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Figure 6. Relationship Between the Odds for the Occurrince of a Gully Below Ditch Reliel Culverts Against Road Length.
The logistic regression equation for the relation between the occurrence of gullying and road length (in meters), hillslope
gradient (1 for slopes < 40 percent, © for slopes = 40 percant), nnd the interaction of these two variables is given by odds =
exp [-0.4522 + {0.0074 x length) + (0.0810 x slope) - (0.0156 x length x slope)] (Hosmer and Lemeshow, 1989). At a road
length (e.g., culvert spacing) of 100 meters, gullies are 4.5 times more likely to occur on steep (= 40 percent} than on
gentle (< 40 percent) slopes (odds ratio for steep va. gentle slopes at 100 meters = 1.34/0.30). Steep slopes show increased
odds of gullying with increasing road length, for example gullies are roughly three times as likely to occur on steep slopes
s road length increases from 100 ta 250 meters (odds ratio for 250 m vs. 100 m road length on steep slopes = 4.07/1.34).

Conversion of Subsurface Drainage to Quickflow

Following our conceptual model (Figure 1), the
hydrologic impact of roads depends upon the extent to
which roads contribute to the volume of rapid surface
runoff in a basin. We observed several road segments
carrying unit area discharges as high as those of the
larger basins to which they contribute. A discharge of
1.18 L/s was measured from an estimated 2-ha

drainage area on a Lookout Creek road ditch during

& storm on March 19, 1993, representing only 20
percent of the basin-wide unit area discharge for
Lookout Creek on this date (3.21 L/s/ha). However, on
June 9, 1993, a discharge of 7.3 L/s was measured
from an estimated 10-ha drainage area on a Blue
River road ditch, representing roughly 100 percent of
the unit-area basin discharge on this date (0.652
L/s/ha).

We expect that hillslope position affects a road seg-
ment’s ability to convert subsurface water to surface
runoff, Connected ditch segments along midslope
roads are more likely than those along ridgetop or
valley bottern roads to intercept significant amounts
of subsurface flow and convert it to surface runoff

WATER RESOURCES BULLETIN

(e.g., Megahan, 1972). Ridgetop roads may lower the
threshold for channel initiation (Montgomery, 1994),
but road segments along ridgetop roads may not
intercept subsurface flow because of their small con-
tributing drainage areas. Valley bottom roads fre-
quently have culverts discharging directly to streams
but are relatively ineffective at diverting subsurface
water to surface runoff (Wright e? al., 1990}. Differ-
ences in the effectiveness of roads in capturing sub-
surface water and the routing of water via surface
flowpaths associated with roads may explain some of
the variability in resuits of small-basin experiments
investigating road effects o basin hydrology.

Generalization of Study Results Using GIS

This study made extensive use of a geographic
information system to select sites for sampling and to
generalize results to the basins studied. GIS layers
were overlaid to develop the sampling design for the
field survey of rosds. Algorithms provided in the GIS
software were coupled with field observations to
generate a map of the extended stream network that
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Figure 2. Location map of the Lookout Creek and Blue River basins in the western Oregon Cascades, USA, showing location of roads
and stream network, hillslope position classes and erosional and depositional features mapped in this study. Locations of mapped
features relative to elevation classes are shown on insct map at lower right

Table I. Summary of characteristics of study basins

Lookout Creek basin

Blue River basin

Harvested area (% 22
Drainage area (km®) . 62
Drainage density (km km ™) 3.0
Road length, total (km) 118
Upper slope (km}) 27
Midslope (km) 73
Valley floor (km) 18
Road density (km km ™) 1-9
Area of basin in reads (%)t 3.1

25
119
29
230
75
132
23
1-9
31

* Estimated winter baseflow drainage density (see Wemple et af., 1996)

1 Computed using an average width of road cut, surface, and fill of 16 m from Silen and

Gratkowski (1953)
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Table I1. Numbers and frequencies (numbers per kilometre of road length) of inventoried features in the Lookout Creek
and Blue River basins

Lookout Creek basin Blue River basin Total

No. No./km No. No./km No. No./km
Mass movements
Debris flows G 0-08 7 0-03 16 0-05
Hillslope slides 4 0-03 1 0-004 5 0-01
Cutslope slides 1 0.01 11 0-05 12 003
Fillslope slides 18 0-15 13 0-06 31 0-0G
Slumps 1 0-01 12 0-05 13 0-04
Total 33 0-28 44 0-19 77 0-22
Fluvial featires
Plugged culverts 3 0-03 10 0-04 13 0-04
Incised ditches 1 0-01 2z 001 3 0-01
Gullies 5 0.04 5 0-02 10 0-03
Total 9 0-08 17 0-07 26 0-07
Grand total 42 036 61 0-27 103 0-30

RESULTS

Numbers, frequencies, volumes and interactions among features

A diverse suite of geomorphic processes occurred during the February 1996 flood event, producing 103
mapped features associated with roads in the Lookout Creek and Blue River basins (Table II). The vast
majority of these features occurred in the southern portion of the study area at low elevation sites (Figure 2).
Mass movements were more numerous than fluvial features, and sediment production exceeded sediment
storage by roads. Three-quarters of the inventoried features were mass movements, and one-quarter were
fluvial features. Two-thirds of the features involved sediment production from reads, in the form of cutslope
slides, fillslope slides, incised ditches and gullies, while one-third invelved sediment capture, in which roads
intercepted debris flows, hillslope slides and bedload (Table II).

