Varianceand Anomaly Analysisvith WIM/WAM © Mati Kahru 2008

Variance and Anomaly A nalysis with WIM/WAM

1 Introduction

Analysis of temporal variance of image data providgsortantclues on the functioning
of the ecosystenfor examplethe annua(seasonaltycle thelong-term trends awell
asanomalies from these are all important variables. This kirsdtefliteinformation is
alsouseful background informatidior planningthe locations oin situ measurements
Calaulating anomalies is a powerful method of change detertibme serieslin this
tutorial we will userelated techniques available in the WIM/WAMtsaare and apply
these taVlODIS Aqua4-km CHLO datan the California Current region.

2 Prerequisites

We assume that you are familisith the basics oWIM and ofthe command line
programsi.e. how to open the command window, chadigectory, issue a commanid

nat, please check out the basicwWand WAM manuals. We also assume that you have a
set of images that yozanuse. Inour example we usgandard mapped km) 8day
chlorophylta (CHLO_4) images fom MODIS Aqua but with a few modifications you

can use other datasets

3 Selecting the standard map and area of
interest

It may be easiest to apply our programs to the gléfkah images but these image®ar

very big 8640 x 420 pixels at 2 bytes per pixel75 MB)and someperations ray

either take too long or netork due to insufficient memorylherefore, it is better to gk

a subarea of interest. Inditlon to picking our standard areae can also pickur
standardnap projectionHerewe keephe standard equal angle projectafrthe source
images &nd thed-km resolutior) of the standard mapped images and just cut out our area
of interest.You can choose another area andéonapthe global inagesto adifferent

map projection.

It is VERY IMPORTANT to keep all fileSORGANIZED in separat folders. You can
use your own folder names but | recommend the followiogeate a top level folder
C:\SatProjectSCAL\Variancefor my project. Under that folder | have subfold€do_4
(for subsets of thehlorophylta 4-km images), Chlo_anomaly(for the chta anomalies),
Chlo_meang(for the monthly meansf;hlo_Variance | recommendisingthe same
structure

1 C:\SatProject§SCAL\Variance
o Chlo 4
o Chlo_annual
o0 Chlo_anomaly
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o Chlo_means
o Chlo_statist

Before you start running WAM programs you need to piakryarea of interest and a
suitable target map projection. If you have your area of interest and target map from a
previous exercise then you can use thfau cangenerate a new target projection with

the WIM File-Newmenu selectiopicking your latitude ad longitude range and the

pixel size (resolution)

x

—Projection

" Unmapped % Linear

" Image Size (in pixels) I 512 X I 512

% Pixel Size {in meters) |4UEIEI

Latitude Range: | 34 - |52

Longitude Range: I 124 . | 143

¥ Apply Coastlines Overlay

carcal_|

Fig. 1.File-Newdialog for creating a new image in WIM.

However, here | am NOT using that method and | just cut out a suitable rectangle of a
sample 4m image with WIM (drag with the left mouse button, then use the Scissors
icon to cut the subset). | @athe cut image as
C:\SatProjectsCAL\Variancatarget_4km.hdf Aswam_seriess using the latitude and
longitude range to cut subset images, | fimel lditude-longitude rangef my subset
imagewith the followingcommand line

wam_xy?2lltarget_4km.hdf
Upper Left (lat, lon): 383833333338B32.375
Lower Right (lat, lon): 21.20833333333834.916666666667
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4 Creating a series of images with  wam_series

Herewe usewam_serie$o cut out image subsdt®m global imagesPlease try first
with a few sample imageéfter you aresatisfiedwith the output of a few images, run
the same through all image&ou can see below thatise to match a single imagest,
save as HDF and PNG, convert to byte using-ttggChl scaling. The subset image

created withvam_seriesnay be slightly different in size from the image manually cut
with W M. Thato6s becaus ersarecalculatedtwithtcertdire
approximation. That is important to notice when you are trying to overlay images as

images need to be of the same size when doing ovérigou create a linear projection

target map with the New Image command (figure abbvi)e n

you need

todo with the t avag seriesimaggbelong.me i n t he

' ' Warm_series |M|
i Save as:
From dir: |F:"-.I"-'10DIS;’-‘-."-.LB"-.Eda*_.r"-.CHLO_4 = or
File pattern: |:'-".2|}D2‘I nEed o @
Todir |':Z"'-.SatF‘n:ljects"-.C;’-‘-.L"-.‘-.-’arianu:e"-.CHLO_4 _—
save Log |C:"-.SatF‘n:ujects"-.Cf-‘-.L"-.‘-.-’arianu:et"-JDg_seﬁes_chID4.bd = HDF
Get Log
ian-filter? Size: El [~ HDF in RGB
Input type: [SDS) [ Median-filter? Size: 3

Im [ Fill Holes? Size: |2 Null value |g [ HDF with LLA

with Overlay Pixel Value |-|

& HDF
[ Mirror? (Upside down?)

