WIM Automation Module (WAM)
USER'S MANUAL

August, 2008

© Mati Kahru



Contents

1 Purpose and ReqUIFEMENIS........cooiiiiiiieeee e e 3
2 WAM SAMPIES OVEIVIEW.....ceiiiiiieeeeeieieiee e e e e 4
2.1  WAM programs with graphical interface............ccccccvveiiiicemiiiiiiiiiiiiieeeeeenn 4
2.2  Commanding WAM ProgramsS.........cooouuiiiiiiiaiimene e eiiieeneeeeenennees 5
2.2.1 Anomalies, change detection and EOFE............oooviiiiiiieen e, 5
2.2.2 CONVEIT ..ottt e et aneea s e e e e e e e e et e e e e n e nnneaeeeeees S
2.2.3 Opea@tions with bands.............oooooi e 6
2.2.4 COMPOSITING....ceeeiiiiiieiiiiiiett e rer bbb e e eeeessb e ee e e e e e e e e eeeeeeeesaenns 7
2.2.5 Edge Or Front ANAIYSIS.......cccciiiiiiiiiiiiieeeiiiiiiieeeee e eeeee e e e 7
2.2.6 IMAGE OPEIALIONS. .....eeiiiiiiiiiieeeee ettt eene s e 7

p N A /=T o] o 11 o AP PPPPPPP PP 7
2.2.8 Primary Production and EXport FIUX..........cccuuviiiiiiiieeeiiiiiiieieeeeecceeeee 8
2.2.9  SHALISTICS. ..o ittt re et e e e e e e e e e e e e e s s as 9
2.2.10 Screening LeveB data according to quality flag............ccccvvveviiiieennes 9
2.2.11 Processing LevelB MODIS data...........ccccuvvvviiiiiiiieeeiiiiiiiieeeeeeeee e 10
2.2.12 Processing Leve? ocean color and SST data.............ccccuvvviimnnnnnnns 10
2.2.13 Merging Levet3 data.........ccoooeeeiiiiiiiiiii e 11
2.2.14 Inherent Optical Properties (IOP)..........ooiiiiiiiiiiiieeee e 11
2.2.15 Correlation between images and a point time Series....................... 11
2.2.16  SIMPIE ULIHHES ....uvieiiiiiiiiiiie e 11
2.2.17 Sample WAM programs for learning and testing............ccccccceevreueee. 12

3 Examples of WAM PrOQramMS..........uuuuuuruiiieiiieieaaiirttineeeeeeeeeeeeeeeaessmsmeeeeeeeeaeeeens 13
3.1  WAM programs with graphical interface............cccoveeeviiiieeciiineieiiiiieeeenn. 13
TNt N A= T o 1= =SSR 13
G300 2 V7= T o 0= (o] 1P 19
G0t G T 7= T o Y = 11 ) S 24

3.2 Commanding WAM ProgramsS........ceeeeeeeeeaeiiiiaiiimeeeeeee s s e eesssiiieeeeseeeenns 25
3.2.1 Anomalies, change detection and EOE.............oovviiiiiiccceiieceeeeiiiiiines 26
3.2.2 Convert to HDF/Compress HDE............ooooiiiiiiieeen e 30
3.2.3 Operations With Dands...........ccuvviiiiiiiiiieec e 32

© Mati Kahru, WimSoft



WAM Specification 3

3.2.4 COMPOSITING...eeeeiiiiiiieieeeee e 33
3.2.5 Edge or Front ANAlYSIS.......ccooiiiiiiiiiiieeee e 34
3.2.6 IMAQGE OPEMIONS. ......uuuriiiiiiiiiiiiieieeaeeme ettt et e e e e e e e e e e e s s s s s ammme e e e e e e e e s nannes 35
I A Y =T o] o | o o TSSOSO PPPPPP 36
3.2.8 Primary Production and EXport FIUX............ooooiiiiiiemn i 41
3.2.9  SHALISHICS. . i i iieieii i eree et e e e e e e e 47
3.2.10 Screening Leve8 data according to quality flag.............cooevvvivviieeee.. 52
3.2.11 Processing LevelB MODIS data...........ooovvvviiiiiiiiiineee e 54
3.2.12 Processing Leve? ocean color and SST data............cccevvvvvvviecmnnnne. 59
3.2.13 Merging Level3 data.........ccviiiiiiiiiiiiiieee e 63
3.2.14 Inherent Optical Properties (IOR).........cccuuuiiiiiiiiiiiicceeee 64
3.2.15 Correlation between images and a point time series...................... 64
3.216  SIMPIE UGS ....uuuiiiiiiiiiiieei e 65
3.2.17 Sample WAM programs for learning and testing............ccccccoeevveune. 66

1 Purpose and Requirements

WIM Automation Module ( = WAM) is a major addition toethools available for WIM
users. It allows automating repetitivecomplextasks byusing WAM applications that
call functionsin the WIM library For the uselWAM has three componentsirst, WAM
programs with thergphical Windows interface make it gder every WIM user to
perform complex operations ceries oimages. Secondisers with just a little bit more
computer knowledge can use the providechmandine WAM programsand run
powerful application®n series of images. Third, users with intenegprogramming can
use thaVNIM library to createheirown WAM applications using any of the .NET
languagese.g. VB or C#

WAM is based on the Microsoft .NET Framework. It is realized asite of dynamic

link librariesthat provide easgccess teomgex functions Windows Vista and later
versions of Windowscludethe Microsoft .NET Frameworkut on older versions of
Windows it may need to be installédote that NET Frameworknay be already installed
by another prograrfirou can findthis out with the Control Paneli Add or Remove
Programs)

