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1 Introduction

Detection of change is a hot topic due to the threat of global warméhglianate change.
Satellite data provide large scale synoptic coverage and are therefore essential in detecting such
change. In this tutorial we try several methods of change detection with WIM/WAM.

1.1 Example: Algal blooms and bloom magnitude
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Fig. 1 shows thathytoplankton has a clear annual cycle with a maximum in biomass dueing
spring bloom The magnitude of thennual maximunhas large inteannual variability It is
reasonable tassume that in yeavdth very high and short sprifgoom, a significant part of the
newly produced biomass not consmed by the next trophic level asthks out of theéop layer
andmay-beto the bottom.Respiration in the bottom layers consumes oxygen and can produce
idead z on e-depletedl fvateosxeyygolf @regdefvice 2004, 2007]It is reasonable to
assumehat lower and longer spring blodeads tamoreof the new biomasiseingconsumed in
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the top layer and legseingexported by the sinking fluwhereasduring ahigh and short bloom
the consumers am@obably not ready and a large portion of the algal biomass @irtkEhe
magnitude of the bloom thereforean important variable to monitor as it can be related to the
production of oxygeftepleted wateras well as to the removal of biogenic carbon from the
surface layer

Fig. 2 gives another exampletbe changes in the annual cygbkeimary productia in the Gulf

of California experienced a spike in 200In d A satd higlreimaxima. You can see that all
maxima in 20022007are higher than the maxinta 1997%2000while the minima have not

changed significantlyWe againassume that the magnitude ahdshape of theannual maximum
areimportant While the snking flux of organic matter feeds the bottom faiiea strong flux

may deplete the bottom layers of oxygen and cause an ecological dBktaTs can be more or

less regular. The phytoplankton spring bloom is an example of regular blooms. Many harmful
algal blooms (HABSs) occur at irregular intervals and can have devastating effects on fisheries and
aquaculture [e.g. Kahru et al., 200H the first part of this tatrial we estimate the changes in

the bloom magnitude, defined here as the annual maximum {ia @ihg monthly Chk& data.
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Fig. 2 Satellitederived ime series of net primary production (NPP) in the southern Gulf of
California (areanumber8 in Kahruet al., 2003).

2 Prerequisites

We assume that you are familiar with the basidd/t and ofthe command linprogramsif

nat, please check out the Wland WAM manuals. We also assume that you have a set of images
that youcanuse. In our exampl&we usestandard mappe(® km) monthlychlorophylla

images
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3 Dete cting Change

3.1 Detecting Changes in Bloom Magnitude

We will recreate the results used in a recent paper [Kahru & Mitchell, 2008Jwilluse global
monthly time series of chlorophydl concentratiofChl-a) to detet changes in bloom magnitude.
We want to make the time series as long as possible-2®%8) but need to have complete

monthly sets for each year. We have to use data from 3 sensors: OCTS, SeaWiFS and MODIS
Aqua. Wherever possible, weaudata from SeaWiFS and fill the gaps with other sensors. We
start with OCTS data of 199D(1997*.hdj. We skip OCTS data of 1996 as there were only 2
months (NovDec) and these 2 months cannot be representative of the annual maximum for the
year. In 2008eaWiFS suffered data loss that affected several months. We therefore fill in these
months (JasMar, Jul) with similar data from MODIaqua (A2008*.hdj. For your convenience

the selected data from these 3 sensors are combined in the same folder
SatSeaWiB L3 Monthh ACHLO_9Note that in1997we miss the data faluly-August In the

Baltic Seaheapparent Chi maximumis oftendue tocyanobacteria blooms in Julugustand

we thereforewill miss these in 1997 For most other regiorteieannual Chla maxmum is not

likely to occurin July-August and therefomnissing JuAug in 1997will not likely affect the

annual maximum

Copythemonthly Chtadata from the DVOo a common directory, e.g.

C\Sat SeaWiFE.3 MonthhACHLO_9Y ou canalsousethe datadirectly fromthe DVD but it
will be slower Please natthat file extensios are*.hdf instead of the typical
*L3m_MO_CHLO #&sthefiles wereconvertedrom the Int16 format tothe Byteformat {without
anypracticalloss of accuragywith wam_seriegthe log filefor that conversioog_convert.txtis
in SatSeaWiF3.3. You can matchall files with the *.* matchingstring butyou need tdbe
carefulNOT tomatch any otheiiles in that folder.

