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Executive Summary

The aim of the National Park Service/National Biological Survey (NPS/NBS) Vegetation Mapping Project is to map 237 Inventory and Monitoring Park units using a single, standard vegetation classification.  The primary data to be utilized for the vegetation mapping is aerial photography combined with ancillary field data.  The final output product will be a digital map of the vegetation.  An essential part of this ambitious mapping project will be an accuracy assessment of the final database.  Accuracy assessment is important because estimates of thematic and positional errors in the data will allow users of the data to assess data suitability for a particular application.  At the same time, data producers will be able to learn more about the nature of errors in the data and improve the mapping process.  

Accuracy requirements for the NPS/NBS Vegetation Mapping Project specify an 80% accuracy for each vegetation class that is mapped.  In terms of positional accuracy, the data are expected to meet National Map Accuracy Standards (NMAS).  At a minimum, accuracy assessment procedures should be able to determine, with sufficient precision, whether the vegetation map meets these requirements.

The objectives of this report are to provide the theoretical framework for accuracy assessment and to make initial recommendations as well as alternative procedures for accuracy assessment of the NPS/NBS Vegetation Mapping Project.  The procedures must be scientifically sound and yet practical to implement.  The core recommendation is to utilize a basic procedure that is statistically rigorous and consistent with traditional methodologies.  However, it is recognized that operational constraints may preclude a complete implementation.  For this reason, some alternatives for implementing the preferred scenario are provided with the expectation that operational testing during the prototype phase of the project will be necessary to define the utility and reliability of the alternative procedures.

The report reviews the problem of accuracy assessment for vegetation mapping in terms of theoretical and operational constraints, such as the interpretive nature of vegetation mapping, relative abundance of various classes, temporal change, sample site location, and accessibility problems during field sampling.  These constraints ultimately impact how errors are interpreted and the degree of precision with which (traditional) accuracy estimates can be derived for vegetation map data.  The usefulness of traditional statistical analysis methods is seen as somewhat limiting for accuracy assessment of vegetation data, because definitions of "error" and "accuracy," within the framework of traditional statistical methods, leave little room to account for interpretive judgment calls that are an important part of vegetation mapping.  Despite these limitations, the recommended accuracy assessment procedures utilize traditional statistical methods to estimate thematic and positional accuracy.  At the same time, the authors strongly recommend prototyping of experimental methods which take into account the special characteristics of vegetation data.

Key recommendations made in terms of accuracy assessment for the NPS/NBS Vegetation Mapping Project include the following:


 (
The accuracy assessment should be independent from the mapping process itself.  Since the vegetation database will be compiled as a series of park‑specific projects, a separate accuracy assessment should be conducted for each park.


 (
The accuracy assessment should be point based with an observational unit equivalent or larger than the minimum mapping unit.


 (
The recommended number of samples per class should reflect the abundance of each class within the project area.  Rare classes should be sampled with less frequency than abundant classes.  As such, the accuracy of rare classes will be stated with less precision than that of abundant classes.


 (
Thematic accuracy should be expressed using contingency matrices adjusted for chance agreement with a Kappa index.  It is recommended to report users' and producers' accuracy for each class.  These accuracies should be expressed as a percentage with a 90% confidence interval.  Positional accuracy should be expressed as a root mean square error.  It is recommended users be provided with the actual accuracy estimates rather than stating whether or not the product meets a specific accuracy standard.


 (
Ideally, accuracy assessment should capture all components of uncertainty associated with vegetation mapping.  Recognizing that operationally this may not be feasible, it is nevertheless recommended to test experimental methods measuring, for example, within polygon variation, or the uncertainty in the position of polygon boundaries.


 (
Prior to implementing any of the accuracy assessment procedures, they should be tested operationally during the prototyping phase of the project.  It is anticipated that the methodology will need to be refined as a result of the testing.

Arguments in support of these recommendations can be found in the relevant sections of this report.

1.0 Introduction

1.1 Objectives of the Report

Accuracy assessment in spatial data has three primary objectives:

1.
To allow users to assess the data's suitability for a particular application

2.
To allow producers of the spatial data to learn more about errors in the data and improve the mapping process

3.
To verify conformance to production standards

The primary objective of this document is to define suitable procedures for assessing the accuracy of the digital data acquired for the NPS/NBS Vegetation Mapping Project.  Procedures will be evaluated as suitable if they are scientifically sound and justifiable and yet are practical to implement (feasible in view of cost and time constraints).

