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Introduction

A major task facing the monitoring team at Denali National Park and Preserve is to develop a landscape-scale sampling regime that is based on random sampling and therefore statistically sound, representative of the variety of environments in the park, and logistically feasible.  A tradeoff exists between accurately representing the wide variety of environments within the park, and developing a monitoring regime that can be realistically achieved and maintained.  This project seeks to find a balance between the two through the use of existing data and computer simulation modeling.


In attempting to sample the various physical environments in the park, we recognized that the park includes a wide variety of slopes, aspects, elevations, soil types, and land-cover types.  Implicit in this recognition is the assumption that physical site characteristics strongly influence vegetation.

Fortunately several data sources exist that provide spatially explicit information about these biophysical parameters.  The park’s Geographic Information System (GIS) database contains 30-m digital elevation models, the NRCS is currently working on a ecoregion/subsection map to delineate soil type and potential natural vegetation, and Earth Satellite Corporation is presently developing a land-cover map for the entire park.  Given the availability of data, we decided to compare the effectiveness of several grid sizes at sampling vegetation data from multiple aspects, elevations, slopes, ecoregions/subsections, and land cover types throughout Denali National Park and Preserve.

Objectives

1. Create five iterations of sample grids, with the sample unit being one point in the grid, at six grid sizes (100, 500, 1000, 5000, 10000, and 20000)

2. Compare the proportional representation of ecoregions/subsections at each grid size and assess the potential variability of any single iteration at each grid size

3. Investigate the relationship between the representation of individual subsections and their size and/or geometry

4. Assess the representation of topographically different sites at each sample size, as well as the potential variability of any single iteration

5. Determine the ability of each grid size to accurately represent the variety of land-cover types present in the park within any given set of sample points (i.e., iteration)

Methods

Sample size


Six grid sizes were selected for our simulation; spacing between grid points was 100 m, 500 m, 1000 m, 5000 m, 10000 m, and 20000 m (Fig. 1).  To determine the precise location of each grid, a point was randomly selected in the southwest corner of the park and each grid radiated from that point.  A different random point was selected for each of five iterations at each grid size.  The thirty output grids were then geographically intersected with the park boundary, in Arc/Info, to enumerate the mean sample size at each grid scale.

Distribution of sample points among ecoregions


To investigate the distribution of sample points among ecoregion subsections, which were delineated by the NRCS (Clark 1997), we used a geographic information system to intersect each point grid with the subsection data.  This analysis enabled us to tabulate the total number and proportion of points in each of 13 subsections.  We then calculated the mean number of points, the mean proportion of points, and the coefficient of variation of the mean proportion of points among the five iterations for each subsection.


We then examined the distribution of sample points among subsections at different grid scales.  We assumed that the distribution at the smallest grid size, 100m, was most representative of the true distribution of points in the park.  The distributions of larger grid sizes were compared to this “true” distribution, and grid sizes that showed considerable deviation were interpreted as being non-representative.  To assess the potential variability of an individual sample grid, we examined the coefficient of variation, computed from the mean proportion of points per subsection over five iterations, for each grid scale.

Relationship between subsection geometry and representation

To test our hypothesis that the ability to accurately represent subsections in any individual iteration is related to subsection size and/or shape, we quantified subsection geometry with measures of area and perimeter-to-area (P:A) ratios. We predicted that subsections that are small or have high P:A ratios would have very high coefficients of variation among five iterations, particularly at larger grid sizes.  Subsections were categorized into small, medium and large size classes and ratio categories.  We qualitatively compared the variability of the subsection representation among these three categories for both size and P:A ratio.

Distribution of sample points among topographic classes

Aspect, elevation and slope data were derived from a 30-m digital elevation model.  To simplify the computations for analysis, these three continuous variables were converted to categorical variables.  Each pixel of the resulting raster data was classified into one of 8 aspect classes, 11 elevation classes, and 11 slope classes.


The methodology used to investigate the distribution of sample points among all aspect, elevation and slope classes closely resembled that used to examine the representation of subsections, as described above.  Point grids were intersected with three GIS layers containing aspect, elevation and slope data to produce a tally of the number of points within each class.  From this tally, we computed the mean proportion of sample points in each class, as well as the coefficient of variation of this mean.


