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Thematic Mapper Hybrid Change Detection Process Document for the King County Department of Natural Resources
For LandCover Change Detection for Multispectral Imagery for King County and Southwestern Snohomish County
I. Introduction

The following instructions are the process steps taken by Marshall and Associates, Inc. (MARSHALL) in Thematic Mapper Hybrid Change Detection for the King County (County) Department of Natural Resources (KCDNR).  
Impervious Change Detection

Goal
The goal of this change detection is impervious change detection, using Hybrid Change Detection.  The Hybrid Change Detection approach is a powerful tool for accurately detecting temporal change in selected features of interest.  The method combines the results of two components:  categorical and radiometric change products.
II. Assessing Quality and Preparing

Goal

The goal of this phase is to assess the quality of the Landsat data and prepare it for the next phase.
Image Processing Procedures

Step 1:  Assess Landsat Data Quality

1.1 Examine each Landsat acquisition for clouds, cloud shadows, haze, smoke, "spaceships," excessive stripping, drop-outs, etc.

1.2 If any of the above are found in significant amounts, discard the acquisition and obtain an alternative acquisition.  If necessary, use an acquisition with clouds in it and eliminate the areas covered by clouds and cloud shadows from further consideration.  Eliminate these areas by hand digitizing an Area Of Interest (AOI) around the affected areas.  Label all the pixels inside the AOI as UNKNOWN.

Step 2:  Geometrically Correct Landsat Data and Register All Acquisitions

Orthorectification is the process of removing image distortion associated with topographic relief.  If the image is not aligned to the Digital Elevation Model (DEM) used as a topographic model, the image and the DEM must be georectified to one another.  In the following orthorectification steps the DEM has been acquired in a georectified format.  

2.1 In the absence of known ground control points, an orthorectified Thematic Mapper (TM) image from the same season is the logical choice for a rectification base, if available.

2.2 Georectify the 31 July 1994 and 11 August 2001 Landsat images to an orthorectified 7 July 2000 ETM+ image in ERDAS Imagine 8.5.

2.3 Subset each image to an extent slightly larger than the final study boundary (but less than the DEM) and reprojected to the same projection and pixel size as the reference imagery system.

2.4 Apply the orthocorrection in the same processing step as the georectification by using the Landsat function of the Image Geometric Correction tool.  Using this tool, the Landsat Model (for georectification) is created.  The uncorrected image is the input, the preprocessed DEM is the elevation model, and the orthocorrected 2000 image is the basis for defining the output projection through the Ground Control Point (GCP) tool.  In this use of the Landsat model, do not apply Earth’s curvature correction (due to the comparison of orthocorrections with and without curvature correction, which show that rectification to the 2000 image is best when not applying the curvature correction).  There are ten processing iterations.

2.5 Create GCP sets between the input image and the reference image (the goal is to create point sets evenly spread across the image and have higher point densities as topographic variability increases).

2.6 To create the GCP set, select five sets (evenly spread) across the image in order to create an initial Landsat model transformation.

2.7 Once the transformation algorithm is created, use the Point Matching function of the GCP tool to spectrally find image GCP sets (Point Prediction needs to be turned off – this does not employ a spectral test).  The Point Matching function employs the user-created algorithm to predict the location of a GCP match.  Once the point location is predicted, perform a spectral similarity test based on the user defined focal window of pixels sampled from the input and reference images.  Depending on the extent of the imagery to be rectified, points can be added quickly with the matching function in this case over 25 point sets were employed.

2.8 Utilizing the completed transformation, resample the image with the nearest neighbor algorithm, creating the first iteration image.

2.9 Leave the GCP tool and Landsat model active and open the first iteration image in a new viewer and geolink this to the reference image.

