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1 Purpose and Requirements

The exercises withVIM (=Windows Image Manager) and WAM (=WIM Automation Module)

are designed for students who want to gain practical experience in using digital satellite imagery.
While all the examples are using the WIM and WAM software, they should be useful for learning
how to use satellite data in general.

Instructions for installing WIM and WAM are given in the end of this document.

2 WIM/WAM exercises at a glance

2.1 Exercises with WIM

Exercise Name Details, requirements
Loading files File-Opendialog isNOT the preferred method. Better use Click (or

double click) on the file name. Reading multiple images at once.
Associate WIM with data files. Samplesamposite.hdf, S2000*.hdf
in Image$SeaWiF$aja_2000_april

Right-click and leftclick | Looking up pixel details (pixel value, scaled value, coordinates).
Selecting areas of interest.

Basic operations Geoi Get Map OverlayMulti 1 Overlay Image; List of Inges;
Current Settings; Examinr8tatistics Valid data rangeExamine
Profiles ExamineHistogram

Changing colors Palettes, LUTsYiewSet Colors

Compositing images Multi-Compositavith S2000*.hdfimages in
Image$SeaWiFaja_2000_april
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Bathymetry image and
depth contours

GeoBathy Imagewith world_bathy 2min.dat

Creating 3component
RGB images

SeaWiFS imagew_|la_mapped_byte.hidfImagesSeaWiFS

SeaWiFS LeveB (SMI)
images

All files in Image$SeaWiF8.3

Calculating primay
production from a set of ]
images (CHLO, PAR,
SST)

UseMulti-Primary productionwith
S$20000612000091.L3m_MO_CHL_chlor_a_%ad
S20060322006059.L.3m_MO_PAR_par_9kmimage$SeaWiF8.3
\MonthlyandSST image200003.s04m3pfv5Est16b.screened.hdif
Image$SST

Tracking in situ
measurements on image

Usingcomposite.hdih Image$SeaWiF$haja_2000_april point file
ime9801.cswWector objectsable.Geoi Distance.

Utility for converting
between dates and Juliar
days

julian YYYYMMDD
julian YYYY JDAY

Remapping and
overlaying images

Using SeaWiFS Level 3 chlorophyll with Polar Stereo projection fi
IMmage$SSMIS3ACOAST.HDF

Screen LeveB images
for best quality

Use the quality value i8m_qualto screen SST data iBm_datain
file A20060602006090.L3m_MO_SSTude operatioMulti-Mask w.
Image

Edge Detection in Sea
Surface Temperature
Images

Find edges (fronts) in SST images using various methods]reutsf
GradientsSolel, EdgeShade Edge, EdeRIED.

Compare MODIS and
SeaWiFS chlorophyll

Compare the SeaWiFS, Aqua and merged Sea¥it& L3 CHLO
products.

products
SeaWiFES LeveP data: Red tide detection off Florida:
ABl ack wat e|S2001265175156.L2 HUSF.sub.mapdfdt2-Sep2001 in

Image$SeaWiF8.2; TranstBinarize

Using MODISAqua
Level2 images

Download fromhttp://oceancolor.gsfc.nasa.gov/cgi/browse.pl?sen:

Combining RGB images
with pseudecolor images

Combine RGB land (as RGB overlay) with pseudcolor Chta or
SST images converted from Lex&data

QuikScat LevePR
products

Examine and composite wind speed data

Openingimage files the
hard way

Open NGSST raw binary file, manually set size, header, value sc:
projection and gedocation coefficients.

2.2 Exercises with WAM GUI applications

Exercise Name

Details, requirements

wam series

Allows the user to selectively apply various operations to a
series of images. Includes options for input and output formeé
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subarea, filtering, overlays, converting, remapping, etc.

wam_match Finding matchups between Hsitu data and satellite images.
Creates a CSV text file with matelp statistics of a DX x DY
pixel window corresponding to in situ measurements.

wam_statist Use a series of masks (areas of interest) and a list of image:
crede time series of statistics for a series of images.

2.3 Exercises with WAM command-line applications

Exercise Name Details, requirements

wam_composite Reads a list of files, calculates mean composite and a count|
image fromall valid pixels, saves as HDF. Tries to create

attributes so that the start and end periods correspond to the
and last images, respectively.

wam_anomaly Reads all matching files, calculates monthly means or annug
mears, creates monthly or annual anomalies.

wam_npp A batch process for creating primary production images fron
set of component files (e.g. CHLO, PAR, SST).

wam_statist_sta Calculates statistider 3x3 pixel windows of images from a lig
of images and a list of points (stations).

wam_screen Batch process to screen images, i.e. excluding low quality p

wam_rgb_modis Batch process to create troelor RGB images from MODIS

bands 1, 4, 3, at resolutions 1 km, 500 m and 250 m.

wam_turbidity Batch process to calculate turbidity images from MODIS bar
1 and 2 at 250 m resolution.

