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ABS-I-I<AC-I-: The selection o f  representative sample sites for land-condition analysis and ground truthing o f  digital satellite 
imagery can be a difficult and subjective task. A procedure has been developed which autoniates the site selection 
process and reduces subjectivity. Within a geographic information system, a data layer representing spectral land-cover 
types derived from an unsupervised classification o f  satellite imagery is overlaid with an ancillary data layer (in this 
case, a digital soil survey). Inventory sites are randomly assigned to areas represented by the unique land-coverlsoil 
conlbinations in a stratified fashion based on their proportional contribution to the land area being surveyed. The 
process ensures proportional representation of  the various land-cover types while providing a basis for post-classifi- 
cation sorting i f  field data reveal significant variability within the land-cover classes. 

INTRODUCTION 

E FFECIIVE NATURAL RESOURCE MANAGEMENT is dependent, 
in part, on accurate assessment of the kinds, amounts, and 

conditions of existing resources. When properly interpreted, 
satellite imagery can provide valuable information regarding 
various geologic, botanic, pedologic, and aquatic resources. The 
utility of remotely sensed imagery, however, is limited by the 
ability of the user to correlate spectral response patterns with 
conditions on the Earth's surface. The strength of such corre- 
lations is further limited by at least four factors: (1) the appro- 
priateness and accuracy of image preprocessing techniques, (2) 
the adequacy of algorithms used to classify the remotely sensed 
images, (3) the suitability of ground truthing methods, and (4) 
the representativeness of field sampling locations. - - 

~ u c h  has been written regarding preprocessing techniques 
and the relative merits of multisvectral clustering algorithms 
(e.g., Jensen, 1986; Campbell, 19'87). In addition: thzre is an 
abundance of information dealing with field inventory methods 
(u.g., Mueller-Dombois and Ellenberg, 1974; Chapman, 1976). 
However, comparatively little has been written regarding pro- 
cedures to ensure the representativeness of field sample sites 
as they relate to interpretation of remotely sensed imagery. Most 
site selection procedures reported in the literature are per- 
formed subjectively (c.g., Fitzpatrick, 1988; Talbot and Markon, 
1988) and are easily biased by desires to stay near roads and/or 
familiar landmarks (Joyce, 1978; Cibula and Nyquist 1987). 

Random placement of sampling sites in the field is an im- 
portant factor in the statistical reliability of the resulting data. 
However, because land-cover types (and their associated spec- 
tral categories) do  not occur randomly in nature, a simple ran- 
dom allocation of sampling sites may not adequately represent 
all spectrally recognized land-cover categories. Stratification of 
sampling sites by spectral categories improves the likelihood 
that all categories are adequately represented. Due to the nature 
of remotely sensed digital data, however, considerable varia- 
bility in cover type may exist within the spectral categories. To 
address this problem, some researchers have suggested the use 
of ancillary data, such as aspect or elevation, to assist the inter- 
pretation of spectral land-cover categories in a post-classifica- 
tion sorting process (Hutchinson, 1982). 

The purpose of our research effort was to develop an auto- 
mated, objective procedure to select sites for field sampling and 
verification of multispectral classification categories. The pro- 
cedure utilizes geographic information system technology and 
n priori incorporation of ancillary data to maximize the repre- 
sentativeness of field sample sites. 

METHODOLOGY 

The site selection procedure described here has been imple- 
mented at 13 major U.S. Army training facilities across the United 
States and West Germany. It is illustrated with an example from 
Dugway Proving Ground, Utah. Dugway Proving Ground is 
approximately 340, 565 ha (840,900 ac) in size, and is located in 
the western desert of Tooele County, Utah. The facility has been 
protected from grazing since 1942 and comprises some of the 
largest remnants of the salt desert ecosystem in North America. 
Major landscape features include vegetatively depauperate salt 
flats, saltbush-greasewood (Atriplcx-Snrcobntlrs) shrublands, 
dunelands, and-granitic outcrops. 

Geographic information systems are designed to store, 
manipulate, analyze, and display spatial data that may be derived 
from a variety of cartographic and thematic sources. The speed, 
accuracy, and ease with which analysts can process spatial data 
are major benefits of geographic information systems in general. 
The system chosen for this project was the Geographical 
Resources Analysis Support System (C~~SS)(Westerveit, 1988), 
a public domain sys tem developed by the  U.S. Army 
Construction Engineering Research Laboratory. CRASS includes 
functions to read, georeference, filter, and classify remote 
imagery, and to integrate images with other geographic data. 
Cartographic data used in the site selection process were 
resampled to 20-m grid-cell (raster) format prior to analysis to 
correspond with the resolution of the satellite imagery. 

Remote imagery recorded by the French SPOT (Systeme 
Probatoire pour I'Observation de  la Terre) satellite was acquired 
for the Dugway Proving Ground area. Due to the large land 
area included,  two  images were  required (#154826- 
98905041842572X, 04 May 1989, and #15472698905041842591X, 
04 May 1989). The date of the imagery was selected to correspond 
to the approximate annual peak of plant growth. The images 
were geometrically rectified and then joined to form one 
composite image. The composite image was masked to exclude 
areas outside the military installation boundary. Areas determined 
by visual inspection to be clouds and shadows of clouds were 
also masked from the image. An unsupervised classification 
was performed on the unmasked portion of the image using all 
three spectral bands. The bands correspond to the green (0.50 
to 0.59 km), red (0.61 to 0.68 km), and near infrared (0.79 to 
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0.89 ~ n i )  portions of the electromagnetic spectrum, respectively. 
The classification process used a two-pass clustering algorithm. 
In the first pass, the algorithm selected a subsaniple of pixels 
(grid-cells) and built clusters based on reflectances in the spectral 
bands. The second pass assigned all pixels to the clusters using 
the maximum likelihood classifier. The classification was limited 
to a maximu~li of 20 spectrally unique categories. 

