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Introduction

A. Purpose

This document was prepared for the County as the Classification and Product Standards report (Deliverable item 1, under Project Element 1).  Its purpose is to provide the County and the Consultant the opportunity to jointly investigate technical issues of each imagery dataset relative to the classification schema objectives.  It also serves as a record defining the classification specifications, minimum mapping unit considerations, selection/use of training sites, Pilot Project area selection, and preprocessing requirements.  We view this report as a "living document," which may need to be revised as Pilot project results are realized and adjustments are made to classification specifications suitable to the County’s objectives.

A companion document prepared by MARSHALL, Imagery Assessment and Processing Procedures, is an in-depth analysis of the opportunities and potential problems of the various imagery sets and how they might best be manipulated to deliver the contracted products.  This document will be referred to as the “Procedures” document.

B. Background

Originally, imagery from three multispectral sensors – the EMERGE Corp’s Kodak airborne camera, the IKONOS satellite and the DAIS airborne system – was anticipated to effectively deliver the full set of specified land classification themes.  

As of this revision of this document, results from the EMERGE data Pilot project and preliminary investigations of the IKONOS data have been accomplished.  Certain radiometric inconsistencies in the data and limitations posed by their 3- and 4-band data structure indicate that the desired classification accuracy would be difficult, if not impossible, to achieve for the Pervious classes.  Discussions followed between the County and Contractor to discuss alternative ways to either meet the specifications or change them.  It was decided that the addition of a fourth sensor, Landsat7 Thematic Mapper (TM ) could augment the spectral capabilities of the original three data sets in a cost effective manner:  it would meet categorical requirements and at the same time, deliver a more accurate classification.  

The four imagery sets will be referred to in this document as EMERGE, IKONOS, DAIS and TM.

C. Project Area Boundary

The project boundary is the extent of the high-resolution imagery provided by King County.  In the area where the EMERGE and IKONOS data overlap, only a single land cover interpretation is to be provided. The three (3) AOIs (Areas of Interest) defined by the high-resolution multispectral imagery comprise the entirety of King County and southwestern Snohomish County. These AOI are defined by the extent of the viewable photographic imagery of each of these datasets for the purpose of the Contract elements of work and the deliverables in the SOS. The three AOI are the DAIS, EMERGE, and IKONOS for Vashon Island, western King and southwestern Snohomish Counties, and eastern King County, respectively. Integration of or replacement by supplemental imagery than that defined by these three datasets will not modify the extent of the AOI for the purpose of this contract.

II. Classification Schema Specifications

A. Classification Categories

A schema of desired classification categories was described in detail by the County as eleven (11) distinct classes of interest.  Appendix A is the verbatim description of each class as provided by the County in the project Request for Proposal.  Delivered products must reflect the schema as described by this information, and demonstrate that the definitions have been applied consistently within and across all image data sets.  Depending upon the image location and the specified product, all eleven categories will not necessarily appear per image data set, as envisioned, i.e. it is unlikely that Recent Clear Cuts would appear in the DAIS imagery set AOI covering Vashon Island.  Additionally, the Wet Areas class is to be derived and delivered as a product separate from the other land cover themes.  

As of this document Revision, it has been established from the EMERGE Pilot  that:

· The Impervious class will be derived from the high resolution data sets

· All other categories will be developed from a TM image classification

· Pending further input from the County, additional vegetation classes may be added

Below are the eleven classification categories that will be interpreted from the imagery; the number indicates the identification code, or “LU-ID” that will be assigned to each class:

1. Impervious-Constructed Surface

2. Non-constructed, Non-vegetated

3. Open Water

4. Wet Areas

5. Tree Canopy- Conifer

6. Tree Canopy- Hardwood

7. Recent Clear Cuts

8. Herbaceous Vegetation

9. Shrub

10. Young Conifer Plantation

11. Unknown/Unclassified

B. Category Clarifications 

In the course of developing the product, the County made clarifications to supplement class descriptions noted in Appendix A.  

