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Erosion rates of recently graded nongravel forest roads
wete: thegsured under rainfall simulation on five: different
soils, Thi erosion rates observed on 24 forest road erosion
plots were compared with values predicted by the Water
Erosion Prediction Project (WEPP) Model, Version 93.1.
Hydraulic conduetivity and soil erodibility'values weré pre-
dicted from methods developed for rangeland and ¢rop-
land soils. 7t was found that on four of the five soils, runcff
valiues were closely predicted and thar the predicted ero-
sion was not significantly different from the observed ero-
sion when usmg raage]and methods £or ?redxcmng soil
were underpredxctﬂd usmg range!and methads for prsdr;cg_
ing soil erodibiliy, but slightly overpredicted when using
cropland inverrill eredibility prediction methods. Rill ero-
sion rates for road wheel ruts were closely predicted from
rangeland rill erodibility algorithms.

of maintaining the global ecosystem. with all its

hiclogic diversity. The USDA Forest Service
manages large areas of the niarion’s foréstlands:and has
an ongoing commitment to apply the best techriology
available in its management: processes. One of the areas
of concern in the forest eeosystem is the amonnt, of sed-
iment eroded from forest roads into. waterways that
serve as spawning and rearing habitats for fish and as
habitats for aquatic ivacroinverteheates,

T here'is an inereased awareness of theimportance

The authors have been participating in the develop-
ment of the Water Erosion Prediction. Project (WEPP),
a major interagency reséarch and model development
project. The major thrust of the WEPP project has been
to predict soil erdsion for agricultuzal and rangéland
conditions. Further research is being conducted to: apply
the WEPP model to forest roads and harvest areas.

OBJECTIVES

‘The purpose of this study was to determine the suita-
bility of the WEPP model for forest road conditionsand
to contribute to the validation of the WEPP hillslope
model by comiparing runoff and erosion estimates pro-
dnced by the model with chserved dara from rainfall
simulation studies carried out on forest roads.

The objectives of this paper are to {4} give an over-
view of the WEPP erosion prediction ﬁcchnology and its
apphcaﬁan to predicting forest road erosion and (b)-de-
itre the suitability of estimating the ecodibility of
nnng:avel rozd surfaces from eropland and rangeland
research results.

SepiMENT FROM FOREST ROADS

Diit roads conistructed to access feresrlands are ma]m:
and persisient soarces of sediment to headwater
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streams. Reid (1) found thae for o coastal Washington
stream basin with & road density of 2,5 km/km®, ap-
propriate for skyline cable loggu‘tg systems, sedunent
detived from rodd suiface erosion accounted for be-
tween 13 and 18 percent of the total sediment in. the
stream, Sediment from roads contributed between 34
and 40 percent of the sediment less than'2 mm in diam-
eter. Har restlts demonstmm that road sediment pro-

arit source of fine sed-

ivén the potential for sediment production, forest
mads have bnen the focus of great deal of rescarch to
estimate rates of soil loss from road surfm and to
determine the best-control methods. In some of the ear-
liest quantitative resesrch H@aver (2) #nd Weitzmman
and Teimble (3) measured erosion from cross-sectional
lowering. Cross-sectional lowering dati can be ques-
uonahlc ecause buth campactzon due © trafﬁc and

titative Work has cancen'frated on measunng s&dzment
in-traps (4) or suspended sediment concentrations from
cross drains and enlveres (5) under natoral rainfall con-
ditions. Other recent work has used rainfall simulation
to estimate runoff and ercsion from forest roads (6-8).
Some of the recent guantita » work using ragural
airifall has been linked to empirical model building.
Megahan {9) constructed 4n exponential decal madel af
sediment production over time following constru
Rﬁid and Dunne (§) built an empirical model rﬂLatmg
~tr c, zoad segment length, and road gradient to sad-
iment produman.

The gquantititive work using rainfall simnlation
been used for both empirical and proes | miodels
of road etosion. Burroughs and King (lﬂ) used rainfs
simulation on varying degrees of mmgauen, such as
straw and mulch, to develop. empirical relationships be-
tween application rate and effectives
rainfall simulation to identify pammete: values f@r the
ROSED road erosion model (11).