In order to automate the site selection process, an interactive 
program was written which prompted the user with regard to 
required inputs. The algorithtn then selected and utilized the 
appropriate GRASS features to perform the necessary tasks (Figure 
1). 

The first step in the site selection procedure was to input the 
primary and ancillary data layers to be used. The spectral 
classification map layer served as the primary layer for the 
stratification of field inventory sites. From previous experience 
it was anticipated that considerable variability in botanical 
composition and plant density could exist within the computer- 
generated spectral catergories. This could be due to the limitation 
of 20 land-cover categories imposed during the unsupervised 
classification, or may result from the occurrence of more than 
one plant community with similar spectral reflectance properties. 
In the latter case, differences in vegetative cover and plant species 
composition are often related to characteristics of the underlying 
soils. Furthermore, in areas of sparse vegetation, soil properties 
themselves may dramatically influence reflectance patterns 
recorded by the satellite. In order to account for variability 
attributable to soils, a digital soil survey for Dugway Proving 
Ground was obtained from the U.S. Soil Conservation Service. 
The digital soil survey, containing a total of 23 soil series or 
complexes, served as the ancillary data layer for sample site 
stratification. 

Within GRASS, the soil and spectral land-cover data layers 
were combined to create a cross-product map composed of all 
unique combinations of the categories in the two input layers. 
An internal report indicating the relative areal extent of each 
land-coverlsoil combination served as the basis for the numerical 
allocation of field sample sites to the land-cover/soil categories. 
Time and monetary constraints at Dugway Proving Ground 
dictated the use of no more than 200 sites. These were allocated 
to the various land-coverlsoil combinations based on their 
proportional contribution to the land area being surveyed. 

Due to the complexity of the landscape, a large number of 
land-coverlsoil combinations occurred which, when considered 
individually, were too small to merit sample sites. However, 
when considered as an aggregate, they comprised a significant 
proportion ot the land area. This prevented the algorithm from 
allocating the full complement of 200 sites. The site selection 
program then began an iterative, stepwise process of searching 
the internal report for the largest category failing to receive a 
site in the first pass. A site was allocated and the process was 
continued until all 200 sites were distributed. 

One at a time, the land-cover/soil categories were extracted 
from the cross-product data laver into a temporary file where 
spatially discrete clumps o f  cells were grouped into polygons 
recorrni~ed as uniuue entities. Some land-cover/soil combinations <> 

were represented by a single polygon while others were 
represented as a series of spatially disjunct polygons. The size 
of each polygon was calculated in CRASS. It was assumed that 
some degree of inherent spatial error would be present in both 
the imagery and soil source data (Walsh ~ , t  nl., 1987), and that 
the probability of error would be greatest at the edges of polygons. 
Due to the likelihood of spatial error, as well as the land area 
needed to accommodate field methods used for ground truthing, 
polygons less than 2 ha (5 ac) in size were eliminated from 
further consideration in the site selection procedure. 
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FIG. 1. Flow diagram for the site selection model. 

Pixels within the  remaining polygons were numbered 
sequentially. A random number generator was used to produce 
a set of numbers equivalent to the quota of sites allocated to 
the land-cover/soil category in the temporary file. Pixels 
corresponding to the randomly generated numbers identified 
field sample sites. The coordinates of each site were added to 
a master list. The next land-coverlsoil category was then moved 
into the temporary file and the process was repeated until all 
categories of sufficient slze to receive one or more sites were 
evaluated. When complete, the master list contained the 
coordinates of all 200 sample sites. 

Field crews were provided with clear Mylar overlays registered 
to U.S. Geological Survey 75-minute (1:24,000-scale) quadrangle 
maps (Plate 1). The overlays were printed with all polygons 
satisfying the minimum size requirement. The color scheme for 
the polygons was based on the spectral land-cover categories. 
Boundaries of soil mapping units were outlined in black. Pixels 
selected by the randomization process were labeled with 
conspicuous symbols. Field crews located and established 
permanent sample sites within the polygons containing selected 
pixels. Wherever possible, the field crews oriented sample sites 
away from the edges of the polygons where the potential for 
spatial error was the greatest. A global positioning system was 
used to locate sites which were difficult to identify by field 
observation alone. In the event that any given polygon was 
inaccessible, the crew selected the nearest polygon of the same 
land-cover color code and soil series. 

DISCUSSION 

The primary purpose for developing the model described here 
was to provide an objective procedure for selecting represent- 
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assignment of sites within the strata. Automation of the site 
selection model provides the additional benefit of time savings. 
Whereas our previous efforts to select sample sites without the 

' aid of a geographic information system consumed up to several 
' weeks and were replete with subjectivity, the model reduced 

the selection process to a matter of a few hours, assuming the 
availability of correctly formatted digital data. 

The choice of digital soil survey as the ancillary data layer 

E was based on the intended use of the resulting field data. Other 
researchers may find that alternative ancillary data layers are 
more pertinent to their particular applications. Indeed, the the- 
ory behind the site selection model can be extended to any 
number of applications in addition to ground truthing of remote 
imagery. Some researchers may wish to incorporate more than 
one ancillary data layer. However, potential users of the model 

1 should be aware that an increase in the number of ancillary 
data layers or the use of any map layer with a very large number 
of categories will likely result in a reduction in the size of in- 
dividual polygons, thus affecting the number of polygons that 

& meet the user-defined minimum size. 
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