For each of our three topographic variables, we qualitatively compared the distribution of sample points among classes at various grid sizes.  We again assumed that the 100-m sample grid produced the distribution that most resembled the actual population distribution in the park.  The potential variability of any individual sample was assessed by visually examining graphs of the coefficient of variation at different grid scales.


We first performed this analysis throughout the entire park.  To compare the representation of topographically different sites among subsections, we repeated the analysis within each subsection.

Distribution of sample points among land cover types

The arrival of a recently developed draft-land-cover map prompted us to repeat our analyses using land-cover data.  As in the analyses involving subsection and topographical data, we intersected each point grid with the land-cover data to calculate the number of sample points within each of 24 land-cover classes.  From the results of five iterations at each of six grid scales, we computed the mean and CV of the proportion of points within each land-cover class.

To condense our results, we compressed the 24 land-cover classes into five functional vegetation groups (Table 1) and calculated the mean and CV of the proportion of sample points in each of the five groups.  We qualitatively evaluated these data as described above.

Results

Sample size


The relationship between grid size and the total number of points selected appeared to be log-linear (Fig. 2).  Although the 100-m grid would allow the most accurate representation of all microhabitats, it is not logistically feasible.  A sample size of 55 points, or even 234 points (20000-m and 10000-m grids, respectively), may be possible based on logistical and budgetary constraints.

Distribution of sample points among ecoregions


The mean proportion of the total points in each subsection is fairly consistent at grid sizes up to 10000 meters (see parallel lines in Fig. 3), while the coefficient of variation remains constant up to the 5000-m grid size (Fig. 4).  At the 20000-m scale, subsection 8 is not represented in any of the five iterations, and subsections 1, 6, 9 and 12 are not represented in at least one iteration.  Therefore, these subsections may be completely omitted from any one sample at the scale of the 20000-m grid.

Relationship between subsection geometry and representation


We expected that under-represented subsections would be relatively small and have high perimeter-to-area ratios.  At large grid sizes, the coefficient of variation of the proportion of sample points in small subsections tended to be large (Table 2).  However, large subsections did not exhibit any clear patterns with regard to variability, and P:A ratio did not appear to be related to variability.

Distribution of sample points among topographic classes

Aspect


At grid sizes smaller than 10000 m, the distribution of points among aspect classes appears to accurately represent the true distribution of aspects in the park (Fig. 5).  The 10000 and 20000-m grids show some deviation from this pattern, but the change in representation of any single class is less than 5%.  Even at the largest grid sizes, the coefficient of variation is less relatively small, i.e., less than 0.6.  When the distribution of points among aspect classes are examined within individual subsections, however, it is clear that several classes are misrepresented at large grid sizes (see skewed distribution at 20000-m grid size in Fig 6).  In fact, most aspect classes are not represented at all in the Alaska Front Range subsection at the 20000-m scale.  Most subsections exhibited markedly skewed distributions at this grid scale.

Elevation


The distribution of sample points among elevation classes is similar at all grid sizes (Fig. 7).  Though the corresponding coefficients of variation showed an upward trend at large grid sizes, they were not extremely large (Fig. 8).  In general, the classes with the lowest mean proportions also have the highest coefficients of variation.  Individual subsections displayed similar trends.

Slope


The mean proportion of points in each slope class is distributed similarly at grid sizes up to 10000 m, and deviate only slightly at the 20000-m scale on a Park-wide basis (Fig. 9).  However, the coefficient of variation of the smallest slope class becomes quite large (CV>1.6) at the largest grid size.  At the subsection level, nearly all subsections showed departures from the 100-m point distribution at the 20000-m grid scale (Fig. 10), with individual class representation becoming highly variable (CV>2.0 for many slope classes).

