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ABSTRACT: The effects of changing model weighting factors on the species-specific calculation of a qualitative juxtapo
sition index are assessed. The index used here was first developed by Mead et aT. (1981) to aid in meeting legal mandates
to assess wildlife habitat quality over remote areas. The results indicate that, as more weighting factors were increased
above threshold values, index values over test maps also increased. The results of these threshold tests were highly
dependent on the spatial distribution of the original cover type map. This work has important theoretical and practical
implications in the area of resource management.

INTRODUCTION

THE DETERMINATION of variable characteristics or bench
marking is a necessary element of modeling in geographic

information systems development. Sensitivity analyses char
acterize the impact of the contribution of individual variables
on model ratings. Knowledge of variable behavior allows for
better simulations and can lead to improved verification of model
quality.

Mead et ai. (1981) proposed a habitat analysis technique de
signed for use with raster-format data, such as Landsat, which
can potentially provide for rapid analysis over large areas cov
ered by satellite borne sensor systems. Heinen and Cross (1983)
discussed the use of this system in small management units as
well. The approach described by Mead et ai. (1981) is beneficial
in that it meets legal mandates, is mathematically simple, and
can be used to simulate management prescriptions to assess
impacts on habitat quality (Heinen and Mead, 1984).

Variable behavior was examined in this study to better utilize
the model proposed by Mead et ai. The objectives were to test
the influence of edge type of land covers, the relative weighting
of variable contributions to the model, and the random assort
ment of cover types on model ratings.

BACKGROUND

The spatial distribution of habitat types is considered to be
very important for overall habitat value. Leopold (1933) defined
the edge effect as a response of wildlife species to community
junctions. Odum (1971) defined it as a tendancy for increased
diversity and abundance of species in such areas. However, the
edge effect may vary greatly for different species. For example,
certain types of community junctions may be very beneficial for
some species but not others. Also, some species prefer mono
typic habitat and may actually decrease in abundance near com
munity edges (e.g., Lovejoy et aI., 1986; Yahner, 1986).

For these reasons, qualitative weighting factors are used in
analyses and hence must be tested to understand their char
acteristics and sensitivity to individual variables. Sensitivity
analyses are needed for such models before they can be widely
implemented (Lyon et aI., 1987).

An important concern is how changes in model parameters
affect the mathematical calculations of a model. It is important
to consider how sensitive the model may be to changes in its
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parameters, and how the weighting factors are chosen when
applying such models to wildlife species. In this paper, we ex
plored the effects of changing edge weighting factors in the
calculation of the juxtaposition index proposed by Mead et ai.
(1981).

JUXTAPOSITION AND ITS CALCULATION

Juxtaposition was defined by Giles (1978) as some measure
of the proximity of different habitat types. Most attempts at
juxtaposition measurements include relative weighting factors
assigned by the importance of the adjacency of two cover types
for the species in question. Using this approach, juxtaposition
is a species-specific measurement for reasons discussed above.
This is an important distinction.

Interspersion, as defined by Giles (1978), is a measurement
of the spatial intermixing of habitat types and it can be calcu
lated in a non species-specific manner. Areas of high inter
spersion may, for example, hold more species due to edge effect,
but may represent poor habitat for some species of interest. This
should be reflected in the edge weighting factors chosen for the
juxtaposition index for the selected species in the area. Other
examples of species-specific analyses are give by Isaacson et ai.
(1982) and Ormsby and Lunetta (1987).

Furthermore, juxtaposition calculations are Sight-specific be
cause the critical habitat characteristics of a single species may
vary in different regions. This is especially true of wide ranging
species such as many large game animals (e.g., white-tailed
deer). Qualitative weighting factors have been used extensively
in wildlife habitat analysis procedures (e.g., Roller, 1978; Lyon,
1983).

The calculation of juxtaposition using Mead's (1981) model
has been described elsewhere. It is briefly p'resented here for
clarity. Juxtaposition Ux) is calculated by a "moving window"
technique with respect to a central cell in raster-format data.

Consider the example in Table 1, where A, B, and C represent
different cover types. Ix for the central cell (designated B) was
calculated by multiplying the quantity of that particular edge
type by a qualitative weighting factor for 'each edge type, and
adding the total. In this model, diagonal edges counted as one
and vertical or horizontal edges counted as two because the
distance over which the two types meet is greater for the latter
type of edge. The grand total was then divided by 12 to con
strain the Ix index to values between 0 and 1. In the analysis
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TABLE 1. AN EXAMPLE CALCULATION OF Jx USING THE METHOD

PROPOSED BY MEAD ET AL. (1981). A, B, AND C REPRESENT DIFFERENT

COVER TYPES. Jx Is CALCULATED WITH RESPECT TO THE CENTRAL CELL

(B IN THIS CASE). THE WEIGHTING FACTORS MAY ASSUME VALUES FROM
oTO 1. THE TOTAL Is THEN DIVIDED BY 12 TO CONSTRAIN THE INDEX TO

VALUES BETWEEN 0 AND 1. HORIZONTAL OR VERTICAL EDGES COUNT AS
2, WHILE DIAGONAL EDGES COUNT AS 1.