Iusummary, the literatire shows that roads are a
stgnificanit source of sedifient in forests. To date, chere
has been little artempt to predict the amount of sedi-
ment from a given section of road to aid in evaluating
the impacts of roads on upland streams.

eling makes 4 valuable con-

k to hys search and pra s (12). Re-
search mvolmg data collection from long-terst Feld
studies is a time-consuming, and .expensive process. An
alfemmve approach is o cemdueﬁ computer simuls-
tions to analyze-the hydrologic c effects of ; mansgement
under certain climate conditions.

Seientisty are developing physically based erosion
prediction models for computers that allow the ser
to model the individual processes that lead to soil ero-
sion, including rainfall intensity and distribution,
infiltration and runoff, and seil detachment, trang-
port, and deposition. Early medeling in the 1970s
with physically based madels reqmad mainframe
computer-capabilities and large input data sets. The
widespread availability of desktop and portable com-
puting systerts now miakes such technology available
to most natural resource managers. Phiysically based
models ean be suecessfully applied to many more con-
ditions than statistical models as long as the factors
affecting the processes can be identified and charac-
texized (13).

In 1984, the USDA Agriculrural Research §
{ARS) and the Svil Conservation Service (SCS) ifi co-
operatior with the Bureau of Land Management and
the Forest Service launched 4 cooperative research effort
known a5 the Water Erosion Prediction Project. Their
gaal was to:develop a user-friendly physically based era-
sion prediction model that would operate on a pormable
mmputerandcenldheusﬂdbymandodlerﬁfcld
technicians as an aid in eposion pmdmﬁnn and conser-
vaubn planmng for etepland npeland, and formm..

seatch, the first completed remrch vetsln of the WEPP‘
program was released in August 1989 and the first feld
version in 1991. Itxsexpectedthatthcm@delwllbegm
receiving widespread use by 5CS in the late 19905 and
will be-the erosion predietion model of choice well into
the next century (14).

The WEPP model is based on fundamentals of
infiltration, surface runoff, plant growth, residue
decomposition, hydrauhes, tillage managéement, soil
consolidation, and erosion mechanies (15). Table 1
summarizes the unpertantmutpammetmsfmthe
model. This model combines physically based erosion
and hydrology-models-with a stochastic climate gener-
ator 1o esm soil loss and deposmm and thus faml

smi erosion.

The WEPP technology includes 2 hzllslﬁpe
version, 2 watershed version, and a grid ‘version (1 6)
The hillslope profile version predicts when and where
soil loss and. deposition will occur on a hillslope, raking
into dccount mansgement practices and climate, It is
oommueus-, smmlatmg the  processes thiat-affect exosion

. ‘ ime with 4 daily time step:
The mods] ray alsq be pied in the single-storm mode:
(16). The watershed version combines-a mumber of hill-
slopes and channel elements to describe a snall water-
.-sﬁed. The grid version, now under development, ‘will
combine a grid of hillslopes into a catchment that
exiceed severdl square miles.
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TABLE 1 Input Requirements for WEFP Model

Inga File.

‘Coneants

STope Paits of points indicating distance from top.of slope and respective-stope
Soil For top layer: Albedo, Initial Saturation, Interrill and Rill Erodibility and

Critical Shear

For up to ten layers: Thickness, initial bulk density, initial hydraulic
conductivity, field capacity, wilting point, contents of: sand, clay,
organic matter, and rock fragments, cation exchange capacity

Climate

For each day of simulation: precipitation amount, duration, time to peak

rainfall, peak rainfall, maximum, minimum and dew point temperatures,
solar radiation, average wind speed and direction

Management

Type of vegetation (crop, or range), plant growth parameters, tillage

sequences and effects on soil surface and residue, dates of harvesting or
grazing, if necessary description of irrigation, weed control, burning. and

contouring.

The WEPP mode! divides erosion inte two types, rill
and interrll. Interrill erosion is driven by detachment
and transport of sediment due to raindrop impact and
shallow overland flow. Interrill ercsion is estimated
from the equation {17)

D, = K% fic) (1)

where

D; = detachment rate (kg/m*/sec);
K, = interrill erodibility (kg-sec/m*);
I = rainfall intensity (m/sec);
8;= slope factor (17); and
fic) = function of canopy and residue.

