wam_annual_mafinds the annual maximum for each year and saves in a single HDF file
(Max.hd} with a dataset for each year. In order to make a time seriesvaiith statisthat
assumes eh dataset i separate file, we need to break uphax.hdf file into separate file

for each yeaand we can do that witham_disassemble

wam_convert_100xbyte
Usage: wam_convert_100xbyte Pattern

Reads all matching HDF files, converts Floatiz2asets (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 Components
(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 surface wind data from SSM/I, TMI, AMSR
E, SeaWinds on QuikSCAT, and SeaWinds on ADHDECMP dada can be downloaded from
ftp://podaac.jpl.nasa.gov/ocean_wind/ccmp/L3.5a/data/

wam_convert_goes1112
Usage: wam_convert_goes1112 Pattern

Reads all matching GOES-IP raster binary files with the PODAAC header, converts to HDF
with 2 datasets: SST atice scadd cloud probability. Adds attributes for time series analysis.
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The cloud percentage is in a scaled byte with the following scéijotear) = 1.002 exp[ (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/fpreSOES 11

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

using daily datasets with filenames like 94122008 001, sst24b_2008 002, etc. The string

Af24bo in the file name means 24 hr SST with the
and A0010, A0020 mean year days.

Another WAM applicationwam_screen_goesllistreens the output of
wam_convert_goesllHhd 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
- adds time attributes for subsequent compositing

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 Pattern [paraml [param2] ]

Readsmatching MERIDIM files, convertao SDS (scientific datasets) in HDF4 formadds
longitude and latitude arrays for gexxation.

wam_convert_mid
Usage: wam_convert_mld Pattern [landmask.hdf]

Reads all matching HDF files, converts Float32 datasets (SDS)ruflt

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
- Shows a list of datasets in the 1st ma tching file

Readsmatching MERIS (ENVISAT) Niiles, convertselected variables to SDS (scientific
datasets) in HDF4 format; adds longitude and latitude arrays fdogation.

wam_convert_ngsst
Usage: wam_convert_ngsst Pattern

Converts the New Gendiagn SST (NGSST) binary datasets to HDF while adding attributes.
NGSSTdataset is being merged from various sourcdohokuUniversity (Dr. Kawamura) and
is availablearound Japan (see paragraph 19/iM.pdy.

wam_convert _oisst
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Usage: wam_convert_oisst FileNamePattern [0,...]

where FileNamePattern is a matching pattern of filenames

If no additional arguments are given then all 4 datasets are
read:

0 = SST, 1 = SST anomaly with respect to 1971 - 2000,

2 = standard deviation of the analysis error, 3 = sea ice
concentration

You can specify the datasets to be read, e.g. 0 for SST, 1 for
SST anomaly...

For example,

wam_convert_oisst amsr*.* 0 1

will read only the SST and SST anomaly datasets and save in a
single HDF file.

Converts theOptimum Interpolation (OISST QISST) binary datasets to HBRvhile adding
attributes. See Reynolds et. al 2006 Daily High-resolution Blended Anabes.
(ftp://eclipse.ncdc.noaa.gov/pub/@aily-v2/daily-sst.pdj for a description of the
procedureDaily IOSST data are available dp://eclipse.ncdc.noaa.gov/pub/Oaily-
v2/IEEE/ The advantage of the Ol datasets is that they hameisging pixels due to clouds that
are a major problem in cloudy regions when using infrared SST sensors.

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. 0.601.0).

wam_convert_ssmi
Usage: wam_convert_ssmi Pattern

Reads all matching raster binary files of ice concentration distributed by NSIDC
(ftp://sidads.colorado.edu/pub/DATASETS/seaice/pstareo/nasateajrénd conved 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
Reads all matchinglDF filesand converts thirst dataset to a power of, e.g. 2 or 3.
Implemented specifically for converting wind speed to wind stress.

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
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Calculates vertical (NS) or horizontal (EW) gradients of matching HDF files. This is intended to
calculate wind stress divergence (meridional or zonal) when @G&IgPwind stress data, e.qg.
UPSTRfor zonal divergencer VPSTRfor meridional divergencesée wam_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 Gl ob Equal Angle = GEA is implemented.
Examples:
wam_mirror *.hdf h
wam_mirror *.hdf h GEA 180

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

3.2.3 Operations 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.g.
L412, L443, L555, ... at the same level.
AlgorithmType can be: OC4v4, OC4L, SPGANT, CDOM300, CDOM440
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 another folder!

wam_band_ratiomplements bandatio algorithmdor Chla and CDOM OC4v4 is the standard
SeaWi FS chlorophyl |l a | that cain beldownl¢a@edl BredatICALYys et
the Arctic version (Cota et al., 2004) a8BGANT is a Southern Oceapecific Chia algorithm

The different wateteaving radiance basdL443, L490, L510, L555nust be in separate
folders.Theoutput,Chl-aimagesscaledn byteand CDOM images in Int1A@DF format.