1. Recent Clearcuts:  

To be consistent with the Definitions previously supplied, a Recent Clear Cut would be a cutover area with 0-2 years re-growth

2. Young Conifer Plantation:  

A Young Conifer Plantation is defined as being a contiguous stand aged 2 to 10-12 years.

3. Estuaries: 

Estuaries as defined are fully open bodies of water, so in this project would be Open Water.   Estuaries that have hydric or floating vegetation would hopefully be classified as the appropriate vegetative category, either Shrub or Herbaceous on the primary interpretation (lccat product) and as Wet Area on the wetxxx product if successfully classified. Similarly exposed water in stream corridors would be open water, and not show up in the Wet Area category.  To differentiate, a Riparian Area in this interpretation would be the vegetative area adjoining a stream reach, but would not necessarily be Wet Area simply by that association. 

4. Wet Areas:  

The product will include estuarian vegetation (lilypads, cattails, other semi terrestrial regimes) as part of the coverage.  These same areas would be captured as either Shrub or Herbaceous in the primary land cover classification.   

5. Coniferous and Hardwood Tree Canopy:    

As of this revision, the County is making a determination on tree canopy category definition.  The decision to use TM for all vegetated cover types requires that canopy closure classes (e.g. > 30% = canopy, < 30% = other ground cover) be established.

C. Accuracy Specifications

Classification accuracy is a numerical evaluation of the correlation between known land cover at a site location and the digital product's class assignment to the same site.  MARSHALL will endeavor to meet the accuracy specification by means of summary statistics in comparison with the training sites provided by the County.  These sites can be used as a portion of the ground truth information, since they will not be used directly in signature development and supervised classification.  MARSHALL will augment the County’s training sites as necessary to establish an adequate number for this preliminary assessment.

Accuracy specifications described by the county are as follows:

For the products generated by the pilot and classification efforts, the minimum required accuracy will vary by classification category as indicated below. Except for the Wet Area category, the percentages listed are an average of the producer's accuracy and the user's accuracy as developed from a confusion matrix or other suitable accuracy assessment technique.

Impervious Surface - 90% 

Wet Area (non-forested) - To emphasize the need to high-grade the 'potential' location of features of this category, a lower commission accuracy of 65% and a higher omission accuracy of 75% is established.

Open Water - 90% 

All other categories - 80% for each category. 

In addition, for all products evaluated, category 11: Unknown/Unclassified will not exceed 5% of the pixels in any given deliverable

D. Minimum Mapping Unit (MMU)

The MMU specification is used both to establish realistic extent and/or desired minimum sizes of classified features and to filter out speckle.  Initial specifications for this project included MMUs and MPW (minimum polygon widths) for all classes.  It was demonstrated that filtering to achieve this specification sometimes causes a class to be removed completely from the final product, when in fact it would have been a useful feature to preserve.  Consequently, the MMU/MPW specification was removed for all categories except the Impervious class for which it is important to retain areas of very small extent, and allow  more arbitrary filtering for the other classes.

Quantitative MMU thresholds for category 1, Impervious Surface are defined below for each high-resolution data set:




MMU




· EMERGE
0.0025 ac

· IKONOS
0.0250 ac



· DAIS 
0.0025 ac

· TM

0.154 ac

As described in Section II of the Scope of Services, the Wet Area products will receive no MMU filtering or clumping.

Pending results from the TM Pilot project and County review, the final pervious land cover product from the TM imagery will be evaluated to ensure that any MMU criteria are applied consistently and correctly.

E. Product Definitions – Pilot 

Context:  As of this revision, the EMERGE data pilot had been completed to specifications as closely as possible, delivered and reviewed by the County.  Documentation regarding the shortcomings of this data set in meeting the specifications was supplied and discussed with the County.  Primarily this was the exclusion of pixels saturated at the low or high end of the dynamic range. The County requested that MARSHALL pursue additional efforts to both add back in the saturated pixels despite the errors they might introduce and to refine the Impervious category with further filtering.  Adjustments were made to the classification procedure and a second EMERGE Pilot delivery was made.  Further review and discussion lead to the decision to use the high-resolution data sets for the Impervious category only; TM would be the best means for capturing the other pervious classes.

