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Photogrammetric determination of movement on the
Slumgullion Slide, Hinsdale County, Colorado
1985 - 1990

By

William K. Smith

ABSTRACT

Photogrammetric measurements of 310 photo-identifiable points
(trees) on 1985 and 1990 aerial photographs of the Slumgullion Slide,
near Lake City, Colo., indicate displacements of more than 25 m in the
narrow central portion of the slide, and about 5 m at the active toe of
the slide, over the 5-year period. Contours of the displacement values
allow identification of zones of extending and compressive flow from the
head to the toe of the slide.

INTRODUCTION

The Slumgullion Slide, properly classified as an earth flow
(Varnes, 1978), is located approximately 6 km southeast of Lake City, in
southwestern Colorado. As part of an ongoing study of the Slumgullion
Slide, aerial photographs taken August 12, 1985, and August 25, 1990,
were analyzed to determine the relative displacements of different parts
of the slide between the two dates, using photo-identifiable natural
features. In addition to determining displacements, another purpose of
the study was to evaluate the practicality, efficiency, and accuracy of
the method for establishing a dense grid of photo-identifiable points
for studying the flow regimes of landslides, using relatively untrained
(in photogrammetry) operators.

Surprisingly, there is very little literature documenting this
approach (using natural features to determine displacements) on
actively-moving landslides. At the La Frasse landslide, Switzerland,
aerial photographs at scales of 1:25,000 and 1:40,000 were used to
calculate displacements of natural points over four time periods between
1957 and 1982 (Bonnard, 1983). "Up to" 150 points on the landslide per
time period were used; the maximum displacement in any time period was 3
m. Aerial photogrammetric methods also have been used in Utah (Baum and
Fleming, 1991) and in Hawaii (Baum and Reid, 1992). Terrestrial
photogrammetry has been used to monitor landslides in Japan (Fukuoka,
1980) and to detect small (several centimeters) displacements in dams
(Erez, 1971; Brandenberger and Erez, 1972; Erlandson and Veress, 1975)
and in open-pit mines (Ross-Brown, 1973).



Coordinate System

The local coordinate system used in this report was developed in
1990 by a survey to establish photogrammetric control for the project.
The local coordinate system is a Cartesian north (y) - east (x) -
elevation (z) system with coordinates given in meters. Local north
agrees approximately (within about 1°) with geodetic north. The station
at Windy Point Overlook (WINDY, off map of pl. 1), which offers an
excellent view of most of the slide, was assigned coordinates of
10,000.000 N; 10,000.000 E. Coordinates (N, E) are calculated as sea-
level positions, and elevations are tied to bench marks of the U.S.
Coast and Geodetic Survey second-order level line along State Highway
149. For a more detailed description of the coordinate system and
control points, see Varnes and others (1993).

Methodology

The method for determining displacements at individual points
consisted of finding the same photo-identifiable points on both the 1985
and 1990 photographs, then measuring the coordinates of the points in a
stereoplotting instrument. The scale of the 1985 photography was
1:12,000. 1In 1990, two sets were taken at scales of 1:6,000 and
1:14,000; the 1:6,000 set was used in this study. The original intent
was to analyze both sets of photographs using the Kern DSR-11 analytical
stereoplotter in the U.S. Geological Survey Plotter Laboratory.

However, owing to the limited availability of the DSR-11 and other
problems, only the first 66 points identified on the 1990 photographs
were measured on the DSR-11. The 1985 photographs were measured using
the computer-assisted Kern PG-2 stereoplotter, as were the remainder of
the points on the 1990 photographs. With both instruments, a computer
calculates and displays the coordinates and elevation of the measuring
mark (floating dot) based on the input coordinates of photo control
points and photogrammetric parameters. The photo-identifiable points,
other than targeted control points, consisted entirely of the bases of
trees.

The first 66 points were picked by viewing the 1990 transparencies
(scale 1:6,000) under fairly high magnification in the DSR-11,
identifying a likely target, then trying to find the same point on the
1985 prints using a mirror stereoscope. Points were pin-pricked on both
sets of prints. The next 71 points were identified by projecting the
images of the 1985 photographs onto the 1990 photographs using a Zoom
Transfer Scope. The last 173 points were identified using two mirror
stereoscopes side-by-side and locating the new points relative to those
already identified and marked, thus filling in the point network.

For each group of points, coordinates were measured first on the
1990 photographs. Generally, measurements on the 1985 photographs went
more quickly because I could go quickly to the previously determined
1990 coordinates and search upslope for the target. Also, there were
fewer stereo models to set up for the 1985 photography.