If you do need tanstall the .NET Frameworkit can bedone inseveral ways:

1 From the executablkgotnetft.exeincluded in thaVAM_sampledolder of the
WIM/WAM CD.
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1 From theMicrosoft site
http://www.microsoftcom/downloads/thankyou.aspx?familyld=0856eacb
43624b0d-8edd
aab15c5e04f5&displayLang=en&oRef=http%3a%2{%2fwww.microsoft.com
%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productlD%3dC00
379139E11-4A2D-8FD1-0BA441296CBC

The defaullocationfor WIM and WAM programs isC:\Program File§Wimsoftand that

is added to the PATH variable when installing WIM/WAM. If you are installing
WIM/WAM in a different location then yooandefine a new environmental variable
WAMPATH, set it to the location of the locatiohyour WIM/WAM installationand

add it to the PATH environment variable. Ycan do it withPropertiesof My Computer
(right-click on it), Advanced Environment VariabledPlease note that if you are using a
version of Windows customized for a languag®eo than English, you may need to

modify those paths. For example, in the Spanish version of Windows the default path of
WI M and \WAAthivosde program&Vimsofdé i n s tCaRaograno f A
Files\Wimsofo .

You can write your own WAM programk.is best to use the Visual Studio but you can
also use thé&ree command lineompilers forC#included in the .NET Framewark ou
canstart by compiling andhodifying the sample WAM program&ource codesf
various WAM programsd(l in the C# language) anecludedin theWAM_sampledolder
of the WIMMWAM CD.

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

To compile your own programs you also néeddd he location of the .NET Framework
librariesto the pathFor running the commardae C# compiler you also need to add its
location to your PATH variabld-or the versior2.0 of the .NET Framework s
"%windir¥o\Microsoft. NETFrameworkv2.0.50727.

2 WAM samples overview

2.1 WAM programs with graphical interface

Program Name Purpose

wam_series A GUI programdesigned to apply various operatidos
series of matching images. It has optiérsinput and
output formatscutting a sukareamedian filtering,
overlays, converting, remappingjangingcolors, etc.

wam match Finds matches between in situ measurements and a s
of satellite imagedvlakes XY scatter plots of the
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wam statist

satelliteversus in situ dat&reates a CSV text file with
matchup statistics of a DX x DY window image statisti
corresponding to in situ measurements.

Calculates statistics of masked areas for a series of
images. Wing a list of images, an image with masked
areas or list of stationsalculate statistics for the series
images. Output is a CSV file ready for importing into M
Excel.

2.2 Command-line WAM programs

2.2.1 Anomalies, change detection and EOF

Program Name

Purpose

wam anomaly

wam_change

wam eof

wam _count

wam variance

2.2.2 Convert

Program Name

Calculates anomalies relative to the metaverall,
monthlyor 8dayannual cycle. Reads all matching
images, calculates and saves the rmaad countsthen
calculates and saves the anomalies relativectonigsans.

Calculateshange between 2 images, shows the
difference as anomalyhis is implemented for ice
concentration: it shows increase or decrease in ice
concentration.

Rurs EOF or Principal Component Analysis (PCA) on
series of imagesSee separate document
Exercises_ WAM_EOpdffor details.

Counts the numbers of pixels larger or smaller than a
threshold for a whole series of miaittg images, saves tc
a text file (CSV file).

Calculates pixelwise mean, standa deviation and the
number of valid pixels for a set of matching filenames.

Purpose

wam compress hdf

© Mati Kahru, WimSoft

Compressedataset$SDS)within HDF files This can
drastically reduces file size without any noticeable
difference for the user.
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wam extract SDS

wam assemblehdf

wam convert 100xbyte

wam _convert amsre

wam convert goesl1112

wam_convert gsm

wam convert log

wam convert mid

wam _convert ngsst

wam_convert percent

wam mirror

Extracts individual datasets (SDi&)m HDF files and
saves in individual files.

Assembls the 1st datasésDS)from a number of
matching files into a single HDF file withmultiple
datasets.

Converts the float32 ice concentration HDF datasets t
HDF as scaled byte.

Converts datasets of AMSRE in binary format of the
Remote Sensing Systems to HDF. Can read thenfoltp
datasets: SST, WSPD, VAPOR, CLOURAIN.

Converts GOES *12 SSTdaily data from binary raster
to HDF format, adds attributes for compositing and tirr
series analysis.

Converts UCSB GSM datasets to4scpling, adds
attributes for compositing and time series analysis.

Converts HDF datasets to HDF with log scaling of
specified slop@and intercept.

Converts the Mixed Layer Depth datasets in Float32
format to HDFin Int16 format, optionally masks land

Converts the New Geragion SST (NGSST) binary
datasets to HDF while adding attributes.

Converts percentgnge 0.0-100.0) to fraction in a scaled
byte (e.g. 0.4L.0).

Mirrors over vertical, horizontal or both axes.

2.2.3 Operations with bands

Program Name

Purpose

wam band ratio

wam ratio list
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Calculates a series of néhl-a and CDOMmages using
asetof Lwn datasetsvith aband ratio algorithie.g.
OC4v4or SPGANT

Calculates a series of ratio images using a list of imag
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2.2.4 Compositing

Program Name

Purpose

wam composite

wam composite quikscat

Create an average composite and a couag@mf a serie:
of HDF images. Reads HDF files either listed in a list f
or matching a pattern, calculates a mean composite al
count image from all valid pixels, saves as HDF files.
tries to create the correct start and end attributes so tt
thestart and end periods correspond to the first and la
images, respectively.