Merging Level2 Chta | Batch process Levél SST and Chlea data from multiple
and SST data sensors into merged composites.

3 WIM exercises

The exercises use sample images fromrtregedfolder. It is recommended that yoapy the
Imagedolder from the DVD toyour hard disk.In the past we recommended to copy it into your
Wimsoftfolder (e.g. taC:\Program FileSWimSoftor C:\Program Files (x88)NimSofion 64bit
Windowsg. However, you may be restricted to write intottfedder; therefore it would be better
to copylmagesto your root directory (e.g-:\Image$ or into another folder with write access
Note that theProgram Filesfolder may have a different name in different versions of Windows
(e.g.Archivos de programa Spanish). When using command line WAM programsiibis
recommendetb uselong folder names with spacet i PmgrainFileso. Ther ef ore, when
working withrealdata,it is highly recommended to use shimder names without spaces, e.g.
C:\&at, C:\Sat\SeaWiF8.3\Monthi\CHLO _9 i.e. sorted by sensor name, product level, period
and variable namé&/ou can certainly repladg:\ with another drive letter, e.&:\.
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3.1 Loading files

1 You can load an image with the stand File-O p e rdi@log in WIM (an icon on the
toolbar) but a much faster way to find and navigate between the necessary image files is with
theWindows Explorerand then loading them by clicking (or douslecking, depending on
your Windows setup) on the filename. B® able to do that you need to associate WIM with
the particular filename extension. Click (or doubliek) on any HDF image file (e.qg.
composite.hdih Image$SeaWiF$aja 2000 _apri. Many HDF files do not have a *.hdf
extension. For these files youatHo associate that extension witfim.exeand set WIM to
open it as HDF. For example, click (doubleck) on a SeaWiFS global Lev8lfile like
S20000612000091.L.3m_MO_CHL_chlor_a_9&rnmage$SeaWiF8.3\MontHy) and select
Wim.exdtypically in C:\Program FilesWimSoftor in C:\Program Files (x88WimSofton
64-bit Windowg as the program to openWIM will recognize this as one of HDF files but
ifnottheny ou havereddasHD®!| d otr A his file type in WI M.
file type then the file will not be correctly loaded (You can correct your errorvigvi
Settings Restore Defaultst hat wi |l | c| eacada®d!| If ipreeviypesl.y .set

1 If you load images witlthe Openicon on the toolbar (merkile i O p e hy®u need to pay
attention to the type of images that you are trying to read. WIM can read and write many
types of images but you have to select the coFibes of typein the dialog. The next time
you aretrying to read or write an image the type used last time is already selected as default
for you. In each folder you will be shovemly the files with the extension that has been
selected to correspond to the selected file type. This may create a probkebefinner
WIM user. For example, the foldeBnage$SeaWiF8 3\MontHy hasseveraHDF files but
t h ey have thedektensionhdf. In fact, most HDF files distributed by the NASA Ocean
Color website do not have thdndf extension. For example,ybu try to load the &m
Level3 chlorophyll fileS20060322006059.L.3m_MO_CHL_chlor_a_9ken it does not
show up in thd=ile-Opendialog box. Youmusttype * or *.* to see all the files. If you are
regularly trying to open files that are not shown then gan add your extensions to the
default extensions iKiew- Settingd ExtensionsHowever, it is bettenot to use thd-ile-
Opendialog at all and open files just by clicking or doublieking on them in Windows
Explorer.

1 The only advantage of usingeaFile i O p e rdi@log is that you can read multiple files at
once by clicking on th®penicon on the toolbar (merkile T O p e hahd selecting
multiple files. For example, you can read all the HDF files from
Image$SeaWiF®aja_2000_apriin one step.

1 Each file can contain multiple images of its own. For example, you can load 3 SeaWiFS
Level1A images fromsw_I1a_mapped_byte.hidffolder Image$SeaWiFS

3.2 Right-click and left-click

1 Tolook up pixel values hold down thight button of your mouse and movad mouse on
the image. In the top part of the image window frame you will see values in the ¥gi¥nat
(Lon; Lat)=PV (SV)whereX andY are image coordinateX € distance in pixels from the
leftmost columny = distance in pixels from the top rov)onand Lat are the corresponding
longitude and latitude (note the order!), the pixel vaRM) @nd the scaled valu&Yin
geophysical units). If the image has no projection then the correspdratiagdLon are not
shown.
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Select an area of interest (e.g. a rectangle) by moving the mouse weft theton down.
Assuming that you have successfully opeceahposite.hdfselect an area of interest and
apply theHistogramfunction using thedistogramicon i on the toolbar omenuExaminei
Histogram- Calculate Many functionslflistogram, Statistics, Profilegtc.) operate on the
selected area of interest (either a rectangle or a line).