The following topics are not necessarily listed in the order they will be produced.  There will be a certain amount of concurrent processing.

1. EMERGE Pilot Products

a) An ArcInfo grid (fileneame “isurfedp”) containing all grid cells classified as either “1”, Impervious Surface or NODATA.  A filtering and aggregating sequence will be applied so as to meet the required MMU, 0.0025 acre.  

b) A document briefly describing any significant issues that arise as a result of the pilot effort, especially those that may affect the primary product development in the full Impervious Surface classification of the EMERGE data set.

2. IKONOS Pilot Products

c) An ArcInfo grid (“isurfidp”) containing all grid cells classified as either “1”, Impervious Surface or NODATA.  A filtering and aggregating sequence will be applied so as to meet the required MMU, 0.025 acres.  

d) A document briefly describing any significant issues that arise as a result of the pilot effort, especially those that may affect the primary product development in the full Impervious Surface classification of the IKONOS data set.

3. DAIS Pilot Products

e) An ArcInfo grid (“isurfddp”) containing all grid cells classified as either “1”, Impervious Surface or NODATA.  A filtering and aggregating sequence will be applied so as to meet the required MMU, 0.0025 acres.  

f) A document briefly describing any significant issues that arise as a result of the pilot effort, especially those that may affect the primary product development in the full Impervious Surface classification of the DAIS imagery set.

4. TM Pilot Products 

g) An ArcInfo grid (“lccattmp”) containing all grid cells identified with the appropriate land cover class LU-ID or NODATA.  Wet Areas LU-ID 4 will not be included in this product.  A clearly defined filtering sequence will be applied so as to meet accuracy expectations.

h) An ArcInfo grid (“wettmp”) containing all grid cells classified as Wet Areas, LU-ID 4, or NODATA.  No additional clumping or filtering will be applied to this product following initial pixel classification.  This product will not be merged with any other grid product.

i) A document briefly describing any significant issues that arise as a result of the pilot effort, especially those that may affect the primary product development in the full Pervious/Vegetated classification of the TM imagery.

F. Product Definitions – Full Classification 

1. EMERGE Impervious Surface Product

An ArcInfo grid (fileneame “isurfemer”) containing all grid cells classified as either “1”, Impervious Surface or NODATA.  A clearly defined filtering sequence will be applied so as to meet the required MMU, 0.0025 acre.  In addition to filtering, the product will be refined using results from the TM classification to correct commission errors and clip for water boundaries.  

2. IKONOS Impervious Surface Product

An ArcInfo grid (“isurfikon”) containing all grid cells classified as either “1”, Impervious Surface or NODATA.  A clearly defined filtering sequence will be applied so as to meet the required MMU, 0.025 acres.  In addition to filtering, the product will be refined using results from the TM classification to correct commission errors and clip for water boundaries.

3. DAIS Impervious Surface Product

An ArcInfo grid (“isurfdais”) containing all grid cells classified as either “1”, Impervious Surface or NODATA.  A clearly defined filtering sequence will be applied so as to meet the required MMU, 0.0025 acres. In addition to filtering, the product will be refined using results from the TM classification to correct commission errors and clip for water boundaries.  

4. TM Pervious Surfaces Product 

j) An ArcInfo grid (“lccattm”) containing all grid cells identified with the appropriate land cover class LU-ID or NODATA.  A clearly defined filtering sequence will be applied so as to meet accuracy 

k) An ArcInfo grid (“wettm”) containing all grid cells classified as Wet Areas, LU-ID 4, or NODATA.  No additional clumping or filtering will be applied to this product following initial pixel classification.  This product will not be merged with any other grid product.

III. Training Site Definition

A. County-Supplied Training Sites

The County will supply the Consultant with a representative number of training sites (signature sites) that will supplement the narrative descriptions of classification categories provided in the Scope of Services. These sites will not be exhaustive and will require additional refinement by mutual effort between the Consultant and the County. However these sites will attempt to emphasize those categories that have the highest variability and ambiguity.