Reads all LeveB QuikSCAT files in the folder,
calculates the mean composite of ascending and
descending orbitsaves as HDF file©bsolete, 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 SIE
edge detection algorithm, finds the frequency of edges
a seies of SST images.

Accumulates statistics of edge images.

2.2.6 Image Operations

Program Name

wam_overlay

wam reduce

2.2.7 Mapping
Program Name
wam_remap

© Mati Kahru, WimSoft

Purpose

Makes a series of overlaid images using a standard
overlay file. Reads an overlay image, reads all matchir
HDF files, extracts all datasets (SDSpts the overlay
on top of each image, saves each as HDF.

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

Purpose
Remap a series of images, possibly with external
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wam_remap?

wam remap lla

wam remap and overlay

wam remap to kmz

wam remap regions

wam_xy2ll
wam_|I2xy

georeferencing to a targgtrojection. Read all
matchingHDF files, pick SD$guess the respective
georeferencing file, map to the target projection,
save as HDF.

Remap a series of images, possibly with external
georeferencing to a targgtrojection.Options for
selectingSDS median filtering, filkholes filling and
selected LUT

Remap a series of images with external
latitude/longitude array (LLA) to a target projectior
Reads a list of 2lenames (file with image and the
file with LLA), picks a SDS, remaps to the target
projection and saves in selected folder together w
typical timing attributes.

Remapand overlay a seried images The target
projection image is also used as an overlay.

Remays a series of images to a target projectiat
must be Linegroverlay the target image and
annotateQOutput is saveds KMZfor visualization
in Google Earth

Remaps a series of imagesmultiple target
projections.

Calculatedatitude and longitude from, y.
Calculates x, y from latitude and longitude.

2.2.8 Primary Production and Export Flux

Program Name

wam npp list

wam cbpm list

wam npp

© Mati Kahru, WimSoft

Purpose

Calculateset primary productiofNPP) imagesising a
list of Chl, PAR and5STimagesandtheBehrenfeld
Falkowski(1997)VGPM modelwith various options

Calculates net primary production (NPP) images using
list of aph/Chl, bbp, PAR, K490 and MLD images usin
the Behrenfeld et al (B®) carbon based productivity
model.

Calculates NPP images usitig best matchinget of
images and various models
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wam_npp_point

wam ef

2.2.9 Statistics

Program Name

wam match nearest

wam statist grid

wam statist sta

wam label mask

sortmasks
sortstas

sortgrid

Calculates NPP statistics faflistoffi st at i ons
(longitude, latitude, date, time) and series of imagpisg
a number of algotihms.

Creates images of export fl@t carbonusingthe Laws
(2004) model andnages oNPP, SST and Ch&

Purpose

For a list of stations,ifidsthe nearest image in time witt
sufficient valid datacalculates statistider the 3x3 pixel
area centered at the station

Calculate statistics for latitude/longitude grid for a seri
of images. Reads a series of images; calculates statis
for a lat/lon grid, saves statistics.

Extract pixel values of a seriespdints (stations),
calculate statistics for 3 x 3 pixel areas around the sta
for a series of images. Reads a list of stations (specifit
by longitude, latitude, name) and a list of images;
calculates statistics for 3x3 pixel areas centered at the
staion, saves statistics and pixel values in a comma
separated text file.

Labels the mask image used in wam_ statist: writes the
sequence number into theddle of ech mask, saves as
HDF andPNG.

Sort the statistics of masked areas by area instead of
image. Sorts the statistics by mask number of a text fil
created byvam statist The ouput files are sortecnd
readyfor plotting withMS Excel.

2.2.10 Screening Level -3 data according to quality flag

Program Name

wam screen goesl11?

wam screen modis

© Mati Kahru, WimSoft

Purpose

Using cloud probability as a quality flag image, screen
GOES11-12 SST data, i.e. keeps only the haglality
pixels while replacing others with zeros.

This is for the OLD format MODIS data. Using a qualit
flag image, screens, i.e. keeps only the {gjghlity pxels
while replacing others with zero€onverts to Byte with,
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wam screen pf

wam_screen sst _ocpg

2.2.11 Processing
Program Name

wam rgb modis

zoom modis lat lon

wam turbidity

wam turbidity aster

2.2.12 Processing Level

Program Name

wam 12 map
wam composie 2sensors

wam_composite 5day
wam_composite 2x
wam_composite_month
wam_composite year

© Mati Kahru, WimSoft
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respectively, SSPathfinder or LogChl scaling.

Screens AVHRR Pathfinder version 5 files, keeps only
the best quality pixels. Uses both SST gndlity images,
makes all SST pixels with quality flags less than 7 zer:
converts to Byte with SSPathfinder scaling.

Using a quality flag image, screens, i.e. keeps only the
high-quality pixebk while replacing others with zeros.
Screens LeveB MODIS Aqua (and Terra) SST data
produced by the Ocean Color Processing Group, con\
to Byte with the SSTPathfinder scaling.

Level -1B MODIS data

Purpose

Creates caegistered trueolor RGB composites from
MODIS LevellB data at 1 km, 500 m or 250 m
resolution does accurate band-oegistration, optionally
maps to a target projectiofee separate document
Exercises_modis_280pdffor details.

Interpolates &m MODIS latitudelongitude array to 250
m resolution. Readsll matching MODO03 or MYDO03
files and interpolates the latitude and longitude arrays
250 m.SeeExercises_modis_250pdf for details.

Calculates turbidity index from MODIS bands1 and 2,
maps to a target projection. Readsefl-produced HDF
file produced with bands 1 and 2, MODO3 geo
referenciny file. SeeExercises_modis_250pulf.