1.2 Scope of the Document

It is generally accepted among mappers of vegetation data that no single accuracy assessment procedure is optimal for application to all vegetation classes or for all areas included in a particular project.  Also, it is recognized that any chosen method should be operationally tested prior to becoming the standard method of assessment (Stoms et al. 1994).

This document is intended to provide the theoretical framework for the measurement of thematic and positional accuracy associated with vegetation data.  As such, the main focus of the document is to define appropriate assessment procedures and justify the selection based on theoretical considerations, especially in cases where several alternative methods exist.  In terms of accuracy assessment procedures, the focus of this report is to make recommendations on the following:

· Sampling strategy in terms of sample size, sample location, and the minimum sampling unit that yields both thematic and positional accuracy

· The implementation of the sampling strategy

· Alternative methods for accuracy assessment, including any decision rules that are different when selecting alternative methods to be used

· The analytical methods to be used for the analysis of the samples

· The interpretation of accuracy statements

The recommended methods will need to be validated by being tested operationally during the prototyping phase of the project.  The purpose of such operational testing will be to refine those aspects of the accuracy assessment procedure that cannot be finalized from theoretical considerations alone.  Operational testing of the accuracy assessment procedure should therefore be seen as an integral part of accuracy assessment procedures development.

1.3 Relationship to Other Reports in this Series

This report is the third of a set of three documents being completed to delineate the methods proposed for application to the NPS/NBS Vegetation Mapping Project.  The first of the three studies proposes the vegetation system for use as the classification and mapping standard to achieve the objectives of the project.  The second report describes the methodology required to implement the vegetation classification and mapping of the parks.  This, the third document, outlines the accuracy assessment procedures that will be utilized to verify the thematic and positional accuracy in the vegetation maps. 

1.4 Structure of the Document

This document describes the theoretical framework behind accuracy assessment for vegetation mapping in general, the accuracy requirements of the NPS/NBS Vegetation Mapping Project in particular, and the implementation of assessment procedures recommended for thematic and positional accuracy assessment.  Section 1 is this introduction.  Sections 2 through 6 describe the error model for vegetation mapping.  They include definitions of error and accuracy in the context of vegetation mapping, methods for error detection and measurement, computational methods, methods for error management, and process design.  Section 7 describes the accuracy requirements for positional and thematic accuracy for the NPS/NBS Vegetation Mapping Project.  Section 8 deals with the implementation of the recommended accuracy assessment procedure in 

terms of data collection and computational methods.  Section 9 briefly addresses operational testing of the proposed method.  Finally, Section 10 provides a glossary of terms and definitions.

1.5 Introducing the Proposed Method

The proposed accuracy assessment procedure assumes that the NPS/NBS Vegetation Mapping Database will be compiled as a series of park‑specific projects.  The principal method of data compilation will be based on aerial photographs from which initial delineations of vegetation boundaries will be made.  The mapping of the vegetation classification will then be refined by using field sampling methods.  The minimum mapping unit (MMU) for the project is defined as 0.5 hectare.  

This methodology assumes that the classification system itself permits an initial mapping based on aerial photographs.  Since thematic accuracy assessment will be affected to some extent by the characteristics of the classification system (especially its stated resolution, class aggregation methods, and minimum mapping unit size), some procedural aspects of the accuracy assessment will evolve with the development of the classification system.  However, bearing these constraints in mind, the recommended procedure can be summarized as follows:

1.  The accuracy assessment will be park specific and will be concerned with verifying 
the accuracy of the vegetation mapping.

2.
Accuracy will be assessed at the conclusion of the mapping process for a specific 
park, and will therefore be independent of the mapping process.

3.
The most desirable, though not exclusive, source of higher accuracy against which 
the classified data will be compared is field checking.

4.
Both thematic and positional accuracy will be assessed.

5.
For thematic accuracy assessment, a stratified random sampling approach which 
covers the entire park area is recommended.  It is recognized that logistics and/or costs may prevent the entire park from being sampled, in which case, some variation of two‑stage or nested sampling may have to be considered.  The theory is discussed in Section 4 and the operational aspects of this alternative are discussed in Section 8.



For either situation, five class‑specific scenarios have been identified.  The procedures or each scenario vary primarily in terms of sample size and in terms of the decision rules regarding sample site location and sample site availability.  It is expected that this approach is most appropriate for medium‑size parks (2,500–50,000 hectares).  Very small and very large parks may require modification of the basic procedures as addressed in Section 8.