Accuracy of Measurements

The accuracy and reproducibility of coordinate measurements from
photographs depends on a variety of factors. Among these are precision
of the plotting instrument; skill and experience of the plotter
operator(s); scale and quality of the photography; density and quality
of surveyed ground control; size, clarity, and definition of the target
point; and size of the floating mark relative to the target. While
measuring the last group of points on the 1985 photographs, 28
previously measured natural targets on three stereo models were
remeasured. Horizontal position differences ranged from 0.09 m to 1.69
m. The standard deviation of a position measurement, calculated from
the mean deviation of the 28 duplicate points (Volk, 1958, p.113), is
0.44 m., which includes the errors due to resetting the model. If we
assume the same standard deviation for measurements on the 1990
photographs, then the standard deviation of a calculated displacement
should be about 0.63 m. Other factors being equal, one would expect
somewhat better precision from the 1990 photographs because of the
larger scale; however, there are fewer ground control points on each
stereo model. Accuracy could be improved considerably by being able to
select smaller, better-defined targets on stereo images of the
transparencies, rather than on the prints.

The reproducibility of the elevation measurements is not as good
as that of horizontal position. For the 28 points referred to in the
preceeding paragraph, the discrepancies in elevation ranged from 0.09 m
to 1.32 m, a slightly smaller range than for the horizontal positions.
However, about 60 percent of the points (17 of 28) had discrepancies
greater than 0.5 m. The explanation for these elevation discrepancies
is that the bases of trees are not always clearly defined on one or both
sets of photographs, where the image of the tree joins its shadow. To
measure the elevation it is generally necessary to move the floating dot
away from the image of the tree, above the ground, adjust the elevation
of the dot, and then "slice" it into the base of the tree.

The accuracy of the measurements is sufficient for establishing
the displacement pattern of the slide, determining rates of movement,
and interpreting the large-scale strains. However, because the errors
in measurement represent a large part of the differential movements
within a small area, the method probably would not result in meaningful
strain values calculated for small triangles or quadrilaterals.

RESULTS

A total of 310 natural points (trees and bushes) were identified
and measured on the two sets of photographs. Plate 1 shows the
displacement vectors at an enlarged scale on a 1985 topographic base, as
well as contours of the displacement magnitudes. Starting points of the
vectors are plotted at their 1985 positions. Calculated displacements
from 1985 to 1990 ranged from less than 0.25 m to more than 30 m.
Coordinates and displacements of the measured points are -tabulated in
appendix 1. The pattern of the overall movement is consistent with what



was expected--large displacements in the central narrow part of the
slide, and displacements decreasing toward the crown and toe. Points
just above the active toe of the slide are advancing at the rate of
about 1 m per year, while the narrow central portion of the slide is
advancing at about 5.7 m per year. These displacements are similar to
those obtained by Crandell and Varnes (1961): 2.5 ft (0.8 m) per year
at the toe and 20.0 ft (6.1 m) per year in the central part.

Three points were noted that had calculated displacements
anomalously higher than surrounding points (indicated by X and
displacement values on plate 1. These points probably represent small
local slides or slumps within the main slide mass; all are on locally
steep slopes.

Analysis of the relative displacement values allows one to
identify zones of extending and compressive flow (Savage and Smith,
1986). Plate 2 shows longitudinal topographic and displacement profiles
of the slide. The displacement profile shows two places with abrupt
changes in the displacement gradient, coincidentally at about the same
values of displacement. These changes probably reflect internal
discontinuities in the slide mass. Interpretations in this report are
preliminary. More authoritative interpretations should incorporate the
displacement data presented here with detailed structural mapping of the
slide.

Advantages of the method

Theoretically, the use of natural photo-identifiable targets gives
the interpreter an almost unlimited supply of potential data points,
without the need for placing large arrays of artificial targets.
Furthermore, the photographs themselves provide a permanent record of
the conditions existing at the time of exposure, which allows one to go
back and get more data points or to remeasure questionable ones. One
may also be able to make more meaningful interpretations of the
measurements with respect to physical features (such as faults or
cracks) visible on the photographs. Once corresponding points are
identified, it is faster to locate them photogrammetrically than by
conventional field surveying, although at the cost of some accuracy.
The principal advantage of the method, however, is the ability to
measure displacements on older photographs, provided that suitable
targets on the moving slide can be identified, and also provided that a
sufficient number of points on stable ground can be identified to serve
as photo control. There will be some loss of accuracy in having the
control coordinates determined photogrammetrically, rather than by a
field survey.

Problems with the method

The main drawback of the photogrammetric method is the difficulty
of identifying and marking the same measurable points on each set of
photographs. The 1985 and 1990 photographs were taken at different
scales, at different times of the day, and from different vantage



points. These factors, coupled with significant displacements in most
areas, result in vastly different patterns between the two sets of
photographs, which made it difficult to identify corresponding objects.

To apply this method more efficiently, one should have measuring
instruments that take better advantage of the wealth of information
contained in the photographs. Trees do not make ideal targets--they are
usually too large and their bases are poorly defined on at least one set
of photographs--but they are the main features that can be identified on
photographic prints. The transparencies used in the stereoplotter show
much more detail than the prints. Ideally, the operator should be able
to view both models in quick succession under high magnification to
identify suitable targets, then measure the coordinates on both sets of
photographs immediately. Unfortunately, such equipment is rare or
nonexistent outside military intelligence agencies.
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