It must be noted thadeally thebandratio and other bimptical algorithms are applied to Lex2l
radiances, i.e. befot@nning, compositing and mapping. Howeviemay betoo much work to
obtain individual LeveR images and applye algorithms

wam_ratio_2sets

Usage: wam_ratio_2sets Patternl Pattern2
Patternl and Patteren2 are filename patterns to match
Theresul tis a pixel wise ratio of Filel/File2

wam_ratio 2setsuses 2 sets of matching HDF files aradculates a set of ratio imagésr

example, if &Patternlof S2009*.hdimatches with 12 images andPattern2of S2008*.hdf
matches with 12 images then the result would be 12 ratio imagek of the ratio images is a
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Float32pixel image and only those pixels that are valid in both image 1 and image 2 have the
ratio value while the pixels corresponding to invalid pixels atecs0.

3.2.4 Compositing

wam_composite
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 valid values and excluding flagged values is important for creating proper composites.
You may need to check that the proper value$Miim andfMax are detected. éte is a typical
example where to useam_composite Let 6 s say that you want to mak
a certain lalay period using available daily images but the official products are daily-daygl 8
images. You can download the daily images aa#terthe required composite yourself. You can
make the composites interactively with WIM but it is much 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 atifohial benefit of having a record of files used in the
composite. You can create the list by simply doing dir/b on your image files and piping that to a
list file. For example,

dir/b S200301*DAY_CHIidt.txt

That creates a list file calldi$t.txt anddumps all the matching SeaWiFS filenames intBliase

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

and not just the filenames. You can use the option /s to add the full path to theslist.d that s a y
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????00DAY_CHL list.txt

That dumps all thenatchingfilenamesinto list.txt. You canthen remove some of tlides from
being used in the compositing 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.

As output, twaHDF filesare createdacompositdile (representing the mean of valid pixedsid

the countfile (showing thenumber of pixels that were ustxt eachcomposited pixgl The
determination if the pixel is valid or not depends on the file format and multiple conventions. If
the vdid range is not determined correctly then the composited image is not correct. The valid
range is printed for the first image to be used. You should check the output and confirm that the
valid range is correct.

If you wart to use the composited image itirae series analysis then you need to make sure that

the attributes are correct. In the resulting images the attributes are set so that the start attributes
(egfAPeriod Start Year o, fAPeriod Stardc)ddeayo, HAStar
taken from the first image and the end attributes from the lastimdgee at t r i but es A St ar
AiStart Dayo and corresponding end attributes ar e
images have slightly different ways of recording thestendit is possible that the attributes are

not read correctly

Many HDF files contain multiple datasets and you probably want to read only a specific dataset
and composite those from a series of HDF filderefore there is an option to spediig SDS
(Scientific Dataset) number that you want to read and compdhitedefault SDS number is 0.
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wam_composite pairs
Usage: wam_composite _pairs  List Of2Files

wam_compositgpairs makes composites of each pair of filenames read from a comma separted
list. For example, we 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. Thadishave full pathnames

for both files. A sample lidile looks like this:

CiSatNorthmg1A.hdf, SatSoutimg1B.hdf
C\SatNortimg2A.hdf, SatSoutimg2B.hdf
CiSatNorthimg3A.hdf, SatSoutimg3B.hdf
CiSatNorthmg4A.hdf, SatSouthing4B.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 default option is to composite wind speed but eithen threy
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 image 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.fmifdetailed instructions and examples.

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 the 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 p er per Month (12) or
per Overall (1)
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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 detaikd instructions and examples.