Open the command prompt acdito the top directory where you keep the results, e.g.
cdC\Sat

In the command window run the following command:
wam_annuahax SEAWIESMonth\CHLO 8.hdfreduce

or
wam_annual_max SEAWBASoNthACHLO 8.hdf

The version with th&educeoption runs faster as it reduces limear dimensions of themages 2
times.You should see outplike that

CiSat>wam_annual_max SEAVAMSNthACHLO_8.hdf reduce
142 matching files found
---The skipped files (e.g. results of previous motshevilsed

142 files with years anddais selected

12 individual years found

Assuming valid Min = 0.0103514216667934 and valid Max = 64.5654229034656
Reducing the size of images to 2160 x 1080

ImageFileName, Yeaxlndear, MiddleDay
A20080012008031.L3m_MO_CHLO_9.hdf: 11, 2008, 16
A20080322008060.L3m_MO_CHLO_9.hdf: 11, 2008, 46
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A20080612008091.L3m_MO_CHLO_9.hdf: 11, 2008, 76
é .

S$20073352007365.L.3m_MO_CHLO_9.hdf

Saved Annual max in SEAWAR®NtKCHLO 9.  Max.hdf

Saved Annual min in SEAWSR®NKCHLO 9. Min.hdf
Saved valid count in SEAWSRONKCHLO 9. ValidCounts.hdf
Done with 14@ages!

Processing time: 00:04:46

Note thatwe are using real global datath reduced resolutioandit took 4 minutesand 46
seconds to run on my fast desktop. If you have a stomputer and doot use thékeduced
keywordthen it may take a long time to finish. If you have problems runwang_annual_max
with full sizeimages then yoneed taeduce the imageand runit with theReduceoptionor cut
out subset images withlam_seriegndapplywam_annual_maxa time series dlill-resolution
but smaller images ofour area of interest

As output,we get3 fileswith thenames derive from the command argumefithdf). Please
rename them to, respectiveMax.hdfMn.hdfValidCounts.hd{s the names infer, these files have
the annual maxima, minima and the number of valid masfteach pixefor each year included

Anotheravailableoption (Slow) produces an additional fildaxDay.httiatcontains the day
number(year day odulian day) of the maximum for each year and each pixeghe observations
have suggestetthat in certain areas the spring blaofor other blooms) have become either
earlieror later, e.g. as a result of increasesnperaturereduced ice cover, et€herefore, the
Slowoption is valuable if you are interested in timing of the maxima. Howevein our
examplethe maxima or minima are detected wilonthlydata and monthlintervalis probably
too big to detect real changde Slowoption without theReduceoptionrunsabout 20 times
slower.Therefore, do not use tigowoption unless you can leave it running fieanyhours.

Itis VERY IMPORTANT to keep all the files welDRGANIZED in separate folders. You can
use your own folder names but you need to be consistent. | recommend creating a new folder
C:\SatMinMax for this projectand move the 3 created files to that foldéwu can also use
subfolers if you use th&educedr other options.

Now, take a look at the files thgbu have just createdefore doing that, clean the image stack
(i.e.all images) in WIM merary or closeWIM and open it again by clicking (douktécking)

on thenewly created files, e.¢lax.hdf EachHDF file has 12atasets corresponding to the 12
years that were includdd997%2008. We have severalaysto visialize these results. For
interactive visualizationload all 12datasetsn Max.hdfin the corect order!)into WIM and use
the ExamineSpectral Ploimenuoption You should not have any other images in WIM at the
same timeOf coursejnstead of apectralplot we are actually haing a time series ploEachx
symbolon this plot corresponds to the maximum-@hh thatyear(from 1997 to 2008 Note:
you need taight-click on the Spectral Plotwindow and drag the mouse pointer to the image
without raising the buttorizor each pixel you are pointing, it she®2 annal points
corresponding to thigme series of bloom magndes (19972008. If you point to sorawhere
near Oregon/Washingtawoast ofNorth America, you will see something like in Fig. 3.
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Fig. 3. Using thé&examineSpectral Ploin WIM to show interannual variations in bloom
magnitude off Oregon.

