Slope Position as an Indicator of Road Hazard

Name of indicator
Slope position

Questions potentially addressed

AQ (1) How and where does the road system modify the surface and
subsurface hydrology of the area? AQ (2) How and where does the
road system cause surface erosion? AQ (3) How and where does the
road system affect mass wasting? AQ (6) How and where is the road
system hydrologically connected to the stream system? How do the
connections affect water quality and quantity (such as, elevated peak
flow, delivery of sediments, thermal increases)?

Description of indicator

Slope position is the division into categories of a hillslope from the
ridge tops to the valley bottoms. The categories can be delineated
manually or by using a GIS. Geomorphic processes often differ in
relation to slope position. The uppermost position is the ridge top,
often the driest and most stable position. The lowermost position is the
valley bottom, usually wetter and subject to mass wasting if a stream
is undercutting adjacent hillsides. The middle slope can be defined as
the area between the ridge top and valley bottom, or it can be further
subdivided. It may be the location of subsurface flow interception in
roadcuts.

Units of indicator

Slope positions such as upper, middle, lower. The slope positions can
also be further subdivided to include ridge, upper, middle, lower, and
valley bottom. Slopes can be divided by any proportions desired. One
of the divisions used by the Willamette National Forest divides the
upper 10 percent, middle 80 percent, and lower 10 percent of the
hillslope. Another version used divides the hillslope by the upper 20
percent, middle 40 percent, and lower 40 percent.

Scales

This indicator will probably be most useful at the watershed scale. The
primary consideration is that the chosen slope position categories have
a reasonable consistency of road-related sensitivity to the slope
position.

Related indicators

Hillslope gradient typically increases from upper to lower slope
positions, and may flatten where valley bottoms occupy the lower slope
position. In the Bluff Creek watershed (figure 2-1), in Northwestern
California, 23 percent of the area in the upper slope position was
steeper than 50 percent, and the middle and lower positions each had
about 35 percent of the area steeper than 50 percent. The other
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related indicator is the proximity to stream channels. The density of
stream channels is usually lowest in the upper position and highest in
the lowest position. In the Bluff Creek watershed, the lower position
had 6 times the road mileage within 100 meters of a stream channel
than did the upper slope position, even though the upper position had
more than twice the mileage.

Utility
This indicator can be useful in evaluating road hazard in mountainous
terrain. Typically, road hazard increases downslope. The Bluff Creek
watershed (figure 2-7) was found to have road failure rates (failures/
mile of road) 30 times higher in the lower position compared to the
upper position.

Acquisition
Readily available if a digital elevation model (DEM) exists for the area.
The slope position macro uses a DEM to divide hillslopes into several
categories based on their position in relation to ridges and valley
bottoms. The slope position macro can be altered to create the number
of different slope positions desired and the percentage of the area
incorporated into each position. It may need to be adjusted to match
the geomorphology and expected geomorphic response to roads for the
area of consideration. The macro version used by the Six Rivers NF for
the examples (figures 2-1, -2,-3) divides the area into three slope
positions: upper, middle, and lower. About 20 percent of the acreage
goes into the upper position, with about 40 percent each for the
middle and lower positions. A slope position map can be drawn
manually on a topographic map by dividing the distance between
ridges and streams into the desired number of slope positions.

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 slope-position information to topographic maps. Manual
delineation requires a topographic map with roads.

Accuracy and precision

Delineation by hand would be time consuming and subject to the
number of slope transects used. A consistent sampling may be difficult
with manual delineation. The slope position macro is based on the
DEM, so it is subject to the DEM’s. The slope-position macro uses a
flow accumulation model in ARC/INFO GRID that determines the flow
direction and the number of contributing cells for each cell. The macro
works best with continuous steep slopes. If the terrain has large flat
areas between the ridge and valley bottoms, they may be assigned to
the lower slope position when they would fit better in the middle slope
category. Comparing a plot of the slope position with a topographic
map or stream coverage is useful to determine if the product is
reasonable.
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Durability

Will not change over decades except from catastrophic geologic events
like a volcanic eruption.

Monitoring value
Not useful for monitoring.

Limitations

In some terrain, such as plateaus with gorges, or relatively flat areas,
slope position may not be useful. The slope position macro needs to be
adapted to the local terrain to be meaningful. Areas with low relief,
including bench areas in steep terrain, may show as lower slope when
they fit better in the middle slope category. The slope position
categories created should be checked against topographic maps to
verify that they are reasonably consistent across the landscape. The
relation between slope position and the influence of roads on mass
wasting should be understood; it can be tested by comparing known
failure sites with their slope position to determine if the rate of failures
varies by slope position.

Typical availability
Wherever topographic data exists.

