NBS/NPS Vegetation Mapping Program

Accuracy Assessment Procedures - Final Draft



6.0 Error Management Issues
6.1 Accumulation and Tracing of Errors in Output Products

Errors may be introduced into spatial data at any step during data production and data maintenance. Understanding the types and magnitude of errors that can occur at individual production steps is an important part of error management.  An analysis of error rates at specific production steps can identify error‑prone processes that can be subsequently modified or targeted for intensified quality assurance checks.  Concurrently, quality assurance procedures may be relaxed for processes known to introduce little error.

Accuracy assessment usually only gives a measure of the total error present in the database.  Total error in spatial data is usually modeled as the sum of errors introduced during each production step, where "sum" should be interpreted in the sense of "combination."  This total error report is of importance for communicating the fitness of a product for use, but has limited utility for evaluating the production process or interim products.  To accomplish the latter, it is necessary to trace or partition the errors to the individual production steps.  This is, of course, best undertaken as part of in‑process quality assurance procedures rather than after a poor accuracy assessment (see Section 6.3.4).

The tracing or partitioning of error propagation in the production process begins with a model of the production process and the known causes of error.  Ideally, expected rates of error for each production step are estimated when production and quality assurance procedures are developed for the project.  This provides a control or benchmark for further error analysis.  For the NPS/NBS Vegetation Mapping Project, estimates should be developed through controlled experiments in the prototyping phase of the project. 

For illustration purposes, the main production steps and related sources of error for a project like vegetation classification for national parks can be summarized as follows:
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 (
Data collection.  The main data sources are aerial photographs and vegetation data collected through field sampling.  Possible errors include uncertainties in the delineation of boundaries on aerial photographs as well as misidentification of vegetation communities in the field.

(
Photogrammetric corrections.  Depending on the final mapping methodology, the aerial photographs may have to be registered to ground control.  Since locating ground control points is not error free, the transformations used in the photo rectification process will have some positional error associated with them.

 (
Data compilation.  The rectified data from the aerial photographs and the data collected in the field will be reconciled and compiled onto stable base Mylar.  Apart from interpretive errors in the delineation of boundaries, this will introduce additional errors because of the width of the pen used to delineate the polygon boundaries.

 (
Data input.  Once compiled, the Mylar basemaps will be either scanned or digitized.  Possible errors are instrument errors (both scanners and digitizers have limits in terms of registration and resolution), operator error (e.g., poor boundary definition during digitizing), or poor quality vectorization software (to convert the scanned raster data into an appropriate vector‑based product).

(
Data processing.  This involves establishing polygon topology in the data and the attribution of polygon data according to a prespecified database design.  Possible errors include inappropriate processing tolerances, incorrect attribution, or transformation/projection errors.

6.2 Differentiation of Regional Error Rates

The NPS/NBS vegetation maps will be compiled as a series of park‑specific projects.  As such, the types of vegetation communities, as well as the time of the mapping and the personnel contracted to compile the data, will in all likelihood be different.  Since all three of these factors may have an effect on error rates, this suggests that thematic as well as positional errors should be reported on a park‑specific basis.  

It is therefore recommended that a separate accuracy assessment be made for each individual park.  Even if two separate parks are contiguous, it is recommended that separate assessments be made, because the parks may have to be mapped by different contractors at different times.  This implies that vegetation communities occurring in different regions may have a different accuracy associated with them.  Moreover, if the abundance of a community varies from park to park, the confidence with which its accuracy can be stated may also be different.

6.3 Weighting of Errors

Regardless of the classification method employed, some vegetation classes will be more similar to each other than others.  Intuitively, it therefore seems reasonable to consider confusion between similar classes a less severe error than confusion between two very different classes.  Given the subjectivity inherent in vegetation mapping, it may also be of interest to eliminate errors that may simply be due to interpretive differences among different investigators.  Since analyses conducted on contingency matrices do not permit differentiation on the basis of severity, the question arises whether and to what extent other measures might be employed that would classify errors on the basis of severity and permit them to be treated differently in the accuracy assessment.

One possibility would be to simply aggregate easily confused classes in the contingency matrix as part of the accuracy assessment itself (see Section 5.3).  The assumption behind this approach is that easily confused classes are also similar.  The aggregation will result in a lower number of errors overall, but at the same time, information specific to each class will be lost to the user.  From an accuracy assessment point of view, the two classes can no longer be differentiated.  In addition, aggregating classes based on between‑class confusion following compilation of the contingency matrix requires a considerable amount of judgment on the part of the investigator as to when two classes will be "sufficiently confused" to be considered similar.  