Rill erosion is the detachment and transport of sed-
iment by concentrated chiannel flow, The erosion rate is
a function of the hydraulic shear and amonnt of sedi-
ment already in the flow. Rill erosion is caloulated in
the WEPP miodel from

D, =Kt — )1 - GIT;) @)
where
D, = rill erosion rate (kg/m¥sec);

K, = rill erodibility (sec/mi);
%= hydraulic shear of the vater flowing in the fll
(Pa);
t, = critical shear below which no erosion occurs
(Pa);
G = sedim u et trapsport rate (kgfm!see}, snd
T, = rill sediment transport capacity (kg/mlsec).

The individual processes that lead to soil erosion ate

and alm occur on fo:qst roads, One of the erosion-
related processes that is different on toads from crop-

land and rangeland is the absence of plant growth, al-
thiough there' may be some effects from overhanging tree
limibs and leaf or needle drop. The hydrologic response
of the road may be different from agriculture or range
seils due to compaction and higher gravel contents.

VALIDATION

With refererice to the: opérational requirements for the
WEPP model, Foster and Lane (14) stated that one of
_the major factors important to the users is the validity
of the model. They stipulated:

The procedure must be sufficiently accurate to lead to
the :planning and assessment decision that would be
made in the large majority of cases when full informia-
tion is available. However, nioré than accuracy isto be
considered in establishing the validity of the procedure.
The procedure is o beé validated, and the validation pro-
cessand its results are to be documented, The prediction
procedure is expected to be composed of 4 number of
modules. Bach major modale is to be individually vali-
dated and the procedure is to be validated asa package
(14, pp. 10-11).

One. of the criteria for validity (14) was the require-
ment that the model should provide a reasonable rep-
resentation of data covering a broad range of condi-
tions, including situations not appropriate for the
Universal Soil Loss Equation (USLE), such as deposition
in ﬁm*c-ws and complex slope shapes andfor manage-
ment jces, Judgments oh the goodness of fit of the
estimates from the procedure to observed data were to
be based on the data sets as a whole and not on a few
specific and isolated data sets. Quantitative measures of
the goodness.of fit were to be calculated and presented,




ELLIOT ET &L. 181

o e e mm =

but a quantitative level of accuracy ﬁgurc was not spec-
ified because of the great variation in the experimental
data that would be used in validation. However, the
results were to be at least as good with respect to ob-
served data and krown relationships as those predicted
by the USLE.

METHODS
Road Fresion Datz Collection

National forests in Idaho, Monitana, and Coloradowere
surveyed about which soils were particularly treuble-
some from an ecosion viewpoint. Using this survey, five
sites were chosen that contained dirt roads with no
added gravel {Figure 1}. The dy, of the sites ranged from
0.05 o 0.80 mm. Two sites were located on the Clear
water National Forest southwest of Boville, Idaho. One
of the sites, Potlatch River, was a sandy loam with a
parerit inaterial of loess and volcanic ash. The other site,
Tee Meadow, was a loam with a loess and velcanic ash
parént material. The Tin Cup Creek site was located on
the Caribou Natienal Forest southeast of Idaho Falls,
Idaho. At this site, the textutal deseription was loam
with a parent materia! of highly weathered shale. The
Hahn’s Peak site was locared on. the Routr National
Forest north of Steamboat Springs, Colorado. The tex-
tural description was 2 loamy sand with a parent ma-
terial of fluvial siltstone, claystone, and conglomerate
mixed with a loesely consolidated aeolian sandstone
and volcanic ash. The fifth site, Paddy Flat, was lecated
on the Pdyette Natiomal Forest southeast of McCall,
Idaho. The material was 2 gravely loamy sind dérived
from decomposed granite, characteristic of the Idaho
batholith. Table 2. gives the site characteristics.and Table
3 the soil characteristics of each site.
Two paired 1.52-m-wide by 30.5-m-long bordered
plots were used to determine the sediment yield from
an overland flow surface and from a2 wheel rut. The

FIGURE 1 Location map of
simulator sites.

1.52-m distance cortesponded to a typical whesl-to-
wheel distanee for pickup-sized vehicles, The 30.5-m-
long distanice was a compromise bétween a desire to
have long plots and the capability of the rainfall
simiilator.

Either a sheet metal gutter or a wheel rut was aligned
with the long dimension of the plot (see Figure 2). By
laying out the plots-in this manner, overland flow en-

tered the gutter or the rut, flowed parallel to the con-

tributing area, and was measured and sampled at the
bottom of the plot. Concentrated flow octurred on both
the rut and the gatter, but erosfon from the concen-
trated flow could take place only in the rut. These con-
ditions provided lateral inflow into the gutter or the
wheel rat, creating the same conditions as would vecur

‘on a mtted forest road.

