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Comparison of Topographic and Physiographic Properties Measured
on the Ground with Those Derived from Digital Elevation Models

Abstract

With the widespread availability of digital elevation models (DEM) and regional surveys of soils, topographic and physiographic
features of landscapes are now more casily characterized. Within southwestern Oregon 391 field plots were registered within a
geographic information system (GIS) to digitized topographic and soils coverages and propertics extracted from the digital cov-
crages comparcd with those estimated in the field. The initial comparison showed major differences in estimates of aspect. slope.
and maximum available soil water content (8), although the location of plots showed general agreement with elevations recorded
on the maps. To extrapolate climatic data and interpret hydrolegic responses accurately, an automated search procedure was
developed whereby the initial location of each plot was, if necessary, shifted within specified bounds to give closer agreement
with licld estimates of aspect, slope. and 8. Specifically, the search routine sequentially identifies the nearest 100 m-resolution
cell within a scarch radius of 3 or 5 cells in which differences are within £ 22.5% of aspect, * 20% ol slope. and in closest
agreement with ficld estimates of 8. The search procedure resulted in improved agreement with ficld estimates: r’s = 0.82 for
aspect, 0.56 for slope, 0.54 for 8. To cbtain these improvements required that the initial plot locations be shifled, on the average,
289m within the 3-pixel search radius. and 435 m within the 5 pixel radius. With the terrain analysis procedures developed in this
paper. it is pessible to overcome many problems asseciated with registering the precise location of field plots vpon digitized
topographic and soil maps. The procedure is particularly appropriate in situations where the environmental regimes associated
with a specified field location are to be extrapolated across landscapes. The approach also permits a wealth of historical survey
plot data to be incorporated into a GIS format and to be spatially cxiended.

Introduction rain analysis programs and DEMs. The general
trend in representations of terrain for environmental
modelling has been to move from broad, conti-
nental and regional scales, to finer scales maore
suited to the modelling of surface hydrology, veg-
etation and soil properties. This trend can be at-
tributed to improvements in methods for repre-
senting fine scale topographic shape and structure,
supported by the steady increase in the speed and
storage capacity of computing platforms.

Basic information on geographic location, eleva-
lion, slope and aspect are collected in most soit
and vegetation surveys. Additionally, soil prop-
erties are often characterized to provide estimates
of maximum available soil water storage in mm
{8) and drainage conditions. Indirectly, these to-
pographic and physiographic features affect the
arowth and distribution of vegertation as well as
the hydrologic response of landscapes to precipi-
tation (Running et al. 1989; Running 1994, War-
ing and Running 1998). Although soil surveys
generally provide broad estimates of 9, a number
of studies have demonstrated that local spatial
variation of topographic features helps to explain
much of the variation in soil water capacity (50m
to 200 m) (Band 1986: Band et al. 1993: Nemani
ctal, 1993), Compared to traditional methods of
estimating 6 from soil serics data, estimates de-
rived from digital elevation models (DEM) pro-
vide additional information because topographic
data are collected at higher reselution than soil

Finc scale DEMs, with spatial reselutions from
5 to 100 m, are typically used for spatially dis-
tributed hydrological modelling (Binley and Beven
1992, Zhang and Montgomery 1994) and for the
analysis of soil properties (Gessler et al. 1996).
The determination of appropriate spatial scales
for hydrological modelling is an active research
issuc (Bloschl and Sivaplan 1995). Terrain at-
tributes can be referred to as DEM derivatives as
their calculation is based upon first-order and
second-order derivatives ot a continuous 3-D sur-
face. The surface can be based on a combination

series data.

The possibility of spatially classifying estimates
of terrain variability within a digital environment
has become possible with the devetopment of ter-
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of discrete tiles, grids, or triangular regular net-
works (TINs). or contour scgments, In any case,
the algorithms are approximations of those for
continuous stufaces. Moore et al. (1991) reviewed
the applications of digital terrain modeling and



listed the major primary terrain attributes that could
be derived [rom a DEM and their application.

Grid based DEMs are developed directly from
standard digital topographic data which may in-
clude spot heights, elevation contours, stream lines
and dams and lakes. The method produces DEMs
which respect surface shape and drainage. [t can
use stream line data, without associated eleva-
tion data. to aid the representation of surface drain-
age. The ready availability of DEMs does not imply
however, that they are without error and often are
not always available at the most appropriate scale
(Hutchinson 1999). In addition, there are a num-
ber of potential errors associated with DEMs that
are independent of scale:

{a) coastal and flat areas may be represented as
terraces due to slope calculations made where
tlat areas alternate with narrow bands of steeper
slopes.