Distribution of sample points among land cover types


Each of the 24 land-cover types appears to be accurately represented at all grid scales (see types 1-6 in Fig. 11), though the variability of the geographically smallest land-cover classes becomes quite high (in many cases, CV>2.0).  This high variability indicates that any single iteration may produce a non-representative sample.  When land-cover classes are lumped into five functional groups, the distribution of sample points among groups remains consistent at all grid sizes (Fig. 12) and the variability among five iterations is rather low (CV<0.45 in all cases).


As stated above, throughout our analyses we assumed that the 100-m grid produced the distribution of sample points that most closely resembled reality.  However, after intersecting our point grids with the land-cover data we found that a single iteration at the 100-m grid scale could be considered a statistical outlier.  When averaged with the other four iterations at this scale, it produced a distribution that was noticeably different than the larger grid scales.  This phenomenon indicated that the potential exists for any single sample to yield non-representative results, even when the sample size is very large and the grid size is very small.

Conclusions

The results of our analyses of ecoregions/subsection, topographic factors, and land-cover type suggest that a 20000-m sample grid is too coarse to adequately represent the variety of environments in Denali National Park and Preserve.  In fact, many types of environments would not be sampled at all at this scale.  Elevation is the only variable to be accurately represented in a 20000-m grid.  The distribution of sample points among aspect classes was best represented at grid sizes less than 10000 m, but was not dramatically skewed at the 10000-m scale.  All other variables, including ecoregions/subsections, slope, and land-cover type, showed distributions that were qualitatively similar to the 100-m grid distribution even at the scale of 10000 m, but not at 20000 m.

Based on our initial assumption that biophysical properties influence vegetation, it appears that a 10000-m point grid would therefore represent the actual distribution of vegetation types in the park.  Basis on our initial analyses, the 10000-m grid seems to signify the balance-point in the tradeoff between logistical constraints and the need for accuracy in long-term monitoring.  We plan to conduct additional modeling exercises in order to test this initial conclusion.

The problem of samples that yield significantly different representation of environments was underscored by the results of our land-cover analysis.  At the 100-m grid scale we found one sample that skewed the distribution of sample points among land-cover types.  To avoid encountering this problem when designing a long-term sampling regime, multiple random samples should be generated and screened through a process similar to statistical outlier identification.  Then the actual sample grid could be chosen randomly from the grids that were confirmed to not be outliers.

Table 1.  Functional group classifications of the 24 landcover types used in the draft landcover map for Denali National Park and Preserve.
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Table 2.  General comparison of the size, perimeter:area (P:A) ratios, and coefficient of variation (CV) of ecological subsections of Denali National Park and Preserve. CV refers to comparisons of the number of grid points in a subsection based on a 100 m x 100 m grid to the number sampled grid points in larger grid sizes.
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Figure 2.  Number of sampled points (grid intersections) in grids of various sizes overlain on Denali National Park and Preserve.
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Figure 3.  Number of sampled points in each of Denali’s 14 ecological subsections, in grids of various sizes overlain on the park.
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Figure 4.  Coefficient of variation of the number of sampled to actual points in each of Denali’s 14 ecological subsections, in grids of various sizes overlain on the park.
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Figure 5.  Proportion of sampled points in various aspect classes in grids of various sizes overlain on Denali National Park and Preserve.
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Figure 6.  Proportion of sampled points in various aspect classes in the Alaska Front Range ecological subsection of Denali National Park and Preserve, for various grid sizes.
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Figure 7.  Proportion of sampled points in various elevation classes for grids of various sizes overlain on Denali National Park and Preserve.
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Figure 8.  Coefficient of variation for number of sampled points (versus actual points) in different elevation classes for various grid sizes overlain on Denali National Park and Preserve.
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Figure 9.  Mean proportion of sampled points in various slope classes for various grid sizes overlain over Denali National Park and Preserve.
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Figure 10.  
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Figure 11.  Mean proportion of sampled points for various grid sizes in 6 of the 24 landcover classes of Denali National Park and Preserve.
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Figure 12.  Mean proportion of sampled points in functional groups of landcover classes for various grid sizes overlain on Denali National Park and Preserve.
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� This paper was presented in poster format at the Denali LTEM Conference held in Fairbanks, October 24-25, 2000.  This document contains the text for the poster as well as the figures and tables that were included in the original poster.
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