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1 Purpose and Requirements  

WIM Automation Module ( = WAM) is a major addition to the tools available for WIM 

users. It allows automating repetitive or complex tasks by using WAM applications that 

call functions in the WIM library. For the user, WAM has three components. First, WAM 

programs with the graphical Windows interface make it easy for every WIM user to 

perform complex operations on series of images. Second, users with just a little bit more 

computer knowledge can use the provided command-line WAM programs and run 

powerful applications on series of images. Third, users with interest in programming can 

use the WIM library to create their own WAM applications using any of the .NET 

languages, e.g. VB or C#. 

WAM is based on the Microsoft .NET Framework. It is realized as a suite of dynamic 

link libraries that provide easy access to complex functions. Windows Vista and later 

versions of Windows include the Microsoft .NET Framework but on older versions of 

Windows it may need to be installed. Note that .NET Framework may be already installed 

by another program (You can find this out with the Control Panel ï Add or Remove 

Programs.) 

If you do need to install the .NET Framework, it can be done in several ways: 

¶ From the executable dotnetfxt.exe included in the WAM_samples folder of the 

WIM/WAM CD.  
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¶ From the Microsoft site 

http://www.microsoft.com/downloads/thankyou.aspx?familyId=0856eacb-

4362-4b0d-8edd-

aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com

%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productID%3dC00

37913-9E11-4A2D-8FD1-0BA441296CBC 

The default location for WIM and WAM programs is C:\Program Files\Wimsoft and that 

is added to the PATH variable when installing WIM/WAM. If you are installing 

WIM/WAM in a different location then you can define a new environmental variable 

WAMPATH, set it to the location of the location of your WIM/WAM installation and 

add it to the PATH environment variable. You can do it with Properties of My Computer 

(right-click on it), Advanced - Environment Variables. Please note that if you are using a 

version of Windows customized for a language other than English, you may need to 

modify those paths. For example, in the Spanish version of Windows the default path of 

WIM and WAM is ñC:\Archivos de programa\Wimsoftò instead of ñC:\Program 

Files\Wimsoftò. 

 

You can write your own WAM programs. It is best to use the Visual Studio but you can 

also use the free command line compilers for C# included in the .NET Framework. You 

can start by compiling and modifying the sample WAM programs. Source codes of 

various WAM programs (all in the C# language) are included in the WAM_samples folder 

of the WIM/WAM CD. 

WAM functionality is being extended and new functions are added to it. Therefore we 

recommend checking out the latest copy of WAM whenever you start a new project. 

To compile your own programs you also need to add the location of the .NET Framework 

libraries to the path. For running the command-line C# compiler you also need to add its 

location to your PATH variable. For the version 2.0 of the .NET Framework it is 

"%windir%\Microsoft.NET\Framework\v2.0.50727".  

2 WAM samples overview  

2.1 WAM programs with graphical interface 

 

Program Name Purpose 

wam_series A GUI program designed to apply various operations to a 

series of matching images. It has options for input and 

output formats, cutting a sub-area, median filtering, 

overlays, converting, remapping, changing colors, etc. 

wam_match Finds matches between in situ measurements and a series 

of satellite images. Makes X-Y scatter plots of the 

http://www.microsoft.com/downloads/thankyou.aspx?familyId=0856eacb-4362-4b0d-8edd-aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productID%3dC0037913-9E11-4A2D-8FD1-0BA441296CBC
http://www.microsoft.com/downloads/thankyou.aspx?familyId=0856eacb-4362-4b0d-8edd-aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productID%3dC0037913-9E11-4A2D-8FD1-0BA441296CBC
http://www.microsoft.com/downloads/thankyou.aspx?familyId=0856eacb-4362-4b0d-8edd-aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productID%3dC0037913-9E11-4A2D-8FD1-0BA441296CBC
http://www.microsoft.com/downloads/thankyou.aspx?familyId=0856eacb-4362-4b0d-8edd-aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productID%3dC0037913-9E11-4A2D-8FD1-0BA441296CBC
http://www.microsoft.com/downloads/thankyou.aspx?familyId=0856eacb-4362-4b0d-8edd-aab15c5e04f5&displayLang=en&oRef=http%3a%2f%2fwww.microsoft.com%2fdownloads%2fBrowse.aspx%3fdisplaylang%3den%26productID%3dC0037913-9E11-4A2D-8FD1-0BA441296CBC
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satellite versus in situ data. Creates a CSV text file with 

match-up statistics of a DX x DY window image statistics 

corresponding to in situ measurements. 

wam_statist Calculates statistics of masked areas for a series of 

images. Using a list of images, an image with masked 

areas or list of stations, calculate statistics for the series of 

images. Output is a CSV file ready for importing into MS 

Excel. 

