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7.0 The Accuracy Standard for the NBS/NPS Vegetation 


 Mapping Program
7.1 Establishing Thematic and Positional Control
Since the compilation of the NBS/NPS vegetation data will depend on aerial photography as well as on field sampling, the recommended approach to accuracy assessment is to utilize actual ground checking as the source of higher accuracy.  In order to successfully conduct field checking, investigators must be able to locate sampling sites for both positional and thematic accuracy assessment in the field.  Given the high requirements for positional and thematic accuracy, the large scale of the product, and the small MMU, investigators must be able to locate sampling sites (i.e., coordinate locations) in the field with a considerable degree of accuracy.  In general, sampling sites for thematic accuracy assessment do not need to be located with the same (high) level of precision as those for positional accuracy, since these sampling sites do not need to meet NMAS.  However, to avoid thematic confusion due to positional errors, investigators should not rely completely on post‑processing corrections to establish their true position in the field.  Methods that can be used to locate well‑defined sample sites in the field have been introduced briefly in Section 2.3.2.  This section further discusses those methods that can be used to find coordinate locations that may not correspond to well‑defined features.

Where no hard target point exists to identify the sample site on the ground (as is the case with sample sites for thematic accuracy assessment), locating a point in the field will be virtually impossible without the use of the Navigation Satellite Timing and Ranging (NAVSTAR) Global Positioning System (GPS).  However, the process of determining coordinate locations by using GPS is not error free.  The degree of error inherent in the position obtained from the receiver depends on various factors, including the number and type of receivers used and the method used to conduct the GPS survey.  In general, the higher‑precision GPS solutions are more costly.  Before a solution is selected, the accuracy requirements of a given product should be carefully considered to determine whether the added expense of implementing one of the higher‑precision GPS solutions is justified.

GPS surveying is a process by which highly accurate, three‑dimensional point positions are determined from signals received from NAVSTAR satellites.  A GPS is simply a range measurement device:  distances are measured between the receiver point and the satellites, and the position is determined from the intersection of the range vectors.  To overcome various signal degraders and selective availability (i.e., the military's encryption of the signal), multiple GPS receivers are used in differential carrier phase GPS (DGPS) surveying mode to obtain the desired accuracy (U.S. Army Corps of Engineers 1991; and Federal Geodetic Control Committee 1988).

There are presently three different modes for overcoming the inaccuracies of the encrypted GPS signal.  The first and the oldest mode is conventional DGPS surveying utilizing a minimum of two GPS receivers.  The second mode is real‑time DGPS surveying utilizing a minimum of one on‑site receiver and a real‑time communication link with a distant GPS base station.  The third mode is utilizing the Department of Defense's encrypted GPS receivers, which until recently were not available to other agencies of the government.  

DGPS involves utilizing a base station GPS receiver placed on a known reference and adjusting the remote GPS receiver's data against the base station corrected to the known reference.  Basically, a GPS receiver's antenna is placed directly above a known horizontal control survey marker, such as a National Geodetic Survey monument.  The base station data are corrected against the known monument, creating a delta formula.  This delta, or offset formula is then used to adjust the remote unit's data.  Both units must be receiving data from the same satellites over the same period of time (U.S. Army Corps of Engineers 1991; and Frodge and Lanigan 1991).

A relatively new method is real‑time DGPS.  The corrected delta formula is converted to ASCII format and sent via a modem to a transmitter.  This information is received by the remote GPS unit's radio receiver and modem, and is used to correct the remote receiver's data in real time.  The major drawback of real‑time DGPS is the inability to receive communication frequencies other than satellite communications in remote areas, which may cause skips in data transfer.  If a skip in data transfer occurs, the measurements usually have to be repeated.  The spatial accuracy of real‑time DGPS is 2 to 3 meters, while DGPS is accurate to 1 meter or better (Bobbe 1992).

An alternative to DGPS is utilizing a Precise Positioning Service (PPS) GPS receiver instead of the Standard Positioning Service (SPS) receivers utilized commercially.  PPS is an encrypted P‑code service which is dynamic; it is the service utilized in the classified and controlled military GPS receivers.  The advantage of these receivers, referred to as PLGRs (Precise Lightweight GPS Receivers) is that, depending on the receiver, they are accurate to 8 to 16 meters (32.8 to 52.5 feet) without requiring differential corrections.  The disadvantages include lack of availability to the general public, insufficient accuracy for ground point control acquisition, requirements for significant communication security as compared to commercially available GPS receivers, and inability to download the ephemeris data for post‑processing to improve results (telephone conversation between Anthony Curtis, ESRI, and Kelly Bobbitt, Trimble Navigation, Aug. 2, 1994).