(b) interpolation errors may result over surfaces
caused by methods failing to interpret con-
tour data correctly.

{c) local peaks not modeled at their correct height
and will appear to be flattened due to poor
placement of base spot height data.

(d) offsets related to slope direction and steep-
ness on one side of a topographic feature will
result in an overestimate of elevation on one
side and an underestimate on the other.

Linking historical data collected at specific
points within the DEM requires adjusting for er-
rors that may occur in assigning the initial loca-
ton of plots to maps that differ in accuracy from
those now available and were located without
global positioning satellite {GPS) technology.
Fortunately, it is now possible, using automated
searching logic 1o examine the geographic posi-
tion of each plot location with respect to its local
terrain and predict its most likely geographic po-
sition on current DEMSs.

The objective of this paper is to present g ap-
proach which compares plot-based measurements
of terrain variables with calculations made from
a 100 m-resolution DEM and employs an algo-
rithm that searches, within a defined radius, DEM
cells to predict the most likely position of the plot
within the landscape. Once located, estimates of
slopc and aspect are extracted from the DEM and
8 is predicicd with a generalized model derived
from topographic and soil series data.

Study Area and Data

The region of southwest Oregon lying between
the southern Cascade Mountains and Pacific Coast
is an area of great diversity in climate, geology,
and vegetation. The developing patterns in veg-
etation differ, depending on the topographic lo-
cation and differences in parent material. At lower
elevations near the coast, Port-Orford cedar
(Chamaecyparis lawsoniana (A. Murr.) Parl.) and
Douglas-fir (Pseudotsuga menziesii (Mirb.)
Franco) are common on moist sites. At higher
elevation where a winter snowpack accumulates,
Shasta red fir (Abies magnifica var. shastensis Mur.
Lemm. ) and mountain hemlock (Tsugea mertens-
icna (Bong.) Carr.) dominate, At mid-elevations
on drier sites, Douglas-fir is often accompanied
by tancak (Lithocarpus densiflorus (Hook. & Am.)
Rehd.), western white pine (Pinus monticola
Deugl. ex . Don} and sugar pine (Pinus lamberr-
iana Dougl.). On the most extreme sites with shal-
low soils or inhospitable parent materials derived
from serpentine or peridotite, ponderosa pine
(Pinus ponderosa Dougl. ex Loud), canyon live
oak (Quercus chrysolepsis Liebm.) and Jeftrey
pine (Pinus jeffrevi (Grev. and Balf.}) are present
(Whittaker 196{}, Franklin and Dyrness 1973).

Plot Data

From 1981 to 1983 a series of temporary plots
were established as a forest growth modeling
project within the southwest Oregon Forestry In-
tensified Research Program (Hann and Ritchic
1988, Hann and Wang 1990. Hann and Larsen
1991). A total ot 384 forest stands ranging in size
from 2 to 47 ha were selected for field sampling.
A total of 391 temporary research plots were es-
tablished in these stands covering an area of 54,000
km?. The research plots were placed in a cluster
design of 4 to 1{} sampling units over 1.5 1o 4 ha.
A modal soil pit was dug at the sampling unit
judged to be the most representative of the clus-
ter based on soil attributes. The aspect and slope
were measured and the depth and soil texture
described by horizons down to 1.4 m or to bed-
rock were recorded. The maximum available soil
water content (8) was estimated by accounting
for variation in soil texture and rock content down
to the maximum defined depth (Hann 1983). The
geographic location and elevation of each plot was
estimated from U.8.G.8. 15 minute topographic
maps. For the remainder of this paper., the slope,
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aspect, elevation and geographic position of the
sampling unit which contained the scil pit will
be used to represent the plot as a whole.

DEM Data

Digital elevation data for southwestern Oregon
were obtained from the Defense Mapping Agency
{DMA, Portland Oregon) with an initial pixel reso-
lution of 80 m. The data were then rectified to
1{{}-m pixel resolution and registered on the Uni-
versal Transverse Mercator map projection. A
general description of the DEM properties is pre-
sented in Tablc 1.