3.3 Basic operations

1

To create a coastline overlay for an image usé/e Overlaytool S in the Toolbar or

select menGeoi Get Map OverlayThen pick a map file with global coastlines, e.g.
coast_inter.bor coast_crude.bWhen you do it for the first time you have to locate the map
files folder (e.gC:\Program File§WimSoftMapsor C:\ProgramFiles (x86)WimSoftMaps.

WIM memorizes the locations and the parameters and will apply those as default next time).
When creating an overlay make sure that the background pixel value is 0 and the foreground
pixel value is either 255 (for white) or(for black).

Create multiple coastline overlays€oGet Map Overlayusing different coastline files
(coast_crude.pcoast_low.bcoast_inter.bcoast_high.bcompare the resolutions, overlay
them on the sample image. The recommended coastline fileliskthecoastlines file
coast_inter.b

| i | To overlay coastlines or other features on an image, click on the image in WIM, then
on theOverlayicon on the toolbar (dviulti T Overlay Imagén the menu). Make sure the

image number to be overlaid is correct. Therent image is assumed when looking up

values or performing operations (ektistogram Statistic$. You can make an imageirrent

by eitherleft clicking on it ordouble clicking on it in theList of Imagedox. Question to

you: When should you use foreground pixel value 255 (white) or 1 (black)? Which one to use
for Image$SeaWiF8.3\ files? Which one to use famagesin the
Image$SeaWiF®aja_2000_aprifolder?

The basic information about an image iswshan theList of Imagedox but more detailed
image attributes are shown when clicking on = 2Attributesicon on the toolban(iew1
Attributesin the menu).

Scaling and other settings of an image are shown in the Durent Settingdox (Settings

icon 2! on the toolbar oviewi Settingdn the menu). For example, check that the scaling
for thechlor_aimage in filecomposite.hdis Logarithmicwith Slope= 0.015 andntercept=
-2.0 (equivalent to theog-Chl scaling) and the projection ligarithmi. Create an Excel
spreadsheet to calculate scaled values from pixel values according to
=POWER(10,A2*0.0182). A2 here is assumed to be the cell with pixel valiibat are the
scaled values for pixel values 0, 1, 48, 200?

Get statistics for an area of your choice (select a rectangle with the mouse) yxasimge
Statistics report Min, Max, Mean, St.Dev, Median;ifhtrange, Noutrange. Note and select
a proper valid data range. Note how viaéid data rangeinfluences lhe results.

it Select an area of interest sagging the left mouse buttogng. using filecomposite.hdf
Draw profiles in the horizontal and vertical direction.

W Select an area of interest, calculate and plot Histogexanjine- Histogran). Check out
theValues explain what the numbers mean.
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1

Bl Familiarize yourself with various options of tBettinggpanels View- Setting$, check
and if necessary, edit thExtensiondox for your filename extensian

3.4 Changing colors

There are 3 ways to change aslm WIM.

T

Change colors by linear stretch W=E - this uses the same palette of 256 colors but
stretches therno be betweethe StartandEndvalues inColor Definitiondialog. Rxel values
less tharStartwill have the first color (e.g. black) and pixel values larger tBadwill have
the last color of the palette (e.g. white or pink, depending on the palette).

Switch between one of the 3 types of paletRanbow Grayscale Custom TheGrayscale
andRainboware huilt in. The Custompalette is loaded automatically wh@fiM starts. It can

be loadednanually withFile - Lookup Table Load LUT. The default palette can ketin

Settings Speciali Default LUT. Now, switch betweeRainbow,Grayscale Custom

palettes. HDF files can include their own palettes. If a palette is included in the HDF file then
WIM can either use that one or use the default palette depemdifigou have checked or
uncheckedettingd Speciali Override LUT in HDFE

Set a suitabldefault palette (LUT) irBettings Speciali Default LUT, e.g.
LUT\chl1_white_end.lut.

3.5 Compositing images

T

Read all thes2000*.hdfimages inmage$SeaWiF%aja_2000_aprikat once by clicking on
the Openicon on the toolbar (merkile i O p e hakhd seleing multiple files. Or read them
one by one by clicking (doubigicking) on the filename.

Create a composite wittlulti-Composite Pay attention to théalid Rangevalues. Try
different options. The recommended values are 0.015 to 64 usitigdphysical Values
Explain thepixel andgeophysicalvaluesin the resultingwo new images.

Compare your results with the existing composited imagedifeposite.hdfObserve the
differences wittMulti - Difference The difference image should look mgditlack (i.e. 0).

However, there are some fAdot s RightQlickitise i mage.

obvious that there are minor differences with the imag®imposite.hdbut the differences
are minor. What could cause the differences? If yourse covers also WAM exercises, you
can do the same task later using the command line WAM progeam composite

3.6 Bathymetry image and depth contours

1

Readcomposite.hdbr any other image with a projection. The projection is impoitant
without it you cannot create a corresponding bathymetry image. Why%Gddsathy

Image selectworld_bathy 5min.dafin theMapsfolder) as the bathymetry data file. Now try
the same wh the 2min bathymetry datanforld_bathy 2min.dat Observe and explain the
differences between them.