3.2.6 Image Operations

wam_mozaic_land_ocean
Usage: wam_mozaic_land_ocean Oceanlmage Landlmage 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. In order to see 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. We use a land mask image that defiees 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 [colorMin
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 images. If the HDF file witlygadas 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 [colorMin colorMax]]

wherePatternis a mathing pattern of file name§QwerlayFile is the file with the overlay,
LUTfile is a standard WIM LUT filegolorMin andcolorMaxare the color range for color
stretching. OnhyPatternandOverlayFileare required, other arguments are optioAklinput ard
output image files are assumed toHigF. The example can basily modified to change some
of the options

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
standard mapped images (SMf)different sizes. For example,
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wam_reduce \@mpA*.hdf 4 Max

reducesll matchingA*.hdf images insource images C:\tempby 4 timesusing themaximum
pixel value in the 4 x pixel window.As output, the progim generates reduced HDF filaghe
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 Max
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 reduction, it uses also uses the valid raraye asduce_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.
Example: wam_remap A*.hdf .. \ Target.hdf O 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
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Optionally can read a specified SDS (0 - referenced), Median -
filter, Fill - holes
and use a selected palette file
- SDSNumber is the number of SDS (O - 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
(skipped if O
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_remapaire two related utilities for mapping HDF files. Simple and easy
remapping is also included in the GUI utililsem_series Bothwam_rema@ndwam_remap2

can remap HDF files which have geferencing information either in the file itself or in an
external geaeferencing file. The name of the external geferencing file is guessed from the
filename itself. Another sample prograwam_remap_llaises a sprfied list of files and their
respective geoeferencing files for remapping. The main difference is that wén_remaygyou
can remapnultiple datasets (SDS) from the same file while withm_remap3ou have more
options but remap only one dataset frofileaat 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 projection. The
optionalSDS_numberare a ereferenced SDS &daset) 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 composite.hdf:

wamremas2003090*.sub.hi#xampldsompsite.hdf 2

The above command assumes that you have the SeaWiFS Level2 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 fi 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 this case thaiongé#nsgeand an

empty resulting imagéerou can remap multiple datasets at once by specifying their sequence
numbers (&elative) separated with a space. For example

wam_remap A*.htfarget.hdf 2 4 6

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

The syntax ofvam_remapaas more options:

Usage: wam_remap?2 Pattern Target [SDSNumber MedFilt FillSize
Fillvalue Palette]
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For example
wam_remap2 MYD02QKM.*RGBshdico 200m.hdf

will find all matching MODISAqua RGB filesyead the first dataset (humber 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 nomenclature. The external geo
referencing file is alsoatled LLA (LongitudeLatitude Array) file and is assumed to have name
pattern MOO3* or MYO03*. If there are multiple matching LLA files then the first one is used.
You can create your own LLA file with a WAM programoom_modis_lat_lo(see below). If
presat, the output fronzoom_modis_lat_lors used as it has higher resolution (250 m).
Wam_remapvill pick the LLA file generated byoom_modis_lat_losimply because it is listed
(in alphabetic sequence) before the standard MODIS product 03. The rematpuedileuwill

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 size (typically 3) of the median filter
(skipped if negative) FillSize specifies the window size (typically 1) of the fill holes operation
(skipped if negative)FillValue specifies the pixel value to be filled with neighboring pixe
(typically either O or 255andPalete 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.txt 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

wam_remaplla is a utility to remap a set dfiDF files with external latitude/longitude array
(LLA) to another projection. The LLA projection égiite versatile but very inconvenient and

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

In the first optiorwam_remap_llaeads a list of files to be remapped, a target filename (with the
targe projection), does the remapping and saves theppedsfiles 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 (separated with a comma) is the filename with the LLA. Lines starting with # are
skipped. It is advised to start with a snsadt of files, and you can mark the files to be skipped
with the # character. The source image file may have many imagessjS@8y one (fixed in

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

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

wam_remap_and_overlay
Usage: wam_remap_and_overlay Pattern Overlay [xPos yPos [LutFile

[Min Max]]]
Pattern is the matching filename pattern
Overlay is the hdf file with target pr ojection and overlay
(if Overlay is a RGB image then all images will be converted to
RGB)

xPos is annotation x position, yPos is annotation 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 projecti@md put a standard overlay on
top of them. The Overlay file is used for both the target projectiomsiath overlayThe output

is sawed as both HDF and PN@ the Overlay file is a WIM RGB image then the output images
are also converted to RGB. Using RGB image allows usihgys 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 likehll_white_end.ljtthen you can create a RGB Overlay image with gray
land and use it as overldgemember that pixel value 0 and the black color in the RGB overlay
image isconsidered transparent

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

1. Convert the image into RGB witfranstCorvert to 24bpp (RGBill 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 bars, etc on the overlay image.