TABLE 1. Properties ol the Digitized Elevation Model [or
Southwestern Oregon.

Puosition Easting Northing Cell size (m)
Top Left 305500 4803000 100
Bottem Right 598000 4640000 100

Anumber of terrain attributes were calculated
from the DEM surface. The first and simplest
variable to extract was site elevation. The slope
of each pixel was calculated by fitting a plane to
the difference in elevation between a central cell
and the immediately adjacent 3 X 3 array of 100
m cells. The direction that the plane faced de-
fined the aspect for the cenltral cell following the
average maximum technique described by
Zeverbergen and Thorne (1987) and Moore et al.
(1991). To define the direction of water flow
through the central cell, the steepest descent of
each cell in the 3 X 3 array was estimated fol-
lowing the methods of Jenson and Doniingue
(1988). The tlow accumulation was calculated on
a cell by cell basis to take account of the total up-
slope area that drained into and through a selected
central cell,

The Compound Topographic Index (CTT)
{unitless} was computed as a function of the con-
tributing area up-slope of a central cell and the
slope at that central cell (Moore et al. 1991). The
CTl is calculated as:

CTI = ini (n

%
tan (J)
Where exis the up-slope contributing area and
B is the slope.
In areas with negligible slope, a CTI value of
0.001 was assigned. This value is smaller than
that obtained from a 100 m data set differing in
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elevation by 1 m. The CT1 was originally used in
hydrologic models for small basins with high values
indicating a greater likelihood of a saturated con-
tributing area (Kirkby and Weyman 1974, Beven
and Kirkby 1979; Beven and Wood 1983). The
higher values of CTI tend to be found at the lower
parts of watersheds and in convergent hollow ar-
eas associated with soils of low hydraulic con-
ductivity or areas with more gentle slope than
average (Beven and Wood 1983). Soil depth and
silt and clay content tend to increase from ridge
tops to the valley bottoms (Singer and Munns
1987). Soil erosion is also related to the direction
of water flow, with the rates highly dependent
upon the degree that soils remain saturated (Zheng
et al. 1996).

Scils Data

There is a wide variety information on soils avail-
able at varying spatial scales. Within the United
States, the U.S. Department of Agriculture’s
(USDA) Natural Resources Conscrvation Service
(NRCS), formerly the Soil Conservation Service
(SCS), leads the National Cooperative Soil Sur-
vey (NCSS) and is responsible for collecting, stor-
ing. maintaining, and distributing soil survey in-
formation for privately owned lands in the United
States.

For regional scale mapping and monitoring the
State Soil Geographic (STATSGO) data base is
the most appropriate because it has been com-
piled at a consistent scate for all of the United
States (United States Department of Agriculture
1991). STATSGO soil data are compiled from more
detailed State Survey Geographic Data Basc
{SSURGO) soil survey maps and information on
geology. topography, climate, and vegetation,
supplemented by images derived through remote
sensing from satellites. Using the United States
Geological Survey’s (USGS) 1:250,000 scale, 1-
by 2-degree quadrangle series as a map base, the
soil data are digitized as line segments to comply
with national guidelines and standards. STATSCO
soil data are often inadequate for local or even
regional modeling, especially in mountainous areas.
These inadequacies reflect the variation present
within cells, insufficient sampling of each map-
ping unit, and difficulty of drawing boundaries
between two different mapping units (Burrough
1986, Mark and Csillag 1990). Never the less,
the STATSCO data base provides the only available




state- wide mapping of soil attributes carried out
in a consistent manner.

For each soil series, the thickness of each soil
horizon and its mean available soil water capac-
ity was coraputed and summed for the entire protile
to provide an estimate of 0 for cach polygon. This
vector coverage was then converted to raster for-
mat with a spatial resolution (size of the cell) of
250 m, approximately equivalent to a 1:250,000
scale. If an individual cell was composed of poly-
gons representing more than one soil series, the
spatially dominant series was selected.