The use of GPS to assess the accuracy of data produced in the NBS/NPS Vegetation Mapping Program for both positional and classification accuracy will not only validate the product, but will simplify the accuracy assessment methodology.   There are several ways to utilize DGPS to establish position during the accuracy assessment of the vegetation maps.  

The best method is to use real‑time DGPS, because real‑time DGPS is of sufficiently high accuracy to establish position in the field without requiring post‑processing.  The field inspection team can navigate to the sample site position with a high degree of accuracy and can verify the classification of the sample site.  Spatial accuracy can be assessed or measured in the same way, because of the high accuracy of the DGPS mode (1 to 5 meters, depending on the subscription service used, and less than 1 meter if post‑processing is used).  

By contrast, the PLGR system's spatial accuracy is only 8 to 16 meters, and post‑processing is not possible, since the ephemeris data cannot be downloaded.  Although this accuracy may be sufficient for thematic accuracy assessment, it is not sufficient to measure positional errors in 1:24,000‑scale data expected to conform to NMAS.

However, because of difficulties with communication links or lack of subscription service transmitting sites, real‑time DGPS may not always be available.  Although satellite communication links are a possibility, the cost may not justify this option.  If post‑processed DGPS is utilized for site location, the locational data will be positionally accurate to 100 meters only, until post‑processing has occurred.  With this approach, the inspection team would have to navigate to a selected site utilizing conventional navigation and collecting GPS data.  The classification accuracy would be assessed in the field, with the spatial data assessment taking place after the post‑processing.  As noted above, post‑processed DGPS is the most accurate of the three methods (Evans 1992; and Adkins and Merry 1994).

Without the advantage of real‑time DGPS and its high degree of accuracy, locating preselected sites for thematic accuracy assessment will be next to impossible, unless a hard feature like an improvement or a significant natural feature can be located in the source data and on the ground.  To overcome these difficulties, the assessment team could select a general area for study instead of specific sample sites.  The team could then utilize the digital data and uncorrected GPS to study the area.  The data could later be adjusted to the post‑processed corrected DGPS data, and the final assessment of accuracy could be made.  In other words, once the team located an accuracy assessment sample site as closely as possible, the team could record the raw GPS position and analyze the site in the usual manner.  When the data were post‑processed, the classification accuracy can be further evaluated by using the corrected position. 

Positional accuracy does not depend on the availability of real‑time DGPS.  Instead, the hard features identified as control points are located in the field and their raw GPS coordinates are recorded.  Once post‑processing of these coordinates is complete, the post‑processed (true) positions are compared to those in the digital database.  The results of this analysis will be the positional accuracy of the end product.  

In summary, the two most viable GPS solutions for establishing position in the field are conventional DGPS (utilizing post‑processing to establish correct locations) and, where the appropriate communications links exist, real‑time DGPS.  Either one of these methods can satisfy the requirements for both thematic and positional accuracy assessments.  In addition, both methods are commercially available.  The use of the PLGR GPS technology would enhance the user's ability to locate preselected sites in the field for thematic accuracy assessment.  However, this solution is not recommended, since it is not sufficiently accurate to establish positional control.  In addition, military restrictions may further constrain the use of the system in the field.

7.2 Thematic Accuracy Requirements

For the NBS/NPS Vegetation Mapping Program, a per‑class accuracy statement is required, and ideally each class will meet or exceed 80% accuracy.  This accuracy must apply uniformly over the entire project area, and it must be applicable to the minimum level of classification detail represented in the vegetation data (Story 1994).  

As discussed in Section 4.1.1, meeting or exceeding 80% accuracy on a per‑class basis will be difficult, because the sample sizes used on a per‑class basis will be too low to permit the derivation of a point accuracy estimate with a narrow confidence interval, even for abundant classes.  This means that in order to pass a one‑tailed hypothesis test, point accuracy estimates must be much higher than the required accuracy.  Given the recommendation to decrease sample sizes to as low as 5, the rarest classes would never meet accuracy requirements, because they are expected to have confidence intervals with widths of 30% and more.

As an alternative, it is recommended that accuracy requirements be defined as being met if the appropriate hypothesis test indicates that estimated accuracy can be considered to be equal to required accuracy.  This less stringent requirement is more reasonable, given that sample sizes on a per‑class basis are unlikely to increase to much beyond 30 sample points, even for the most abundant classes.  