The core thematic accuracy assessment procedures are defined as follows:



 (
The number of sample sites per class will vary from five to thirty, depending on the frequency and abundance of the class.  Classes that consist of fewer than five polygons and cover less than 50 hectares of total park area will be observed in their entirety.


 
(
Multiple sample sites per polygon will be allowed; however, the method by which sample sites will be allocated to polygons will be weighted to give preference to larger polygons.  Because of the cost associated with visiting sample sites, a larger than needed number of sample sites identified for the given scenario will be selected before the field visit.  If sample sites prove inaccessible during the field visit, they will be replaced in the field if possible, or during post‑field analysis.  In the latter case, a second visit to the field will be necessary.


 
(
Sample sites will be randomly allocated within a class, but they will be positioned away from the polygon boundaries by an amount equivalent to the positional error in the data and the error associated with locating the sample site in the field.  At a minimum, the sample site will be positioned far enough from the boundary to be wholly contained within one community.



(
Sample sites will be located by means of point samples (i.e., random coordinate locations).  For each point location, an area equivalent to or larger than the MMU will be observed.  The basic guideline is to observe a circular area about the point location, provided the circular area is wholly contained within a single community and can be conveniently staked out.  Investigators will be given interpretive freedom to vary the shape of the sampling unit to accommodate special community types such as riparian zones or areas where circular sampling units are difficult to use (e.g., in forested areas).  These types of decisions will need to be documented by field personnel.



(
Sample sites Sample sites will be located in the field by using Global Positioning Satellite (GPS) surveying methods.  Depending on the method chosen, this will permit positioning of the sample site with an accuracy of from 100 meters (using uncorrected observations) to 1 to 5 meters (using real‑time differential GPS).  Utilizing methods that permit positioning of the sites without post‑field processing will be preferable, but may not always be practical.  If post‑processing is required, investigators will need to utilize collateral data in conjunction with GPS to locate the field site as accurately as possible.



(
All pertinent information, including the name of the investigator(s), the date and time of the visit, the method of ground control, field conditions, the method of observation, special decision rules in analyzing the field site, and the vegetation class observed for the area, will be recorded on a field assessment form.

6.
Positional accuracy assessment will be limited to estimating how well the data can be tied to its control.  The sample points used will be different from those used for thematic assessment, because positional accuracy assessment depends on the availability of well‑defined points.  Candidate points will initially be selected from collateral sources such as USGS quad sheets or aerial photographs.  Sample points will be distributed throughout the area where possible, in order to derive an estimate that is applicable to the entire mapped area.  If sample points cannot be well distributed, the positional accuracy derived will be recorded with a statement as to the area to which the estimate applies.  Sample points will be located in the field using differential GPS surveying.  The coordinate locations of the sample points will be post‑processed before they are used in other computations.

7.
Since vegetation class assignment and delineations of vegetation boundaries are subject to much interpretive judgment, it is recommended that alternative methods that capture the uncertainty in the position of a class boundary and the variation within "single class polygons" be considered for testing.  These methods include the following:
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 (
Estimating epsilon bands, which give an indication of the uncertainty inherent in the position of the lines


 (
capturing the uncertainty of individual lines as estimated by the investigator in the field or during the aerial photointerpretation as an attribute in the database


 (
estimating the mixing ratio of classes during the field survey and capturing this information as an attribute in the database


 (
estimating the size of unmapped inclusions within polygons


 (
allowing multiple class memberships for individual polygons

Information derived from the first two methods is boundary driven and may be useful to those users interested in determining the width of transition zones.  The latter three methods are polygon driven and are an indication of the variation to be expected within a single class. 

8.
Errors will be analyzed as follows:
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 (
Thematic errors will be reported in the form of a contingency matrix.  Overall accuracy will be reported as "percent classified correctly" and adjusted for chance agreement with a Kappa index.  Users' and producers' accuracy will be computed for each class with 90% confidence limits.  A t‑hypothesis test will be used to determine whether estimated accuracies conform to an 80% per‑class accuracy.


 (
Positional errors will be tabulated for each point.  Positional accuracy will be computed as an RMSE in the x‑ and y‑coordinate directions, and as a circular error with a 90% confidence level.  A c2 hypothesis test will be used to determine whether the estimated accuracy conforms to NMAS.
9.
It is recommended that procedures be tested operationally during the prototyping phase of the project.  The objective of the operational testing will be to determine if the specified accuracy requirements can be met for the given classification scheme, and to determine if the proposed method is practical to implement in terms of time and cost.  Changes or refinements of the procedure based on the results of the testing may be necessary.  
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