The County training sites will be used by the Consultant for two purposes:

· Clarification of County interpretation of the various categories to be classified

· Preliminary accuracy assessment

These sites will not be used for signature development as it is understood that they were produced using visual interpretation rather than spectral information.  Given the 3- and 4-band data structure (i.e. fewer  values to work with), it is critical that signature development be based purely on spectral values so as to keep the signatures as spectrally pure as possible.

The training sites will be provided to the Consultant in ESRI shapefile format in a projection appropriate for each respective dataset.

B. Consultant-Supplied Training Sites

The Consultant will apply a hybrid classification procedure using a combination of image stratification, unsupervised classification and supervised classification.

Training sites necessary for the supervised signature development will be acquired for unsupervised clusters identified as Mixed classes.  This technique allows for separating a cluster into distinct spectral classes.  

Sufficient pixel counts will be collected to be statistically relevant to the data set.  This number is estimated at ten times the number of bands, so for 3- and 4-band imagery, a signature training site will contain a minimum of 30 and 40 pixels.  For the TM, 60 pixels would create an acceptable signature.

 Given the 25 m2 resolution of the TM imagery , training sites for the TM classification should be at least 100 meters2 in extent.

IV. Pilot Area Selection 

The pilot project for each AOI will:

· Test effectiveness of proposed procedures developed in Deliverables 1 and 2.

· Test completeness and integrity of signature set development

· Select areas representative of variation of each dataset

· Test cross-sensor integration of the data

· Provide opportunity for process refinement

· Be of sufficient size to implement and test the project design and classification protocols.

A. EMERGE Data Set:  

Two pilot areas will be tested, one in the western part of the County known as “Area 5” which is densely urban, but also contains a substantial amount of water and all vegetation classes except for Young Conifer Plantation (YCP) and Recent Clearcut.

The County details Area 5 as:  east of Lake Union bisected by Interstate 5.  It encompasses part or all of EMERGE tiles 16426-35, 16426-36, 16425-6, and 16425-7. Approximately 4.15 square miles in extent.

The second area in the central part of the County, known as “Area 9” represents a wide sample of urban and suburban features, agricultural and forested lands.  Thus it includes the opportunity to map the YCP and Recent Clearcut classes.  This area is also covered by IKONOS imagery in its eastern extent allowing for comparison of resulting classification accuracy as well as the spatial match between classified products from the two data sets.

The County describes Area 9 as encompassing all or part of the EMERGE tiles listed below.  It covers the cities of Snoqualamie and North Bend where EMERGE and IKONOS data overlap.  It is approximately 36.03 square miles in extent

For panel 16410, tiles: 20,21,22,23,25,26,27,28,29,31,32,33,34,35,37,38,39,40,41 

For panel 16420, tiles: 13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28 

For panel 16419, tiles: 15,16,19,20,23,24,27,28 

B. IKONOS Data Set: 

Two pilot areas have been selected by the County:  Area 9 in the central part of the County (described above) and “Area 10” in the southern portion of the County.  Area 10 is completely forested with the exception of some logging roads, clearcuts and open meadows.  It provides for evaluating the IKONOS data set’s ability to define the various forest vegetation types.  The approximate area is 7.74 square miles.
Area 9 is covered by IKONOS tile 79-1. 

Area 10 is covered by IKONOS tiles 79-2 and 99-2.

It will be the County’s decision which data set (EMERGE or IKONOS) to use in the overlap area, based on their assessment of the pilot results. 

C. DAIS Data Set:

Pilot area(s) have not yet been determined at the time of this document edition.  The DAIS image set encompasses only Vashon Island southwest of metropolitan Seattle.  Predominant cover type is a mixture of tree canopy, suburban home developments, towns and agricultural fields.  Clearcuts and YCP classes are not expected to be encountered in this area.  As this data set does not adjoin the EMERGE or IKONOS data, its classified products will not need to be checked for categorical or spatial match.

D. TM Data:

Pilot area(s) for the TM data set have not yet been determined as of this document edition.  Because there is only one TM scene (regardless of year) covering the project extent, MARSHALL suggests that establishing limited Pilot areas is not necessary.  Instead, we recommend that the County provide areas of particular interest to ensure that signature development can include the full range of classes.   The categories of interest in these areas must be of extents at least 100 meter2 for sufficient training site development.