A more difficult approach is to directly edit th&JI 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.g. RGB = 240, 120, 85) and for land (e.g. RGB = 223, 223,
204). Edit the LUTfile and change the pixel value 1 toll1, 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 O 0 0

1 1 1 1

2 240 120 85
3 223 223 204

Now fill land with pixel valie 3 (withEdit1 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 b 24bpp (RGB)Save as HDF. This file will now be yotliargetProjectionand

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 filBedoRiEs. If
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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 are 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
Output is converted to RGB before overlaying.

Similar towam_remap_and_overldut works withmultiple regions: it createsraimber 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. Therefore you would @ekgtdo your

needs and recompile

wam_xy2ll
Usage: wam_xy2| | FileName xy
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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_|12xy
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 ®fet 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, more
flexible programwam_npp(see below) needastthe directory nameandfinds itself thebest
matchingimage files.

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

With the (AKIO®&) opti on)verbianofkha WeGPMesusedid | shi zaka (

In both lists he first 3lines specify tk paths of the chlorophylPAR andSSTfiles, 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 by the

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,record alternative pathnames,. fitbat 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

list. The NPPAmages are created of type Int16 and include the various parameter aaltd3F

attributes.

In summary, in 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 usea providedlist file list_cal_npp.txt as a templatelo

test the program, run

wamnpp _listiist calc_npxt
Note! You have to remove tlie R e-@ m | pyoperty of the file (rightlick-Properties)
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The function that calculates primary production has 3 optional parameters that follow the list of
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 =
photoinhibitior). 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 angithing else=Morel and Berthon, 1988).

wam_npp
Usage: wam_npp PathsFile [Algorithm] [AnyYeatr]
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, Trees, 2003 model
SPGANT- Southern Ocean version of VGPM; modified Pbopt and
Euphotic depth
VGPM (Behrenfeld & Falkowski, 1997)
VGPMEppley - V@M with Eppley (1972) PbOpt = f(SST)
VGPMCAL - VGPM adjusted for CalCOFI data by Kahru et al., 2009
Default (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 for 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 PathsF ile for VGPM (paths for Chl, PAR and SST):
C:\ Sat\ SEAWIFS L3\ Month\ CHLO_9,S2006001*
C:\ Sat\ SEAWIFS L3\ Month\ PAR_9,S2006001*
C:\ Sat \ MODISA L3\ Month\ SST_9,A2006001*screened.hdf

Whereasvam_npp_listises aletailedtext file that specifies all imagi#enames to be usethe
list for wam_npphas just the directory names and the progtaeif finds the best matchinget of
images. The required images depend on the algorithm and inclu@de EAR and SST images
for theseries oVGPM algorithns and ajn or Chta, bbp, PAR, K490 and MLD for the CbPM
algorithm.

Sample list files are provided. A sample list fik_calc_npp.txis for wam_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 ltheagesfolder toC:\Program
Files\Wimsof.
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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, matching pattern

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

# path for SST files, matching pattern

C:\ Program Files \ WimS3ft \ Images \ SST,2000*screened.hdf

For each matching Chl fiwam_npgfinds 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 ts&ith wam_nppwvhereasvam_npp_lisallows to set all 3
options individually.

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

E:\ sat \ SEAWIFS L3\ Month\ GSMchl,2006001
E:\ sat \ SEAWIFS L3\ Month\ GSNdbp,2006001
E:\ sat \ SEAWIFS L3\ Month\ PAR_9,52006001
E:\ sat \ SEAWIFS L3\ Month \ K490_9,52006001
F:\sat \ MLD MLD,2006001

The paths specify, respectively, directories of images of aph ea,@p, PAR, K490 and MLD.
The second argument on each line (aftercttrama) is optional and is used to match only

specific matching files. In this example the January of 2006 (matching string 2006001) files are
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

SPGANT- Southern Ocean version of VGPM; modified Pbopt and
Euphotic depth

Kl = Kameda & Ish izaka (2005) version of VGPM

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

0 in the Nth position means that for Nth image years and days
are considered
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when calculating the difference in days.