Calculates turbidity index from ASTER bands1 and 2,
maps to a target projection. SeeercisesASTERpdf.

-2 ocean color and SST data

Purpose

A suite of programs to map and composite M&Bqua,
MODIS-Terraand SeaWiFS Level datasetsUsing the
Level2 data and flags to create dailyday, 15day,
monthly, yearly,last N day running N dayr specified by
a listcomposites of Ckh and SST for a given map
projection.
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wam composite last
wam composite list
wam_composite running

2.2.13 Merging Level -3 data
Program Name Purpose

wam_merge 13 Merge different LeveB productgevenwith different
resolutior). For example, by merging alteather but low
resoluton microwave SST with highesolution but clear
weather infrared SST you get merged SST product.

2.2.14 Inherent Optical Properties (IOP)

Program Name Purpose

wam QAAv4 12 Calculates Inherent Optical Properties (IOPs) from L-e\
2 ocean color datasing QAA version 4 algorithm
Currently adapted to SeaWiFS only.

wam_QAAv4 13 Calculates Inherent Optical Properties (IOPs) from
mapped LeveB ocean color datasing QAA version 4
algorithm Currentlyadapted to SeaWiFS only.

2.2.15 Correlation between images and a point time series

Program Name Purpose

wam_correlation Calculates a correlation image (with each pixel
representing the correlation coefficient) betweenrese
of images and a point time series, exy ENSQOndex

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

wam corrmatrix Calculates a correlation matrix between two sets of tin
series.

2.2.16 Simple utilities
Program Name Purpose
wam_add _attribute Adds a global string attribute to a set of matghHDF

© Mati Kahru, WimSoft
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wam add name

12

files.

Renames the SDS in the file with the name of the file.
Many standard products use the same SDS name, e.c
I3m_data In many cases it is useful to have the image:
(datasets) named with a nathat clearly identifies the
image.

2.2.17 Sample WAM programs for learning and testing

Program Name

Purpose

test cut hdf

test bandratio

wam filter

wam attribute

wam histo mask

test statist

wam_rgb

© Mati Kahru, WimSoft

Shows how to create a series of images of a selected
area, and save as JPEGs, GIFs or HDFs. Kaisple
shows how to read all matching HDF files in a folder, ¢
out a predefined sulirea, stretch the color scale, save
each in different formats.

Shows how to calculate a new image using a band rat
algorithm. Reads all matching pairs of image files in H
(e.g. of 443 and 520 nm bands) in a folder, applies a t
ratio algorithm, saves the calculated image as a float
HDF, converts to a BYTE image using CHL scaling,
stretches colors, saves as a JPEG.

Apply a filter, e.g. Median filter, to a series of images,

save the results. Reads all matching HDF files in a foli
cuts out a predefined swavea, applies the Median filter,
and saves each as a JPEG.

Print the value of an HDF attribute from a series of HC
files. Reads all matching HDF files in a folder, extracts
the value of an integer
prints the file name and the attributduea

Calculates a series of histograms for a specified rectal
Reads a mask, a list of file flenames, calculates and <
histograms of a rectangle.

Cdculate statistics of a rectangular area. Reads a
specified image as HDF, calculates statistics for a
specified rectangular area, prints to the screen and sa
in a text file.

Simple example for creating series of RG®nposite
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images. Reads all matching image files from a folder,
calculates RGB images from selected bands.

wam_to hdf Converts all matching plain raster images in a director
HDF while adding attributes. Using filenameesclues for
time it tries to add att
Dayo that are needed for

3 Examples of WAM programs

The following are examples of WAM progranfSsome of the programs are quite complex
and powerful while some aisimple examplesThe souce codes of alhre included. You
can compile the example programih the C# compiler or run the precompiled
executables

To build asimple commaruine program,cdto the directory of your source code and
type ncfiy fohé opvradgmamdébs name without the
C# prograntest.cs cd to your WAM directory and type

C test

On success the batch filelfa) makes an executable test.exe in your WAMPATH
directory. Remember that the executable mush blee 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 comsha@®WAM utilities it is a
Windows forms applicatioandcannot be built with the simple batch fdéatas it

needs linkng 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 WIM on a single image
but doing it on many images is tedious and error priéoeexample, you may have a

© Mati Kahru, WimSoft
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large batch oflobalimagesbutyou want to cut ot a small subset of your area of

interest may-bemap it to another projection, overlay coastlines and/or station locations,
stretch the color scale, annotate with year and datksave in a number of different
formats (GIF, JPERNG,HDF, Lat/Lon/Value). Here is whemam_seriegsomes in.

You can perform many operatioos a series of imagegth a few mouselicks.
Anotherimportantbenefit of usingvam_serieginstead of daig it interactively with

WIM) is that you can save a log of yaperations and parameter values and use them
another timeWam_seriesanalsocalculate statistics of a selected rectangle for a series
of images.

Wam_seriesias a number of inputs that s the sources, outputs and operations. All

selected options are stored in the registry just before processing starts, so even if you

close thevam_seriesipplication or turn off the PC, the next run when you start

wam_serieyouwill have your last opdins selected as the default ones. However, this

method only saves the last set of optidthswever, when yoswitch to another project

you will need to change the selectable optionsaahdl your first project 0:¢
overwritten.For saving theptionsof different projects you need save them in a log

file. All the parameter values are sawed log file and cabe read backThe following

arethe input parameters.