V. Appendix A:  Detailed Description of Classification Categories Provided by the County

  1. Impervious-Constructed Surface

(a) Purpose: To characterize a primary biological/hydrologic condition in terms of a single 'index' category. It would be used in first-order water quality and water quantity (run-off) analyses. This category will take advantage of the high resolution of the imagery, and the generally well-defined spectral signature(s) of surfaces of features referenced in the Definition. This category will form the basis for additional delineation of manmade surfaces using yet-to-be acquired ancillary data sets (i.e., high-resolution digital elevation and road centerline data). A small minimum mapping unit will serve to eliminate commissions of more generally clustered (aggregated) vegetation categories. 

This category is defined as a unique landcover class, not merely as a substitute or alias to Level I or Level II Anderson landuse categories of Urban or Built-up land. As such this category's purpose and definition does not vary within the urban and extra-urban areas of King County. It could also be used, with some significant accuracy limitations, in a percentage area calculation per given administrative or assessor unit (e.g., parcel) for calculation and/or application of surface water management fees.   

(b) Definition: Refers to those surfaces with very high to 100% impermeability. This impermeability is defined as Total Impervious Surface (TIS) as to distinguish it from Effective Impervious Surface (EIS). TIS is an intuitive definition of imperviousness defined as those constructed, non-infiltrating surfaces such as concrete, asphalt and building rooftops. This category will not differentiate, in this analysis phase, between transportation-related impervious surfaces (e.g., roads) and those not related to transportation (e.g., roof tops of structures).

(c) Examples: 



1. Building roof surfaces regardless of composition or construction


2. Roadways, highways and parking lots constructed of concrete or asphalt 


3. Parking areas with high density of parked vehicles as represented in imagery


4. Sidewalks and pedestrian walkways and malls constructed of concrete or asphalt


5. Other prepared surfaces, such as bicycle paths and tennis courts, running paths

2. Non-constructed, Non-vegetated

(a)  Purpose: This category will complement the Impervious-Constructed Surface category. This category will refine the portion of the imagery with low reflectance in the near infrared range, thus removing bias towards assignment of areas in this category to fully impervious surfaces. The resolution between this and the Impervious-Constructed Surface category is highly dependent on the functionality of the training sites provided. However, making this distinction will avoid irrelevant clumping of areas with little or no vegetation (i.e., low IR reflectance) that have high permeability with constructed surfaces with little or no permeability (i.e., street surface). Overall non-vegetated surface extent will be quantifiable by summing those areas in this category with those in the Impervious-Constructed Surface category. This category will define areas with generally high-runoff values, high-erosion potential, and little or no opportunity to support substantial vegetation, either due to poor soil conditions or continuous anthropic impact. It may also indicate those transitional areas that are in the process of being developed as a constructed site. As with some of the other categories, application of ancillary data and knowledge will be necessary to create distinctions between generally rural, naturally occurring non-vegetated areas and urban/suburban non-vegetated areas being impacted by anthropic activities. 

(b) Definition: Refers to those surfaces with little or no vegetation but with a high, yet variable degree of infiltration and permeability. Areas meeting this definition imply no inference to the existing or potential land use, only to the limited occurrence or absence of vegetation on a non-constructed, non-prepared surface. The surface may be highly disturbed, yet does not support vegetation due to naturally occurring conditions or frequent to continuous anthropic impact.