Default is to calculate difference in Days considering Years
Example: for VGPN 011 would use any year s of the PAR and SST for
a Chlimage;

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

wam_npp_point al cul ates net primary production (NPP) f
longitude, latitude, date and time and using series of imalRis 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 difference with other programs in this section: whevaas 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@mently the standarBehrenfeld and Falkowski (199YGPM
mode| the Kameda and Ishizaka (2003he Bédrenfeld at al (2005) Carbon based Productivity
Model (CbPM)and the simple Eppley square root of Chl (ESQRT) (Eppley et al., 1D85)
VGPM algorithm assumes alkfault options (corresponding to options 1,1,&vam npp _list).
Other options and algoritiis maybe 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 each particular neighborhood (station). A text filpathtof
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, arfd (the 4
line) the filename with the list of stations. Tlimels 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 used to match the files in that directory. For
example, Chl an®AR files may be in the same folder ahdn it is essential to keep them
separate witlthe matching string of PARfor PAR files andCHL for Chi files. The matching

string is separated from the path name with a corote that thesubdirectoriesunder he

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

separate subdirectories for different years, e.c
matching files will still be foundA sample list filelist_npp_pont.txtis included in th&Vimsoft
folder. I n that file | hayvethaclusaiime neal prajectandtamt he Ar e al

using sample paths of the images that are included on the WIM CD in lfivldges | assume
that you have copied thmagedolder from the WIM CD to you€C:\Program File§Wimsoft
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,52000*.hdf

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

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

with the following columnstongitude Latitude Date, Timeand any number of additional
columnsltisalsocal | ed the WIM Apointo file and the form
longitude and latitude must be decimal humbers, the date and time naigidren the US

format(e.g. MM/DD/YYYY). P | e a s last of Romt déitad f owam_tmhatehprogram in

this manual for more details. In this example | am using the same samphediita €¢s\) that is

used in thavam_matclexample Please note thatthough theTimecolumn in thematch.csyile

is not used ivam_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 feach image typd-or each station (point) in
the point file thdmagefiles are sorted by the closeness in time to the current point. In the best
matching image a 3 x 3 pixel window is extracted centeréiteanearest pixelt is common that
the best matching image in time is cloudy over the particular stétismequired thaat least3
pixels out of the@ are validor each of the component imagéfdess tharB valid pixels are

found then theextmatching imagés usedThis switching to the next matching image is
repeated until enough valid data is foundha tmaximum difference betweersttion (point)

and an imagé€30 days$ is reachedFor all valid pixels in the 3 x 3 pixel neighborhood NBP
calculated and the statistics is saved to a file. The output filenasnasguctedrom the list file

by appermsdiong ofi i.tc M¥suingthe bllowingeanmand:t by

wam_npp_point list_npp_point.txt

The outpt is saved in a fildist_npp point.txt_out.csin the same directorfach line in the
output filehas a copy athe columnsn input file and addshiefollowing columns:

DiffDaysl, DiffDays2, DiffDays@he difference in days between the station and the used satellite

image for Chl, PAR and SST, respectivelpjage( t he Chl , PAR and SST i mage
together with the + signjYear(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 center of the 3 x

3 pixel window),Pixelvalueq9 NPP values from the 3 x 3 pixel window)valid 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.

Whereas standard PAR data are currently available only from-BeseaWiFS, moreptionsare
available formpicking satellite Chliad SST dataYou can choose betwediiferent sensors,
different spatial resolutions and different compositing intervals (e.g. {2e\advel3 daily, 8

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

you can extract the Chl data from Lexzefiles withwam_seriesaind save as separate Chl images,
possibly remapping to a standard map.

Here are some considerations for pickihe satellite data. The purposenafm_npp_poinis to
providebestmatching satellite NPP values for in situ measureméntstu measurements are
normally conducted over a periofitimethat is less than 1 day. Therefore, the best set of
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matching inages are the daily Chl, daily PAR and daily SST. Daily Chl and SST images are often
cloudy or have no orbit coverage. PAR images are not affected by clouds but are affected by orbit
coveragdnot all days have coverage). If there is no data in the beshupaimage, i.en the

imagewith the least time difference betweaatation (point) an@ satellite image then
wam_npp_poinwill pick the nextclosestimageuntil it reaches the last image or 30 days of
maximum differenceY ou can also use-@ay images or even monthly imagé#hen using

monthly images the current month must have valid data as the next makthysbeyond the
maximum time difference of 30 days. As Chl has the most influence ontMARmportant to use
thebest Chl matchup. The influence of SST is relativeyakand therefore it may ke good idea

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

no SST dataMultiple data formats (e.g. Pathfinder v5 SST &@PG 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 SST to use in NPP calculations as it guarantees a reasonable if not the most
accurate SST value.

The statisticss 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 window by thengitudeand
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 exactly matched.