 

2.2 Command-line WAM programs 

2.2.1  Anomalies, change detection and EOF  

Program Name Purpose 

wam_anomaly Calculates anomalies relative to the mean of overall, 

monthly or 8-day annual cycle. Reads all matching 

images, calculates and saves the means and counts, then 

calculates and saves the anomalies relative to the means. 

wam_change Calculates change between 2 images, shows the 

difference as anomaly. This is implemented for ice 

concentration: it shows increase or decrease in ice 

concentration. 

wam_eof Runs EOF or Principal Component Analysis (PCA) on a 

series of images. See separate document 

Exercises_WAM_EOF.pdf for details. 

wam_count Counts the numbers of pixels larger or smaller than a 

threshold for a whole series of matching images, saves to 

a text file (CSV file). 

wam_variance Calculates pixel-wise mean, standard deviation and the 

number of valid pixels for a set of matching filenames. 

 

2.2.2  Convert  

Program Name Purpose 

wam_compress_hdf Compresses datasets (SDS) within HDF files. This can 

drastically reduces file size without any noticeable 

difference for the user. 
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wam_extract_SDS Extracts individual datasets (SDS) from HDF files and 

saves in individual files. 

wam_assemble_hdf Assembles the 1st dataset (SDS) from a number of 

matching files into a single HDF file with multiple 

datasets. 

  

wam_convert_100xbyte Converts the float32 ice concentration HDF datasets to 

HDF as scaled byte.  

wam_convert_amsre Converts datasets of AMSRE in binary format of the 

Remote Sensing Systems to HDF. Can read the following 

datasets: SST, WSPD, VAPOR, CLOUD, RAIN. 

wam_convert_goes1112 Converts GOES 11-12 SST daily data from binary raster 

to HDF format, adds attributes for compositing and time 

series analysis.  

wam_convert_gsm Converts UCSB GSM datasets to log-scaling, adds 

attributes for compositing and time series analysis.  

wam_convert_log Converts HDF datasets to HDF with log scaling of 

specified slope and intercept.  

wam_convert_mld Converts the Mixed Layer Depth datasets in Float32 

format to HDF in Int16 format, optionally masks land.  

wam_convert_ngsst Converts the New Generation SST (NGSST) binary 

datasets to HDF while adding attributes.  

wam_convert_percent Converts percent (range 0.0-100.0) to fraction in a scaled 

byte (e.g. 0.0-1.0).  

wam_mirror  Mirrors over vertical, horizontal or both axes.  

  

 

2.2.3  Operations with bands  

Program Name Purpose 

wam_band_ratio Calculates a series of new Chl-a and CDOM images using 

a set of Lwn datasets with a band ratio algorithm, e.g. 

OC4v4 or SPGANT.  

wam_ratio_list Calculates a series of ratio images using a list of images. 
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2.2.4  Compositing  

Program Name Purpose 

wam_composite Create an average composite and a count image of a series 

of HDF images. Reads HDF files either listed in a list file 

or matching a pattern, calculates a mean composite and a 

count image from all valid pixels, saves as HDF files. It 

tries to create the correct start and end attributes so that 

the start and end periods correspond to the first and last 

images, respectively. 

wam_composite_quikscat Reads all Level-3 QuikSCAT files in the folder, 

calculates the mean composite of ascending and 

descending orbits, saves as HDF files. Obsolete, needs to 

be updated. 

 

2.2.5  Edge or Front Analysis  

Program Name Purpose 

wam_edge Edge (front) detection on a series of images. Runs SIED 

edge detection algorithm, finds the frequency of edges on 

a series of SST images.  

wam_edge_accumulate Accumulates statistics of edge images. 

 

2.2.6  Image Operations  

Program Name Purpose 

wam_overlay Makes a series of overlaid images using a standard 

overlay file. Reads an overlay image, reads all matching 

HDF files, extracts all datasets (SDSs), puts the overlay 

on top of each image, saves each as HDF. 

wam_reduce 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 HDF. 

 

2.2.7  Mapping   

Program Name Purpose 

wam_remap Remap a series of images, possibly with external 
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geo-referencing to a target projection. Read all 

matching HDF files, pick SDS, guess the respective 

geo-referencing file, map to the target projection, 

save as HDF. 

wam_remap2 Remap a series of images, possibly with external 

geo-referencing to a target projection. Options for 

selecting SDS, median filtering, fill-holes filling and 

selected LUT. 

wam_remap_lla Remap a series of images with external 

latitude/longitude array (LLA) to a target projection. 

Reads a list of 2 filenames (file with image and the 

file with LLA), picks a SDS, remaps to the target 

projection and saves in selected folder together with 

typical timing attributes. 

wam_remap_and_overlay Remap and overlay a series of images. The target 

projection image is also used as an overlay.  

wam_remap_to_kmz Remaps a series of images to a target projection that 

must be Linear, overlay the target image and 

annotate. Output is saved as KMZ for visualization 

in Google Earth. 

wam_remap_regions Remaps a series of images to multiple target 

projections. 

wam_xy2ll Calculates latitude and longitude from x, y.  

wam_ll2xy Calculates x, y from latitude and longitude. 