Where applicable

Slope position appears to have significant value in mountainous
terrain where failure hazard increases downslope. It can be used to
distinguish between ridge and near-ridge roads, which are often less
prone to failure, and those roads lower on the slope where failure is
more likely. Even at the watershed scale, significant terrain differences
may affect how the macro will delineate the slope positions.

Examples

The watershed scale example for Bluff Creek is an example of using
slope position to delineate areas of high and low hazard. The upper
slope position has only three road failure sites on 103 miles of road,
but 44 sites on 43 miles of road in the lower- slope position. This
example also shows how different terrain affects the output of the
slope-position macro. The northern third of the watershed is composed
of metasedimentary rock with steep slopes and no large benches. The
macro has created a consistent pattern congruent with the mapped
streams. The central and southern areas are mixed lithologies that
have many large, relatively flat landslide benches. The slope position
polygons are less consistent and don’t always follow the streams. The
multiple watershed example (figure 2-2) is less compelling, but it still
has a higher frequency of road failure sites per mile in the middle and
lower slope positions. The upper slope position has 50 failures on 357
miles of road, and the lower position has 105 failures on 157 miles of
road. The failures-per-mile ratio is more than 4 times higher for the
lower than for the upper position. The example for the subbasin (figure
2-3) scale shows the distribution of road mileage by slope position. The
analyst can choose various divisions for the slope position categories.
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One possibility (figure 2-4) is dividing the area into three positions
with about 10 percent in the upper, 80 percent in the middle, and 10
percent in the lower. Another division (figure 2-5) uses five positions
with about equal area. The topography and other characteristics of the
landscape may suggest the most appropriate increments. The
Willamette National Forest (figures 2-8, 9) used road mileage combined
with slope position and riparian reserves to estimate the increase in
stream channel length from roads.

Tools references
Hydrologic Condition Assessment Tools — Module of Indicators for
Roads Analysis (See Appendix 3)
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Example
Slope Position - Layer
Watershed - Scale
Bluff Creek Watershed
Orleans Ranger District
Six Rivers National Forest

[ | Boundary
Road failure sites
m Surface erosion sites (27)
o Mass-wasting sites (52)
Blue-line streams
/\/ Road system
Decommissioned road
Slope position
[ Upper ~20%
Middle ~40%
Lower ~40%

Acres =47,417
Road miles = 224

Distribution of failure sites by slope position

Upper =3
Middle = 32
Lower =44

Distribution of road miles by slope position

Upper =103
Middle = 78
Lower =43

Failures per mile by slope position

Upper =0.03
Middle = 0.41
Lower =1.03
N
1 0 1 2 3 4 Miles
1:120,000

Figure 2-1.Three slope-positions in the Bluff Creek watershed. Note that most of the
failures are in middle and lower positions, with only 3 in the upper.
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Example
Slope Position - Layer
Multiple Watershed - Scale
Six Rivers National Forest

| ] Boundary

Road failure sites

m Surface erosion sites (90)
e Mass-wasting sites (219)

é@ /\/ Blue-line streams

Slope position
Upper ~20%
Middle ~40%
Lower ~40%

Acres = 216,232
Road miles = 833

Distribution of failure sites by slope position

Upper =50
Middle = 164
Lower =105
Distribution of road miles by slope position
Upper = 357
Middle = 319
Lower =157
Failures per mile by slope position
Upper =0.14
Middle = 0.51
Lower =0.67
N
E
S
1:350,000
5 0 5 10 15 20 Miles

Figure 2-2. Three slope-positions in multiple watersheds. Note the higher failures-
per-mile ratio for the middle and lower positions.
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Example
Slope Position - Layer
Subbasin - Scale
Smith River National Recreation Area
Six Rivers National Forest

DA Vi) et Ny
e S S

Pwi ’ h (t‘;. N S

Y gl

N =

Boundary
Road system
Blue-line streams “ %
Slope position

[ Upper ~20% N
Middle ~40%
Lower ~40%
E
Acres = 333,053
Road miles = 801 S
Road miles by slope position 1:250,000
Upper =310
Middle = 271
Lower =220 6 8 10 Miles

Figure 2-3. Three slope-positions in the Smith River area.
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Example
Slope Position - Layer
Watershed - Scale
Bluff Creek Watershed
Orleans Ranger District
Six Rivers National Forest

[ | Boundary
Blue-line streams

Road system
Decommissioned road
Slope position
[ Upper ~10%
Middle ~80%
Lower ~10%

Acres = 47,417
Road miles = 224

Road miles by slope position

Upper =63
Middle = 149
Lower =12
N
1 0 1 2 3 4 Miles
1:120,000

Figure 2-4.Three slope-positions in the Bluff Creek watershed with about 10% of the
area in the upper, 80% in the middle, and 10% in the lower position.