(c) Examples: 


1. Barren, semi-barren lands

2. Rocky areas

3. Gravel pits

4. Quarries

5. Rock and sand beaches

6. Isolated sandy areas such  river sandbars and golf course sand traps

7. Construction areas and equipment staging areas

8. Roads and parking lots constructed of gravel, compacted dirt or other non-bitumen base.

9. Areas of packed earth

10. Transitional areas

3. Open Water

(a) Purpose: To define a fully exclusive category for possible further refinement using ancillary data sets. It will provide an edge-of-water vector layer of high spatial accuracy. Though linear water bodies (i.e., streams, creeks, rivers) are considered, the main focus of this category is areal (polygonal) water features. At a small MMU it will be used to produce a refined hydrologic polygon set that can be integrated (centerlined) into the hydrologic watercourse vector set that is to be derived from forthcoming high-resolution DEM. It will define areas of surface water but will also delineate linear watercourses greater than the MMU. The spectral signature defined for the open water category will be resolved from unambiguous training sites (i.e., lakes, ponds, and ocean water). Fresh-water areas will assist in further refinement of the Wet Area class (i.e., assist in reducing wet area omission errors), as well as serve as a component to a superclass of both open water and wet areas. This superclass can be evaluated with ancillary data to indicate those land areas that may be marginally wet areas from the standpoint of biological and regulatory impact.

(b) Definition: Open water is defined as areas persistently water covered with no or inconsequential vegetative mask or canopy. Included would be areal features such as lakes, ponds and reservoirs and linear features such as canals, rivers and streams. Bodies of ocean water including bays and estuaries are also included. 

(c) Examples:


1. Lakes


2. Ponds


3. Reservoirs


4. Edge of ocean 


5. Canals


6. Rivers


7. Streams

4. Wet Areas

(a) Purpose: To best delineate those areas where the water table is at or above the land surface for a significant part of the year. Classification of this category is to be independent of any regulatory or legal definition of these areas as 'wetlands'. Therefore the term "wet areas" is preferred over wetlands. However, the results could be used in analysis where a wetland category is used as long as the necessary caveats are applied. This category would help define areas that are exclusive of the Tree Canopy category and such can be used to indicate areas with a higher degree of sensitivity and concern for anthropic impact. The focus of this category is, like the Open Water class, on areal (polygonal) expressions of wet areas as opposed to linear 'wetland' areas such as riparian zones. Further resolution of this category could be made by applying the high-resolution DEM to be obtained at a later date.

(b) Definition: Those areas where the hydrologic regime supports well-established aquatic or hydrophytic vegetation and/or shows evidence of soil saturation. Wet areas exceeding a MMU that are masked by established forest crown are not included (rather they would be included in the Tree Canopy class). 'Wet areas' often have well-defined negative topographical expressions with limited or no well-defined surface water flow connection. This category will attempt to define those areal features exceeding the MMU that are not associated with flowing water. In other words, this category will not delineate watercourses (streams, creeks) or their associated riparian areas. Likewise, river floodplains or estuarine areas are not included. Shallow water areas where aquatic vegetation is submerged area will be classed as Open Water and are not included in the 'Wet Area' category.  Extraction of these areas from the imagery independent of the type or amount of associated vegetative cover eliminates the need to create a hierarchy of wetland categories during this phase.

(c) Examples:


1. Marshes


2. Swamps


3. Bogs


4. Low-lying agricultural fields with varying degree and expression of saturated soils


5. Low-lying landscaped vegetated areas with poor drainage


6. Wide (above MMU) vernal pool rims

5. Tree Canopy - Conifer


(a) Purpose: This category will serve as one part of a two-part baseline landcover class for tree canopy. Benefiting from the high resolution and the leaf-on status of the data, this class will provide a quantitative measure of actual, fully-developed (i.e., mature) tree conifer canopy independent of a percentage crown cover per spatial window. Beyond a MMU that may exclude solitary trees/tree clusters (primarily in an urban and suburban areas), no additional differentiation will be made to delineate areas of urban tree crown cover from rural 'forests'. Implied in this is that other subjective evaluations using ancillary data will be required to make this urban/rural forest distinction, as well as distinctions in seral or timber production stage. This category will provide part of the year 2000 baseline for amount of area covered by all types of forest vegetation. This baseline can be used retroactively to compare to existing landcover classifications to determine the amount (percentage) and location of reforestation and deforestation. In combination with other data sets this class will serve as the foundation of riparian condition evaluation and habitat condition assessment.  