 

 

2.2.8  Primary Production and Export Flux  

Program Name Purpose 

wam_npp_list Calculates net primary production (NPP) images using a 

list of Chl, PAR and SST images and the Behrenfeld-

Falkowski (1997) VGPM model with various options.  

wam_cbpm_list Calculates net primary production (NPP) images using a 

list of aph/Chl, bbp, PAR, K490 and MLD images using 

the Behrenfeld et al (2005) carbon based productivity 

model.  

wam_npp Calculates NPP images using the best matching set of 

images and various models. 
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wam_npp_point Calculates NPP statistics for a list of ñstationsò 

(longitude, latitude, date, time) and series of images using 

a number of algorithms . 

wam_ef Creates images of export flux of carbon using the Laws 

(2004) model and images of NPP, SST and Chl-a. 

 

2.2.9  Statistics  

Program Name Purpose 

wam_match_nearest For a list of stations, finds the nearest image in time with 

sufficient valid data, calculates statistics for the 3x3 pixel 

area centered at the station. 

wam_statist_grid Calculate statistics for latitude/longitude grid for a series 

of images. Reads a series of images; calculates statistics 

for a lat/lon grid, saves statistics. 

wam_statist_sta Extract pixel values of a series of points (stations), 

calculate statistics for 3 x 3 pixel areas around the stations 

for a series of images. Reads a list of stations (specified 

by longitude, latitude, name) and a list of images; 

calculates statistics for 3x3 pixel areas centered at the 

station, saves statistics and pixel values in a comma 

separated text file. 

wam_label_mask Labels the mask image used in wam_statist: writes the 

sequence number into the middle of each mask, saves as 

HDF and PNG. 

sortmasks 

sortstas 

sortgrid  

Sort the statistics of masked areas by area instead of by 

image. Sorts the statistics by mask number of a text file 

created by wam_statist. The output files are sorted and 

ready for plotting with MS Excel. 

 

2.2.10  Screening Level -3 data according to quality flag  

Program Name Purpose 

wam_screen_goes1112 Using cloud probability as a quality flag image, screens 

GOES 11-12 SST data, i.e. keeps only the high-quality 

pixels while replacing others with zeros.  

wam_screen_modis This is for the OLD format MODIS data. Using a quality 

flag image, screens, i.e. keeps only the high-quality pixels 

while replacing others with zeros. Converts to Byte with, 
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respectively, SST-Pathfinder or Log-Chl scaling. 

wam_screen_pf Screens AVHRR Pathfinder version 5 files, keeps only 

the best quality pixels. Uses both SST and quality images, 

makes all SST pixels with quality flags less than 7 zero, 

converts to Byte with SST-Pathfinder scaling. 

wam_screen_sst_ocpg Using a quality flag image, screens, i.e. keeps only the 

high-quality pixels while replacing others with zeros. 

Screens Level-3 MODIS Aqua (and Terra) SST data 

produced by the Ocean Color Processing Group, converts 

to Byte with the SST-Pathfinder scaling. 

 

2.2.11  Processing Level -1B MODIS  data  

Program Name Purpose 

wam_rgb_modis Creates co-registered true-color RGB composites from 

MODIS Level-1B data at 1 km, 500 m or 250 m 

resolution, does accurate band co-registration, optionally 

maps to a target projection. See separate document 

Exercises_modis_250m.pdf for details. 

zoom_modis_lat_lon Interpolates 1-km MODIS latitude-longitude array to 250-

m resolution. Reads all matching MOD03 or MYD03 

files and interpolates the latitude and longitude arrays to 

250 m. See Exercises_modis_250m.pdf for details. 

wam_turbidity  Calculates turbidity index from MODIS bands1 and 2, 

maps to a target projection. Reads a crefl-produced HDF 

file produced with bands 1 and 2, MOD03 geo-

referencing file. See Exercises_modis_250m.pdf. 

wam_turbidity_aster Calculates turbidity index from ASTER bands1 and 2, 

maps to a target projection. See Exercises_ASTER.pdf. 

 

2.2.12  Processing Level -2 ocean color and SST data  

Program Name Purpose 

wam_l2_map 

wam_composite_2sensors 

wam_composite_5day 

wam_composite_2x 

wam_composite_month 

wam_composite_year 

A suite of programs to map and composite MODIS-Aqua, 

MODIS-Terra and SeaWiFS Level-2 datasets. Using the 

Level-2 data and flags to create daily, 5-day, 15-day, 

monthly, yearly, last N day, running N day or specified by 

a list composites of Chl-a 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_l3 Merge different Level-3 products (even with different 

resolution). For example, by merging all-weather but low-

resolution microwave SST with high-resolution but clear-

weather infrared SST you get merged SST product. 