Since the roads were insloped, the ends of the plot's
were aligned with the combination of the road and in-
slope grade. On 2 road graded with an inslope equal to
the road grade, the plot borders would make an angle

of 45 degrees to the road centerline.

The inslope also had an effect on the overland flow
paths, While the plots appeared to be 1.52 m wide by
30.5 m long, the interrill flow paths were actually 2.2
m long (1.52 % /Z) and 30.5 m wide. However, the
length of the flow path in the rur, 30.5 m, was not
changed.

The wheel tut was made by digging a shallow trench
(80 te 100 mm deep by 200.mm wide, the approximate
dimensions of a pickup. truck tire), placing burlap to
protect the bed of the rut, soaking the trench with wa-
ter, and then driving the front and back tire of a pickup
in the trench. This shaped the rut and compacted the
rut bortomn.

The total sediment load as a function of time was
measured from grab samples from a free overfall at the
outlet from the plot. The samples were taken at regular
intervals and the beginning and ending times of runoff
recorded. Measurements of the volume or the weight of
the samples and the time required to obtain the samples

TABLE 2 Site Characteristics

e Porosity  Slope Ws{zrﬂmmm[%x 100)
(%) (%63 Bry. Wer Very Wet
Pidy Flat 2 2% 7.3 1L0 10.9 147
Phdy Rias3. 2% 7.4 124 13:5 1549
Halin's Pedk 3% 62 9.5 111 114
TinCopCrosk 38 910 %3 15.9 187
Potlich River 33 53 0.6 19.3 18,6
Teo Meadow 1 36 6.5 3.0 234 26.8
Tee Meadow2 35 6.8 220 26.8 26,8
Bee Meadowd 37 7.1 19.4 18.5 220
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TABLE 3 Bed Material Composition

- T Pemmit>  0gd dsg: dyg oF Oga

S #mm Gam) fom)  (mmy dte

A 3 270 076 0080 6353 338

’?‘*‘“?“‘”‘: ' 8 0.82 034 0.085 313 9.7

T Cop 6 832 011 Eot7 .51 42.3
oM 06 004 0005 IL8 1320

PolldchRiver 68 005 0014 108 643

48
TG =g (‘;ﬁ 3_.
were vsed to determine the flow rates. The weight of  WEPP Simulations

the ‘oven-dried samples was used to determme the sed-

of the road surface was taken at each site. ’Ihzssample
was used to determine the size gradation. of the road
surface.

Rainfall was provided by a Colorado State University
{CSU) type simulator (18) consisting of Rainjer 78C
sprinklers mounted on top of 3-m-sall tisers. The risers
were piaced in two pdrallel rows 5.28 m apart and ae-
ranged in equilateral triangles of 6.1 1 on a side. This
arrangement resulted in a nominal 50 mum‘hour rainfall
intensity.

‘Theee 30-minute applications of the 50 mm/hour in-
tensity were applied to the plots. A typical WEPP se-
anence of three rainfall applications (18) ‘was used: a
'dry run on existing soil water conditions, followesd 24
hoiirs later by & wet run, then immediatély by 4 very
wet run.

The CSU-type simulator provides 40 percent of the
raindrop energy of natural rainfall (8). This has eften
been: cited as a drawback to this simulator for investi-
gating ‘erosion due to raindrop impace. In this study,
whiere the depth of flow: mthe tuts IS greater than a few
raindrop diameters; the argument is less valid. Addi-
ﬁmallv,xtmayhe axgumd thatamce ‘the energy pmwded

than can be transg&med (19),. thc entire quesﬂon of
rainfall energy may not be an appropriate concern.

PLOT BORDER _

Z %’ RUT FL.DT 15{ mﬁ_ RUT—y /

& —
‘}g“'/ If GUTTER F'Lﬂ‘l'% £

PLaT nmm
«— SIAPE

Y G

FIGURE 2 Typical plot layout.

NOTE: NO SCALE

WEPP Version 93.1 was used for all simulations. A sin-
gle storm climate file was spemﬁed for each rainfall
event to have an average intensity and duration equal

to that of the rainfall simulator Seil files were devel-
apad using the details presented by Poltz (8). A fallow
condition was-assumed for the management file with no
initial canopy or residue cover. The obsarved slopes and
lengths of each of the plots (8) wete déscribed in the
slope file.