Fillslope slides were the most numerous and frequent type of feature. They accounted for 30 per cent of all
mapped features and 40 per cent of mass movements, with approximately one occurrence for every 10 km of
road length in the two basins (Table II). Together, cutslope slides and slumps accounted for cne-quarter of all
inventoried features and one-third of mass movements, with average frequencies of three (cutslope slides) or
four (slumps) for every 100 km of road. Hillslope slides and debris flows that were intercepted by roads
accounted for the remaining mass movements inventoried.

Stream-crossing culverts plugged by bedload accounted for half of the fluvial features that were
inventoried, while gullying of road surfaces and fillslopes also was relatively common. Plugged culverts and
gullies together accounted for almost one-quarter of the features inventoried and nearly all (90 per cent) of the
fluvial features, with average frequencies of three {gullies) or four (plugged culverts) for every 100 km of
road.

Roads intercepted, stored and produced sediment, but overall were a net source of sediment to hillslopes
and channels in the two basins (Table IT1). Roads intercepted almost 26 000 m® of sediment contributed from
hillslopes and channels and stored over 19000 m® of sediment. However, more than 32000 m® of sediment
were mobilized within the road prism, so roads were a net source of more than 13000 m® of sediment in these
two basins during this event. Debris flows accounted for two-thirds of the sedinent intercepted by roads, and
hillslope slides and bedload trapped at stream-crossing culverts accounted for the remaining one-third.
Fillslope slides accounted for four-fifths of sediment mobilized within road prisms, while cutslope slides
accounted for most of the remaining one-fifth; ditch incision and gullying accounted for less than 5 per cent of
the total sediment volume eroded from roads. Most of the sediment stored on roads was from debris flows, but
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Figure 4. Schematie representation of the distribution and spatial complexity of features inventoried in this study. Closed symbols
represent mass movements { @, debris flows; , hillslope slides; A, cutslope slides; W, fillslepe slides; s, slumps). Open symbols
represent fluvial features (O, plugged culverts; ™, incised ditches; [, gullies). Features are positioned relative to point of origin, on
hillslopes above roads or within the road zene (represented by grey bars). Arrows (ndicate features that triggered an associated feature,
and show impacts to multiple tiers of roads where applicable. Numbers beside symbols indicate number of inventoried features of that

type

cutslope slides, hillslope slides and bedload (i.e. in plugged culverts) contributed small fractions of the
sediment stored on roads. Fillslope slides accounted for two-thirds of the net sediment exported from roads,
but debris flows and hillslope slides accounted for most of the remaining one-third (Table LI1).

Slightly more than half (56 per cent) of the erosional and depositional features associated with roads
occurred as solitary events, unconnected with other inventoried features (Figure 4). All of the inventoried
slumps occurred as solitary eveuts, apparently unaffected by diverted surface runoff or other documented
mechanisms. Most (nine of 13) plugged culverts occurred as solitary events, and apparently did not Iead to
gullying or fill failure. Most (four of five) hillslope slides deposited sediment on roads without triggering
additional erosion within the road prism.

Two types of complex, interacting sets of inventoried features were observed on roads, involving almost
half (44 per cent) of all mapped features: (1) hillslope slides, cutslope slides or bedload in ditches or culverts
led to diversions of surface mnoff and triggered fillslope slides, gullying or ditch incision; and (2) fillslope
slides entered streamn channels and became debris flows (Figure 4). One-quarter of the 22 fillslope slides on
mid-slope roads were apparently connected to debris flows intercepted by roads (three cases), cutslope slides
in the road prism (two cases) or plugged culverts (one case). Seven of ten instances of gullying were
connected to debris flows, and two were connected to cutslope slides in the road prism. Ditch incision was
also connected to debris flows (two of three cases) or plugged culverts (one case). One-quarter of the fillslope
slides on midslope roads entered channels and became debris flows (five cases).
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TABLE 2. DIVISICNS OF THE QUATERNARY AND THEIR BOUNDARY DATES
AS USED IN THIS YOLUME"

Present
Holocena
{Oxygen-isctope stage 1)
10to12ka
tate Wisconsin (Oxygen-isctope stage 2)
B e L L LR ~28 ka
§ Middle Wisconsin of Richmond and Fullenon (1986)
=] (O-isolope stages 3 and 4)
I e B TP -71 ka
@ Late. Sangardon {(Early Wisconsin and Eowisconsin of Richmond
g and Fullerton, 1986; C-isolope stages 5a-5d)
—————————————————————————————————————————————————————————— ~115 ka
Sangamon of Richmond and Fullectan {1986)
{Odsotope stage Se)
; -128 kal
Late-Middle Pleistocene (lllincian of Richmond and Fullerton, 1986; -
2 O-isotope stages §-8)
R TP T L P ~300 ka
] Middie-Middle Pleistocene of Richmend and Fullecon (1968)
%@_—“’- {O-isolope slages 9-15) ~
L e e R L b 620 ka¥
] Early-Middle Pleistocene (Richmond and Fullenoen, 1988)
= (O-isolope stages 16-19)
— (Matuyama-Brunhes Chronozone boundary) 750-775 ka™"
Early Pleistocene
"""" Upper boundary of Olduvai Subcrop ===~ -===-- = ee e e - 1 65 Ma
— or_ Gauss-Matuyama Chron boundary 2.48 Ma
Pliocena
50-5.5 Ma¥
Mlocene
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