The sample list fildist_npp_point.txusesremapped Leve? Chl images in the
SeaWiF%aja 2M0_ aprilfolder, global Level3 8day PAR and SST compositésf you donét
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 (pinty 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 separatiérectories 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

C:\ Sat \ Merged\ L3\ Monthly \ SST_9,M2001*screened.hdf

C:\ Sat\ SEAWIFS L3\ Monthly \ CHLO_9,S2001*
Optional argument Fraction saves the fraction 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 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 for Nth image years and days

are considered
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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 year 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 SSJatato calculateexport fluxaccording tdhe 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 oNPP, SST and Cland calculates the export fluk.
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 attributedf the optional argumerfractionis used then the export fraction of PP (ef) is
saved as a separate byte image.

3.2.9 Statistics

wam_fill
Usage: wam_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 masked with value 1

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

Ifi ce 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 pixel. HDF files matchinBatternare used.
A common problem when filling invalid values is that fliiing process may cover lan@.g.
small islands or other coastline) where we do not want to fill with valid pixels. The purpose of
Maskis to prevent filling islands and other land next to coastliheMaskimage 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 more complex situation
is presented by ice cover that i constant but variablés ice cover is changing seasonally,
multiple ice images are needed to specify are covered by\iben 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 pixelBypmawhereas the filled images can
be eitheint16 or Bytetype.All pixels in thematchingice image with pixel value > 0 are
considered ice and the corresponding pixels in the filled image evilebtceitherO or 255.

© Mati Kahru, WimSoft



WAM Specification 49

wam_integrate
Usage: wam_integrate Pattern [DeltaLon DeltaLat [Maskimage]]
where Pattern is a matching pattern of HDF filenames,
DeltaLon and DeltalLat are the size of the window,
MaskIimage 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 *hdf 11 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 spatial integfdioexample:

wam_integrate SeaWlBSlonthis1998*.hdf 1 1 SatméksanMask.hdf

is using matching primary production fil84998*.hdfto calculate global primary production (in
Gigatons of Carbon per month, the same as Petagrams of Carbon per month) for the ocean area
specified in the mask image @ceanmask.hdfBy using a mask image it is possible to calculate

t he integrals in morthan one specified area, e.g. separately for different latitude bands. A major
problem with most satellite datasets is that some pixels have no data due to clouds or other
reasons and these missing pixels have to be dealt with some wdyelfdleconandDeltalLat
arguments specify the size of a small window in degoémngitude and latitudeshere the mean
value is calculatebased on all valid pixel sin the wind@mdthe mean value is assumed &ir
themissing pixels in that windowA problem with thaapproach is that we may assign the mean
value of a window to pixels in that window that represent land or erdvent that from

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

allows to calculate separdtgegrals for more than one areas. Meskimage must specify areas

of interest with consecutive pixel values starting froritie 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 usethim calculation. There thegam_integratanust

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

First image: $19980011998031.L.3m_MCHLSPGANThdf: fMin=1, fMax=30000

reports that the valid range i®m 1(fMin) to 30000(fMax). The valid range is retrievedr
each image but is output only for th&imhage.

wam_match_I2
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 a l., 1998, 2000)
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OCA4L (Cota et al., 2004, Arctic version)
OC3L is a OC4L hack for MODIS
SPGANT (Mitchell & Kahru, 2009, Southern Ocean version of OC4)

wam_matchl2 is a command line utility that is related to the GUI applicatiam_match{see
wam_matchin this document\wam_match_|2eads &ointfile (in CSV format)with station
information (withLongitude Latitude Date, Time Stationin that sequence) and finds the nearest
satellite imagen time with sufficientvalid data to create statistics for the 3 x 3 pixel window
centered at theearest pixel to thstation.The time and date have to be the GMT (UTC) time and
date as satellite data are recorded using tfidgs® program is applied tioevel2 ocean color
datsets that are provided by the NASA Ocean Color Processing Group. The psogsaail

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

until the maximunrallowed time differencé30days is reached. In contrast 'eam_matchyou
dondét need a fixed | ist fi lteeswapathitomatonaiggse names t c
e.g.C:\Sat\ MODISAL2\A2008300*.hdfnote the *) Matchrup is considered only 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.