 

2.2.14  Inherent Optical Properties (IOP)  

Program Name Purpose 

wam_QAAv4_l2 Calculates Inherent Optical Properties (IOPs) from Level-

2 ocean color data using QAA version 4 algorithm. 

Currently adapted to SeaWiFS only. 

wam_QAAv4_l3 Calculates Inherent Optical Properties (IOPs) from 

mapped Level-3 ocean color data using QAA version 4 

algorithm. Currently adapted 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) between a series 

of images and a point time series, e.g. an ENSO index. 

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 time 

series. 

 

2.2.16  Simple utilities  

Program Name Purpose 

wam_add_attribute Adds a global string attribute to a set of matching HDF 
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files. 

  

wam_add_name Renames the SDS in the file with the name of the file. 

Many standard products use the same SDS name, e.g. 

l3m_data. In many cases it is useful to have the images 

(datasets) named with a name that clearly identifies the 

image. 

  

 

2.2.17  Sample WAM programs for learning and testing  

Program Name Purpose 

test_cut_hdf Shows how to create a series of images of a selected sub-

area, and save as JPEGs, GIFs or HDFs. This example 

shows how to read all matching HDF files in a folder, cut 

out a predefined sub-area, stretch the color scale, save 

each in different formats. 

test_bandratio Shows how to calculate a new image using a band ratio 

algorithm. Reads all matching pairs of image files in HDF 

(e.g. of 443 and 520 nm bands) in a folder, applies a band 

ratio algorithm, saves the calculated image as a float 

HDF, converts to a BYTE image using CHL scaling, 

stretches colors, saves as a JPEG. 

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

save the results. Reads all matching HDF files in a folder, 

cuts out a predefined sub-area, applies the Median filter, 

and saves each as a JPEG. 

wam_attribute Print the value of an HDF attribute from a series of HDF 

files. Reads all matching HDF files in a folder, extracts 

the value of an integer attribute (e.g. ñStart Dayò), and 

prints the file name and the attribute value. 

wam_histo_mask Calculates a series of histograms for a specified rectangle. 

Reads a mask, a list of file filenames, calculates and saves 

histograms of a rectangle. 

test_statist Calculate statistics of a rectangular area. Reads a 

specified image as HDF, calculates statistics for a 

specified rectangular area, prints to the screen and saves 

in a text file. 

wam_rgb Simple example for creating series of RGB composite 
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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 directory to 

HDF while adding attributes. Using filenames as clues for 

time it tries to add attributes like ñStart Yearò, ñStart 

Dayò that are needed for time series analysis. 

 

 

3 Examples of WAM programs  

The following are examples of WAM programs. Some of the programs are quite complex 

and powerful while some are simple examples.  The source codes of all are included. You 

can compile the example programs with the C# compiler or run the precompiled 

executables.  

To build a simple command-line program, cd to the directory of your source code and 

type ñcñ followed by the programôs name without the extension. For example, to build a 

C# program test.cs, cd to your WAM directory and type 

c test 

On success the batch file (c.bat) makes an executable test.exe in your WAMPATH 

directory. Remember that the executable must be in the same folder as your WIM 

executables and DLLs. You can now run the program by typing 

test 

Remember that your WAM executables have to be in the same folder as the WIM 

executables and DLLs. 

 

3.1 WAM programs with graphical interface 

3.1.1   wam_series  

Wam_series is a powerful application based on WAM for doing multiple operations on a 

series of images. In contrast to the other, mostly command-line WAM utilities it is a 

Windows forms application and cannot be built with the simple batch file c.bat as it 

needs linking with other libraries. 

A common scenario for WIM users is that there is a series of image files that need the 

same kind of kind of transformations. You can easily do that with WIM on a single image 

but doing it on many images is tedious and error prone. For example, you may have a 
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large batch of global images but you want to cut out a small subset of your area of 

interest, may-be map it to another projection, overlay coastlines and/or station locations, 

stretch the color scale, annotate with year and date, and save in a number of different 

formats (GIF, JPEG, PNG, HDF, Lat/Lon/Value). Here is when wam_series comes in. 

You can perform many operations on a series of images with a few mouse-clicks. 

Another important benefit of using wam_series (instead of doing it interactively with 

WIM) is that you can save a log of your operations and parameter values and use them 

another time. Wam_series can also calculate statistics of a selected rectangle for a series 

of images.  

Wam_series has a number of inputs that specify the sources, outputs and operations. All 

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

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

wam_series you will have your last options selected as the default ones. However, this 

method only saves the last set of options. However, when you switch to another project 

you will need to change the selectable options and all your first projectôs options will be 

overwritten. For saving the options of different projects you need to save them in a log 

file. All the parameter values are saved in a log file and can be read back. The following 

are the input parameters. 

You always need to specify the input and output options: 

ñFrom diròis the input directory where the input files area. You can just navigate to 

the folder where your files are and copy and paste the Address bar. 