To run the WEPP model, it i necessary to estimate
several soil properties not readily available for forest
roads: saturated hydraulic conductivity, interrill erodi-
bility; rill erodibility, and critical shear (Table 1). The
WEPP model documentation had regression equations
to estimate conduaﬁvxty a:nd eredlbxhty basad on rang’é-—
Iand studles (16). B
- rodibilities bxsed on cmpland soil rmarch.
Both cr@p and range methods were used to estimate
eradibilities. The estimated values are presented in
Table 4.

After the initlal computer rung were complete, the
results were studied. It was noted that the ¢ropland
erodibility values resulted in an overprediction of ero-
sioni rates by 4 factor of 10. The soils that made up the
forest roads had very little silt, and mast had less than
any of the cropland soils. The nomographs had net
been extrapolated beyond the textaral levels observed
on thost seils. In this case, extrapolation mmay hawve
given a more neatly cottect value than the minipyam
value stated in the nostiograph. It wis also noted that
the predicted runoff from the Paddy Flat sités was much
greater than the observed runs. The hydraulic conduc-
tivity'was increased to 2.87 mmvhour to ensure that the
runoff ‘was similar to the observed value so thar the
accuracy of the erosion estimates could be evaluated
#nd the cotputer runs cartied out again for those sites.

For thisstudy; only the toral runoff amount in mil-
limeters and the total erosion in kilograms of sediment
per sguare meter of plot were. studied. The output from
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TABLE 4 Estimated Soil Erodibility Properties Using Rangeland and Crepland Methods

Texture for fraction < 2 mm

Site Sand Silt Clay Ksat Ki, kgs/m? Kr, &m Te, Pa

o % % mm/hr  Range Crop Range Crop Range Crop
i 8.5 159 2.6  287¢ 170,000 2,300,000 0000417 00024 0.1 23
Hahn's Peak 89 22 88 00038 82035 800,000 0000256 00030 0 2.6
TinCupCreek 5.0 460 3.0 01487 512,150 3300000 0.00046] 00080 17 2.5
PolachRiver 450 509 4.1 00018 564,588 3,500,000 0000262 0.0065 22 1.9
TeeMeadow | 462  S16 2.2 02399 S61,310 3000000 0000591 0.0070 1.8 18
TeeMeadow? 462 516 22 00858 561310 3,000,000 0000340 00070 2.1 18
TesMeadow3 462  SL6 22 01358 561310 3,000,000 0.000443 00070 20 18

* Increased after initial computer runs from predicted value of 0.0287 mmv/hr to achieve a runoff similar to observed to

allow reasonable comparison of erosion results,

the WEPP program provides considerable detail about
the distribution of efésion .or deposition along = hill-
slope, a runcff hydmgraph, average erosion, sediment
yields, and sedimentsize distribution. The WEPP ourput
file alse contains the amount of intetill erosion in kil-
ograms per squate meter. This predicted rate should be
comparable to the erosion observed from the plots with
the metal gutter lining the wheel rit because there was
no deposition obseived in the chaunel. Futare studies
considering the sediment size distributions and runoff
hydrographs may provide additional insight into.the ap-
propriateness of WEPP for modeling forest road erosion
PIOCEsses.

Resurts anp DiscussioN
Runoff

"The obsetved and predicted runoff rates are presented
in Table 5. A statistical analysis of these data showed
that there were differences in runaff between sites (P <
001}, which would be expected with different soil con-
ditions. There were differences in runoff between runs
{P < .001), with the wet and very wet runs generally
havmg greater rumoff amounws. Generally, the WEPP
predicted these differences. Theve were stll sta-
tistically significant differences betweet, observed and
predicted runoff rates: (P < .001) in spite of the ranyal
adjusfment made to the saturated hydeaulic conductiv-
ity for the Paddy Flat sites. The differences were seldom
greater than 10 percent and, generally, the predicted
mmoff was greater than the observed runoff, so the hy-
draulic-conductivity may have been underestimated. Be-

cause of the low hydravlic conductivities of most roads
gompared to the rainfall and the uniformity: of sumx
lated rainfill, large diffevences would not be expec
Under conditions of lower rainfall amourits, or hxgher
conductivities, greater distrepancies in runoff prediction
may be expecbed ‘The hydraulic conductivity of the
Paddy Flat site was much greater than the other sites,
and gredter than the prediction equations estimated.
The material at Paddy Flat is decomposed granite, with
2 much higher sand content.