2.10 The GCP sets will be displayed on the first iteration image.  Go through each set and, in the area around the points, measure any imprecision between the reference image and the first iteration image.  Apply this difference to the input GCP.  Keep pixel size differences in mind when considering potential offsets.  This iterative approach works to align the images upon the same geographical grid increment, helps eliminate ambiguities of mixed pixels and pixel occurrence, speeds up analyst decision time, and makes reassurances regarding Root Mean Square (RMS) errors.  As a rule, save the GCP set files from each iteration separately.  An added benefit of processing imagery from the same area is the ability to reuse reference GCP points in areas that have not changed.

Note:  Both the 1994 and the 2001 images need to be orthorectified.
III. A - Categorical Change

Goal

The goal of this phase is to identify impervious surface change (increase) through a categorical analysis.  Historic and contemporary imagery-based categories will be used as the basis of change detection.

Image Processing Procedures

Step 1:  Create Normalized Difference Vegetation Index (NDVI) file

Create a file that enhances the contrast between impervious and pervious features.  Calculate an NDVI using the most recent leaf-on Landsat acquisition.

Step 2:  Threshold NDVI

Threshold the NDVI to create a spectral impervious stratum containing all impervious pixels (roads, sidewalks, roofs, etc.) with as few commission errors as possible (e.g., non-constructed bare surfaces).

Hypothetically, the NDVI normalizes for the effects of shadows.  If an NDVI is used, it may eliminate the need to also select different thresholds in the sunlit and shadowed strata.

Step 3:  Evaluate Potential Thresholds Effectiveness

Overlay the DNR training sets on the impervious stratum.  Assess the proportion of the pixels in each training set that are in the stratum.  Most of the pixels in the >80% impervious training sets should be included.

Step 4:  Create Impervious File

Create a file that contains all of the pixels on the impervious side of the threshold.  

Note:  The thresholds can be different for different eco-physical mapping zones.

Step 5:  Conduct Unsupervised Clustering

Run unsupervised clustering on the subset of pixels in the impervious stratum.  It is possible, though unlikely, that one or more of these clusters could be uniquely associated with a pervious surface.  This proposition can be tested by observing whether any of the pixels associated with a cluster from the impervious stratum are found only in pervious category training sets and not in any of the impervious training sets. If such clusters exist within the impervious stratum, label them with the name of the pervious category with which they are most closely associated.  Shadow may cause non-impervious features to look like some types of impervious.  If pixels in the impervious stratum also occur in shadow, a representative sample should be analyzed to determine if they are true impervious or rather shadowed versions of pervious categories (e.g., forest and open water).  If they are true impervious, nothing needs to be done.  If they are shadowed pervious, see below.  Dry herbaceous is the bright end converse.

Step 6:  Assign Category Labels

It is very likely that category accuracy can be increased by assigning different category labels to clusters, depending on the mapping zone to which they belong.  If this procedure appears to improve accuracy, then the spectral stratum should be subset on the basis of the spatial strata so that the pixels for categories that are not spectrally separable but which tend to occur in spatially different areas can be separated.  
Step 7:  Divide Clusters

If unlabeled (clusters remain in the pervious stratum that contain mixtures of impervious surfaces and pervious surfaces (“salad” clusters)) divide them into two groups.  The first group contains clusters where the pixels are > 75% impervious or pervious, based on the training sets.  Assign clusters >75% pervious to the pervious stratum.  Give clusters >75% impervious the impervious category label that best describes them. 

Step 8:  Categorization Refinement

For a cluster where neither category (impervious or pervious) is dominant, find out if any of the training sets are composed mostly of pixels from the cluster in question.  If one or more of such training sets can be found, extract labeled spectral signatures from them, append them to the signature file, and eliminate the salad cluster.  Re-categorize the data set using a modified signature file.  Perform this categorization using the supervised categorization tool and the maximum likelihood rule.

II.
B - Identify the Pervious Stratum of the Historic Leaf-On Acquisition

Goal

The goal of this phase is to identify pervious features in the historic acquisition and use this to determine pervious/imperious change with the most recent leaf-on acquisition.