ñFile patternò is how you specify the files in the input directory. For example, you 

may first want to process only files from 1999 and give ñS1999*.*ò as the pattern and 

later give ñS2000*.*ò to process 2000 files. Please be careful with matching too many 

files: you may match files that are not suitable and produce an error. 

ñTo dirò is the folder name where your output files will be written, e.g. 

ñC:\WAMoutò could be used for output files from wam_series. 

ñSave Logò and ñGet Logò are buttons for saving/reading the all parameters to/from 

a log file. When you click on ñGet Logò a file picker dialog starts. When you click on 

ñSave Logò you need to have typed the full path of the log file in the text box 

immediately to the right of the button. When you just start experimenting with 

wam_series, you can ignore the log options. The logs are for simple text files for saving 

all the parameters of a project so that you can restore them later. 

ñInput typeò lets you specify the input type of files (HDF, CoastWatch, Img (Byte), 

L1B). With HDF files containing multiple images (scientific datasets = SDS) you also 

need to specify the sequence number of the image. With single image HDF files this 

should be ñ0ò. 

ñSave asò lets you specify the output file type as GIF, JPEG, PNG, HDF, HDF with 

LLA  and/or Lat/Lon/Value. If you specify statistics as processing option then no output 

files other than the statistics result is created. 
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The following processing options are available: 

Median filter  with the window size (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 window size (typically 1 x 1 or 3 x 3 pixels) lets you fill zero-valued 

pixels (e.g. missing data due to clouds) with the mean value of the non-zero neighboring 

pixels. As a side-effect it also fills areas that are not supposed to have valid data, e.g. land 

if you are working with ocean data. In that case you can mask the unwanted modifications 

with a custom overlay (see the Overlay option below). Remember that you cannot overlay 

0-valued pixels as they will be transparent, i.e. the image will retain its current value and 

not attain the overlay value. A remedy for that case is to use a small non-zero pixel value 

(e.g. 1) in the overlay and use Color Stretch with the start value above the non-zero pixel 

value.  

Mirror? (Upside down?) is a seldom used option. It may be needed for Level-1 or 

Level-2 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 deg option will rotate the output image by 90 degrees. Currently the geo-

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 geo-location will be wrong. 

 ñCoastlinesò with Overlay Pixel Value lets you specify the WIM coastlines file to be 

used (for example, C:\Wimdev\Maps\coast_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) on white 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 case it is more versatile to create an overlay file ï including not just 

coastlines but possibly lat-lon grid, station locations, land painted to a different color, 

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

ñOverlayò lets you specify an overlay file that you have to generate manually with WIM 

before running wam_series. For example, you may want to put a specific latitude, 

longitude grid, manually edited color scale, locations of certain stations of labels - 

practically anything on top of all the images. 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 pixel value is 0, it will be transparent, i.e. the image will 

retain its current value and not attain the overlay value.  

ñLoad Paletteò lets you specify a specific palette file (usually *.lut) that you load for 

each image. That will change the color palette of the image. For example, when working 

with anomalies you may want to use a specific palette (e.g. anomaly.lut or anomaly7.lut). 
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ñAnnotateò with selectable X and Y values lets you specify where an annotation 

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

pixels from the left and Y means the distance in pixels from the top. If you use ñ-1ò for 

any of these, the default values corresponding to the top right corner will be used. The 

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

most SeaWiFS, MODIS Level-3 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. 

ñCut subimage?ò with latitude values for the North (top box), South (bottom box), 

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 negative latitude 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 projection then you donôt need to use ñCut 

subimage?ò. If you cut a wrong area, your remapped image will be empty. If the image 

has no projection then, of course, you cannot locate certain latitudes and longitudes. For 

images with no projection the ñlongitudeò and ñlatitudeò values will mean just the x and y 

of the image coordinates. 

ñStatisticsò with ñValid Min, Maxò selects to calculate statistics for either the whole 

image or a subarea specified by the ñCut subimageò values. The resulting output file of 

statistics for the whole series of images is saved in a text file statistics.txt in 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 

chlorophyll-a values the Min and Max can be 0.015 and 64.0, respectively. Please note 

that Statistics excludes most other operations, i.e. if you are calculating statistics then you 

are not creating images and vice versa. 

ñMin, Max Temperature for CoastWatchò is only used if the input files are of the 

CoastWatch type and lets you specify the min and max temperature values. From August, 

2006 on this option is no longer available from the GUI. It is still possible to change these 

values by editing the log file. 

ñConvert to byte?ò lets you convert multi-byte (e.g. Int16 and Float) images to 

simple scaled byte images that are easier to manipulate and visualize. The selectable 

scalings are ñChlor_a, Logarithmicò, ñSST-Pathfinderò, ñPixel_Valueò, ñLinearò, 

ñLogarithmicò.  With the last 2 you can also set the ñSlopeò and ñInterceptò fields. 