Although per‑class sample size is small, overall sample size should be sufficiently large in most cases to permit accuracy requirements to be more stringent.  Therefore, it is recommended that the requirement for 80% or greater accuracy be maintained for the overall classification accuracy.

A 90% confidence level is recommended for both per‑class and overall accuracy.

7.3 Positional Accuracy Requirements

The positional accuracy of the digital map product must be at least equal to National Map Accuracy Standards (NMAS) for 1:24,000‑scale (7 1/2') maps.  The NMAS was last revised in 1947.  In order to comply with National Map Accuracy Standards (only the horizontal component will be considered for the NBS/NPS Vegetation Mapping Program), no more than 10% of the tested points can be in error by more than 0.02 inch (0.51 millimeter) when measured at the publication scale (Bureau of the Budget 1947).  For a 1:24,000‑scale product, this translates into an error of 40 feet (ca. 12 meters) in ground distance.  

The National Cartographic Standards for Spatial Accuracy are currently being revised.  The proposed new standards are based on work published by the ASPRS and are in their final review stage (as of January 1994)
1.  The new accuracy standard is not necessarily in conflict with NMAS as published in 1947.  It proposes to state accuracy as a standard error (RMSE) in the x‑ and y‑coordinate directions rather than as a circular error with a 90% confidence level (as is indirectly implied by the NMAS of 1947).  For a Class 1 product of scale 1:24,000, the RMSE is 6.0 meters (20 feet) at ground scale; for a Class 2 product, the maximum allowable RMSE is 12.0 meters (39_feet).  

Circular errors and the RMSE can be related provided that the following conditions are met (Merchant 1987):

1.
The variances in the x‑ and y‑coordinate directions are approximately equal,

2.
Discrepancies are distributed normally around a zero mean, and

3.
Sufficient test points (at least 20) are available to estimate the variances.

It is assumed that the final standard has already been published, or will be adopted in the very near future.  The following discussion therefore refers to the revised standard, which will form the basis for positional accuracy statements associated with the NBS/NPS Vegetation Mapping Program.

Like the existing standard, the accuracy statements in the revised standard will apply to well‑defined points.  These are defined as features that can be clearly identified and located as discrete features in the map product as well as the source of higher accuracy used for comparison.  Relatively few features fit the definition of well defined.  Examples are sharply defined intersections (e.g., roads or railroads), corners of buildings, certain other discrete point features like benchmarks, or possibly targets that may have been placed for aerial surveys, provided that they are mapped in their precise locations (i.e., not just cartographically placed) with sharply defined symbols.  Boundaries subject to interpretive judgment or certain natural boundaries subject to environmental fluctuations (e.g., river banks) generally do not qualify as well‑defined points, even if they form intersections.

Since vegetation boundaries are nearly always interpretive, positional accuracy statements within the constraints of the National Cartographic Standards for Spatial Accuracy will not directly apply to the primary mapped features in the product, but will instead simply be well‑defined features that are quite unrelated to vegetation boundaries.  A positional accuracy statement in terms of the National Cartographic Standards for Spatial Accuracy should therefore be understood to indicate how well the map product is registered (geocoded) to its control, and not to indicate how well the vegetation polygon boundaries reflect their true positions on the ground.

Although positional accuracy statements in this context have little meaning in terms of vegetation boundary location, this information is important, particularly in locating vegetation communities.  However, to assess the locational accuracy of vegetation community boundaries, alternative methods are required that address uncertainty in terms of more intangible quantities such as interpretive judgment and the inherently transitional nature of vegetation boundaries.  Most of these methods are experimental in nature and have not been tested operationally.  They may, therefore, be time consuming and expensive to implement. 

From an operational point of view, it is therefore recommended that positional accuracy testing be limited to the tests prescribed by the National Cartographic Standards for Spatial Accuracy.  From an experimental point of view, it is recommended that some methods that provide accuracy measures for the position of vegetation boundaries be tested.  These include the estimation of epsilon bands, the estimation of "ecologist/photointerpreter uncertainty" in the delineation of vegetation boundaries, multiple photointerpretations of the same area, the estimation of mixing ratios and inclusions, and the assignment of multiple classes to individual polygons (fuzzy membership).  Because of their experimental nature, these methods have not been incorporated into standard procedures for accuracy assessment.