Image Processing Procedures

Step 1:  Cluster

Generate NDVI (1994) from the historic acquisition.

Step 2:  Level Slice NDVI

Level slice the NDVI to identify all vegetation and create a historic pervious layer.

Step 3:  Identify Historic Vegetation Change

Identify the historic vegetation change to impervious from the product of impervious category’s 2001 file.
IV. Radiometrically Changed Pixels 

Goal

The goal of this phase is to identify impervious surface change radiometrically.  The process is to first radiometrically normalize images band-by-band.  Radiometric differences are computed also for each separate band.  Depending on the feature of interest, there are various ways of accomplishing this computation and examining the results.  Unsupervised clustering is used to create areas of varying significant radiometric change.  When the desired change clusters are selected and labeled, the final step is completed by multiplying the categorical product by the radiometric product.

Image Processing Procedures

Step 1:  Normalize

Normalize the most recent image (2001) to the historic (1994).

1.1 Collect points on features that have not changed.

1.2 Regress the 2001 response to the 1994 response.

Step 2:  Compute Tasseled Cap Transformation

2.1 Compute the Tasseled Cap for 1994 and 2001 with Landsat5 coefficient.


Tasseled Cap1:  Green


Tasseled Cap2:  Brightness


Tasseled Cap3:  Wetness


Tasseled Cap4:  Haze

2.2 Compute the difference for Tasseled Caps 2, 3, and 4 for change from vegetation to impervious.


- Tasseled Cap2 will increase


- Tasseled Cap3 will decrease


- Tasseled Cap4 will increase

2.3
For the 2.2 product, input into clustering algorithm, generating 50 clusters.

2.4
Plot clusters on Tasseled Cap2/Tasseled Cap3 and Tasseled Cap3/Tasseled Cap4 space identify real change based on the 2.2 parameters.

2.6
Create a file of clusters which show radiometric change from vegetation to impervious.
Step 3:  Code

Recode the “changed” clusters in the ten year old/recent radiometric difference file to one for use in the final step.

V. Create Product
Goal

The goal of this phase is to create the final product.

Image Processing Procedures

Step 1:  Identify Categorical New Impervious

Identify categorical new impervious, which is also radiometric real change.

Forest Loss Change Detection

Goal

The goal of this phase is Forest Loss change detection, using Hybrid Change Detection.  The Hybrid Change Detection approach is a powerful tool for accurately detecting temporal change in selected features of interest.  This method combines the results of two components:  categorical and radiometric change products.
VI. Assessing Quality and Preparing

Goal

The goal of this phase is to assess the quality of the Landsat data and prepare it for the next phase.
Image Processing Procedures

Step 1:  Assess Landsat Data Quality

1.1 Examine each Landsat acquisition for clouds, cloud shadows, haze, smoke, "spaceships," excessive stripping, drop-outs, etc.
1.2 If any of the above are found in significant amounts, discard the acquisition and obtain an alternative acquisition.  If necessary, use an acquisition with clouds in it and eliminate the areas covered by clouds and cloud shadows from further consideration.  Eliminate these areas by hand digitizing an AOI around the affected areas.  Label all the pixels inside the AOI as UNKNOWN.

Step 2:  Geometrically Correct Landsat Data and Register All Acquisitions

Orthorectification is the process of removing image distortion associated with topographic relief.  If the image is not aligned to the DEM used as a topographic model, the image and the DEM must be georectified to one another.  In the following orthorectification steps the DEM has been acquired in a georectified format.  