ñColor stretchò lets you specify the ñStartò and ñEndò values corresponding to the 

View-Set Colors (color definition) type of color stretch operation in WIM. 

ñRemap toò lets you remap the image to a selected image in a specific projection (and 

size). The default mapping option is ñInverse Mappingò that usually produces best 

looking images but may be very slow for large LLA images. The Forward Mapping is 

usually the fastest but may produce gappy images. The Forward with Fill Gaps starts 

with the Forward Mapping  and then uses Inverse Mapping for the gaps. 
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The output window shows short log from the program. ñStartò and ñQuitò buttons 

are foré, you guessed it!  

Notes. 

¶ When processing large images the program may need a lot of RAM and may 

take a long time to process a large number of images. It is recommended to 

start with a small subset of images by selecting a file name pattern that 

includes only one or two images. You may want to process your series of 

images in more than one batch, e.g. separating the batches by year, date, etc. 

¶ The recommended coastlines file is coast_inter.b (see WIM.pdf = WIM 

Userôs Manual for details on GSHHS coastline files). 

¶ When using overlays, all the input files should be of the same size and 

projection (location).  The first overlay is generated dynamically from a 

selected global coastlines file. This overlay is generated only once, i.e. for the 

first image. It is then assumed that all the following image files have the same 

size and projection after processing and before the overlay is being used. It 

would be possible to remove this restriction and create a new coastlines 

overlay for each image file but that would make the program slower. Please 

note the pixel value of the generated overlay. For SeaWiFS Level-3 images 

you may want to use a pixel value of 1 whereas for Pathfinder SST a good 

value would be 255. 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 background. In contrast, Pathfinder SST images have land 

with black pixels (value = 0) and it is appropriate to use white (typically, pixel 

value 255) as the overlay pixel value. 

¶ The overlay is assumed to be pre-generated with WIM and saved in HDF 

format. Using a pre-generated overlay can be used, for example, to put 

bathymetry contours, station locations or other predefined features on the 

series of images. Bathymetry contours have to be generated in WIM in a 2-

step process using Geo-Bathy Image first and then applying Examine-Contour 

Lines. 

¶ For HDF files you can select the (0-based) 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 

read the first (0-th) SDS but you can select another SDS. For example, if you 

want to use ñchlor_aò from set of SeaWiFS Level-2 HDF files with the 

following SDS-s: longitude, latitude, chlor_a, l2_flags, eps_78, K_490, 

nLw_412,é you need to select ñ2ò for the SDS number. Please note that the 

sequence of SDS-s in a file is created by WIM and does NOT include the 

SDS-s that are eliminated by ñSettingsò-ñSpecialò-ñMinimal width of image to 

be readò. For example, letôs say that you have set the Minimal width to 200 

and the longitude and latitude arrays in a SeaWiFS Level-2 file are only 161 

pixels wide. In that case the longitude and latitude are not counted in the 



WAM Specification  18 

 

© Mati Kahru, WimSoft 

sequence of images read by WIM (or WAM). Therefore, the previous 

sequence of images would become: chlor_a, l2_flagsé and instead of ñ2ò you 

need to select SDS number 0. 

 

The Convert to BYTE function is needed only for multi-byte images (e.g. for int16 

and float32 images). The options that are not applicable using the current selections are 

gray and not available for modification. A screenshot of the current wam_series is shown 

below. 
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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 measurements. The problem 

is that satellites never measure exactly the same variables as ground measurements. Of 

course, ground measurements can also use different methods that need to be inter-

calibrated and inter-validated. For example, when measuring ocean chlorophyll the 

ground measurements include variants of HPLC, fluorometry and spectrophotometry. 

Satellite measurement of chlorophyll is based on radiance spectrum measured at the top 

of the atmosphere. It is a very complex process to derive, first, the water-leaving radiance 

and, second, the chlorophyll concentration. There is no one-to-one 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 ocean color sensor 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 satellite-ground match-ups is to use 

satellite data but relate these to totally different kind of ground measurement, for example 

to compare satellite-detected sea-surface temperature or chlorophyll concentration with 

the distribution of whales or turtles. The idea of finding matches between satellite and in 

situ data seems simple but in practice the task may easily get overwhelming. Letôs say 

you have a set of measurements that you want to compare with satellite images. You can 

just move the mouse pointer and by right-clicking in WIM see the geophysical values at a 

certain location of longitude and latitude. This can be done if you have only a few points 

and a single image. However, usually we have a whole time series of images and a set of 

points. The number of all possible pairs of comparisons gets too big too easy.  With only 

10 points and 10 images we may have to find 10 x 10 = 100 corresponding matching 

points. We may also want to choose selectively only those images and those points that 

have the time difference between them below a certain time limit. This means that even 

with 10 points and 10 images we have to do 100 comparisons of the time difference 

between a point and an image. We can easily imagine what will happen if we have 

hundreds of points and hundreds of images: the task just gets overwhelming to be done 

ñmanuallyò, i.e. we need a special software program to do that. 