Create depth contours wikxamine- Contour Lines Select depth isobaths from 1000 m to
5000 m with a step of 1000 m and pixel value of 255. The depifoers show as white.

Overlay the depth contours on the bathymetry image: the contours are not white, why? They
are white orcomposite.hdiWhy? How to make them white on the bathymetry image?

© Mati Kahru, WimSoft
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f Convert the (byte) int16 bathymetry image to bytelingarithmicscaling usin¢® Transf
T Converti BYTE- Logarithmic-Slope = 0.015, Intercept =.@Check out the differences
between pixel values and scaled (géxysical) values between the intl6 and byte images.
What are the differences?

1 Overlaythe depth contours and possible coastlines on the scaled byte bathymetry image.

3.7 Creating 3-component RGB images

1 Read 3 image bands from a sample mapped SeaWiFS1&velagelmagesSeaWiFS
\sw_l1la_mapped_byte.hdf

1 UseExamingl RGB Imagédo create a RB composite of the 3 bands; experiment with
various settings.

T To create a natur al l ooking Atr uededgmeénor 0 i
band (555 nm) for th&reenand blue band (412 nm) for tBdue component of the RGB
composite.

1 Try the following combinationRed= 100255, Green= 40-255,Blue = 44-255. Note that the
smaller number must be on the lower scrollbar and the higher number on the higher scrollbar

1 Save as JPE®@NG,GIF or 24bit Bitmap (BMP) and compare the colors loé tsaved file.
Bitmaps saved with less than-B#t color look slightly distorted.

T Pl ease note that the mor e -ccod noprlde xR QBr oi cneadguerse sw i ot

MODIS L1B data usingvam_rgb_modiss described in a sefde document
Exercises_modis_250m.pdf

3.8 SeaWiFsS Level-3 (SMI) images

1 Global SeaWiFS Leve3 images are usually referred to as Standard Mapped Images (SMI).
With the nominal resolutio of 9 km at the equator the image siz4320x 2160 pixels
(4096 x 2048 in older versions). MODIS Aqua and other datasets are also didtebdtkm
nominal resolution with 8192 x 4320 pixe8MI images are usually composited for daily, 8
day, monthy and annual time periods. Check out all filegnrage$SeaWiF8.3. Keep in
mind that these files are in HDF format but the extensions are different. The extension
depends on the period and resolution, eldm_MQO CHL_chlor_a_9knfior monthly 9km
Chl data and.L3m_MO_PAR_9or monthly 9km PAR data. Set up the association between
WIM and these files by clicking (doubtdicking) on the file and then selecting WIM as the

application (see exercise 3.dading Fileg. Check out the attributes wi'__ and find the

units and the time compositing time period (start year and day, end year and day). What
month is that?

1 What is the purpose of making composites with over time? Compare the coverage of daily, 8
day, monthly and annual CHLO files. Explain the difference l&mghe patterns of missing
data in the daily CHLO image. Calculate the number of missing pixels for selected daily, 8

day, monthly and annual CHLO images in 1998 usingHiseogramtool (|-"|'i). Present

these numbers in a table. What do they show? Do yoing&umbers of missing data pixels

as 8,562,051; 6,011,440; 4,583,810; 3,858,275 for, respectively, the ezdy, Bionthly

and annual CHLO images? Calculate the change in ocean coverage (i.e. % of ocean pixels
with valid CHLO values) from daily to aual composites. Tip: subtract the land and

coastline pixels that you can get fréemd_4320x2160.hdh Image$SeaWiF8 3. Create a
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table (see below) with pixel counts and percentages for the daify,3nonthly and annual
images. Explain the changes.

Number Number Valid Valid % Number
of Missing of Valid % of of of Total
Pixels Pixels Total Ocean Pixels
Daily Land
8-day Coast
Land +
Month Coast
Total
Annual Ocean

9 Cut out rectangular subsets in your area of interest, create coastlines for th&pavithet
Map Overlaywith coast_inter.oWhich pixel value is best to use for coastlines? Why? Use
|

B0 to stretch the colors to best visualize the spatial structure in the ocean.

3.9 Calculating primary production from a set of 3 images
(CHLO, PAR, SST)

1 Load a set of 3 monthly images: SeaWiFS chlorophyll image
S20000612000091.L3m_MO_CHL_chlor_a_%ad SeaWkS PAR image
S20060322006059.L.3m_MO_PAR_par_9%nmage$SeaWiF8 3\Monthy andthe
correspondindAVHRR Pathfinder SST imag200003.s04m3pfvsest16b.screened.hdtf
Image$SST. Note that they all represent monthly data from March, 2000. Confirm that al
images represent the same time period. Check the Attribties Attributes icon on
tool bar) of the images. Confirm each i mageds

1 UseMulti - Primary Production(with default settings) to create a PP image. Make sure that
you have selected ¢hiight image numbers for the CHPAR and SST images, respectively.