Another method, also somewhat experimental in nature, approaches the problem from the perspective of fuzzy sets.  With this approach, a particular area can be assigned to multiple classes, with varying degrees of class membership (Gopal and Woodcock 1994).  Class membership for a particular area could, for example, be defined on a five‑point linguistic membership scale as "absolutely wrong," "understandable but wrong," "reasonable class assignment," "very good answer," or "absolutely right" (Gopal and Woodcock 1994).  For each vegetation class in a particular classification system, this would permit an a priori definition as to how class confusion from one class to another will be interpreted.  For example, confusion of a given class A with class_B may be classified as "absolutely wrong," while confusion with class C may still be considered a reasonable answer.  With this sort of scale, each area might be assigned a score that weighted its correctness, with "absolutely wrong" and "understandable but wrong" classes receiving low scores for correctness.  Instead of the traditional confusion matrix, the results of an accuracy assessment based on fuzzy class membership are presented in the form of tables that analyze the varying degrees of matching and mismatching that may have occurred between classes.

From an operational point of view, implementing this method will require a field investigator to assign one of the five membership classes for each class in the classification scheme to each sample point used for the accuracy assessment.  However, for complex classification systems, or systems with many classes (as is to be expected for the NPS/NBS Vegetation Mapping Project), this procedure may be cumbersome and difficult, even if it yields results that are more appropriate to the nature of vegetation mapping than measures based on contingency matrices.  

The ability to evaluate errors in terms of their severity is one of the most promising aspects of using accuracy assessment measures based on fuzzy sets.  However, this approach is still relatively experimental, and traditional probability measures, such as confidence levels and confidence intervals, cannot be applied to it.  While this is not necessarily a theoretical shortcoming of the method, it is an operational one.  Since the meaning of accuracy measures based on fuzzy sets may not be understood by many users of spatial data, the use of this type of measure will make it difficult for users to evaluate the data in terms of its fitness for a particular application.

Although both aggregation of similar classes and accuracy assessment based on fuzzy sets may result in an interpretation of errors that is more representative of what constitutes an error in vegetation mapping, it is recommended that classification errors be reported in the form of a contingency matrix showing all classes that were part of the analysis.  This approach is also recommended because any weighting of errors is inherently subjective in nature and depends to a great extent on the intended use(s) of the data, most of which may be unknown to the producers of the data.  Reporting the full contingency matrix and the methods by which it was derived will then permit users to assign their own weighting schemes to the data if they desire.

6.4 Cost and Benefit Considerations

Cost constraints will be one of the factors that determine to what degree error rates in data can be reduced.  Clearly, it is desirable to have as little error as possible in any given product.  However, as a practical matter, reducing errors beyond a certain level will be prohibitively expensive.  Determining an acceptable error rate in a product is the first step in justifying costs.  This can only be done by knowing the uses or intended uses of the data and the impact of accuracy on the success of the application.  

When considering methods and associated costs to reduce error rates, care should be taken to distinguish between precision and accuracy (see Section 5.1).  The first step in reducing error rates in a cost‑effective manner should be to examine ways in which the accuracy (not the precision) of a measurement can be increased.  In vegetation mapping, accuracy may remain comparatively low because of ambiguities inherent in the mapping process.  If the accuracy of the mapping process cannot be improved, little will be gained by increasing the precision of the measurements used to compile the product and to determine its error rate.  

This is important in determining the "point of diminishing return" when determining the degree of precision required for the mapping of a given product, because from a budgetary point of view a high degree of precision in measurements (including those used to confirm accuracy) will be one of the main contributors to cost.  This is true because high‑precision results require very large sample sizes, as well as more expensive equipment.  As an example, being able to state accuracy based on a sample with an allowable error of 10% typically requires fewer than 100 samples even for 99% confidence levels.  Stating the same accuracy with an allowable error of 0.01% requires several thousand samples (see Table 1).  

Generally, in situations where a high degree of accuracy is inherently difficult to achieve, sampling to achieve a high level of precision will for the most part not be worth the cost.  This implies that for vegetation mapping, with its inherent ambiguities, comparatively little can be gained by collecting many samples.  At the same time, the use of high‑precision instruments (or extremely conservative processing tolerances) is unwarranted if the accuracy of the position of lines (e.g., vegetation boundaries) has a high level of uncertainty associated with it.  