You always need to specify the input and output options:

AFromdiro i s t llieectarymbetetthe input files area. You can just navigate to
the folder where your files are and copy and paste the Address bar.

fFile patternd0 i s how you specify the files in the
may first want to process only fileofm 1999 and give AS1999* . *0 a
| ater give AS2000 *Please betcarefybwitio matckirggyto@ady0 f i | e s .
files: you may match files that are reatitable and produce an error.

fiTodiro i s the folder nawilldewiticae.g your output
A QWA Mo ucbuid be usefbr output files fromwam_series

fiSave Loga n etBogd ar e buttons for saving/reading
a log file. When you click on fAGet Logo a fi
ASavLogd you need to have typed the full pat
immediately to the right of the button. When you just start experimenting with
wam_seriesyou can ignore the log options. The logs aresiimple text files fosaving
all the paameters of a project so that you can restore them later.

Alnputtyped0 | et s you specify the input type of |
L1B). With HDF files containing multiple images (scientific datasets = SDS) you also
need to specify the sequenaember of the image. With single image HDF files this
should be fA00.

iSavead | et s you speci fy t hPNGHDF, pibFwithf i | e t ype
LLA and/or Lat/Lon/Value. If you specify statistics as processing option then no output
files other than th statistics result is created.

© Mati Kahru, WimSoft
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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.

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

pixels (e.g. missing data due to clouds) with the mean value of theenomeighboring

pixels. As a sideffect it also fills areas that are not supposed to have valid data, e.g. land
if you areworking with ocean data. In that case you can maskriae@nted modifications

with a custom overlay (see the Overlay option bel®emember thatou cannot overlay
O-valuedpixels as they will be transpareng. the image will retain its current valaad

not attain the overlay valu@ remedy for that case is to use a small-aero pixel value

(e.g. 1) in the overlay and use Color Stretch with the start value above taeroqguixel

value.

Mirror? (Upside down?) is a seldom used option. It may beeded for Levell or
Level2 data (i.e. unmapped) from ascending orbits (e.g. Aqua) where the image may
appear upside down. WIM will normally try to mirror the image automatically.

Rotate 90 degoption will rotate the output image by 90 degrees. Curreindygee

location parameters are not converted. If you save just the bitmap (e.g. JPEG or PNG)
then it does not matter, however, if you save as HDF and later try to read that HDF file
then the gedocation will be wrong.

fiCoastline® wOverlay Pixel Value lets you specify the WIM coastlines file to be

used (for example, BVimdewMapscoast_inter.b) and the pixel 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) avhite background. Please note that the overlay is
created for the first image file and is assumed the same for the remaining images. If you
are remapping images to a target projection then they will all have the same size and
projection.In that casét is more versatile to create an overlay filecluding not just
coastlines but possibly Kan grid, station locations, land painted to a different color,

color bars, ett and then use the Overlay option (see next).

fiOverlayd | et s vy o u sfie¢hatiyou aveatongenerate maryamijth WIM

before runningvam_seriesFor example, you may want to put a specific i,

longitude grid, manually edited color scdte;ationsof certain stations of labels
practicallyanything on top oéll theimages. Bathymetry contours may be used in the

overlay image. Remember that the overlay needs to be of the same size as the output files
and the background (transparent on the overlay image) needs to have pixel value of 0.
Remember that if the overlay gixvalue is O, it will be transparent, i.e. the image will

retain its current value and not attain the overlay value.

fLoad Paletted | et s you specify dluttipaeyouldadfoar pal et t e
each image. That will change the color paleftthe image. For example, when working
with anomalies you may want to use a specific palettedaamaly.lutor anomaly7.Iut
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fAnnotated wi t h X antYevalueslbtd yeu specify where an annotation

consisting of the year and start day of thegmwill be put. X means the distance in

pixels from the |l eft and Y means -1tohef odi st anc
any of these, the default values corresponding to the top right corner will be used. The

program tries to guess the start yaad Julian day from the image name. This works for

most SeaWiFS, MODIS Levd images, Pathfinder SST images, 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 t h | at i t wdhgtopwax), Boatk (bdttanrbox), h e N
longitude values for the East (right box) and West (left box) lets you cut out a rectangular
area as the area of interest for either saving or statistics. Remember to use negative
longitude for West longitudes and negatlatitude for south latitudes. All values are in
decimal degrees, e.g. latitude of 0.5 means 0 degrees and 30.0 minutes north. Please note
that if you are remapping images to a target projectionthenyopddo need t o use i
s u b i madf goe Guba.wong area, your remapped image will be emithe image
has no projection then, of course, you cannot locate certain latitudes and longitudes. For
i mages with no projection the Al ongitudeo an
of the image coalinates.

fiStatisticedo  w iValihMimi Maxd sel ects to calcul ate stati
i mage or a subarea specified by the ACut sub
statistics for the whole series of images is saved in a testdistics.txtin the current
folder. The Min and Max values for the valid data range need to be specified as invalid
values should be excluded from the statistics calculations. For example, in case of typical
chlorophylla values the Min and Max can be 0.@lfs 64.0, respectively. Please note
that Statistics excludes most other operations, i.e. if you are calculating statistics then you
are not creating images and vice versa.

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

fiConverttobyte® | et s y o wbyte(e.g intdG anhd Fhoat)limages to
simple scaled byte images that are easier to manipulate and visualize. The selectable
s cal i rChler_aalogarithinicd ,SSTHPathfindero ,Pixél_Valued, Lirfearo |,
fLogarithmico Wi t h t he | ast 2Sloged u aIntercefita | fsioe Isceds t he

fiColorstretcho | et s y o Gtar®p e@ndd yivaheed correspondi |
ViewSet Colorgcolor definition) type of color stretch operation in WIM.

fiRemaptad | et s you remap t he | mapgra@ectioro(and sel ect
size). The default mapping option is Alnvers
looking images but may be very slow for large LLA images. Rtwvard Mappingis
usually the fastest but may produce gappy imagesFoheard with Fill Gaps starts
with theForward Mapping and then usesiverse Mappindor the gaps
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The output window s howsStastthh oa Quitol fobgu tftroonns t h e
are foré, you guessed it!