There was a significant interaction between the de-
termination method {observed or predicted) and sites (P
< .901), meaning that on some sites, runoff was over-

cted, whoreas enothersztes it was underpredicted

and runs (P < .001), meanmg that not all sites had
greater ranoffs from the wet or very wet runs. These
interactions can be noted in the runoff values presented
in Table 8, for example, the Tee Meadow 3 site, where
thie site was wet for the inftial event (Table 2).

Erosion

Thi results of the predicted and observed erosion rates
a8 pi esented in Table 5 for the plots with ruts. When
using the rill an¢ rill erodibilities as predicted by
ciopland tnethods, the predicted erosion rate was ap-
proximately 10 times the observed sediment yield. This
would suggest that managers hoping to estimate road
etosion rates usthg any type of agricultural method
should be extremely cautious to ensure that all of the
differences between the forest conditions and the agri-
eultura) conditions are carefully considered.
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TABLE 5§ Runoff and Sediment Yield Resulty Observed in Bield
from Rat Plots and Predicted by WEPP Model

Site Runaff Bragion
and RUN Predicted
Texture Cibsarved: Prédized Obgaread Range Ceop
it mm kge?  kye  kymd
Hahns Beak DRY 2208 2339 287 874 6,58
(LoamySand)  WET 2114 2187 125 0,35 630
VWT 214 2192 087 0.35 $:22
Potlaich River . DRY 266 28,04 g2 0.68 921
(Sandyloam)  WET 2948 20:01 .57 069 B84
VWT 215 29.89 063 072 9.07
TeeMeadowl  DRY 324 f2 ] 13§ 178 14.33
{Loan) WET 2516 26.79 105 2:01 165:28
YWT 25.06 25.42 oz 139 15.33
ToeMezdow?  DRY 19:20 2536 1.2% L2y 1695
{kodm} WET 2242 26.34 1o 143 18.90
VT 29,87 284 083 1.51 7%
TeoMeadow  DRY .54 551 118 120 12.86
(LY WET 249,35 2611 02 1% 12.67
VWT 215 2218 073 115 24
Tin'CupCreek  DRY 2010 1862 1586 Lol 10.31
{Lam) WET 2201 2087 152 112 11.52
VT 26:36 265 i3z 3.32 13,54
PaddyFial2l  DRY 15.67 1673 60 LG0: 4.4%
{&ave}ly WET 1696 ‘HIES 057 1.81 443
LoamySady  VWTE- 1744 748 055 103 451
PagdyFlat2?  DRY 1926 864 g 0.98 582
(Eravetly: WET 14:43 2068 084 089 557
Loamy Said).  NWE__ 1946 268 06t 0.89 553
' PRY 2150 2232 142 1.06 18.06
MeamspfRuns  WET w331 235 096 106 16:56
VWE 22,53 ZAGE a73 1.08 1143
Gl M 2221 2319 1.08 1.07 10.68
SidDex BT 384 0.5 042 521

An analysis of variance was carried out on the sedi-
ment yields based on mngeland il and mtemll erodl—
bilities. There. were no: significa
the observed and predicted sediment yuslds P= 211}
There: were site d.nfferences (P < .001), indicating the
assumptions abott determining different erodibilities
for each soil were valid. There were also-differences in
sediment yields between runs (P < .001). On all sites
except Potlatch River, sediment yields were lower for
succeeding rans, with Run 3 dmppmg to as little as one-
third of Run 1. The WEPP ; did not predice this
phenomenon, and the reasons for it dre the subject of
ongoing research (8). ‘ _

To gain additional insight into the miodeling of road
erosion, it was assumed that on the plots w1th thegﬁi"
texs, all of the erosion was due to the interrll etosion
processes. Table & shows the same ebserved and pre-
dicted erosion amounts from the rut plots presented in
Table § with the observed erosion, gmbunts from the
gutter plots and the predictee i

plots based on the interrill erosion rate given in the
‘WEPP model using crop and rangeland interrill ero-
dibility values. Generally the interrill erosion on the
gutter plot is underpredicted with the rangeland ero-
dibility and is slightly overpredicted with the cropland
values. This suggests that the interrill erodibility of re-
cently graded road is substantially greater than on a
similar rangeland soil but is somewhat less than on a
similar cropland soil. Because the rodd was recently
graded, it is expected that the soil would behave miore
like the freshly tilled agrienttural soils than the tmdls-
turbed rangeland soils. The Paddy Flar ex enis
had oniy rut plots at Site 2, and only guster plots at