Higher adjusted Ix values indicate higher overall values of Ix
over the entire area represented by the map. This allowed for
a qualitative assessment of the overall effect on the index value
when a single parameter in the input data is changed.

RESULTS

TABLE 2. CHI-SQUARE RESULTS FOR THE Low TO MEDIUM THRESHOLD

TEST USING THE FIRST (NON-RANDOM) BASE MAP.

TABLE 3. ADJUSTED Jx VALUES FOR THE Low TO MEDIUM THRESHOLD
TEST USING BASE MAP 1. THE VALUES INDICATE THE INCREASING

TRENDS FOR Jx AS MORE WEIGHTING FACTORS ARE CHANGED.

The results indicated that, as additional weighting factors were
increased beyond the threshold value in the low to medium
test, the chi-square results were higher, tending more toward
the rejection of the null hypothesis (Table 2). Note that there
were two test maps generated by changing two weighting fac
tors in Table 2.

In one case (map 2), the weighting factors for non-similar
cover types were increased. In the other case (map 3), the
weighting factors for one similar and one non-similar cover type
were increased. Due to the non-random distribution of cover
types on the original map, each cell had a greater possibility of
being located next to a cell of the same cover type than by any
of the other four cover types. Therefore, when cells dominated
by the same cover type were given higher weighting factors,
this tended to greatly increase Ix for the area regardless of the
number of weighting factors that were changed. This was also
seen in the adjusted Ix values (Table 3) which were higher for
Map 3 (with only two weighting factors changed) than for map
4 (with three weighting factors changed).

The low to medium threshold test was then repeated using
the second base map in which the distribution of the five cover
types was random. There was, again, a general trend toward
increasing chi-square values as the weights of additional cover
types were increased above the threshold value (Table 4). How
ever, in this instance test maps 1 and 3 produced Ix totals iden
tical to the base map, resulting in a chi-square value of 0.00.
Test map 3 was again derived by assigning the higher weighting
factors to the adjacency of one similar and one non-similar cover
type combination.

The input data were the cause of these differing results when
compared to the previous low to medium threshold test. Be
cause the input data were randomly generated, no cell had a
greater probability of being located next to any other cell dom
inated by the same cover type. Therefore, test map 3 was not

Edge type Quantity Weight Total
A C B B/A 3 0.30 0.90
A B B BIB 4 0.60 2.40
C C B B/C 5 0.25 1.25

Grand total = 4.55
Jx = 4.55/12 = 0.38

presented here, the range of Ix values was further subdivided
to categories of low (0.00 to 0.33), medium (0.34 to 0.67), and
high (0.68 to 1.00) juxtaposition for statistical analysis.

Also note that weighting factors can be assigned for the ad
jacency of two cells of the same cover type designation (the BI
B edge in Table 1). This BIB interface is not an edge in the
ecological sense, but rather the edge of two cells. This edge
measurement capability is important for species-specific anal
yses because some species prefer homogeneous over hetero
geneous areas.

METHODS

The two thresholds considered in this analysis were between
low and medium index values (0.33), and between medium and
high index values (0.67). The input maps used to generate base
maps contained five cover types, and the proportion of cells
comprising each cover type was approximately equal. The cover
types were aggregated in space to simulate natural community
types in the first input map, and were randomly distributed in
the second input map.

Base maps of Ix were generated by assigning weighting fac
tors to all edges below the threshold value. For example, all
weighting factors were assigned a value of 0.20 to generate a
base map to test between low and medium lx, and a value of
0.50 to generate a base map to test between medium and high
Ix. The five cover types on the input data resulted in a total of
15 possible edge types, as weighting factors may be assigned
to the adjacency of cells containing the same cover type.

A designated number of weighting factors was then changed
above the threshold value on a total of five different test maps
for each of the two threshold tests. These test maps were gen
erated by increasing (1) one, (2) two, (3) three, (4) five, and (5)
seven out of the total of 15 possible weighting factors. In the
case of the low to medium threshold test, the designated num
ber of weighting factors was changed from 0.20 to 0.40, and in
the case of the medium to high threshold test, weighting factors
were changed from 0.50 to 0.70.