2.1 In the absence of known GCPs, an orthorectified TM image from the same season is the logical choice for a rectification base if available.
2.2 Georectify the 31 July 1994 and 11 August 2001 Landsat images to an orthorectified 7 July 2000 ETM+ image in ERDAS Imagine 8.5.
2.3 Subset each image to an extent slightly larger than the final study boundary (but less than the DEM) and reprojected to the same projection and pixel size as the reference imagery system.
2.4 Apply the orthocorrection in the same processing step as the georectification by using the Landsat function of the Image Geometric Correction tool.  Using this tool, the Landsat Model (for georectification) is created.  The uncorrected image is the input, the preprocessed DEM is the elevation model, and the orthocorrected 2000 image is the basis of defining the output projection through the GCP tool.  In this use of the Landsat model, do not apply Earth’s curvature correction (due to the comparison of orthocorrections with and without curvature correction, which show that rectification to the 2000 image is best when not applying the curvature correction).  There are ten processing iterations.
2.5 Create GCP sets between the input image and the reference image (the goals are to create point sets evenly spread across the image and have higher point densities as topographic variability increases).
2.6 To create the GCP set, select five sets (evenly spread) across the image in order to create an initial Landsat model transformation.
2.7 Once the transformation algorithm is created, use the Point Matching function of the GCP tool to spectrally find image GCP sets (Point Prediction needs to be turned off – this does not employ a spectral test).  The Point Matching function employs the user-created algorithm to predict the location of a GCP match.  Once the point location is predicted, perform a spectral similarity test based on the user defined focal window of pixels sampled from the input and reference images.  Depending on the extent of the imagery to be rectified, points can be added quickly with the matching function.  In this case, over 25 point sets were employed.
2.8 Utilizing the completed transformation, resample the image with the nearest neighbor algorithm, creating the first iteration image.
2.9 Leave the GCP tool and Landsat model active and open the first iteration image in a new viewer and geolink this to the reference image.
2.10 The GCP sets will be displayed on the first iteration image.  Go through each set and, in the area around the points, measure any imprecision between the reference image and the first iteration image.  Apply this difference to the input GCP.  Keep pixel size differences in mind when considering potential offsets.  This iterative approach works to align the images upon the same geographical grid increment, helps eliminate ambiguities of mixed pixels and pixel occurrence, speeds up analyst decision time, and makes reassurances regarding RMS errors.  As a rule, save the GCP set files from each iteration separately.  An added benefit of processing imagery from the same area is the ability to reuse reference GCP points in areas that have not changed.

Note:  Both the 1994 and the 2001 images need to be orthorectified.
VII. A - Categorical Change

Goal

The goal of this phase is to identify forest canopy loss surface change through a categorical analysis.  Historic and contemporary imagery-based categories will be used as the basis of change detection.

Image Processing Procedures for Historic Image

Step 1:  Create NDVI file

Create a file that enhances the contrast between impervious and pervious features.  Calculate an NDVI using the most recent leaf-on Landsat acquisition.

Step 2:  Threshold NDVI

Threshold the NDVI to create a spectral pervious stratum containing all pervious pixels (roads, sidewalks, roofs, etc.) with as few commission errors as possible (e.g., non-constructed bare surfaces).

Hypothetically, the NDVI normalizes for the effects of shadows.  If an NDVI is used, it may eliminate the need to also select different thresholds in the sunlit and shadowed strata.

Step 3:  Potential Thresholds Effectiveness Evaluation

Overlay the DNR training sets on the pervious stratum.  Assess the proportion of the pixels in each training set that are in the stratum.  Most of the pixels in the >80% forest training sets should be included.

Step 4:  Create Impervious File

Create a file that contains all of the pixels on the pervious side of the threshold.  

Note:  The thresholds can be different for different eco-physical mapping zones.

Step 5:  Conduct Unsupervised Clustering

Run unsupervised clustering on the subset of pixels in the pervious stratum.  It is possible, though unlikely, that one or more of these clusters could be uniquely associated with an impervious surface.  This proposition can be tested by observing whether any of the pixels associated with a cluster from the pervious stratum are found only in impervious category training sets and not in any of the pervious training sets. If such clusters exist within the pervious stratum, label them with the name of the impervious category with which they are most closely associated.  Shadow may cause non-pervious features to look like some types of pervious.  If pixels in the pervious stratum also occur in shadow, a representative sample should be analyzed to determine if they are true pervious or rather shadowed versions of impervious categories (e.g., forest and open water).  If they are true pervious, nothing needs to be done.  If they are shadowed impervious, see below.