The rangeland interrill erodibility values were under-
predicting on every site; so the rill erosion must have
been slightly overpredicting to achieve a similar total
erosion rate: This suggests that the rill erodibility of a
road rut is somewhat less than the rill erodibility ob-
served ori yndisturbed rangeland soils of sinilar texture,
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TABLE 6 Estimation of Total and Intersill Exosion Rates

Rut Plot Erosion:= Guilés Plol Erosion = Futeerill Oaly
SITE and RUK Bl Ioternil]
Observed  Pradizied Observed Predicted, ke/m?
ke/m2 ¥efel kgt Range: Coop
HPDRY 2870 073 bage 0015 0137
HPWET 1.250 0:345 527 0013 0019
HE'VWT 0870 0347 380 [013 8417
PR DRY D622 Qig7i 0:250 jike ) 0.836
PR WET D568 0690 B:218 0:168 0.822
PRVWT 0676 fikqvd 0284 oI 088
TMTORY 1,194 1361 0553 0.135 0.74%
™1 WET 1,048 2:006 i747 BEES 0.916
TV VWT o 1.590 0514 0.4 6.803
‘TM 2 DRY 1283 1282 478 Qi 0.581
T™MTWET 1012 1428 0668 140 8677
THMADRY 1.159 1302 0520 0160 01
TMAWET 0.8317 1178 0,476 147 6712
THE3 VT 0730 1152 059 G138 0.65%
TCDRY 1.550 1.007 0.83 0.089 D486
TCWET 1.528 1123 1180 o047 0:531
TCVHT 1.130 1324 1.100 D24 68
PR DRY 1.187 0:899 * * =~
FE3 WET 0.839 1.007 ¥ * "
PRI VWT 0.637 LO25 = » s
PFZZDRY 0853 0578 * * L3
PF¥ WET 0:572 0885 * # *
PF2Z VT - 0.585 DESS 3 * o
PR3} BRY - ® ik 0.036 401
P31 WET * » bass 0039 0:436
PF31 VWT » o 8231 003 0436
PR32 IRY: * * 38y G035 Q41
PF3ZWET + * Q28 0038 0.436
PP VWT * * 057 _ 0038 0.436
MEANS 1.062 1098 oAz Q0T 0587
StDév. 0.516 047 0i260 0.089 ¢.235

* Paddy Flatexperimenis Gad only rut plots at'site:2iand only:gutter plogsat site 3.
Rugevosion tates;aréifor rangeland erodibitity valies only,

CoNcLusion

From an inital stody to compare the predicted and
measured runoff and erosion from forest. reads using
thie ‘WEPP hillslope miodel, the following conclusions
were reached.

1, WEPP ipput files can be developed for forest
roads.

2. With the rainfall intensities much greatér than hy-
draulic conductivities, the usé of the prediction equa-
tions in the WEPP manual and the WEPPF model pre-
dicted runoff within 10 percent of the observed total
volume on four out of five soils. On the poorly pre-
dicted soil, the observed hydraulic conductivity was
than predicted by the equations and was also
significantly greater than generally observed on native-
surface roads.

3. The interrill erosion of a recently graded, non-
gravel forest roads is significantly greater than would
be expected from undisturbed rangeland soils, but
generally not 23 grest from 3 cmplmd sail of similar
textare.

4, The rill erosion from.a wheel rut is somewhat less
than the rill erosion of an undisturbed rangeland soil of
similar texture, and considerably less {10 percent) than
would be predicted with cropland erodibility values.
‘This substantial difference shows the poteritial hazard
of using agriculture erosion technology on forest roads.

5. Following z grading disturbance, soil erosion
from forest voads reduces with successive storms, but
the WEPP program does not model for this process.

From this initial study, it appears that the WEPP
model may provide reasonable estimates of runoff and
erosion from forest roads, but further study is necessary
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to determine road erodlbxhty parameters, and reasons
for declines in exosion tates with successive storms. Ad-
ditional work with more derailed field data and the wa-
tershed version of WEPP is-necessary to fully evaluste

runoff and sedithent load rates from complex road
prisms.
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