Prior experience with land‑use classification and vegetation mapping using remote sensing data indicates that it is unlikely that accuracies greater than 80% can be achieved on a consistent basis for individual vegetation classes, even in a large‑scale product that utilizes field sampling methods in conjunction with aerial photography (Goodchild et al, 1994; Congalton and Green, 1993; Congalton and Mead, 1983).  Given the comparatively small gains in accuracy that can be achieved at high cost, it seems unwarranted to sample to a level of precision higher than 10%.

The extent to which accuracy can be achieved can only be determined during operational testing of the mapping and accuracy assessment process.  The results from these tests can then be used to derive a level of precision that is reasonable in terms of both product accuracy and cost.
6.5 Capturing and Incorporating Uncertainty as Part of the Data

Incorporating information regarding errors and data quality is particularly important for digital spatial databases (as opposed to traditional hard‑copy maps) and requires substantial rethinking on how such information ought to be represented (Chrisman 1984).  In hard‑copy products, scale and the map detail associated with it are fixed.  Users typically associate smaller scales with lower accuracy, even if no accuracy statement is explicitly given as part of the map.  Small‑scale maps, with their limited amount of detail, more or less prevent users from utilizing these data sources for high‑accuracy projects.  In digital data, the concepts of scale and data detail are much more ambiguous.  

Most computer systems permit unlimited enlargement capabilities and coordinate precision that is independent of the accuracy of a given product.  This tends to give users a false sense of accuracy (Chrisman 1984).  At the same time, one digital data source can be combined with another (be it through overlay or simply edge match operations), regardless of how compatible the data sources are in terms of accuracy.  Unless data producers and users explicitly propagate data accuracy and data quality information through these types of processing steps, data accuracy information may be lost from the database.  The ability to maintain data accuracy information in static as well as dynamic databases and to propagate it into derived data sets requires some thought in terms of database design.  At the same time, it needs to be considered on a project‑specific basis what types of data accuracy and data quality measures would be most beneficial to data producers and users, and how this information can be collected.

Issues to consider for the NPS/NBS Vegetation Mapping Project include how to incorporate thematic and positional accuracy statements.  Should producers report simply whether the data meet a given standard; should they report the actual accuracies derived with their associated confidence intervals; or should they report the full contingency matrix (table of test point discrepancies in the case of positional errors) used to derive the accuracy estimate?  In terms of thematic accuracy, should accuracy information be class based, feature based, or both; and should the accuracy measures differentiate regionally between error rates?  Finally, in terms of vegetation mapping, should the data accuracy information include estimates of less tangible quantities, such as uncertainties in the position of lines due to transition zones and the heterogeneity of vegetation polygons?  

Depending on physical database design, errors inherent in spatial data may be incorporated in a database either as part of the database itself, or in the form of metadata.  In each case, the information would be represented in the form of additional attributes that may be either feature or layer specific.  Although the information incorporated in the data may simply consist of a positional and thematic accuracy statement for a specific park, additional, and possibly more experimental, uncertainty measures may be incorporated into the database as well.  This is of particular interest for those types of errors that are not easily quantified using traditional methods.  This includes uncertainties in vegetation boundaries in transition zones as well as uncertainties in vegetation class assignment, especially where the species mix is heterogeneous.  Collection, incorporation, and maintenance of such data obviously bears a cost, but the expense may be warranted if the information captured is deemed useful and important by data users.  

In addition to traditional measures estimating positional and thematic accuracy, the following measures may be of interest for accuracy assessment of the NPS/NBS vegetation database:

 (
Width of the Perkal ε‑band.  This measure uses a band of width ε surrounding the line such that the band contains the line with a known certainty (Stoms et al. 1994).  Methods for estimating the width of the Perkal ε‑band are discussed in Blakemore (1984).

 (
Width of boundary zones as defined by the mapper directly.  An experienced photointerpreter will in most cases implicitly know the width of a particular transition zone and will probably choose the center of a transition zone between two classes as the estimated "best guess" of the position of the line.  Interpreters could be instructed to collect this information as part of standard practice.  Since the measure would be line feature based, this would allow transitions that occur at sharply demarcated boundaries (such as those that might occur as the result of abrupt changes in topography) to be distinguished from those that occur in ecotones.  Each line would have its characteristic uncertainty, which would vary with community type as well as with physiographic and environmental factors.  The main disadvantages of this approach are that the measure is solely based on interpretive judgment, and as such does not lend itself well to quantitative analysis.  Different interpreters will assign different uncertainties to a specific line, and short of repeating the interpretive process for a given area using different interpreters, there will be little ability to control for this effect.  Also, depending on the method used for interpretation and data input, collection of this information may be cumbersome.