Step 6:  Assign Category Labels

It is very likely that category accuracy can be increased by assigning different category labels to clusters, depending on the mapping zone to which they belong.  If this procedure appears to improve accuracy, then the spectral stratum should be subset on the basis of the spatial strata so that the pixels for categories that are not spectrally separable but which tend to occur in spatially different areas can be separated.  
Step 7:  Divide Clusters

If unlabeled (clusters remain in the impervious stratum that contain mixtures of pervious surfaces and impervious surfaces (“salad” clusters)) divide them into two groups.  The first group contains clusters where the pixels are > 75% pervious or impervious, based on the training sets.  Assign clusters >75% impervious to the impervious stratum.  Give clusters >75% pervious the pervious category label that best describes them. 

Step 8:  Categorization Refinement

For a cluster where neither category (impervious or pervious) is dominant, find out if any of the training sets are composed mostly of pixels from the cluster in question.  If one or more of such training sets can be found, extract labeled spectral signatures from them, append them to the signature file, and eliminate the salad cluster.  Re-categorize the data set using a modified signature file.  Perform this categorization using the supervised categorization tool and the maximum likelihood rule.

Step 9:  Identify Non-forest classes

Using the contemporary lccattm product, identify all non-forest classes.

Step 10:  Compare Historical and Contemporary Images

Compare the historical forest and contemporary non-forest.  This will produce categorical change.
VIII. Radiometrically Changed Pixels 

Goal

The goal of this phase is to identify forest loss change radiometrically.  The process is to first radiometrically normalize images band-by-band.  Radiometric differences are also computed for each separate band.  Depending on the feature of interest, there are various ways of accomplishing this computation and examining the results.  Unsupervised clustering is used to create areas of varying significant radiometric change.  When the desired change clusters are selected and labeled, the final step is completed by multiplying the categorical product by the radiometric product.

Image Processing Procedures

Step 1:  Normalize

Normalize the most recent orthorectified image (2001) to the historic (1994).

1.1 Collect points on features that have not changed.

1.2 Regress the 2001 response to the 1994 response.

Step 2:  Compute Difference for Channels 4 and 5

2.1 Compute the difference (Δ) for channels 4 and 5 for 1994 and 2001 with Landsat5 coefficient.


Channel 4:  Near Infrared


Channel 5:  Mid Infrared

2.2 Compute Δ channel 4 and Δ channel 5 for change from forest to non-forest.

Generally:


- Channel 4 will decrease


- Channel 5 will increase

2.3
For the 2.2 product, input into clustering algorithm, generating 50 clusters.

2.4
Plot clusters on Δ channel 4/Δchannel 5 space and identify real change based on the 2.2 parameters.

2.5
Utilize contemporary resolution imagery sources and/or field verification/expert analysis to identify instances where forest has been lost but vegetation is still present.

2.6
Create a file of clusters that show radiometric change from forest to non-forest.
Step 3:  Code

Recode the “changed” clusters in the ten year old/recent radiometric difference file to one for use in the final step.

Create Product

Goal

The goal of this phase is to create the final forest loss Change Detection product.

Image Processing Procedures

Step 1:  Identify Categorical Forest Loss

Identify categorical forest loss, which is also radiometric real change.

Wet Change Detection

Goal

The Goal of this change detection is to demonstrate the usefulness of the contemporary wet area distribution by comparing it to the historic wet areas distribution.

IX. Assessing Quality and Preparing

Goal

The goal of this phase is to assess the quality of the Landsat data and prepare it for the next phase.
Image Processing Procedures

Step 1:  Assess Landsat Data Quality

1.1 Examine each Landsat acquisition for clouds, cloud shadows, haze, smoke, "spaceships," excessive striping, drop-outs, etc.