Soil Water Model

Although it was possible to develop regressions
between field estimates of 6 and those interpreted
from the STATSCO data set, there are advantages
in attempting to predict © directly from hydro-
logical models. First, regression relationships
cannot be used in regions where STATSCO data
are not available and second, static models make
it difficult to assess the dynamic impact of large
storms and the implications of road building and
other activities on water movement. Zheng et al.
{1996) proposed a simple model to estimate 8 using
the mean values of © from the STATSCO data set
to transtorm the fine-scale variation defined with
the CT1. Equation 2 shows that a general positive
relationship exits between CTI and 6 (in mm) such
that:

f={M. M} 1n(%) (2)

)

where M, and M, are case-specific coefficients,
one of which is chosen for each pixel. Zheng et
al. (1996) showed that the distributions of the
calculated CT1 when compared to 6 as obtained
from STATSCO datasets were always smalter with
longer tails in the high end. Thus, two scalars are
needed to avoid transforming right-skewed dis-
tributions of CTI into right-skewed distributions
of 8. When a pixel’s CTI value is less than or
equal fo its mean, the coefficient M, is used in
Equation 2. M, is determined in equation 3 by:

&

CRIATSC e 3 )

0.5-(CTI_+CTT, )

where CTI  and CTI __  arc mode and mean
values of the calculated CTI, respectively and
B¢ arscn 18 the mean value @ for a given spatial
extent, estimated from either the mean of the

STATSCO 6 or other relevant data. The function
of M, is to re-scale the CTI values that are less
than or cqual to its mean at a rate for which the
median value of CT1is equal to 8, qgc0-

When a pixel’s CTI value is greater than its
mean, the coefficient M, is used in Equation 2
and is estimated by equation 4:

g

M= ISTATSCOimay (4
- CTE ) )

max

WheTe 8 ps400pme 19 the maximum 6 occurring
in the STATSCO database for the region and CTL
is the maximum CTI value with an occurrence
rate at least 1%. Again, 0_, can be estimated for
a given spatial extent from maximum STATSCO
layer or from other relevant data. The function of
M, is to re-scale CTI values that are larger than
the CTI mean at the rate that makes the defined
maximum CTT value equal to 6

In this study, M, for Southwestern Oregon (100-
m pixel resolution)y was 17.4/ (0.5 * (3.8 + 1.3))
= 6.8. The maximum calculated CTI value with
an occurrence rate of over 1% was determined to
be 16.3. A value of 40 cm was used for the maxi-
mum 8 from STATSCO to determine M, for South-
western Oregoen. These different maximum val-
ues are close to the maximum value of 8 estimated
from field surveys (Table 2).

TABLE 2. Summary of input data used in the search routine
Lo re-position lield plots.

STATSCO  Plot Data
Data set CTI (8) (mm) (8) (rm)
Pixel Resolution (m) 100 250 -
Number Plots - - 391
Number Polygons - 1314
Number Pixels 3304394 -
Mean KR 168 174
Maximum 24 400 269
Minimum 0 0 39
Mode 1.3 51 157

GIS Search Algerithm

An initial test of the accuracy of the initial plot
positions and the compatibility of the elevation,
slope, and aspect data with the cell-based predic-
tions was completed for all 391 plots. Based on
this initial comparison, a search algorithm was
developed (o interrogate individual pixels within
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a specified rectangular subset of cells (known as
a boxcar) that exhibit similar slope, aspect, and 8
attributes as those recorded in the field.

If cach plot was located accurately, and the
terrain attributes were all calculated without er-
ror, then the central pixel in the boxcar would
share all the attributes recorded at the field plot,
a situation that rarely happens,

The formal computation presented in the al-
gorithm can be described in equation 5,

Wiy, = mir;TP(A.\'pecr.Sz’ope. B)fli—P(Axpecr,SInpe. 0 (5

where W, is the re-computed geographic posi-
tion of plot P, P(Aspect, Slope, 0),, are the terrain

EF Y ....,b

1 ASPECT

attributes for the cell coincident with the original
plot location en the DEM, and P(Aspect, Slope.
6) is the aspect, slope and 6, as recorded in the
field at the plot location. The search is undertaken
for all cells from n =1 to n = m where m is the
number of cells,

The operational steps are shown diagrammati-
cally in Figure 1 and are applied for each plot as
follows:

* Initially, the plot aspect is compared to the aspect
of all cells in a specified boxcar filter. Tf any
cells have aspects that lie within + 22,5°, the
cells are tagged as acceptable candidates.

Figure 1. Procedures for selecting cells with attribules in closest overall agreement to those described from field measurements.
Plot centre 15 indicated by star with the search routine moving in a clockwise direction as indicated arrows. The se-
quence from upper lelt to lower right is hieruchical: {15ty aspect. (2nd) slope, (39 8. and finally. repositioning of the
plol. AWSC: Available Water Soil Capacity; DEM: Digital elevation model.
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* This process is repeated on the slope layer with
cells having values within + 20% of the plot
slope being tagged as acceptable candidates.