Fig. 3 happens to show a drastic increase in the anra@hibrhagnitudes from 1997 to 2068
the OregoAVashingtorcoast of North AmericaOf course, most areas do not sheweha
significant increase but more or lessandom scattelY ou can move the mougeinteraround
and find areas that show interesting features.

In order toprogrammaticallffind the areas of significant increase or decrease we use a special
tool, wam_max_trend

In the command window issue the following command:
wam_max eind MinMaWax.hdf Sen 200

Here we assume that the file with maximum validax:hdj is in the foldeMinMax. You need
to modify the command if yobaveit in a different folderYou shouldgetthe following output:

Ci\Sat>wam_matxend MinMa&ax.hdf Sen 200

Using the nonparametric Sen slope

Slope values will be multiplied by 200

Using MUu8DS_ file MinMisbax.hdf

---Using Anomaly palette fiRrr@yram FildgimsoftURanomaly5.lut
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Assuming valid Min = 0.01035714 and valid Max = 74.29507

0, 1997_Max, mid year 1997.501

1, 1998 Max, mid year 1998.501

2,1999 Max, mid year 1999.501

3, 2000_Max, mid year 2000.503

4, 2001 _Max, mid year 2001.501

5, 2002_Max, nyielar 2002.501

6, 2003_Max, mid year 2003.501

7, 2004_Max, mid year 2004.503

8, 2005_Max, mid year 2005.501

9, 2006_Max, mid year 2006.501

10, 2007_Max, mid year 2007.501
11, 2008_Max, mid year 2008.501
Saved MinM&4ax.hdf_trend_sen.hdf

This command created a new fax.hdf_trend_sen.hdfhere each pixel value has the slope of
theestimatedrend. TheSenoptionswitches tahe Senslope instead of thieinear trend. Sen

slope is a nonparametric estimate of the slope that involves tionglopes for all the pairs of

time points and then using the median of these slopes as an estimate of the overall slope. Similar
estimates of the slog@n beobtained with the more traditional linear least squares regression

(Lin option instead o$er) but the Sen slope estimator is preferable due to its less sensitivity to
outliers.A palette fileanomaly5.luis used by default and it showa®as of increased bloom
magnituddn red and decreased bloom magnitude in bitig. @). If the image does not look like

thatin Fig. 4 (i.e.has totally different colorsglick on theSetting ( 2l ) icon, thenMisctab and
uncheckOverride LUT in HDFE Then close WIM and open again by clicking (doutlieking)
on the same image file.
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Fig. 4. Changes in bloom magnituaié North and South America detected by the Sen slope
estimator. Increased blooms are detectdtiereastern boundary curreatsng the coast of
Washington, Oregon and California as well as Peru. Other areas, sudteaddracaibo in
Venezuela and outflow areas of large rivers also show increased biodified from[Kahru
and Mitchell, 2008, segdf].

Now take a look at the specificé the slog image. Press down the right mouse button and move
the mouse around the white areas, e.g. over most of the opensgaaran notice that pixel
value 128orresponds to the scaled slope value of O (Fig. 5).

" Windows Image Manager - 151:313 [-154_.833; 37.833)=128[ 0]
File Edit “iew Esamine Geo Transf Multi Edge Segm ‘Window Help

IDEE -« RO B SR 8MWm= 0 F|

~A151:313 ((154.833; 37.833)=128( 0)

Fig. 5.White areas with pixel value 12®rrespond tdéhe Sen slopef 0.0.

Now take a look at the scaling of the image by clicking atgjicon on the toolbar.
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" Windows Image Manager - 0 : Sen_Slope [2160x1080x1]

File Edit “iew Esamine Geo Transf Multi Edge Seam  “Window Help

DR - EBOE 2% SR(BMME DT %P

/0 : Sen_Slope [2160x1080x1)
General |E:-:ten3iu:nns| F'n:niectiu:nnl HDF Dptinnsl Mizc I
—Image Size
“adidth: |2'|5E| & Integer [1 byte] € Float (4 bute]
Height: I'IDBD I=| Sigred
— Color Scaling —Walue Scaling
Mir: IU.UUUUDU ' PimelWalue © S5T-MCSST.C
S w10 & S5T-PATHF. C
I : 2100 i 55T-SMHI, C
 Ares of Interest . EZES Pigm. " Log-Chl, mg/m3
 Line " Bitmask
o L Slope: IDDDEDDD
& Rectangle € Logaiithmic  |rtercept [-0.5400
— Palette
" Rainbow ™ Grayscale 0 Custom [Sen_Slope]

Fig. 6. Settings of the slope image.