1.2 If any of the above are found in significant amounts, discard the acquisition and obtain an alternative acquisition.  If necessary, use an acquisition with clouds in it and eliminate the areas covered by clouds and cloud shadows from further consideration.  Eliminate these areas by hand digitizing an AOI around the affected areas.  Label all the pixels inside the AOI as UNKNOWN.

Step 2:  Geometrically Correct Landsat Data and Register All Acquisitions

Orthorectification is the process of removing image distortion associated with topographic relief.  If the image is not aligned to the DEM used as a topographic model, the image and the DEM must be georectified to one another.  In the following orthorectification steps the DEM has been acquired in a georectified format.  

2.1 In the absence of known ground control points, an orthorectified TM image from the same season is the logical choice for a rectification base, if available.
2.2 Georectify the 31 July 1994 and 11 August 2001 Landsat images to an orthorectified 7 July 2000 ETM+ image in ERDAS Imagine 8.5.
2.3 Subset each image to an extent slightly larger than the final study boundary (but less than the DEM) and reprojected to the same projection and pixel size as the reference imagery system.
2.4 Apply the orthocorrection in the same processing step as the georectification by using the Landsat function of the Image Geometric Correction tool.  Using this tool, the Landsat Model (for georectification) is created.  The uncorrected image is the input, the preprocessed DEM is the elevation model, and the orthocorrected 2000 image is the basis of defining the output projection through the GCP tool.  In this use of the Landsat model, do not apply Earth’s curvature correction (due to the comparison of orthocorrections with and without curvature correction, which shows that rectification to the 2000 image is best when not applying the curvature correction).  There are ten processing iterations.
2.5 Create ground control point sets between the input image and the reference image (the goals are to create point sets evenly spread across the image and have higher point densities as topographic variability increases).
2.6 To create the GCP set, select five sets (evenly spread) across the image in order to create an initial Landsat model transformation.
2.7 Once the transformation algorithm is created, use the Point Matching function of the GCP tool to spectrally find image GCP sets (Point Prediction needs to be turned off – this does not employ a spectral test).  The Point Matching function employs the user-created algorithm to predict the location of a GCP match.  Once the point location is predicted, perform a spectral similarity test based on the user defined focal window of pixels sampled from the input and reference images.  Depending on the extent of the imagery to be rectified, points can be added quickly with the matching function.  In this case over 25 point sets were employed.
2.8 Utilizing the completed transformation, resample the image with the nearest neighbor algorithm, creating the first iteration image.
2.9 Leave the GCP tool and Landsat model active and open the first iteration image in a new viewer and geolink this to the reference image.
2.10 The GCP sets will be displayed on the first iteration image.  Go through each set and, in the area around the points, measure any imprecision between the reference image and the first iteration image.  Apply this difference to the input GCP.  Keep pixel size differences in mind when considering potential offsets.  This iterative approach works to align the images upon the same geographical grid increment, helps eliminate ambiguities of mixed pixels and pixel occurrence, and speeds up analyst decision time and reassurances regarding RMS errors.  As a rule, save the GCP set files from each iteration separately.  An added benefit of processing imagery from the same area is the ability to reuse reference GCP points in areas that have not changed.

Note:  Both the 1994 and the 2001 images need to be orthorectified.

Step 3:  Subset County AOI and Create Relevant Spatial Strata

3.1 Use an AOI (agreed upon with the DNR) to cut out an area slightly beyond the County boundary.

3.2 Spatially stratify the County.

3.2.1 Create the following three land-use/eco-physical mapping zones:  1) mostly urban 2) mostly agriculture 3) mostly forest.

3.2.2 Create strata for topographically shadowed areas. Use a DEM and shaded relief map to identify areas that are in shadow at the time of data acquisition.  Use the shadowed pixels to create the shadow stratum masks (the hillshade command, shadow option in ESRI Grid was utilized for this project to create a shadow/no shadow field).

a) In the recent leaf-on acquisition

b) In the recent leaf-off acquisition  

X. Extract “Open Water” Category

Goal

The goal of this phase is to identify all pixels covered by open water.  The end product is all OPEN WATER pixels.