(" Coastwatch [ Lat.LonValue
| Rotate 30 deg

" Img (Byte) _

" L1B B COEStl'"eslc:"'-.ngram Files"Wimsoft \WMapscoast_inter b

[ Owverlay |'::"'-.Prcu§|ram Files"Wimsoft'2nd_ovl hdf

[ Load Palette |C:"-.F‘n:u§|ram Files"Wimsoft" LI Tzhl 1_white_end Iut

I Annotate: ¥= [-100 2
Annotate: X= [ v- 12 50333

Iv Cut subimage? |-'|32.3?5 -104.516667
| Statistics, Valid Min, Maxl:_:']ﬁ |51 21.208333

Convert to byte? |Ch||:ur_a, Logarithmic ﬂ Slope, Intercept |1

[ Convert byte 0 to 255 [ Color Stretch |2:

I I e

{ { {+

[ Remapto |C:"-.F‘n:u§|ram files"Wimsoft'images*SeaWiF 5 \baja_2000_aprl\composite hdf

=== 1 matching files found ===
A20021852002152 L3m_80_CHLO_4
=== D|:||‘|E! ===

- Start

=
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Fig. 2.Screershot ofwam_serie$or creating a@estsubsebf the series of subsahages.

When | am satisfied with the output, | do the same with all the images and save just the
HDF files and not the PNG files.

5 Calculating overall mean and variance

In this stepwe calculatethe overall mean as well as overadrianceandthe number of
valid pixels.l issue the following command:

wam_variance CHL®*dut.hdf
| get the following response:
Saved mean in CHLOWMEeans.hdf
Saved Valid pixel count in CHL\@akdConts.hdf
Saved SD in CHLO\ID.hdf
Done with 262 images!

The output files are sasi®ne level up from the source files. | move them to a folder
Chlo_statist They contain data on the overall mean, SD and the count of valid. pixels

Fig. 3. Overall mean CHO (left panel) andhe SD (right panel)

It is clear that the areas with the highest meanradidve also the highest variance (SD).
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6 Calculating the mean annual cycle  and the
anomalies

Theoverall standard deviation cae partitioned into variability due to the mean
seasonal cycle and the deviations from the mean seasonal cycle. The deviations from
some kind of mean are called anomalies. Imine sted create the mean seasonal cycle
and the anomalies with a single aoend.

wam_anomaly CHL®@*dut.hdf 46 anomaly5.lut true

As output of this command | get 2 files with thieansandValid Counts respectively. |
move them into a foldeChlo_means TheMeansfile has 46 individual datasets that
correspond to the mean amh(seasonal) cycle of 46 eighiay periods and thealid
Countsfile has the corresponding number of valid pixels in eadhy8period.

7 Extracting the mean annual cycle

The 46 individual images are all in the same file. In ord@tdbthe mean annual cycle
or use thevam_variancesgain and calculate the variance due to the annual (seasonal)
cycle | extract the individual-8ay means and store them in individual files

wam_overlay Chlo_m&ansut.hdf Means.hdf

As output of this command | get 46 HDF files and 46 JPG files that steannual
cycle. You can use the JPG files to create a movie loop of the annual cycle (e.g. with with
theBabarosa GIF Animator).

| will also want to plot the annual cycle in the following 10 stations:

LonDec LatDec Station
-124 30.42 90.120
-121.99 31.42 90.90
-120.64 32.09 90.70
-119.48 32.65 90.53
-118.39 33.19 90.37
-120.03 34.28 81.8.46.9
-120.8 34.32 80.55
-121.84 33.82 80.70
-122.53 33.48 80.80
-123.91 32.82 80.100