 (
Mixing ratios within vegetation polygons.  This is a measure that would show the degree of heterogeneity within a particular polygon.  Indirectly it permits the assignment of multiple classes to a polygon, in that the interpreter may classify an area as, say, 80% class A and 20% class B.  The greater the heterogeneity in a particular polygon, the more classes form part of the mixing ratio, or the more balanced the mixing ratio.  This type of measure would be polygon specific.  The main difficulty in determining mixing ratios lies again in the interpretive nature of the measure.  Field investigators would have to be carefully instructed on how to collect data for the estimation of mixing ratios and would probably have to extensively document their observations in order for them to be meaningful.  Because of the interpretive judgment involved, mixing ratios should be reported no more precisely than to the nearest 10%.

 (
Size of unmapped inclusions within a polygon.  An inclusion is a distinct vegetation community within a polygon that has not been mapped because it is smaller than the MMU.  Estimating the size of such inclusions is a further measure of heterogeneity within polygons.  As in the methods above, the main difficulty in employing the measure is the difficulty in defining a set of decision rules that permit field investigators to collect adequate data regarding inclusions in a consistent manner.
The ability to easily incorporate a variety of feature‑based uncertainty measures in spatial databases is promising in terms of error management.  Such information could be useful to producers and users of spatial data.  Producers could benefit by gaining greater flexibility in representing error in data products.  Users would benefit by being able to extract uncertainties for specific features rather than for entire classes.  However, the success of any of these feature‑based uncertainty measures ultimately depends on the ability to collect the data required to derive the measure reliably and cost effectively in the field.  The degree to which this is feasible should be tested experimentally during the prototyping phase of the project.  Such testing is recommended to determine on an experimental basis how well such uncertainty measures can be derived, and to what extent producers and users of the data can utilize the measures.

6.6 Quality Assurance

Accuracy assessment and quality assurance are related, in that a product subjected to well‑defined quality assurance procedures is likely to be of higher accuracy.  Generally, the implementation of a well‑defined quality assurance program is one of the most valuable tools for reducing error in a data set.  In order to be useful, quality assurance processes should consist of in‑process reviews as well as reviews by independent personnel at critical junctures in the data production process.  During process design, it is important to identify all critical steps in the production process, and the quality assurance procedures that will be used to verify the step, because the success of the following production step will probably depend on the successful completion of the step(s) preceding it.  Implementing quality assurance steps at all critical junctures will minimize the need for expensive rework, if errors from early production steps are detected at a late phase of the project.

For the NPS/NBS Vegetation Mapping Project, critical quality assurance steps will probably include review and correction of the initial photointerpretation, reconciliation of field data with aerial photointerpretation, review and correction of manuscripts in preparation for scanning or digitizing, review of data input to verify quality of line work, review of advanced processing such as attribution of features, and final review of the data after incorporation into the database.  As opposed to an accuracy assessment, which is based on sampling, quality assurance generally relies on exhaustive reviews.  Reviews should be structured to incorporate feedback mechanisms, and they should encourage all personnel to assume joint responsibility for high quality in the product.  Further discussion of quality assurance is found in Section 6 of the Field Sampling Methodology.

6.7 Effective Use of Local Expertise

Local experts may facilitate the vegetation mapping process, because they may know the location of specific classes based on experience.  This is particularly useful for communities that cannot be delineated from aerial photographs, because these may be missed altogether in the mapping process.  In addition to improving the accuracy of the product, local experts may also reduce mapping costs, because they are likely to have better information, not only on the vegetation characteristics of a certain area, but also on the best way to access the area.  

6.8 Process Design

NPS/NBS vegetation mapping will be implemented as a series of park‑specific projects.  For each of these projects, the mapping process consists of a series of sequential steps, with the accuracy assessment forming the last step of the process.  The objective of the accuracy assessment is to simply determine the accuracy of the data, not to correct errors.  (Naturally, if error rates exceed requirements, rework may be necessary; however, if accuracy meets requirements, errors found in the sample used to verify accuracy will typically not be corrected.)  In other words, accuracy assessment should be seen as independent of the mapping process itself. The advantage of this approach is that the assessment will be conducted at a time when the data will no longer change.  (If, on the other hand, the accuracy assessment for thematic accuracy [for example] was conducted following the initial photointerpretation and field work, errors due to processing, such as incorrect coding for a particular vegetation class, would not be detected.)  A disadvantage of conducting the accuracy assessment as the final step of the mapping process is that certain procedural errors may not be detected until all mapping is complete.  However, this type of problem will be minimized by implementing effective quality assurance procedures.
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