Notes

1 When processing large images the program may need a lot of Rékhayn
take a long time to process a large number of images. It is recommended to
start with a small subset of images by selecting a file name pattern that
includes onlyone or twamages. You may want to process your series of
images in more than one batehg.separating the batchby year, date, etc.

1 The recommended coastlines filemast_inter.i(see WIMpdf = WIM
User 6s Manual for details on GSHHS coas

1 When using overlays, all the input files should be of the same size and
projection (bcation). The first overlay is generated dynamically from a
selected global coastlines file. This overlay is generated only once, i.e. for the
first image. It is then assumed that all the following image files have the same
size and projection after pra=ng and before the overlay is being used. It
would be possible to remove this restriction and create a new coastlines
overlay for each image file but that would make the program slower. Please
note the pixel value of the generated overlay. For SeaWik8-Bamages
you may want to use a pixel valueloivhereas for Pathfinder SST a good
value would be55. This is because land pixels on SeaWiFS images are
typically white and using pixel value of 255 would typically make a white
overlay on white backgrouh In contrast, Pathfinder SST images have land
with black pixels (value = 0) and it is appropriate to use white (typically, pixel
value 255) as the overlay pixel value.

1 Theoverlay is assumed to be pyenerated with WIM and saved in HDF
format. Using a pe-generated overlay can be used, for example, to put
bathymetry contours, station locations or other predefined features on the
series of images. Bathymetry contours have to be generated in WIM in a 2
step process usingecBathy Imagdirst and then apging ExamineContour
Lines

1 For HDF files you can select the-fadsed) sequence number of the SDS
(image) that you want to use from each file. As you know, each HDF file can
have many images in the form of SDS (Scientific Datasets). The default is to
readthe first (Bth) SDS but you can select another SDS. For example, if you
want to use Achl or a-&HDFfileswitltstet of Se a Wi
following SDSs: longitude, latitude, chlor_a, 12_flags, eps_78, K_490,
nLw_412, é you 2m efeadDS nomlesreflease ote that the
sequence of SDSin a file is created by WIM and does NOT include the
SDSs t hat are el i-mbpadfitMdind ynafi Sevi dit hgo®d i
be reado. For example, | etds say that vy
and the longitude and latitude arrays in a SeaWiFS L2vi& are only 161
pixels wide. In that case the longitude and latitude are not counted in the
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sequence of images read by WIM (or WAM). Therefore, the previous

sequence of images would become: chlar, |
need to select SDS numlier

2 _fl ags & aywadu i nst e

The Convert to BYTE function is needed only for mbifte images (e.g. for int16
and foat32images). The options that are not applicable using the current selections are
gray and not aviable for modification. A screenshot of the curresaim_seriess shown

below.

R=E
. : : : —Saveas ——
Frarm dir; II::"-.F'n:ugram filessdimzoftimageshdig edwiF 54 Leveld - GF b
File pattern: IS“EHLEI“
il ¥ JPEG
0 dir: C:\Tem
! : [~ PNG
ﬂ II::"-.F'ngram filezYWimzofthlog_wam_series.txt ™ HOF
Get Log
- o me [~ HOF in RGE
e s [5D5] — [ tedian-filter? Size: |3
0o - [T Fil Holes? Size: [2 Mull walue |1 ;
# HDE | | [ [ I~ HOF with LLA
[ Mirror? [Upside down?)
" Coastwatch [T LatLonalue
[T PFotate 90 deg
™ Img [Eyte] _
L1 ¥ Coastlines II::"-.F'ngram Fileg\timzoftsh apshcoast_inter.b
with Owerlay Pizel Value |1

[ Overay II::"-.F'ngram Filez\ywfimzofth2nd_ovl hdf

[T Load Palette II::"-.F'ngram Fileg\timzaftschl. lut

¥ Annctate: ¥= I.‘||:||:| Yo |'|2

¥ Cut subimage?
[T Statistics, Walid Min, bax: ||:|,|:|1 5

-130

E

|3=3—
—

-105

Corwert to byte™ IND, uge curment scaling j Slope, Intercept |1

|0

¥ Calor Stretch |2|:|

|220

[ Femap to II::"-.F'ngram filezYimzofti magesihditS eatwfiF S \baja_2000_aprilcompozite, hdf

€ Forward Mapping € Forward we Fill Gaps % [rmverse (apping

519972741397 304. L 3m_k0_CHLO hdf
5199300711993365. L 3rm_R_CHLO. hdf
S20000672000097 . L3m_kMO_CHLO
=== [anel ===
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3.1.2 wam_match