Design. Wam_match is a complex utility that is based on WAM functions but also uses 

routines from other libraries (e.g. graphics and data grid). The purpose of wam_match is 

to generate match-up datasets between satellite and in situ data. The idea behind this 

utility is that you have a set of in situ data (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 try to find matching points between the points and the images 

by applying several constraints, e.g. that the time interval between the point value and the 

satellite pass is no larger than dT hours and the ground point is inside the satellite image 

and has valid values (i.e. is not cloud-covered 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 time (Tpoint) but the satellite data have a range from 
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start (Tstart) to end (Tend). We set a maximum time difference dTmax and assume that 

we have a match-up in time between a point and a satellite image if 

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

The following figure illustrates this condition. Point time Tpoint can be between Tstart 

and Tend but does not have to. It needs to be between Tstart ï dTmax and Tend + dTmax. 

Typical maximum time difference dTmax is 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 use dTmax of 24 hours or more. 

Tstart- dTmax

Tstart

Tpoint

Tend

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 from the 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 match-up with a point sample considering 

advection by ocean currents during the 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. 

¶ Valid range with Min and Max  is the easiest way of defining valid pixels. The 

problem is that the valid range may not obvious and may change for different 

scalings. Also, when doing match-ups with multiple images in the same file (e.g. 

chlor_a, nLw412, nLw443, nLw490,é) the valid range may be different for the 

individual images. Also, in some cases we may need to have more details in the 

classification of pixels based on their quality. 

¶ Using flags allows a more detailed characterization of the ñqualityò of match-ups. 

For each pixel a set of flags is generated. Each flag indicates a certain condition is 

confirmed. For example, SeaWiFS Level-2 images 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.  For example, 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 match-ups is a 

versatile method but can only be used if such a flag image is available. 

Wam_match is currently set to use SeaWiFS Level-2 flags and are not suitable for 

MODIS and other sensors. This may be changed in the next releases of 

wam_match. 

Details. 

A screenshot of the current wam_match  is shown below. The screen resolution for 

running wam_match should be at least 1024 x 768 pixels. Wam_match uses registry to 

store last parameter values. The following input fields are used. 

¶ ñUse flagsò checkbox indicates if flags are to be used. If selected, a list of 32 flags 

(currently of the SeaWiFS Level-2 flags) 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 pixels. You can start with only a few or no 

flags checked in order to get many match-ups, and then one-by-one set the flags to 

see which flags eliminate which match-up points. The eliminated match-ups will 

be moved to a special ñeliminatedò set of match-ups and can be examined after 

saving to a CSV file. 

¶ ñList of Imagesò specifies a text file that has a list of image files to be used in the 

matchup with each image file (full path name, e.g. 

D:\sat\seawifs\L2\ace0103\V4\S2001105040220.L2_HRBN.sub1.hdf) on a 

separate line (see a sample list). The image list is easily generated by a command 

like this: 

dir/b /s S*.hdf > list.txt. The option /s adds the full path to the files (e.g. 

C:\sat\SeaWiFS\L2\cal0004\). Check out the sample list file list_mapped.txt. 

Please note that with image files (e.g. MODIS Level-2, GLI Level-2) having the 

latitude-longitude 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 full path is given for the LLA file, it is assumed to be in the 

same folder as the primary file. 

¶ ñList of Point dataò specifies is a text file that has a list of ground points 

(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 separated text file (CSV file). In WIM point files have traditionally had 

*.pnt extension but you can also use the *.csv extension that is more compatible 

with other programs. The first line in a point file is a header and is not used for 

data. The format of a point file is the following: 

Lon  Lat  Date   Time   Cruise  Station  Pt_Value  

- 117.303  32.958  4/7/2000  22:07  CAL0004 93.26.7  2.11  
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- 117.401  32.930  4/7/2000  23:07  CAL0004 93.28   2.11  

Any number of lines can follow the header with each point as a separate line. 

Points can be excluded without deleting the line by preceding the line with the # 

character. The minimum set of columns is Longitude, Latitude, Date. If Time is 

missing then it is assumed to be 12:00. 

Check out the sample point file match.csv. 

The date has to be in 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 the Longitude value. 

¶ ñTime lag, hrò specifies the maximum time lag in hours from the start or end 

time of the image in hours (see a figure above). Please note that in case of 

composites the interval between the start and end time can be a month (in case of 

a monthly composite) and the time lag is counted from the start and end.  

¶ ñWindows, DX x DYò specifies the size of the window in pixels where the 

matchup statistics is calculated. 3 x 3 pixels is typically used but may be increased 

to 5 x 5 or even bigger. 