Please not that Longitle (deimal degreesis the £'column, Latitude (decimal degrees)
is the 29 columns and the station name (text) is tHe8lumn. This station list is in a
CSV file CCE_cardinal_stationssv
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| now create ai$t of images that | want to esvith the following command:
dir /b /s Chlo_me¥nserlaid*.hdf > list_annual.txt

The listhas the full path of flenames.g.
CiSatProjecSAlLVarianc€hlo_meak’s cut_overlaid_01.hdf _Means_overlaid_01.hdf
eé.

| am now ready to ruwam_statistvith the list d images and a list of stations

ol WAM_Statist EIEIEE
List of Images: Mask or Station File Name:
|C MSatProjects \CAL\Variance'\list_annual bt - |C “SatProjects\CAL\Variance \CCE_cardinal_stations .csv J
To Process Save results in:

A_cut_overaid_01 hdf_Means_overaid_01 hdf
A_cut_ovedaid_02 hdf_Means_overaid_02 hdf
A_cut_overaid_03 hdf_Means_overaid_03 hdf
A_cut_overdaid_04 hdf_Means_overaid_04 hdf === dtagsread ===
A_cut_overaid_05 hdf_Means_overaid_05 hdf

| |C:"-.Sat Projects\CALVarance'ts_chlo_annual_10sta.csv
A_cut_ovedaid_06 hdf Means_overlaid:DE.hdf

m | »

A_cut_overaid_07 hdf_Means_overaid_07 hdf
A_cut_overaid_08 hdf_Means_overaid_08 hdf
A_cut_overaid_09 hdf_Means_overaid_09 hdf
A_cut_overaid_10 hdf_Means_overaid_10.hdf
A_cut_overaid_11 hdf_Means_overaid_11 hdf i

Processed

il Get Log Save Log |C:"'-.SatPn:ujeds"-.CAL"-.\-"aﬁance"-is_c:hlo_annuaI_‘I Osta b Start

Fig. 4. Screen shot efam_statisbeforefinding the annal cyclefor 10 stations.

As outputwam_seriegreated &SV filets_chlo_annual_10stesvthat haghe statistics
and allindividual values for 3 x 3 pixeheighborhoodtenteredat the stationHowever,
the sequence of lines is: imafje 1 with all the stationsmage file 2 with all the
stations, etc. This sequence is not convenient to plot wiiosting It is possible to sort
in Excel but we use gscialcommandor that:

sortstas ts_chlo_annual_10sta.csv

Thiscommand creates a sorted CSV fdechlo_annual_10sta_sortedvthat we read
into Excel for plottingln order to plot the annual cycle in Excel, we need a time axis.
You can notice that thBYear(=Start Year), SDay=Start Day), EYeaf=End Year),
EDay(=End Day) are not useful in this file as they are for the wiivle series of

images and not for eachday period. We therefe create a neWearDaytime axis by
staring with day 4 (middle of the®18-day peiod) and add 8 in each next step. The
resultingmeantime series of Ch& in3 x 3 pixel windows centered at t{estations are
shown belowNotice that this is the mean annual cycle for 22028 (2002 and 2008 are
partial years)Remember thatou createl the overall Meagycle with thewam_anomaly
command and later extracted individual imadiegou want to create time series of the
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individual years or the whole time series then you can do itwatin_stéist using a ist
of images that has all the original file namkts in Fig. 10 showhat the annual cycle
is verydifferentin the highChl-a zone (near the coast) and {@hl-a zone (offshore).
While in the coastal zone the maximum is during days18I(April-May), the offshore

areas have minimum duringthat period and a aximumin January or in December
(Fig. 10B)
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Fig. 5A. MeanChl-a annual cyclén 3 x 3 pixel windows centered at tt®staions.
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Fig. 3B. MeanChl-a annual cyclén 3 x 3 pixel windows centered at i@ statonsin
Log10 scale

8 Creating an overlay image

| will now create an overlay for nicer visualization using any of the sample (cut) images
with GeoGet Map Overlaycoast_full.hh background=0, foreground=1. | then fill the

land with pixel value 255 (witEdit-Draw). If paint spills out, Linduewith = |
close the gap with the paintbrush taoldtry again | save the overlay image under the

same namas the original target map filrget_4knhdf
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Fig. 6. Creating the coastline image wiBeoGet Map Overlay

Fig. 7. Overlay image with coastlines (=pixel value 1) and land (pixel value 255).
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