1 Realize that the component images have to be of the same sizéetyRemap Projection
or the corresponding Toolbar icon to remap the SST image to the size of other images.

1 Check thePixel type and the size of the PP image fromLikeof Imagescompare the
attributes using thAttributesicon on the Toolbar. What are the uni@feck the Attributes!
Note that some of the attributes, dJgits, belong to the component images, e.g. CHL and
not the PP image. The attributes corresponding to the PP image are specified by attribute
OwnerPrimProd<> How can wecalculateprimary production per month?

f  You can convert the (Byte) int16 PP image to byin Logarithmicscaling usinG® Transf
i Converti BYTEI Logrithmici Slope = 0.015, Intercept =.0

1 To calculate PP for many sets of images it is far better to use a WAM conrtimapdogram
wam_npp The command line program also inb#s a number of other PP models and their
modifications. The commadthe program is also far easier to modify, e.g. if you want to add
your model of NPP. See the sectionveaim_npgn this document and a separate tutorial
Tutorial_Primary Productivity.pdf

© Mati Kahru, WimSoft
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3.10 Tracking in situ measurements on images

1

Load the Chl image of the Baja California aceanposite.hdin
Image$SeaWiF®aja_2000_aprilthen bad a sample point filene9801.csvin the same

folder with Geo-Get Vector Object®oint Make sure that you use the following options:

Bitmap Only Geographic Lon, Lat, Float Lon Lathe pointsare actual stations from a

Mexi can cruise | MECOCAL @©&o0nthe imade thgnojou d on 6t
probably have the wrarsetting for thd_ongitudelLatitudesequence. Make sure that in the
Settingd & on the toolbar oViewi Settingsn the menu), under taffisc, you have.at,

Lon, Value FormatincheckedrfiLat firsto . T écted poiet file has columns bbngitude
Latitude(in that order) and ifiLat firsto is checkedhen the coordinates are readdrrecty.

Select a point in th¥ector objectsable and see which one is blinking. Selettisticsfor

the selected point. The statistics is calculated for a 3 x 3 pixel window centered at the point.
NoteNin (= number of pixels in valid range) ahbut (= number of pixels out of valid

range) values.

You can select onenultiple or allthe points andasve the statistictor all selected pointiito

a text file, e.gjunk.cswvith the Save Lat,Lon,Valukutton. Note that in order to get correct
statistics you need to set a correct valid data range. Fe€hbgcaling the valid data range

is 0.011 to 64Explain this! You can also change the valid data ran@eamine- Statistics
Now load the saved file into a text editor, &Ngtepad or MSExceland verify the file
format.Note that you need to sect bdtabandSpaceas separators iBxcel Do notuse the
Savebutton that saves in an HDF file (it is not an image file that WIM can read). Select all
the points in th&/ector objectsable and delete them all. You can also try to load the points
from the saved point filgink.csvagain. You can do thats the basic format of the file
(Longitude, Latitude, Valyds the same.

Familiarize yourself with the various vector object tygesiiit, Transect, Rectangle, Drifter
Track, Vecto), Coordinate (XY vs. LonLat), drawing (bitmap vs. image buffer) opticarsd
with theVector Objects$able;

UseGeo Get Vector Objects Drifter Trackand selectrifter_track_tesicsvthat represents
an imaginary drifter track file. Note the start (circle) and end of the drifter track.

Load more point objects and display with a different symbol (select otheBSthadard

when reading the points). You can make the points with pixel value 255 (white) and then load
and overlay the same points with a different symbol and different codpr2@0, red). This

i mproves the combined sy mband®4d.hdinthsProgram i t vy .
Files\Wimsoftfolder andtry to reproduce it!

Create some sampleansectobjects withGeoi Distancei Savel Close Save as &trk
file. Load thesaved*.trk file usingGeoi Trackingi Transect Select individual Transect
objects, show their profiles, calculate statistics along the transect.

For more automated finding of matches between many points and many images you can use
the graphical WAM utity wam_matclsee the exercise avam_match For automated
point statistics usevam_statisbr wam_statist_sta

See a separate tutorial on validation of satellite @atarial_Validaion.pdf
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3.11 Utility for converting between dates and Julian days

Many image file names use the day of the year (also called Julian day of the year) instead of the
date. A simple command line utilijylian.execonverts between a date and a Julian day.