wam_match_I2xtracts all needed bandsmifw (normalized 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 thenLwdata. For example, when reading MODISA data, the default algorithm is
OC3M that is already used in thelor_adataset in the L2 file. The calculated OC3M field
shouldbe close tahechlor_adataset calculated by NASMowever, somélifferencesare

always present and depend on minorailstof the calculation (e.g. thextraterrestrial irradiance
coefiicients for each band). Anothadvantage ofvam_match_I2s that it allows using variable
algorithmsfor creating matctups without creating correspondimgage files The 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
-118.159,33.495,10/26/2008,21:45,1,0.368
#-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

A sample command and the output is given below.
wam_match_I2 test.csv Nest\ 2008 S2008MLACG1\S*.hdf OC4v4
Using Pait file CiSatProjectdest.csv
Using SeaWiFS OC4v4
Using algorithm OC4v4

Area of interest size: 3 x 3 = 9 pixels
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Minimum number of valid pixels 3 out of 9 pixels

No matchup if N of valid pixels < 3 OR point vaiwealid

Maximum difference in days between 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., 1998, 2000)

OCA4L (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 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 for Nth image years and days
are considered when calculating the difference in days.

Default is to calculate diffe rence 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 image file, it calculates a new output value based on a set of input
values. For example, using a senhbfvdatasetsl(443 L490 L510, L5559 it calculates Cha and

finds the matchup with thecalculated Chl-a rather than with a Clal values read from a file. The

set of algorithms can be easil;y expended to include various algorithms for betta@dhlother
variables. Likewam_npp_poinit needs a text file that specifidsetpaths to the input files and the
point file (CSV file)with station information (Longitude, Latitude, Date, Time in that sequence)
and finds the nearest satellite imagéth sufficient valid data to create statistics for the 3 x 3

pixel window centere 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.tHe nearest in time image is
cloudyor has no valid datdt switches to the next image in time. This process continues until the
first cloudfree image is found or until maximuriawed time delay (30 dayss reached. In

contrast tovam_match y o uneet a fixédtlist file with image names to be used. Instead, you
can give a path to the matching image files, €:gpatSeaWiF8.3\Daily\S1999*9will match all

global 9km SeaWiFS images of 1999.

A sample list file looks like that:

# 4 paths to matchig input files
FASeaWIR$.3 DailyL443_9,S20070*9
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FASeaWIR$.3 DailyL490_9,S20070*9
FASeaWIR$.3 DailyL510_9,S20070*9
FASeaWIR$.3 DailywL555 9,S20070*9

# 4- Points

C\SatRojects BWZ2008 NPFPointd points 2007.csv

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
-118.159,33.495,10/26/2008,21:45,1,0.368
#-118.105,33.434,10/26/2008,22:45,2,0.436
#-118.011,33.402,10/26/2008,285,3,0.623
-114.406,31.325,10/27/2008,15:45,4,2.408

wam_match_nearest

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

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

wam_match_nearess a command line utility that is related to the GUI applicatiam_match

Please see section mam_matchn this document for more informatioam_match_nearest

reads a CSYV file with station information (including Longitude, Latitude, Date, Time in that
sequence) and finds the nearest satellite image with sufficient valid data to create statistics for the
3 x 3 pixel window centered at the statid his 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 (clefuee) data for each station. If the nearegtnre

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 dondt need a nfestaledsed. Instead, you chnegivensi t h
path to the matching image files, eGj\satSeaWiF8.3\Daily\S1999*9will 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
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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 segralimage statistics prograsin WIM. In the GUI program
wam_statisthe areas of interest are specified with the mask image where each individual area of

interest is specifi ed Ibyguwarttte calgulate sthtistiosaségu e (e .

each D degree by @ degree square then you would need to manually create & imasgje with

each of theQdegreexQdegr ee squares specified by a respect

Clearly, it becomes tediousanual workln contrastwam_statis grid does not need a list file as

it uses a filename pattern gelectfiles and it does not need a mdi as itassumesectangular

areas of interespecified 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 degrees andeltalLatof 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.
latitude range of 228 N and longitude range of &0 W with a 1 x 1 degree grid.

To run it, type:
wam_statist_grigt.hdf 1 1 84 24 90 28
whereFileNamePatterns a pattern matching filenames. Note that [Lon1, Latl] specify the

upperleft corner and [Lon2, Lat2] specify the loweght corner and that longitude value is
before the latitude value. Note thainis beforeLat!

Another example: we wei to calculate statistics for ddegree latitude bands for the whole globe
like shown below.