As you can see, tHaterceptis -0.64 and thé&lopeis 0.005. Please rothat we have aimage
with the values of thelopeof the trend in bloom magnitude. To scale this image, we use
parameters such &sterceptandSlope TheSlopeof the image scalinig not related to thelope
that the image values represedonfusing? How did we getdbescaling parameteralues? The
idea is to use scaldglteimage torepresent both negative and positslepevalues. We
therefore assume that the middle of the byte ran@s%), i.e. pixel value 128 represents the 0
value.The range of the possibl®pe values is determined by the data that we Havbe
command line ofvam_max_trengve specifiedultiplier as 200The Slopeparameter is set as
Slope= 1Multiplier, i.e. 1/200=0.005 and theterceptparameter is set as Interceptl28 *
Slope, i.e-128*0.005 =0.64.Therefore, the full nage of values is0.64 to 0.635. Pixel values 0
and 255 are considered invalid pixels and therefore, for pixel value ranggbdf the valid
range is0.635 to+0.63 TheseSlopeandinterceptparameters are suitable for representing
annual trends in CH but may need to be adjusted if used for other variables. For example, for
representing trends in net primary production (units mg’40ay values up to thousas | have
used 1 as th®lultiplier in wam_max_trend

You can apply the same commameh(n_max_trendto the annual minima fileMin.hdf) and the
result would show trends in the annual minima. It appears that there are some areas where the
minima have als increased or decreased but much less than the maxima.

The global map of the change in bloom magnifit@ilar to whatyou just createds alsoshown
at http://spg.ucsd.edu/blooms.pagd a Google Earth version of the same at

http://spg.ucsd.edu/blooms.kramd parts are in the EOS articlkéghru and Mitchell, 2008, see
pdf]. We will now try to make our images look a little better (like shown in the links above).
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Load the Sen slope imageléx.hdf _trend_sen.hdinto WIM.

Create a codline image withGeoGet Map Ovewry (%' icon onthetoolbar) use the full
resolution coastlinesoast_full.bfile in C:\Program FilesWimsofaps checkLandandLake

setForegroundl, Background0. Set palette t@rayscalen Settings (theE icon on the

toolbar), stretch the colors wiled icon on the toolbateave theStartcolor at 0andscroll the
End color to6. The coasthiesappeanerydark gray and the restlack

Convert the image to RGB wiffranstConvert to24bpp RGB.

Fill land with gray color withEdit-Draw, e.g.usegraywith RGB component213,213213 You
can useDefine Custom Color® define your own colors by specifying the RGB componéJsgs.
the same color for bot@utlineandFill. Be careful when filling somareas where theoastlines
do not extend to the edge of the image, e.g. Asian continent near BeditgY ou mayneed to
use ®? to Undothe leaking color spill. You can manually extend the coastline and fill the gap
with the Paintbrushtool in Edit-Draw. Filling all the islands with gray color takes some time.
Sorry, currently there is no automated| for that.

Now go back to the original slope image and convert to RGBTwiahstConvert to 24bpp
(RGB) Now overlay with the filled RGB coastlines image that you jusatedusingMulti-
Overlay Imagdg B on the toolbar).

You can ave allimages in WIM memory togethée.g. asvork.hdf in C:\SaiMinMax - for the
case thayou want to use them again) or jgstvethe final image both ddDF and as PNGe.g.

slope_edited.hdindslope_edited.prjgAlways save as HDF if you need to edit the data again.
|l mages saved as bitmaps (PNG, JPG, BMP, etec)

endo.
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Fig. 7. Changes in bloom magnitude in the Indian Ocean andeadjareas detected by the Sen

slope estimator (from Kahru and Mitchell, 2008). The inset shows @idnthly time serieis
the red area (shown by an arrasff) the coast of soutivest India.
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As shown by the inset of Fig. 7, you can also generate ektaihe series of the mean, median or
other statistics of the image data in specified areas of interest, called fitasksan be done

with wam_statistThere is an exercise (4.3) on usiwgm_statistn Exercises WIM_WAM.pdf
Only a short list of actions is presented here.