129



Example
Slope Position - Layer
Watershed - Scale
Bluff Creek Watershed
Orleans Ranger District
Six Rivers National Forest

Boundary
Blue-line streams
Road system
Decommissioned road
Slope position
[ Upper ~20%
Upper middle ~20%
Middle ~20%
Lower middle ~20%
I Lower ~20%

Acres = 47,417
Road miles = 224

Road miles by slope position

4 Miles

Upper =94
Upper middle = 47
Middle = 34
Lower middle = 26
N Lower =23
1 0 1 2 3
1:120,000

Figure 2-5. Five slope-positions in the Bluff Creek watershed of about equal area.
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Road failures per mile of road in slope positions
(multiple watersheds)
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Figure 2-6. Road failure site distribution in relation to slope position for multiple
watersheds. The failure rate is much higher in the middle and lower positions.

Table 2-1. Distribution of 319 road failure sites for multiple watersheds.

Distribution by slope position of Road failures per mile of road
319 road failure sites
Surface Mass All

Slope Surface Mass All Road Slope Erosion  Wasting Failures Road
Position Erosion Wasting Failures Mileage Position (90) (229) (319) Mileage
Upper 20 30 50 357 Upper 0.06 0.078 0.14 357
Middle 44 120 164 319 Middle 0.14 0.38 0.51 319
Lower 26 79 105 157 Lower 0.17 0.50 0.67 157

Totals 90 229 319 833
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Road Failures per mile of road in slope positions

(Bluff Creek Watershed)
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Figure 2-7. Chart of 79 road failure sites for the Bluff Creek watershed. Note the very

low failure rate for the upper slope position.

Table 2-2. Distribution of 79 road failure sites for the Bluff Creek watershed.

Distribution by slope position of Road failures per mile of road
79 road failure sites
Surface Mass All

Slope Surface Mass All Road Slope Erosion  Wasting Failures Road
Position Erosion Wasting Failures Mileage Position (90) (229) (319) Mileage
Upper 1 2 3 103 Upper 0.01 0.02 0.03 357
Middle 13 19 32 78 Middle 0.17 0.24 0.41 319
Lower 13 31 44 43 Lower 0.30 0.73 1.03 157

Totals 27 52 79 224
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Example from the Pilot Roads Analysis, Willamette National Forest
1998

A combination of road mileage with slope position in riparian reserves
was developed to assess the effect of roads in mid-slope and valley
bottom slope positions on the potential for increases in peak flows
from interception of subsurface flow and more efficient routing of
water to channels. The concept of hydrologic connectivity is important
in determining the extent of these effects. To determine the extent of
channel extension, we used the miles of road in riparian reserves, as
defined in the Northwest Forest Plan, as an indicator of hydrologic
connectivity. Field verification of such connectivity would be ideal but
beyond the scope of this analysis. The following histogram (figure 2-8)
displays the miles of road by watershed in riparian reserves.

Miles of road in riparianreserves in mid and valley bottom slope positions for the Wilamette
National Forest
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Figure 2-8. Distribution of road mileage for middle and valley-bottom slope posi-
tions in riparian reserves (Willamette National Forest, Pilot Roads Analysis).
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The issue of different stream mapping causing different stream
densities shows up once again in the above histogram with the South
Fork of the McKenzie River and Fall Creek showing the highest
number of miles in mid-slope riparian reserves. This finding
undoubtedly is an artifact of the mapping problem mentioned above.
To address the question of increases in peak flows from interception of
subsurface flow by roads it is important to examine both slope
positions shown in the histogram above.

To attempt to account for the differences in mapping techniques used
by different districts, a histogram (figure 2-9) of the percentage change
in stream miles was developed, by assuming that the miles of road in
riparian reserves became part of the active stream network, especially
during a storm event. As with the earlier histogram, this one presents
a somewhat biased picture of the potential for actual channel change
from increases in the stream network from roads in the riparian
reserves. For instance, the Calapooia River watershed only contains
13.5 miles of valley bottom streams and 2.2 miles of mid-slope
streams (as mapped on national forest land), and 3.9 and 0.5 miles of
road in each of the respective classes. Thus the percentage increase is
rather dramatic but an actual channel effect will be negligible because
of the small total amount of road. The average percentage increase in
valley bottom stream miles was 17.14 percent with a median value of
17.75 percent. The average percent increase in mid-slope stream miles
is 17.57 percent, with a median value of 18.81 percent.

Percentage increase in stream miles from roads inriparian reserves in midslope and valley
bottom slope positions for the Willanette National Forest
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Figure 2-9. Percentage increase in stream length, assuming the road segments in
riparian reserves in middle and valley-bottom slope positions are hydrologically
connected (Willamette National Forest, Pilot Roads Analysis).
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