+ All cells in the search region are then ranked
based on the above classifications, with cells
having two successful passes (i.e., both aspect
and slope being within the specified thresh-
olds) ranked the highest (code 3), followed by
plots with aspects within specific thresholds
but not slopes {code 2). cells with slopes cor-
rect but not aspect (code 1), and finally cells
where neither the DEM slope nor aspect lays
within the specified thresholds.

¢ Only cells with the maximum code are kept:
all other cells are discarded. For all remaining
possible candidates, the predicted 8 of each
cell is extracted and compared to the value of

0 recorded at the plot. The cell with the high-

est code based on aspect and slope suitability

and the smallest absolute difference between

8 predicted by the DEM and measured in the

tield was then selected as the new plot posi-

tion.

Implicit in this approach is a hierarchy in the
application of the thresholds with plot aspect in
this project selected as the most important ter-
rain variable to match. This is primary due to the
strong effect of aspect on radiation. especially at
sites with high latitudes. For example, the incor-
rect positioning of the plot location based on as-
pect by locating it on an exposed rather than pro-
tected aspect, can have a major cffect on its correct
environmental description.

In this implementation. aspect and slope are
first matched with the plot estimates. The com-
parison of 81s only undertaken in the final phase.
As a result, if cells surrounding the original plot
position have predicted 8 valucs identical to those
measured in the field and the slope and aspects
do not lie within the selected thresholds, the cells
arc not candidates for plot selection,

The GIS-search algorithm was implemented
at 2-boxcar filter sizes, the first with a maximum
boxcar filter of 5 pixels from the plot center (equat-
ing to a maximum radius of 848 m from the original
plot position} and a second, morc conservative
search limit with & maximum of 3 pixels from
the plot center (equivalent to a maximum radius
of 565 m from the original plot position). Statis-
tical analysis was undertaken in the STATISTICA
software package (StatSofl 1995).

Results

Extremes in elevation extracted from the DEM
{with a cell resolution of 100 m) over the study
area range from sea level (0 m) to 2840 m with a
mean elevation of 850 m and a standard devia-
tion of 507 m. This can be compared to the high-
est elevation in the study region (Mt. McLouglin
at 2894m ASL). Figure 2{a) shows the frequency
distributions of the field measured slopes of the
391 plots and the slopes extracted for the cells
corresponding to the original plot positions. Fig-
ure 2{b) shows the frequency distribution of as-
pects for the 391 plots and the aspects extracted
for all corresponding cells.

The two aspect distributions show similar trends
with | or 2% differences in the number of plots
in each of the 16 categories of aspect. Both dis-
tributions indicate that there are fewer plots lo-
cated in an easterly than westerly direction. The
most common field measured aspect was in a
southerly direction, while the maximum number
of cells from the DEM are located in northerly
directions. The slope distributions are distinctly
different with large variations in the number of
plots in each of the slope-percentage classes. A
major effect of the 100 m spatial resolution of
the DEM is to impose a smoothing function on
its representation of terrain, which results in many
high frequency spatial teatures such as ridges and
gullies being smoothed by the DEM algorithm at
the 100 m cell scale. Consequently, slopes com-
puted from the DEM are less steep than those
measurcd in the field. Thus in Figure 2a DEM
cells have slopes greater than 60 % vet 3 % of the
391 field plots have slopes exceeding 60 %, There-
fore, there is a much greater percentage of cells
from the DEM plots in the lower slope classes
than estimated at each plot.

A Kelmogorov-Smimov statistic provides a
method to verify the similarity of the two diseri-
butions by testing if the samples are representa-
tive of the same distribution. The Kolimogorov-
Smirnov asscsses the hypothesis that two samples
(the field data and the data extracted from the DEM}
were drawn from different populations. The test
is sensitive to differences in the general shapes
of the distributions in the two samples and if the
test is statistically significant results in the rejec-
tion of the hypothesis that the DEM data matches
the field observations (Kolmogorov 1941). The
testindicates that the distributions and the variances
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Figure 2a. Frequency distributions of slopes as measured in the field at their criginal lecations and those derived from DEM.
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Figure 2b. Frequency distributions of aspect as measured in the field at their original locations and as derived from DEM.
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of the DEM and plot data for both slopes and
aspects are significantly different at the 0.05 level,
with the differences in slope distributions and
variances being highly significant (£ < 0.01).
Figure 3a shows the field estimates of eleva-
tion (in meters) plotted against the elevation of
the 391 cells correspond closely to values mea-
sured at the original plotlocations. Figure 3b shows