You can use the slope imafgax.hdf_trend_sen.hdb define your masks (i.e. areas of interest).
You can create statistics fop o 254 masked areas at the same time. For simplicity we will show
here how to create a mask for a single area, e.g. off SW India.

Load the Sen slope imageléx.hdf _trend_sen.hdinto WIM. Note that | am using the full
resolution version (il€:\SatMinMax\Chlo_9_MinMa) and not the reduced resolution one (in
C:\SatMinMaxX\Chlo_9_MinMax_Reducgdlhe mask image has to be of the same size as the
images you are going to use. If you have to use the reducddasizedf trend_sen.hdhen you
need to remap to the size of the images to be used.

Byrightc| i cki ng on the i mage you can decide what
want to create a mask image that shows all pixels with a slope value of 0.60 and higher (i.e. the
clearly red pixels). Wevill use TransfBinarizeoperation in WIM with the following parameters:
Rangefrom 0.6 to 0.64Fill value 1 (see Fig. 8). This has masked all global pixels that are larger
or equal than 0.6 with pixel value It you camotrecognize the Indian coastthe masked areas
then you can create a coastlines overlay with pixel value®&5lay it,and delete later with
TranstReplace Values from 255 to 255 with 0. Clear all the other masked areaskuwith

Draw, Outline 0, Fill : 0 with the filled rectangléool. Make sure that you clear all the unwanted
pixels in other parts of the world. Save the image as HDRaa& sw_india.hde.g. in

C:\SatMinMax. Doublecheck again to make sure that you have no masked pixels in other
places! If you have then theyuness up your statistics.

" Windows Image Manager - 1 : Binanze [4320x2160x1]

File Edit “iew Examine Geo Transft Multi Edge Segm ‘Window Help
I EE R T

41 : Binarize [4320x2160x1]

Binarize

IV 15t image: IU Range:l - w=x = |0.64

0.6
0
0

[ znd image I 1 Fange: I ==x = [|255

[ a3rd image: I 1 Range: I 2=wx = | 233

Fill walue (unscaled): | 1

Redraw | Close

Fig. 8. TranstBinarizeoperation in WIM to create a mask of all slope pixels larger than 0.6.

Create dist of Chla images with a simple DOS command:
dir/b /s €SatSeaWiFE3montkCHLO 8.* > list_chl_mo.txt
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Check hat the list filelooks OK.Startwam_statisand picklist_chl_mao.fixir theList of imags,
pick mask_sw_india.hdbr theMask choose appropriafdenames for the results
(C:ASatMinMax\ts_chlo_sw_india.c3\and logfile (C:\SatMinMaxits_chlo_sw_idia.tx{). The
log-file saves the settings amsluseful as a record of your actidos reproduction and
modification later.

WAM_Statist =13

— Lizt of Images; M agk or Station File Mame:
IC:'\Sal\Iisl_chI_mo.th - | IC:\Sat\.MinMa:-:'\Cth:n_E!_MinMa:-:'\mask_sw_india.hdf - |
i ToProcess Save results in:
] oS atMinkdashChio_3_Mink ashts_chlo_sw_indis. csv

Read HOF kask of Width 4320 and Height 2160 ;I
Scanning Mazk image..

0% 10% 20% 30% 40% 50% 60X 70% 80% 90k

1 masks found in»: 3062 to 3084; ' 350 to 980

0719970011397031 . L3m_MO_CHLO_3,5caling=LOGARITHMIC, Min=0.01035714, Max=74. 29507
0719970321397059.L3m_MO_CHLO_3,5caling=LOGARITHMIC, Min=0.01035714, Max=74. 29507
019970801337090.L3m_MO_CHLO_3,5caling=LOGARITHMIC, Min=0.01035714, Max=74.29507