Introduction . The need to understand the relationships between satellite data and ground
measurements is fundamental in any application of satellite measurementsoblem

is that satellites never measure exactly the same variables as ground measurements. Of
course, ground measurements can also use different methods that need te be inter
calibrated and intevalidated. For example, when measuring ocean chigtabie

ground measurements include variants of HPLC, fluorometry and spectrophotometry.
Satellite measurement of chlorophyll is based on radiance spectrum measured at the top
of the atmosphere. It is a very complex process to derive, first, the leaigg radiance

and, second, the chlorophyll concentration. There is nd@oae relationship between

the remote and ground methods. Another source of discrepancy is the huge difference in
the measurement footprint. The sampling area of a typical ocearseokor is 1 km x 1

km whereas ground sampling is usually done with a water bottle with scales of the order
of a decimeter (10 cm). A different scenario for doing satedlitmind matckups is to use
satellite data but relate these to totally differendkof ground measurement, for example

to compare satellitdetected seaurface temperature or chlorophyll concentration with

the distribution of whales or turtles. The idea of finding matches between satellite and
situdata seems simple butinpractichh e t ask may easily get overy
you have a set of measurements that you want to compare with satellite images. You can
just move the mouse pointer and by rightking in WIM see the geophysical values at a
certain location of longitudend latitude. This can be done if you have only a few points
and a single image. However, usually we have a whole time series of images and a set of
points. The number of all possible pairs of comparisons gets too big too easy. With only
10 points and 10mages we may have to find 10 x 10 = 100 corresponding matching
points. We may also want to choose selectively only those images and those points that
have the time difference between them below a certain time limit. This means that even
with 10 points and.0 images we have to do 100 comparisons of the time difference
between a point and an image. We can easily imagine what will happen if we have
hundreds of points and hundreds of images: the task just gets overwhelming to be done
Amanual | yo, spéecialsaftwavegrograendgodio that.

Design Wam_matclis a complex utility that is based on WAM functions but also uses
routines from other libraries (e.g. graphics and data grid). The purpesarofmatchs

to generate matehp datasets between satellgndin situdata. The idea behind this

utility is that you have a set of situdata (a set of points) collected from a set of

locations in space and time, i.e. specified by longitude, latitude and time. You then use a
list of satellite images and trg find matching points between the points and the images
by applying several constraints, e.g. that the time interval between the point value and the
satellite pass is no larger thdh hours and the ground point is inside the satellite image
and has validalues (i.e. is not cloudovered or otherwise invalid). The satellite images
can be from a single pass or from a composited image. A composited image is a certain
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 tinlgpfin) but the satellite data have a range from
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start Tstar) to end Tend. We set a maximum time differend&@maxand assume that
we have a matclup in time between a point and a satellite image if

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

The following figure illustrates this condition. Point tiMpointcan be betweenstart
andTendbut does not have to. It needsbe betweeistarti dTmaxandTend+ dTmax

Typical maximum time differenc#gTmaxis 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 wSEmaxof 24 hours or more.

Tstart Tend
| | | | | AN
/

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

The restriction on space is typically that the point sample is within a certain rectangular
window centered at the nearest matching pixel. Typical windows are 3 x 3 or 5 x 5 pixels
in size. It is possible to use the value frifra single nearest satellite pixel but more often
the mean or the median of the valid pixels within the 3 x 3 window are used. This is
because the nearest pixel may not be the best roptalith a point sample considering
advection by ocean currents duyitihe time interval between the point sample and

satellite image.

An important restriction is the validity of the satellite data. Invalid or missing data within
an image is 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 valid

range or a separate image of flags.

1 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 maygehtam different
scalings. Also, when doing matcips with multiple images in the same file (e.qg.
chlor_a nLw412 nLw443nLw49Q € ) t he wvali d range may be
individual images. Also, in some cases we may need to have more details in the
classification of pixels based on their quality.

i Usingflagsal | ows a more detailed chawumscteri zat
For each pixel a set of flags is generated. Each flag indicates a certain condition is
confirmed. For example, SeaWiFS Ledmages have 32 flags each of which
can be on or off. These flags include likes of high satellite zenith angle, stray light,
high solar zenith angle, navigation error, moderate sun glint, etc. You can pick
any combination of these to exclude points. Famgale, high satellite zenith
angle indicates low quality matchup and these points should be excluded from
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high-quality pixels. Most of the flags, excluding OCEAN flag indicate some
problem with the pixel. Using flags to eliminate pixels from matph is a
versatile method but can only be used if such a flag image is available.
Wam_matclhs currently set to use SeaWiFS Ledllags and are not suitable for
MODIS and other sensors. This may be changed in the next releases of
wam_match

Details.

A screenshoobf the currentvam_matchis shown below. The screen resolution for
runningwam_matclshould be at least 1024 x 768 pixédam_matcluses registry to
store last parameter values. The following input fields are used.

1 fUseflagp checkbox &aredtobe asedelbselécted, d listaf@2 flags
(currently of the SeaWiFS Lev@lflags) can 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 pixelsu¥an start with only a few or no
flags checked in order to get many maigds, and then oAey-one set the flags to
see which flags eliminate which matap points. The eliminated matcips will
be moved to a speci aupsafdecabe enaminadatted 0 s et
saving to a CSV file.

1 fListoflmaged speci fies a text file that has
matchup with each image file (full path name, e.g.
D:\satseawifdL2\ace0108/4\S2001105040220.L.2_HRBN.sub1.hdf) on a
separatdine (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.g.
C:\satSeaWiF3L2\cal0004). Check out the sample list filst_mapped.txt

Please note #t with image files (e.g. MODIS Lew, GLI Level2) having the
latitudelongitude arrays (LLA) in a separate file, the list file format is slightly
different. After the first image name, the name of the file with the LLA is listed
after a comma. No fupath is given for the LLA file, it is assumed to be in the
same folder as the primary file.