the field estimates of aspect (in degrees) plotted
against the aspect of the 391 cells recorded at the
original plot locations and Figure 3c for the slope
estimates (in percent). These results indicate that
while the elevations are in good agreement, the
correspondence of DEM estimates of the slopes
and aspects with data recorded at the 391 plots is
poor, particularly for the latter attribute.
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Figure 3a. Relationship between elevation recorded at the original locations in the field and that

predicted with the DEM (r* = 0.97, DEM Elevation = 1.0 * Plot Elevation - 0.02, n=391,
P < 0.0001)
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Figure 3b. Relationship between aspect recorded at the original locations in the field and that predicted with

the DEM (r- = 0.23, DEM Aspect = 0.49 * Plot Aspect + 94.6. 0=391, £ < 0.0001)

Comparison of Ground Measurements with Digital Elevation Models

123




90 - c
80 .
= 70 -
= . . .
8 60 - . : .
[H b )
=% * -
= 50 - M . *
o . . " . o.. o * 0t DX RS
o i ) L TR ] +
g Lo e el e e
= 30 PN :3 N sty S et Wt g o hd PRSP 4 : *
- M o
Lo TR R Tt T
O 20 - £ . ot . *e . *
.* ey o, ’o‘: . * . .
o tr e 3o . § o * . .
10 8, .::g?' .o'o:‘:. . :a o ¥, : e .'. * -
-
o I 13 e ~
T a
0 10 20 30 40 50 60 70 80 1]
Field Slope (percent)

Figure 3c. Relationship between slope recorded at the original locations in the ficld and that pre-
dicted with the DEM (7 = 0.30, DEM slope = 0.42 * Plot Slope + 9.1, n=391. P <

0.0001)

The good agreement between the elevations
recorded at the plots and those extracted from the
DEM indicate that, while the geographic loca-
tion of the plots and the terrain cells may not di-
rectly correspond, the locations are generally within
close proximity, and differences are mainly as-
sociated with local variations in slope and aspect.

Figures 4a and b show the relationship between
the field aspects and DEM aspects in the new
positions determined with the GIS-search algo-
rithm. Two sets of results are prescnted using the
3-and the 5-pixel-radius-scarch boxcar filters. The
figures show the hierarchy of the search proce-
dure with the cede 3, 2, and 1 results represented
as different symbols. In a number of cases, the
plot measured aspect and slopes could not be
matched to any cells in the DEM search filters.
In the 5 pixel radius, 3.3% of plots (n=13) could
not be matched, with 3.6 % unmatched (n=14)
using the 3 pixcl radius. As a result, these plots
were removed from the dataset and are not in-
cluded in the presentation of the results.

Figures 4c und d show the relationship between
the field slopes and the slopes of the DEM cells
in the new positions determined using the GIS
search algorithm. Again both sets of searches are
presented and the figures show the hierarchy with
the code 3, 2 and | identified. Figures 4e and f
shows the predicted versus measured 0 as extracted
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at new plot positions for both the 5-and 3-pixel-
boxcar-search windows.

Figure 4a and b show that there is a signifi-
cant increase in the correspondence between as-
pect measured at the plot and that at the reposi-
tiened plot locations extracted from the DEM. In
the case of 5-pixel radius, the majority of the plots
(84%) have been coded 3, which indicates that
both the slope and the aspect of the repositioned
plots were within the slope and aspect threshold
classes. Additionally, 8% of plots were coded 2
which indicates aspect of the repositioned plots
were within the threshold established although
no cells with slopes within the prescribed thresh-
old could be located. Because of the 360° repre-
sentation of aspect, values < 22.5° or > than 347.5°
transfer to the NE or NW quadrants; This results
in their location appearing to be more erroneous
than is actually the case on the scatter plot.