LI 0199709113971 20 L3m_MO_CHLO_3,5caling=LOGARITHMIC, Min=0.01035714, Max=74.29507
019971211397151 L3m_MO_CHLO_3,5caling=LOGARITHMIC, Min=0.01035714, Max=74.29507

i Processed 013371521937181.L3m_MO_CHLO_3,5caling=LOGARITHMIC, Min=0.01035714, Max=74.29507
" 513972441397273 L3m_MO_CHLO_9.hdf Scaling=LOGARITHMIC, Min=0.01035142, Max=64.56542
oM M L 21| |513372741397304 Lo MO_CHLOZa ha 3 caling=LOGARITHMIC, Min=0.01035142, Max=64.56542
520072742007:304 L 3m_MO_CHLO_3 hef 519981211938151 L3m MO_CHLO_S.hdf. Scaling=L OGARITHMIC. Min=0.01035142. Max=64.58542 ]
520073052007334.L3m_M0_CHLO_9.hdf j
S20073352007365.L3m_M0_CHLO_9.hdf i GetLog | Save Log | |C:'\Sat'\MinMaH'\EhID_S_MinMaH'\tS_chlo_sw_india.txt Start |

Fig. 9. Screeftapture ofvam_statisafter completion.

Note the X and Y range of the mask in Fig. 9. For the small area in SW India it should have
something close to X: 3062 to 3084, Y: 9880. If you have some masked pixels hiding

somewhere in the image then the range is quite diffdfeéhat happens theyou need to kill
wam_statistvith Task Manager f you dondét wantYotlavewaeloadthent i |
mask imagend clean those unintended masked piaats rurwam_statisagain.

You can now load this_chlo_sw_india.csfile into Excel, make a neWimecolumn using the

start year $Yea) and start day§Day with a formula like =B2+(D2+15)/36%.ou can now plot
theMeanChl-a versus the neWimevariable (Fig. 10)You can notice that there was no data due
to clouds in Aoril, 1999 and the zero value is not correct. You can also notice the trend towards
higher annual maxima and no change in the annual minima.

© Mati Kahru 2009 www.Wimsoft.com 10/7/2009 11




Detection ofChangewith WIM/WAM © Mati Kahru 2009 12

20

15 f

i P A\
AP,V ATAVAVAVAVAVLVLV)

199719981999200020012002200320042005200620072008

10

Fig. 10. Time series of the Mean Chlfor the masked area BW India.

3.2 Detecting Change between Two Images
You can use a simple commawdm_changéo detect change between 2 images. The syntax is:
Usage: wam_change Filel File2 [AnnotateX AnnotateY LUT]
AnnotateX and AnnotateY are, respectively, X and Y in pixels where to put the
Date annotation
The defadltUT is anomaly5.lut

For example, to show the differences in global-&Histribution between El Rb and La Niia
you can use the following command:

wam_change €Sat SeaWiF$.3 Monthil ACHLO 9519990011999031.L3m_MO_CHLO_9.hdf
C\Sat SeaWiF®.3 MonthhACH.O_9S519980011998031.L3m_MO_CHLO_9.hdf

This assumes that you have copied the monthly SeaWiFS CHLO files to
C:\SatSeaWiF$L3\Month. Change is shown in thé“2mage compared to thé'IWe want to

illustrate the effects of El Nifio; therefore we used thudey, 1998 El Nifio image after the

January, 1999 La Nifia imageor Chla the change is shown as the ratio of tHén2age to the
1*'image, e.g. a value of 0.25 shows decrease of 4 times and a value 4.0 shows an increase of 4
times.The differences arebvious globally but the characteristic decrease ingGff the

California coast and an increase further south off Baja Caillif¢rawve been described earlierd.

Kahru and Mitchell, 2000, 2002].
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Fig. 11. Differencein Chl-abetween the January, 19@8 Nifio) and January, 199@.a Nifia.
Red means higher Chl during El Nifio and blue means lower @hdluring EI Nifio.

Here the differences are shown between 2 monthly imageghérapproachwould beto show
the differences witthe mean image, i.e. anomalidgiomalies can be calculated with another
WAM commandwam_anomalyseeExercises WAM_EOiR Coursa3).

Another typical application fawam_changés to show differences in ice concentration, e.g. areas
where ice concentration is increasing and where it is decreasing.
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