(b) Definition: All areas covered by evergreen forest or a MMU containing greater than 50% evergreen trees. As opposed to traditional classifications based on a percentage of a given area being occupied with tree canopy, this category will define tree stands (as indicated by canopy) as an absolute class. This category makes no inference to whether the forested vegetation is urban or extra-urban (rural) beyond the limit the MMU may impose on small areas of trees (generally assumed to be in the vicinity of impervious surface areas, e.g. a street or a farmhouse). These isolated trees and tree clusters will likely be aggregated into the Herbaceous Vegetation category. Perennially wet areas exhibiting tree canopy in excess of the MMU will be included, thus excluded from the Wet Area class. This category does not attempt to aggregate those areas that are in forest cover with those transitional areas likely to remain in forest production. As such it does not include clear-cut areas, transitional growth areas and young-growth plantations. As it is only a measure of tree crown cover it would also include evergreen tree farms as long as the total area of crown closure exceeds the MMU requirement.

(c) Examples:



1. Conifer forest (with greater than 50% evergreen trees in MMU)



2. Evergreen tree farms



3. Urban conifer-covered areas such as urban parks



4. Tree-covered portions of wet areas


6. Tree Canopy - Hardwood (Deciduous)


(a) Purpose:  This category will serve as second part of a two-part baseline landcover class for tree canopy. This class will serve as a comparable baseline set as category 5, except for areas with a dominance (greater than 50% over MMU) of deciduous trees. As with the evergreen category there would be no distinction in rural forests and urban tree stands.


(b) Definition: All areas covered by deciduous forest or a MMU containing greater than 50% deciduous trees. The definition for this category contains the same reasoning as for category 5 except that it applies to non-evergreen trees that loose their foliage in the fall.

(c) Examples: 



1. Hardwood (deciduous) forest (with greater than 50% deciduous trees in MMU)



2. Urban hardwood-covered areas such as urban parks



3. Orchards


7. Recent Clear Cuts


(a) Purpose:  To isolate those areas that have very recently experienced extensive de-forestation through clear-cutting. Very recent is defined as within the past year to two years of the vintage of the imagery. It would define those areas that are likely within a given rotation of a managed forest cycle. They have a distinctive visual appearance and geometry, and possibly spectral signature, that will allow their classification.  Extracting them as a separate class will remove some of the ambiguity of their placement in either the Non-Vegetated class or the Young Plantation class. However when necessary they can be grouped with the Tree Canopy and Young Plantation classes when a high-level aggregation is necessary. The hydrologic characteristics of a clear-cut area may be significantly distinctive given the absence of standing timber but with the presence of extensive, intact root structure and mature soil profile.

(b) Definition:  Managed forest areas (usually with Forest Production Zone) that have a very small percentage of standing timber over the MMU. They have either no or less than 1 to 2 years regrowth. The surface of the area may vary from near scarified to significant stubble and debris.

(c) Examples: 



1. Recent clear cuts


8. Herbaceous Vegetation

(a) Purpose:  This category will aggregate those primarily urban/suburban areas that have been cultivated as landscaping as well as lands in agricultural production. However, a distinction will not be made as to the absolute origin or current landuse of this landcover class. These features may appear in the urban or extra-urban setting. With ancillary data this category could be enhanced to demonstrate areas of significant anthropic intervention and modification. As such, areas within this class will represent a hydrologic and filtration class with different dynamics than the other vegetative classes, particularly the Tree Canopy class. Though it serves a purpose in itself, it also helps refine the Tree Canopy cover class, by removing (isolating) those areas greater than the MMU that fall within a tree-covered area. Isolating non-aggregated grassy areas removes the requirement that aggregations of the tree canopy class meet a threshold percentage crown canopy. Rather, as explained above, actual tree canopy will be mapped, with intermediate non-tree grassy areas falling into this Herbaceous category, especially in an urban setting. 