Syntax: julian YYYYMMDD => converts date to Julian day
or: julian YYYY JDAY => converts julian day to date
For example:
julian 20011123
YYYYMMDD=20011123 => Julian Day=327
shows that November 23 of 2001 is Julian Day 327. Try the reverse calculation:
julian 2001 327
Julian Day=327 => Year=2001 Month=11 Day=23

3.12 Remapping and overlaying images

1 Load any LeveB standard mapped image (SMI, e.gintage$SeaWiF8.3\Monthy) and
another image fromomposite.hdin Image$SeaWiF%$aja 2000 _april UsingGeasRemap
Projectionremap the SMI image to the projectioncoimposite.hdfThen do the opposite and
remap the local image composite.hdfo the projection of the SMI image. Try to find it by
scrolling the big black image up and down and left to rightvNreate a coastline overlay
for it with Geo-Get Map Overlayvith coast_inter.bpixel value 255, overlay it on top of the
last remapped image. Find the difference between the outcome when usingaitveed or
the (defaultinversemapping.

1 Try to create an image that looks like the following image. Note that the coastlines are black;
latitudelongitude grid is white. Try to reproduce it as close as possible.

Hint 1. Projection idolar Stereo (S3A9f the SSMI products
(Image$SSMIS3ACOASHDF), the imagas a SeaWiFS LeveB chlorophyllimage

Hint 2: use an annual composite or a monthly composite from a boreal winter month as
during boreal summer (austral winténgre is no Chl datdue toice andlow light conditions
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3.13 Screen Level-3images for best quality

1 Many MODIS and AVHRR Pathfinder SST datasets are distributed at various quality levels.
A separate image specifies the quality index of the data. Typically the-tmaéty pixels
are possibly contaminated by clouds and shouldlib@nated. Sufpixel, or otherwise
undetected clouds usually cause cold anomalies as clouds are almost always colder than the
sea surface. However, sometimes fifalse positiyv
contaminated by clouds are actuaharp SST fronts. Screening excludes thedomality or
guestionable data by setting those pixels to zero pixel value.

1 MODIS-Aqua SST data processed by the OCPG include both the SST data and the quality
data in the same file as separate datasets (SDS). The M&DESmonthly 4km SST data
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can be downloaded froftp://oceans.gsfc.nasa.gov/MODISA/Mapped/Monthly/4/S$6Ad

a sample monthly data froAR0060602006090.L.3m_MO_SSTn4
ImageSMODISAL3\MontHy\SST_4First note that the file has two datasets (SDS): the SST
data are in thi8m_dataand the quatiy index in thd3m_qual Load them both into WIM.

Select the quality image. Note that the scaling of the quality imdgeedar with Slope=

0.000717 andhtercept=-2.0, i.e. the same as for t18n_data This isnot correct as the
I3m_qualhas erroneasly theSlopeandInterceptarguments. Fix that manually by selecting
Settings Value Scaling Pixel Value Stretch the colors of the quality image so that you can
better see the low range pixels (e.g. seghépixel value at 3 irColor Definitiorn). Navigate

to an area with nonzero quality pixels, e.g. saudist from the Korean peninsula (see the left
panel in the figure above). Find the corresponding area in the SST image. Notice the strange
SST pattern that is obviously contaminated (see the midudliel in the figure above). The
purpose of the following operation is to eliminate those questionable pixels by setting their
pixel value to zero. That should eliminate those pixels from any calculations, e.g. for
statistics. To do that make the SST im#gecurrent image and ubtulti - Mask w. Image
selecting the quality image as the mask i mage
pixels with mask smaller or equal than 0. This will keep only those SST pixels that have high
quality (quality =0) and mask all others with pixel value O (see the right panel in the figure
above). To better visualize the SST data and save disk space, converyther®eger image

to a byte image witiransfi Converti BYTE- SSTPathfinder Now compare the scneed

SST image that you just created wiR0060602006090.L.3m_MO_SST_4_screenethhdf

the same folder where you loaded the source images. Evaluate the differerideltiith
Difference The resulting difference pixels should all have value 0.

9 For screenig many images at once (in batch mode) you can use command line WAM
programs:wam_screen_sst_ocpgr MODIS-Aqua and MODISTerra SSTwam_screen_pf
for AVHRR Pathfinder version 5 data.

3.14 Edge detection in sea-surface temperature images

1 More details on edge (front) detection with WIM and WAM are provided in
Exercises WAM_Edge Detection.gdére we test several edge detection methods with
WIM.

1 Load a MODISAqua SST 4«m monthly data screened with WIM
A20060602006090.L.3m_MO_SST_4_scredmdf in ImageSMODISAL3\MontHy\SST_4

1 Navigate to area around Japan, or the Gulf of Mexico/Florida, or another area with strong and
largescale SST gradients. The Gulf Stream and Kuroshio currents are well visible in these

areas, respectively. Cut curectangular area with the C) tool. Apply the following
edge detection methods:

TranstGradientsSobel
EdgeShade EdgéselectMin pixel value to usé or higher to eliminate edges with land).
EdgeSIED(try first the variable window and then a ftkevindow of size, e.g., 20).