We will use the following command:

wam_statist_grit.hdf 360 10

Note that we use 360 degreesBmitaLon and 10 degrees f@eltaL at and use the whole
image
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In Usage 2he Longitude and Latitude range is not giexplicitly but is taken as the full range
of another image fildt may be easier to use an image flaskimagenstead okpecifying
explicitly [Lonl, Latl] [Lonl, Latl]. Please note thaetdaskimagenere is NOT used in the
same sense as\wam_statidtHere it is just a shorthand for giving the longitdd#tude range.

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

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

Image,SYear,EYear,SDay,EDay,Lat,Lon,Nin,Nout,Min,Max,Mean,StDev,Median

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

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

Please note that the output file is sorted by Image and in order to plot time series for each grid cell
you need to sort by Latitude and by Longitude. A separate ultility isda for that with the
following syntax:

sortGrid Unsorted_grid_time_series [ColumnNoQ]

whereColumnNas the column number to pick. Default is to @@d@umnNaol3 that means
Median. Other options fa€olumnNaare: 7 forNin, 8 for Nout, 9 for Min, 10 forMax, 11 for
Mean, 12 for StDev, 13 for Median. The output flename is using the same pattern with
Asorted. csvo added to it.

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_stés a utility for quickly calculating statistics for a series of points (stations) and a
series of imagedt uses a list of points (stations) given by their longitude, latitude ame nand
aset of matchingmages, to calculate statistics for 3 x 3 pixel areas centered at the stations for all
the images. The statistics and all the 9 pixel values are saved in a CSV (comma seplaate]
text) file suitable for importing into a spadsheet (e.g. Excel). Pleaseatbat arelatedGUI
programwam_statistncludesmost ofthe functionality ofiwam_statist stdut does not save the
individual pixel values

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

Lon,Lat,Sta

-113.667,30.3830C
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Note that longitude is before latitude! You cavé multiple stations specified irstation list
file, e.g.

Longitude,Latitu8igtion
-117.3050,32.956tion_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 MyStdkbiC\SaiSeaWiFE3aMonthNiCHLO \$1998*.hdf Out.csv

whereMyStationtxt is a text file with bngitudes, latitudes and station names (in that order),
C:\SatSeaWiF8 3\Monthi\CHLO_9S1998*.hdfis apattern of matching§jlenames 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 |l ocalizations (fACultureso)
must use tab instead of comma as the separator between Valeiesitput file isalsoin the CSV
format and has the folang header:

Image,SYear,EYear,SDay,EDay,Station,Nin,Nout,Min,Maey NeatigBtBointvalue,
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 imabljn 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 tls ®acolumns 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 WAMsoLiktas
or sort thdfile in Excel.

wam_label_mask
Usage: wam_label_mask MaskF ile

Labels the mask image usedvam_statistwrites the sequence number into the middle of each
mask, saves adDF andPNG. It first counts all pixels between 1 and 254 (excluding 255),
calculates mean 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
blak. It then annotates the image with the mask number using the mean X and mean Y. Itis
supposed to be in the middle of each cluster (mask) of pixels.

sortmasks
Usage: sortmasks unsorted_file

sortstas
Usage: sortstas unsorted_file

sortgrid
Usage: sortGri d Unsorted_grid_time_series [ColumnNo]
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Default is to use ColumnNo=13 that means 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 formatrom the WAM statistics programs, exgam_staist, is effective to produce

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

better for plotting ira spreadstet like MS Excel.

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

To compilesortstas  d o ncdtas M&/I#.dll is not used here. The comméondbuilding
sortstass:

csc /out:WIMSOPBsortstas.exe sortstas.cs

3.2.10 Screening Level -3 data according to quality flag

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 67 30

Uses output fromvam_convert_goesll1l1@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 probabilityseeftp://podaac.jpl.nasa.gov/sea_surface temperature/fpres/

GOES 1112 data and documentation.

wam_screen_mask

Usage: wam_screen_mask Pattern Mask.hdf
where Pattern is a matching 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, are outside of our area of interdsi\@ no
valid data for variouseasons (e.g. due to low light in polar areas). Thiesserhay take up lotsfo
disk space but have no useful datam_screen_masgortsfiles 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 datased (SDS).The files with at least talid pixelin the valid area

specified by anask image (with pixel value5 2 r e mo v e dGoodo, f foil Ides Wii t h no
matching dataset into foldéBado files that are completely outside the area of interest are
moved tofiOutsded  athode with no valid data fiNoValidDatad All folders other than

fiGood can be deletedhfter that youshouldrunwam_compress_hdhthe filesi n  Gdod® A
folder.

wam_screen_pf
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