(b) Definition:  Areas vegetated primarily with herbaceous vegetation, agricultural crops or lying fallow. This category anchors the opposite end of the vegetative spectrum from the Tree Canopy class. It defines areas where no substantial, continuous woody vegetation or tree cover exists; rather the area is dominated by grass or crop species. Areas of this category will likely contain isolated trees and some small stands (clusters) of trees. This is deemed desirable, as it is not the intent of this classification scheme to map individual trees or small groups of trees, particularly those used solely as landscaping. The logic is that often these individuals or small clusters represent tree crown above impervious surface or herbaceous surface. The hydrologic regime this situation represents is significantly different than a large area of tree canopy in a rural forest situation.

(c) Examples:



1. Lawns and yards



2. Athletic fields



3. Grassy common areas



4. Parklands



5. Naturally occurring grassy open areas within tree or woody, vegetated zones



6. Agricultural fields



7. Grassy Highway medians


9. Shrub

(a) Purpose:  To define those other generally naturally-vegetated areas that are excluded from the Tree Canopy category. This category would define areas with different hydrologic and habitat characteristics than areas represented by the Tree Canopy category and often the Herbaceous Vegetation category. Accurate assessment of change in actual forest (tree cover) requires the distinction between tree canopy areas and other woody non-tree vegetation. As a class, it will provide to aggregate those non-herbaceous MMU areas without tree cover. This category itself will likely encompass a range of non-tree woody vegetation widely ranging in species composition. Likewise, as with the Tree Canopy class, this category will not differentiate between urban and extra-urban non-tree woody vegetation, therefore landscape shrubbery will be included in this class. 

(b) Definition: This category is defined as those non-tree-covered areas that still retain woody vegetation. This category can be see as falling somewhere in between the Tree Canopy and Herbaceous Vegetation classes in terms of species mixture, growth height, and clarity of definition. However, it may be difficult to maintain a high level of distinction between this category and the other vegetation categories in terms of its definition much less spectral and spatial resolution. Some agricultural areas and pastures (both of Herbaceous Vegetation), as well as Young Conifer Plantations may have similar appearance to items specifically defined for this category. 

(c) Examples:


1. Landscaped shrubbery


2. Areas of low-lying bushes


3. Blackberry and similar species


4. Thinly distribute alders and other wetland vegetation


5. Shrubby highway medians

10. Young Conifer Plantation

(a) Purpose: To provide distinction for areas that are in managed forest production status and will, in time, mature to full conifer growth. This implies that these areas, at maturity, will meet hydrological and other environmental criteria (i.e., large woody debris contribution) that an existing late-stage mature forest provides. The ability to redefine this category from the imagery as distinct from the Shrub category will be useful in land management assessment and change analysis. No implication is provided as to the stage of regrowth, only that the area is likely to remain in forest production.

(b) Definition:  Though there is some potential cross-over with the Clear Cut category, areas that are beyond the one to two-year regrowth stage but not over the ten to twelve-year age are included in this category.  The assumption is that up to this 10-12 year limit, full crown closure has not been established, thus distinguishing it from the tree canopy category.

(c) Examples:

1. Revegetating areas that have not yet developed full mature tree cover

2. Managed conifer plantations.

11. Unknown/Unclassified

(a) Purpose: Required for all pixels that can not be justifiably associated with one of the other existing defined classes. Though processing of the imagery to meet the minimum mapping will apply some smoothing and focal filtering techniques, there will be areas that are beyond the aggregation limits imposed by these techniques. Arbitrary inclusion of these pixels to adjacent clusters will not improve the accuracy of the assignments and may cause more ambiguity than leaving them unassigned for later resolution. At the same time though, this category should be applied with discretion and be used only in those situations where the best application of techniques does not allow resolution of the pixel category.

(b) Definition: Those areas (pixels) that fail to match the spectral pattern(s) of the other classes as defined by training site data, and are not associated with spatially adjacent classes through standard filtering/smoothing techniques that take into account the MMU of the other classes. It would also include the occurrence of landcover types that are obvious from visual interpretation of the imagery yet for which no training sites were provided, such as ice, snow and cloud cover. 

(c) Examples: 

1. Cloud cover shadow

2. Ice

3. Snow

4. Image Artifacts (imperfections in imagery due to collection deficiencies or due to post-processing procedures (i.e., mosaicing, edgematching)
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