Image Processing Procedures

Step 1 Obtain Category

1.1 The “Open Water” category is obtained by jointly thresholding the Near Infrared (NIR) and Short Wave Infrared (SWIR) spectral bands of the recent leaf-on acquisition.  Water has both low SWIR and NIR radiance, while shadowed vegetation generally has higher NIR radiance.

1.1.1 To clarify between water and dark impervious materials, there are a couple of possible remedies:

a) Use thermal data. The dark impervious is typically much warmer; apply a mask to the tentative water overlay that only accepts cool areas 

b) Use TM 1.  Water is most transparent in this spectral band.  Bottom and volume reflection are likely to make water brighter in this spectral band than dark impervious materials.  Note:  We have highly turbid and shallow water bodies in this study area.

1.1.2 If confusion remains between the dense conifer forest and water in shadowed areas when the thresholds are the same as those in sunlit areas, it may be necessary to use different thresholds in the shadowed and non-shadowed strata.

Step 2:  Assess Threshold Setting

The DNR water training sets can be used to assess how well the thresholds are being set.  All pixels inside the DNR OPEN WATER training sets should be correctly identified, unless there appears to be registration problems.  
Note:  Not recommended

Step 3:  Pixel Removal

Use the OPEN WATER category file as a mask to subset the recent leaf-on Landsat data.  The purpose of this step is to "remove" these pixels from further analysis.

Note:  Reservoirs that have low water levels at the time of Landsat data collection and the relative state of the tides along the Sound are not compensated for.

XI. “Wet Areas” Category Extraction

Goal

The purpose of this phase is to identify all of the pixels that are wet areas.  The end product is all WET AREAS pixels.

Image Processing Procedures

Step 1:  Modified Thresholding Approach in Detecting WET AREAS

The NIR and SWIR band thresholding approach that was used to detect OPEN WATER in Step 5 is modified to detect WET AREAS.

1.1 Create a "wet areas" mask using the recent leaf-off data.  Be generous in what is deemed “wet” by setting the thresholds higher than are needed to map OPEN WATER.  Use different thresholds in the "sunlit" and "shadowed" strata, if necessary, to avoid commission errors.

1.2 Subtract the OPEN WATER mask made from the recent leaf-on acquisition (from the recent leaf-off wet areas mask).

1.3 Label the pixels that remain from the recent leaf-off wet areas mask as tentative WET AREAS

Step 2:  Overlay

Overlay the DNR wet areas training sets with the tentative WET AREAS pixels.  See if there are any pixels uniquely associated with the wet areas training sets.  If available, use the Digital Number (DN) values of these pixels to set the thresholds for creating the final version of the recent leaf-off water mask.  If there are none, check other areas of known (primarily emergent) wetlands.  The National Wetlands Inventory (NWI) wetlands overlay is a potential source of information that may be helpful for this purpose.

Step 3:  Iterate

Iterate until the best WET AREAS difference file is produced and label it CONTEMPORARY WET AREAS category file.

XII. Change Product

The goal of this step is to compare historic and contemporary wet area distribution maps.  Ideally, the process outlined above would be repeated with a historic data set.  Otherwise another categorization product may be acquired and used as a basis for comparison for the analysis.  Choice of the historic distribution must involve the historic product’s comparability to the contemporary, such as the classification schema and intent and accuracies.

Step 1: Generate Wet Areas Change Product

Compare (on a pixel by pixel basis) the historic wet areas categories to the contemporary.  Code the change product to:

a.) Neither historic nor contemporary wet areas apparent

b.) Apparent historic wet areas; contemporary wet areas not apparent
c.) Historic wet areas not apparent; contemporary wet areas apparent
d.) Historic and contemporary wet areas apparent 