1 fListof Pointdatab speci fies is a text file that
(stations) to be used in the matchup. The point list is in the WIM point file format
and has tab or comma separated columns of longitude, latitude, date and time
followed by station and whatever measurements you have. See included sample
point files. The point list is best generated in Excel worksheet and saved as tab or
comma separatedxiefile (CSV file). In WIM point files haveraditionally had
* pnt extension but you can also use sy extension that is more compatible
with other programsThe first line in a point file is a header and is not used for
data. The format of a pointéd 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
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-117.401 32.930 4/7/2000 23:07 CALO004 93.28 2.11

Any number of lines can follow the header with each point as a separate line.
Points ca be excluded without deleting the line by preceding the line with the #
characterThe minimum set of columns ingitude Latitude Date If Timeis
missing then it is assumed to be 12:00.

Check out the sample point filratchcsv

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

1 fATimelag,hro speci fies the maximum time | ag in
time of the image indurs (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 AwWindows, DXxDY0 s peci f i e svindow i@ pielswherethef t he
matchup statistics is calculated. 3 x 3 pixels is typically used but may be increased
to 5 x 5 or even bigger.

f AMinValidPixelso speci fies the minimum number of
to accept a matchup. For example, inecak3 x 3 window we may request that at
least 5 pixels (out of 9) be valid in order to accept a matchup.

1 fASaveresultsim speci fies a file where the resul
Separated) format.

¢ MBandd wi th individual doé(startingpfromEasd0f. or up tc
HDF files (e.g. SeaWiFS Lewl files) may have many images in the same file
and you may select more than one bands for matsh|f you selected to use
flags (AUse flagso) then the fheags i mage
standard mapped images (SMI) in Le@dhave typically a single image and the

0"band should therefore be used. For examj
set of SeaWiFS Leveél HDF files with the following scientific datasets (SDS):

longitude, lat t ude, c¢chl or a, | 2 _flags, eps_78, K-
select only band fA20. P | -eirassfile is areatectby t hat t h

WIM and does NOT include those SBBShat are eliminated I&ettingsSpecial
Minimal width of image to be agl. You can check the bands with WIM before
searching for matehps.

i Avalidrange, Max,Min6 s peci fies the minimum and ma>
considered valid. Only valid pixels are used in the statistics calculations. It is only
used when fUselectetl.ll agsd i s not

After the usSartdo clutctkesn otnh d-upslegins.cAHogéfor mat c h
output is printed into the text box while the found maipis (if any!) are put into data
grid and into a graph. In this screenshot example given belowa8zhes were found.
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There are now several ways of tracing the origins of each matchup. You can select

variables to be plotted from the point dataseta{s) versus variables from the satellite

data(vaxi s) as well as the eciiveaupdowncdnttadssbel 0 var i
The pointds ALabPBantLabelo st ekbwhokn AhBl &bel 0 i s
field in the point table (e.g. longitude, latitude, date, time, etc.) and can be selected in the

fiSelect Point Labed d o maldowm coatql. Wien moving the mouse cursor to a
particular point you can see the poi-nt | abel
grid the corresponding row is selected. Vice versa, when a row is selected in {pedlata

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

by a blue diamond frame. The value is used to represisaing valuesn both the point

and satellite data can be chosen. Typical values ared or

All matching points can be saved in a CSV (comnpassed) file than can be loaded

into Excel for further analysis. By doubt#icking on a point in the graph that point will

be eliminated from the set of mataps shown in the graph and in the egital, and

pl aced into a set dfthe fetained and eliminatedniatchesavillc hes . B
be saved to a CSV ( c SBavema CSe phaurt & toend )i sf icll @ cvkhea
RespecSaveas KMl diaves the matches in an XML fi
properl y i mpaveas®XN@ ecaBade asiEMFOA but t ons save the
the PNG (portable network graphics) and EMF (enhanced windows metafile) formats,

respectively.

For runningvam_matctyou basically need a set of satellite images, a list of these image
files in a list file and a poinilé with a list of ground samples. Please note the format of
these files, especially of the point file and use exactly the same format of representing
dates and times. Check out the sample listiite mappedC.txt and sample point file
matchcsv Thesdiles should be in your WimSoft folder (e @:\Program

FilesWimSof}. The results will be probably wrong if you use a different format.

1 First try to replicate the results of the figure below with the sample files. You need
to copy the sample images frahe WIM/WAM CD to your hard disk. The
sample list file expects them to beGriProgram
FilesWimSoftimage$SeaWiF&aja 2000_april You can get this if you just
manually copy thémagesfolder from the CD to youwimSoftfolder. Thelmages
folder has adt more files than are needed for this example but you may delete
them later if not needed.

1 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 the
scatter plot, the corresponding row in the data grid will highlight. If you deuble
click on the outlier (or any other matcip point for that matter), the point will be
removed fom the plot and from the matelp set to the eliminated set of match
up points and the figure will be rescaled. Both sets (mabcpoints and
eliminated matchup points) will be saved to a comma separated (CSV) files if
you click Save as CSV. The grapten be saved as PNG or EMF. Note that in
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this example only one image (SDS) was present in the image files, also that no
flags were used.

1 Now you are ready to try to match up your data with satellite images. Just please
follow the formats.

A related commaah line utility, wam_match_nearesdoes not need a list file of images.
Instead, it finds the nearest image in time with sufficient number of valid pixels
corresponding to a station (defined by longitude, latitude, alad time).

3.1.3 wam_statist

wam_statistis a Windows Forms program that combines the functionality of
wam_statiststa andwam_integ_maskvith a GUI and should be easier to use.

You can make your selections either by typing the filename into thbd&xdr picking

the file with the file picker button. Please note that the distinction betmask statistics

andstaton( poi nt) statistics is based on the file
file nameo text box. Matlsthe .hdfiexteasson @DFefle s s u me t
or .rle extension (WIM compressed image files) and the text files with station coordinates
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