Slope Class as an Indicator of Road Hazard

Name of indicator
Slope class

Questions potentially addressed

AQ (2) How and where does the road system cause surface erosion?
AQ (3) How and where does the road system affect mass wasting?

Description of indicator

Hillslope gradient is one of the primary driving forces in mass-wasting
failures. This indicator is based on the relation between hillslope
gradient and the potential for mass wasting. Steeper gradients are
usually associated with an increase in the frequency of road failures.

Units of indicator

Slope classes can be set by the analyst based on local conditions. The
Six Rivers used 10 percent intervals, which seemed to work well.
Evaluating any important slope thresholds beyond which failures are
significantly more likely is important. In the examples described below,
the possible thresholds were determined by graphing the ratio of road
mass-wasting failures per mile of road for the slope classes.

Scales

Can be used at all scales, although thresholds will probably differ
depending on other factors like bedrock geology, slope position, and
precipitation.

Related Indicators

The distribution of slope gradients can be related to the bedrock
geology because some lithologies and geologic structures can maintain
steeper slopes. An example of variations in slope-class distribution
related to bedrock (figure 2-10) shows the northern portion of the Bluff
Creek watershed that is underlain by metasedimentary rock with
steeper slopes than the rest. Most of the rest of the watershed is a
mixture of serpentinite, ultramafics, intrusives, metavolcanics, and
schists. The southern area contains extensive areas of slopes less than
20 percent. Many of these relatively flat areas are landslide benches.

Utility
Has been useful in evaluating road hazard in mountainous terrain.
The data from 229 road mass-wasting failure sites on the Six Rivers
showed a significant rise in failures per mile for slopes over 40 percent
(figure 2-14). The data also suggest that road surface erosion is less
dependent on hillslope gradient than is mass wasting.

Acquisition
The slope-class indicator is derived from a digital elevation model
(DEM) that uses a grid with elevation values assigned to each cell. The
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cell size is usually 10 or 30 meters across. The grid can be converted
to a polygon coverage by using a lookup table that aggregates the slope
values into categories with a specified range such as 0-10 percent, 11-
20 percent, and so on. Even with the aggregation, the coverages can be
large and unwieldy to use for large areas. The slope-class categories
may need to be adjusted for the area of consideration. The slope-class
coverage can be used to attribute each road segment with a slope
value.

Data needs

Must have a DEM for the GIS process. A roads coverage is necessary if
the roads are going to be attributed in GIS. If a roads coverage is not
available, the roads can be manually attributed by using a light table
to transfer hillslope-gradient information to topographic maps. Manual
delineation requires a topographic map with roads.

Accuracy and precision

The slope class is based on a DEM, so it is subject to the accuracy of
the DEM. In two topographic situations, the slope-class determination
is more likely to be inaccurate than in all the others: on narrow ridges
and in incised valleys that do not have large enough widths of flat
terrain to show as low-gradient slopes. When roads are attributed with
slope class, some roads may be on relatively flat but narrow ridges
that will show as spuriously high.

Durability

Will not change over decades except with catastrophic geologic events
like a volcanic eruption or large landslides.

Monitoring value
Not useful for monitoring.

Limitations

Slope class can be useful for identifying road segments on steep slopes
that are likely to fail. It loses accuracy on narrow ridges, which may be
interpreted as steeper than actual. If roads are located on these ridges,
they may be shown as steeper than actual. Significant differences in
thresholds probably depend on factors such as bedrock geology,
surficial geology, slope position, and precipitation. These factors can
be quite different even within a watershed, and should be evaluated by
the analyst.

Typical availability
Wherever a DEM exists.

Where applicable

Appears to have significant value in mountainous terrain where failure
hazard increases with hillslope gradient. It will probably not be of use
for relatively flat areas. Local expertise is required to determine if a
threshold separates road segments with lower probability of failure
from those with higher probabilities.
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Examples

An example at the watershed scale (figure 2-13) showed a significant
threshold at 50 percent; it had 19 road mass-wasting failures on 182
miles of road on slopes less than 50 percent and 33 failures on the 42
miles of road on slopes over 50 percent. The ratio of failures per mile
for this watershed is almost 8 times greater for roads on slopes more
than 50 percent than for those on slopes less than 50 percent. The
results of a study of 229 road mass-wasting failures in several
watersheds (figure 2-14), suggested that failures per mile of road is
significantly higher for roads on slopes greater than 40 percent. For
slopes from O to 40 percent, 53 failures occurred on 480 miles of road.
On slopes greater than 40 percent, 176 failures occurred on 353 miles
of road. The ratio of failures per mile of road is more than 4 times
higher for roads on slopes greater than 40 percent.

Tools references

Hydrologic Condition Assessment Tools — Module of Indicators for
Roads Analysis (See Appendix 3)
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Example
Slope Class - Layer
Watershed - Scale
Bluff Creek Watershed
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Figure 2-10. Slope-classes in the Bluff Creek watershed. Note the steeper topogra-
phy in the northern areaunderlain by metasediments and the mass-wasting failures
on roads that have since been decommissioned.
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Example
Slope Class - Layer
Multiple Watershed - Scale
Six Rivers National Forest
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Figure 2-11. Slope-class distribution for multiple watersheds.
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Example
Slope Class - Layer
Subbasin - Scale
Smith River National Recreation Area
Six Rivers National Forest
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Figure 2-12. Slope-classes in the Smith River area, Six Rivers NF.
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Mass wasting road failures per mile of road in slope classes
(Bluff Creek Watershed)
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Figure 2-13. Distribution by slope class of 52 mass-wasting road failure sites in the
Bluff Creek watershed.

Table 2-3. Road mileage and mass-wasting road failure sites by slope class in 10
percent increments for the Bluff Creek watershed.

Distribution by slope class of 52
mass wasting road failures sites
Slope Class Failures Road
by Percent per mile Failures Mileage
0-10 % 0.00 0 11.12
11-20% 0.00 0 27.77
21-30% 0.10 5 48.80
31-40% 0.11 6 53.02
41-50% 0.19 8 41.34
51-60% 0.54 13 24.02
61-70% 131 15 11.47
71-80% 1.10 5 4.53
81-90% 0.00 0 1.22
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Mass wasting road failures per mile of road in slope classes
(Multiple watersheds)
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Figure 2-14. Distribution by slope class of 229 mass-wasting road failure sites in
multiple watersheds.

Table 2-4. Road mileage and mass-wasting road failure sites by slope class in 10
percent increments for multiple watersheds.

Distribution by slope class of 229
mass wasting road failures sites

Slope Class Failures Road
by Percent per mile Failures Mileage
0-10 % 0.09 4 45.91
11-20% 0.03 3 98.67
21-30% 0.14 21 147.86
31-40% 0.13 25 187.46
41-50% 0.32 53 165.52
51-60% 0.55 60 109.15
61-70% 0.68 36 53.33
71-80% 0.90 17 18.88
81-90% 1.69 8 4,73
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