The distribution of plots with code 1 (plots with
slope within the slope thresholds but no agree-
ment with aspect) appears to be random over the
range of aspect indicating that, in spite of match-
ing slopes. there was a continual mismatch at some
plois. The results of the larger search window (3
pixels) is a tighter clumping of the measured ver-
sus predicted aspects along the 1:1 line with more
cells classified as code 3 and less as code 2 than
resulted with the more conservative window. The
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Figure 4b. Relationship between aspect recorded at the original locations in the field and that predicted with a
3 pixel radius window (2 = 0.73, DEM Aspect = 0.85 * Plot Aspect + 24.1. n=391, £ < 0.0001)
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percentage of plots that produced a code 1 (as-
pect incorrect, slope correct) (15% for the 5 pixel
filter and 8% for the 3 pixel filter} indicates that
the most of the plots more easily fell within the
slope threshold than with the aspect threshelds.

Figure 4¢ and d indicate that, like the aspect
comparison, there is a significant improvement
in the agreement between measured slope and that
extracted at the new locations from the DEM. The
wider search window provides a slightly closer
matching of the field observations with those de-
rived with the DEM. With wider window, the codes
2 and code | assignments are also less frequent.
The effect of topographic smoothing at 100m
spatial resolution can be seen with an overall bias;
a field-measured slope of 80% corresponds to
approximately 70% on the 10(m DEM.

Figure 4d and ¢ show the relationship between
the measured 6 and that predicted by the DEM at
the new cell positions using the search algorithm
for both the 5 and 3 pixel boxcar windows. The
results, as expected, are similar to the slope and
aspect analysis with significantly improved rela-

tionships. The search with a 5-pixel radius pro-
duced a signiticantly tighter correspondence with
the plots than that with a 3-pixel radius. This is
expected as the algorithm in its final step attempts
to minimize the difference between field estimatcs
and modeled 8 over all the cells with the maxi-
mum code value. Because the 5-pixel radius
has a larger number of cells, a tighter relation-
ship between the observed and predicted val-
ues results. There appears to be no significant
pattern in the location of the code 2 or code |
values in these figures. Overall, model predic-
tions tend to underestimate O values recorded
in the field.

Figure 5 shows statistics on the distances re-
quired to move the original plot positions 10 lo-
cations where terrain attributes are in closer agree-
ment. The distributions are shown for both the
3-and 5-window searches. Details of the distances
can be seen in Table 3. Ovcrall, the mean move-
ment of the plots to their new location using the
5-pixel radius search window was 435 m and with
the 3-pixel radius, 289 m (Table 3).

40 -

35 1

Percent of plots
n o
= t

oy
(3]

20 80

140 200 260 320 380 440 500 560 620 680 740 800
Distance from QOriginat Location (m)

0O 5 pixel radius

! B 3 pixel radius

Lo

Figure 5. Histogram of distances moved from original locations of plots using 5 and 3 pixel radius windows respectively.
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TABLE 3. Summary of distance statistics related to repositioning field plots using hierarchical search routine with two window

sizes.

Maximum
Distance (m)

Size of Search
Radius (pixels)

Minimum
Distance (m)

Variance of
Distances (m)

Mean
Distance (m)

5 749 255 412 165
3 461 14.8 269 95
Discussion sition of a plot is generally not as relevant as en-

The hicrarchical-search approach presented here
provides an approach of repositioning plots, whose
position was originally determined on different
base maps and without access to global position-
ing technology. The approach relies on utilizing
the large number of topographic and physiographic
datasels that usually accompany field surveys.

As described in the introduction, DEMs are
rarely without error and are often unavailable at
the most appropriate scale (Hutchinson 1999). An
inherent assumption of this technique is that the
terrain attributes extracted from the DEM are re-
alistic representations of the local terrain. Finer
scale resolution DEM are currently becoming
available over the continental U.S. with spatial
resolutions of 30 m. Obviously, the technigues
developed in this paper can be applied to these
fine scale DEMs. An added benefit of utilizing
these finer scale DEMs is the more accurate rep-
resentation of fine scale topographic features such
as slopes and gullies.

Given potental errors in both field location of
plots and in the interpolation from DEM surfaces,
the approach described in this paper provides a
link between the two types of data sets by posi-
tioning the plots on the DEM, not by their abso-
lute geographic locations but by attempting to
muatch their recorded terrain environment as closely
as possible. In many cascs where extrapolation
of climatic data and modeling of growth and dis-
tribution arc involved. the actual geographic po-
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