=A =4 =4 =

Evaluate the histogram in some wedfined frontal regions by selecting a rectangular area

and then applying thdistogramtool (ull'i). Confirm that the histogram has two or more

peaks that define the existence of a front inSHeD method.
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1 You can automate edge detection and compositing on many imagesanithredgend
wam_edge_accumulafeeeExercises WAM_Edge_Detection)pdf

3.15 Compare MODIS and SeaWiFS chlorophyll products

A Several satellite sensors (e.g. SeaWiFS and M%) can produce similar products, e.g.
Chlorophylta. Also, a number of different algorithms can be used to produce different
versions of the same product from the same sensor. In addition, data from different sensors
can be merged to produce merged, rreétsor products. As clouds tend to mav between
the different overpass times of different sensors, these merged products have the potential to
provide more data in case of variable cloudiness.

A Compare three monthly;lem Chla composites from February, 2006:

A S20060322006059.L.3m_MO_CHL_chlar 9kmin
Image$SeaWiF8.3\MonthHy (SeaWiFS)
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A A20060322006059.L.3m_M@HL_chlor_a_9knin
ImageSMODISAL3\MontHy\CHLO_9 (MODIS-Aqua)

A A20060322006059.L.3m_MO_XSHL_chlor_a_9knin Image$SeaWiFS
AquaMontiy\CHLO_9(merged SeaWiF3qua)

A Examine the spatial coverage, i.ee tiumber of missing or bad data. You can calculate pixel

distribution with theHistogramtool (ull'i), click onValueto see the number of pixels in each

histogram class. The merged product has 2 bytes per pixel. Histogram calculation in WIM is
implemented for Byte images that can have pixel values from 0 to 255. Convetiytes 2

per pixel product to byte with the Caersion tool £¥) usingLog-Chl scaling. Calculate the
total number of pixels in the highest pixel value class (255 or 253, i.e. the invalid pixel
value). Which product has the best coverage, i.e. least number of invalid pixels? Rank the
products in terms of coverage. Do you get numbers like those below? Explain the values.

5,217,454
4,644,353
4,409,064

A Calculate the percentage improvement of the merged product compared to the two individual
products. Note that this is a monthly product dratefore the improvement in coverage is
not dramatic. For-8lay and especially daily products the improvement is much better.
Explain why.

A Examine how well the values correspond to each other in different products. Select a sub
area, ddexaminel X-Y Scater, experiment with different ranges. Evaluate the differences.
Calculate statistics for some sabea withExamineStatistics Which is higher, on average?

A Find the differences between images wiithlti-DifferenceandMulti-Subtract ImageThe
calculatedmage is a Float32 image and needs adjustment for better visualization. Make the

Max value inColor Scalingin Settingg = ) smaller, e.g. 1.

3.16 SeaWiFSLevel-2 dat a: nBl ack waterso of F

1 More details on SeaWiFS Leveldata are provided in a separdbcument
Exercises_detecting_habs.pdf

1 Load SeaWiFS Leve? data fron52001265175156.L2_HUSF.sub.map ¢fdt2-Sep2001

in Image$SeaWiF8.2, selecnLw_555 chlor_a Convertchlor_ato Byte with®# Transfi
Converti BYTE - Log-Chl.

1 UseTransf- Binarizeto find areas (pixel) that have LOW reflectance at 555 nm and at the
same time HIGH chlor_a. For example, use the following conditions: 0<= nLw_555 <
0.5, 4 <=chlor_a < 66.
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1 Create coastlines witBeo- Get Map Overlayith coast_inter.bcoastlines value 1. Why 1?
Overlay coastlines on thmasked image, explain the distribution.

3.17 Using MODIS-Aqua Level-2 images

A More detailed instructions and examples on working with L-8vetean color data are
provided in separate documeriEercises_Merging_L2_Chl_and_SST, pdf
2 Exercises_with_L2 satidl data.pdf2_ Exercises_with L2 satellite_data_commands.pdf
and2_Exercises_with_L2 satellite_data_Your_area.pdf

A You can select, order and download various L-@vgle. unmapped) ocean color data on the
NASA ocean color websitettp://oceancolor.gsfc.nasa.gov/cgi/browse.pl?sen=yam need
to select the sensor (e.g. MODAGUa), time and space range. You can immediately
download a full granule, i.e. 5 minutes of satellite data. As ya# af interest may be near
the border of the 5 minute granules and you do
better to order a whole set of data files thatsafgset(i.e. cut) for your selected spatial
range.

A Download a suitable Lewd data file byclicking on it. Note that it may beompressed using
thegzipor thebzip2compression scheme; youatka program to uncompress it. Bgttip
andbzip2executables are¢luded with WIMand should be in your command patiou can
open a command windowd to the folder with data and tyfeip2i d *.bz2to unzip all
*.bz2files in the directoryor gzipid *.g2). Alternatively, you can you useUl programs
like Power Archiver(http://www.powerarchiver.cojror other similar utilities to extract the
data. You can also get sample Aqua L2 data from the WIM DMDvageSMODISAL2.