The chi-square test of homogeneity (Feinberg, 1980) was used
in each case to test the null hypothesis that changing the des
ignated number of weighting factors does not change the pro
portion of cells classed as low Ix (low to medium threshold test)
or medium Ix (medium to high threshold test).

Another way to look at the effects of changing these factors
on the resultant Ix index is the calculation of an adjusted index
for the entire base and test maps. The adjusted Ix index is cal
culated by the following formula:

1 (number of low Ix cells) + 2 (number of
medium Ix cells) + 3(number of high Ix cells)

JX
adj = Total number of cells

The adjusted index values for Ix range between 1.00 and 3.00.

Test map
1
2
3
4
5
6

Map
Base

1
2
3
4
5
6

Number of
weights increased

1
2
2
3
4
7

Number weights
increased

o
1
2
2
3
4
7

p-value
0.25>p>0.1
0.25>p>0.1

p<0.005
p<0.005
p<0.005
p<0.005

Adjusted Ix
1.00
1.01
1.01
1.14
1.04
1.18
1.30
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CHI-SQUARE RESULTS FOR THE Low TO MEDIUM THRESHOLD

TEST USING THE SECOND (RANDOM) BASE MAP.

TABLE 5. CHI-SQUARE RESULTS FOR THE MEDIUM TO HIGH THRESHOLD

TEST USING THE FIRST (NON-RANDOM) BASE MAP

TABLE 4.

Test Map

1
2
3
4
5
6

Test Map

1
2
3
4
5
6

Number of
weights increased

1
2
2
3
4
7

Number of
weights increased

1
2
2
3
4
7

p-value

1.0
p<0.005
1.0
0.5>p>0.25
p<0.005
p<0.005

p-values

p = 0.9
P = 0.9
p<0.005
p<0.005
p<0.005
p<0.005

Based on the Ix index, it is possible to compare the value of
two or more areas for any species. The qualitative nature of
such indices will not allow the prediction of the density of an
imals in an area based on habitat criteria alone. However,the
qualitative predictive ability made possible with this approach
is generally all that is needed for multiple-use management ob
jectives such as those of the U.S. Forest Service. If management
objectives are general, this approach is warranted. In other cases
(e.g., critical habitat designation for endangered species) more
detail is needed.

ACKNOWLEDGMENTS

We would like to thank Drs. R.A. Mead, J.L. Smith, C.H.
Cross, and T.L. Sharik for comments and criticism regarding
this work. The effort was made possible through a grant from
the U.S. Forest Service Nationwide Applications Center, Hous
ton Texas to Dr. R.A. Mead as part of the first author's graduate
research at Virginia Polytechnic Institute and State University,
School of Forestry and Wildlife Resources, Blacksburg, Va. Spe
cial thanks go to Dr. P. Weber and M.J. Bell of the Houston
Office for critical reviews. We would also like to thank the
administration and staff of our current home institutions for
making this work possible, and two anonomous reviewers who
provided many helpful comments.

expected to inflate the test statistic as it did in the previous case.
This expectation was supported by the chi-square results (Table
4), but test map 3 produced a lower test statistic than test map
2. This probably represented an anomoly on the input data and
was not expected.

The input for the medium to high threshold test was the same
as that used for the first low to medium threshold test (Table
5). Test map 3 was also generated by assigning the higher
weighting factor (0.70 in this case) to the adjacency of one sim
ilar and one non-similar cover type combination, which inflated
the test static as in the previous (first low to medium) example.
The general trend of greater differences as additional weighting
factors were increased above the threshold value was once again
demonstrated in the medium to high threshold test.

DISCUSSION

The results of the threshold tests were highly dependent on
the original input data. Because of this, there are no conclusions
which can be drawn concerning a number or proportion of
weighting factors which, when increased, will yield significant
differences in Ix values. However, the general trends observed
in these tests should be true regardless of the spatial character
istics of the input data.

The trends here show that, as more weighting factors were
changed, the test maps were increasingly different from the
base map. The results of this sensitivity analysis indicated that
rather small changes in the input data can lead to significantly
different Ix values.

There are various problems inherent in simulations using
models of this sort. In general, these problems arise from the
initial spatial arrangement of cover types on the input data and
the methods employed in selecting weighting factors. In this
res'pect, results would vary as the initial number of cover types,
the average size of areas dominated by one cover type, and the
spatial aggregation of cover types changed.

Of concern to resource managers is how to choose the ap
propriate initial weighting factors. In the future it may be nec
essary to test weighting factors directly with biological data,
such as home range size and habitat use, in areas for which
detailed cover type information is available. Until such time,
choosing appropriate factors is problematic.
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