7.4 Dealing with Problem Areas and Classes

A problem area or class is defined as one in which accuracy cannot be adequately determined, or one in which accuracy requirements may for some reason not have been met.  Such conditions may occur for several reasons:

1.
It may be impossible to collect an adequate sample for the class, because the class is either rare or inaccessible.  An inadequate sample may result in an unacceptably wide confidence interval for the class.  If the accuracy requirement specifies the point estimate as needing to be less than the lower end of the confidence interval, the point estimate may need to be impossibly high in order to satisfy the requirement.

2.
The class can be sampled adequately; however, it is easily confused with another class.  The degree to which classes will be confused will depend to some extent on how well defined the classes are in the classification scheme and on whether the classes can be distinguished from one another, given the precision and accuracy of the field sampling techniques.

3.
The number of control points in the area is insufficient to establish positional accuracy.  Even if the number of points is sufficient, the points may not be distributed well through the map area.  

4.
The methods used to locate sampling sites in the field are not precise or accurate enough to adequately locate the site.  This will pose a particular problem for classes that tend to occur in patches close to the minimum mapping unit in size.

5.
Temporal variation has altered the composition of the vegetation in the area in terms of classification and vegetation boundary location.  For example, a fire has burned part of several adjacent plant communities.  The burnt area is now covered with new (fire‑following) communities, and the boundaries of all communities adjacent to the burnt area have changed.

6.
Climatic conditions during the sampling are different from those during the original survey, even though the same season is being sampled.  As a result, some species typical of a given community have not yet become established, resulting in the assignment of the class to a different community.  (This is similar to problem 2.)

The problems that may arise are too diverse to list here, particularly since some types of problems may occur infrequently, but some recommendations can be made to deal with the most common problems:

1.
Relax accuracy requirements.  This approach should be considered if, in the majority of cases, requirements cannot be met for reasons beyond the mapping contractor's control.  For example, if assignment to a class cannot be done unambiguously, different interpreters may assign different classifications to the same class, and they may have equally valid justifications for the class assignment.


Since any accuracy requirement is to some extent arbitrary, the difficulty with this approach is finding a sensible value that is not simply the lowest common denominator.  

2.
State actual accuracy rather than conformance to an existing standard.  Rather than report whether the product meets a given accuracy requirement, simply state what the accuracy estimate is, together with its confidence interval.  Like the approach above, this approach should be considered if accuracy requirements simply cannot be met for reasons beyond the mapping contractor's control.  


From a user's point of view, this approach is probably more helpful than a statement as to whether or not a map product meets a specific standard.  However, from a producer's point of view, a requirement to simply state accuracy may provide no guidance as to the level of accuracy to be met and little incentive to achieve a certain level of accuracy.

3.
In cases where small sample sizes prevent an accuracy estimate to be obtained with a sufficient level of confidence, classes known to have similar error properties may be pooled to increase the sample size.  This approach implies that a meaningful measure of a class's error properties can be developed.

4.
Apply some sort of error weighting that takes into account confusion between inherently similar classes.  In the extreme case, confusion between the most similar classes would not be counted as an error.  How meaningful this approach is will depend on the classification method and the ability to define similarity between classes.  One way to accomplish this would be to consider those classes as similar that are most often confused with one another.

5.
Carefully document the instances in which accuracy is less than the minimum requirement (and the reasons for the violation).  This approach should be considered if violations of requirements are restricted to a few classes or isolated areas.  This approach is also recommended if discrepancies are due to temporal change or seasonal variability.

Prior experience with similar projects (e.g., Goodchild et al. 1994) suggests that meeting the proposed thematic and positional accuracy requirements will be difficult, even if sampling methods are purposely skewed in favor of selecting sampling areas that are classified correctly.  Factors expected to impact the accuracy estimate include the interpretive nature of vegetation mapping, the transitional nature of many vegetation communities, and the limitations of the equipment likely to be used to establish sample locations (the latter two will also affect the estimation of positional accuracy).  Even if accuracy standards are met, it will be difficult to interpret the meaning of the estimate, because differences in interpretation and actual misclassifications cannot be distinguished.

The extent to which the proposed accuracy requirements can be met can only be determined after the classification standard itself has been finalized and tested in the field.  At this stage, it is recommended that the accuracy assessment procedure be field tested on diverse prototyping areas.  The results of these tests can then be used to modify the assessment procedures or the proposed accuracy requirements for the NBS/NPS Vegetation Mapping Program itself.




    �1 ESRI is investigating if the final standard has been published.
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