A Load thechlor_adataset from both of theL2_LACfiles in thelmage$MODISAL2 folder.
(The easiest watp do that is just to click (doubldick) on the file. When you do it the first
time you have to select WIM as the application to load the data file.) Resize the windows so
that you can see both images at the same time and navigate both to the Gulbofi€al
area. Why is the Gulf of California bigger on one and smaller on the other image? To make
images from different passes comparable we have to remap the images to a standard
projection. It is also recommended to convertahler_aimages from the flat32 format to

the scaled byte format by usifiganstConvert((5# icon on the toolbar) Log-Chl scaling.

A If you have internet connection then you can display the map of the-2sveth inGoogle
T Maps(?v, Geo- View in Google Maps You can also select a rectangle on the image with
the left mouse button and it will show in GM. In order to view the imag&oogle Earth(
@, Geoi View in Google Earth it has to be irinear projection. You can remap any image
to aLinear projection e.g. usingseoRemap Projectiomith Create new projectioandAuto
parameter setting
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A In order to have a consistent projection of the images we need to remap them to some
fistandar do p[eoeRemaptPiojectionYwishniead ¢p spend sonime to find
the best target projection for your area of interest. The easiest projedtinoaas Check out
the target projections (and overlay files at the same time)ageSMODISAL2_processing
The 512 x 512 pixel images were created using the ididges in the
Image$SeaWiF®aja_2000_aprifolder. Note that the 512 x 512 pixel images have the pixel
size of approximately 2.7 x 3.7 km in the center of the image. Measure the distance across the
image withGeo- Distance calculate the average pix@te using the distance and the number
of pixels along the picked transect. You can also draw and open a square of size 100 x 100
pixels near the center of the image wHthit T Draw and measure the horizontal and vertical
distance. The pixel size is nowsy to calculate by dividing the distance with 100.

A You can create a nelinear projection withFile - Newand selecting the target image
latitudelongitude range and pixel size or image size. Consider the pixel size in the target
image compared to the pixsize in the source data.

A When you have decided on the target projection and image size you can add some standard
features to the target image that you use as an overlay to create a series of annotated mapped
images. For example, put coastlines, lagtlahgitude grid, maybe some stations (e.g. use
small filled red circles to designate stations) and the color scale to the target image. Most of
this has been covered in previous exercises. To get the appropriate color scale set the scaling
of the targetmage toLog-Chl, scroll theStartandEnd of color scaling to your preferred
range. For example, to consistently display all the chlor_a images with the color range 0.05
10 mg n? useStartandEndof 48 and 200, respectively. After that select a rectangular area
somewhere on the image (where it does not cover the main features of interest)\ded/use
- Annotate You may have to experiment a few times to get what you are satisfied with. Do
the same for SST; i.e. make a new overlay image, set the value scaling tB&Bfinder, set
the StartandEnd pixel values to 120 and 255 (corresponding to SST of 15.0 and 35.25,
respectively). There is a sample SST overlay fileriageSMODISAL2_processingNow
you can use that target image not only as the standard projection but also as a standard
overlay for the remapped images. The process of converting, remapping, annotating and
overlaying images can be automated with a WAM program_seriegsee belown this
document). Even more advanced results can be achieved with a WAM command line
programwam_|2_map

A Open the command window and navigate tolthegeSMODISAL?2 folder. It is better to
move the overlay files to a folder one level up (e.g. fhorageSMODISAL2_processing
Then type a command

wam_I2_map A2006*L%8l.chl_48 200.hdf 215 17

A Here the first argument is a set of matching *LAC files, then comes the target
projection/overlay file, then th€ andY coordinates of the annotation. It is assanhere that
the target projection file is in directory on level up. In ltmagesfolder it is actually in a
folder L2_processingMore details on this are in the separate documents
Exercises_Merging_L2_Chl_and_SST,2dfExercises_with_L2_satellite_datdf,
2_Exercises_with_L2_satellite_data_commandsapdf
2_Exercises_with_L2_satellite_data_Your_area.pdf

A If the command finished successfully, you should have & dtés per matching file: a
mapped HDF file, a mapped and annotated HDF file and a R&lGSample chih PNG file
is shown below.
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A Note that the *LAC file have also the SST data but no SST quality data. To produce a
guality-checked SST file you have to run the command with the *SST files:

wam_12_map A2006*LAC_&aT sst 120 255.5db6 17

A Do not mix L2_SST files with the regular L2 files in the same command! It is better to keep
them in separate directories. If the command finished successfully, you should have 3 SST
files per matching SST file: a mapped HDF file, a mapped and daedd#®F file and a
PNG file. The PNG file is shown below.
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