¶ ñMin Valid Pixelsò specifies the minimum number of valid pixels in the window 

to accept a matchup. For example, in case of 3 x 3 window we may request that at 

least 5 pixels (out of 9) be valid in order to accept a matchup. 

¶ ñSave results inò specifies a file where the results will be save in CSV (Comma 

Separated) format. 

¶ ñBandsò with individual checkboxes for up to 16 bands (starting from band 0). 

HDF files (e.g. SeaWiFS Level-2 files) may have many images in the same file 

and you may select more than one bands for match-ups. If  you selected to use 

flags (ñUse flagsò) then the flags image will be used anyway (if found). The 

standard mapped images (SMI) in Level-3 have typically a single image and the 

0
th
 band should therefore be used. For example, if you want to use ñchlor_aò from 

set of SeaWiFS Level-2 HDF files with the following scientific datasets (SDS): 

longitude, latitude, chlor_a, l2_flags, eps_78, K_490, nLw_412,é you need to 

select only band ñ2ò. Please note that the sequence of SDS-s in a file is created by 

WIM and does NOT include those SDS-s that are eliminated by Settings-Special-

Minimal width of image to be read. You can check the bands with WIM before 

searching for match-ups.  

¶ ñValid range, Max, Minò specifies the minimum and maximum value to be 

considered valid. Only valid pixels are used in the statistics calculations. It is only 

used when ñUse flagsò is not selected. 

 

After the user clicks on the ñStartò button the search for match-ups begins. A log of 

output is printed into the text box while the found match-ups (if any!) are put into a data-

grid and into a graph. In this screenshot example given below 34 matches 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 dataset (X-axis) versus variables from the satellite 

data (Y-axis) as well as the pointôs ñLabelò variable using respective up-down controls. 

The pointôs ñLabelò is shown in the ñPoint Labelò text box. A ñlabelò is actually any 

field in the point table (e.g. longitude, latitude, date, time, etc.) and can be selected in the 

ñSelect Point Labelò domain up-down control. When moving the mouse cursor to a 

particular point you can see the point label in the ñPoint labelò text box. Also, in the data-

grid the corresponding row is selected. Vice versa, when a row is selected in the data-grid 

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

by a blue diamond frame. The value is used to represent missing values in both the point 

and satellite data can be chosen. Typical values are 0 or -9.  

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

into Excel for further analysis. By double-clicking on a point in the graph that point will 

be eliminated from the set of match-ups shown in the graph and in the data-grid, and 

placed into a set of ñeliminatedò matches. Both the retained and eliminated matches will 

be saved to a CSV (comma separated) file when ñSave as CSVò button is clicked. 

Respectively, ñSave as XMLò saves the matches in an XML files but this function is not 

properly implemented yet. ñSave as PNGò and ñSave as EMFò buttons save the graph in 

the PNG (portable network graphics) and EMF (enhanced windows metafile) formats, 

respectively. 

For running wam_match you basically need a set of satellite images, a list of these image 

files in a list file and a point file with a list of ground samples. Please note the format of 

these files, especially of the point file and use exactly the same format of representing 

dates and times. Check out the sample list file list_mapped_C.txt and sample point file 

match.csv. These files should be in your WimSoft folder (e.g. C:\Program 

Files\WimSoft). The results will be probably wrong if you use a different format. 

¶ First try to replicate the results of the figure below with the sample files. You need 

to copy the sample images from the WIM/WAM CD to your hard disk. The 

sample list file expects them to be in C:\Program 

Files\WimSoft\Images\SeaWiFS\baja_2000_april. You can get this if you just 

manually copy the Images folder from the CD to your WimSoft folder. The Images 

folder has a lot more files than are needed for this example but you may delete 

them later if not needed.  

¶ Fill out all the control boxes exactly as in the figure below, then click Start. 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 double-

click on the outlier (or any other match-up point for that matter), the point will be 

removed from the plot and from the match-up set to the eliminated set of match-

up points and the figure will be rescaled. Both sets (match-up points and 

eliminated match-up points) will be saved to a comma separated (CSV) files if 

you click Save as CSV. The graphs can be saved as PNG or EMF. Note that in 
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this example only one image (SDS) was present in the image files, also that no 

flags were used. 

¶ Now you are ready to try to match up your data with satellite images. Just please 

follow the formats.  

A related command line utility, wam_match_nearest, does 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, date and time).   

 

3.1.3    wam_statist  

wam_statist  is a Windows Forms program that combines the functionality of 

wam_statist_sta  and wam_integ_mask with a GUI and should be easier to use. 

You can make your selections either by typing the filename into the text box or picking 

the file with the file picker button. Please note that the distinction between mask statistics 

and station (point) statistics is based on the filename extension of the ñMask or Station 

file nameò text box. Mask files are assume to be only with the .hdf extension (HDF files) 

or .rle extension (WIM compressed image files) and the text files with station coordinates 


