
Modeling Erosion from Insloping 
Low-Volume Roads with WEPP 
Watershed Model 

Law-volume roads can be amaior sauce of sediment to sveams in f m t  
waccnheds. FasoiI~rion&roads tobeccmomically mitigated.the 
pwcsws that cauw emion need to be undastood. The Water Erosion 
RDdictionPmlsct (WEPP). a physically barcderosioo and sedimentation 
d. was u;ed for d d e  &iod. from forest roads that cau be de- 
saibod as h i L ~ 1 ~ . ~ a t a s h & l  apelidom of WEPP predicted crusion 
and sedimwtation values fw insloping roads that can be dcseribad as 
microwatershe&. HOW weUWEPPmodelsinslopinp: I& lhmugh asen- 
dtivily analysis and validadon prooess using G o  s ~ d i e s  in theCCqon 
Coan Range is discusad. 

The Water Erosion W e t i o n  Roja (WEPP) ( I )  is a process-based 
mcdel for nrediction of erosion and sedimentation. It canbe a ~ ~ h e d  
to hillslo& and small watasheds. Allhaugh it was developkb for 
agricultural scenarim, some fedaal agencies and universities are 
expanding its useformads.fmsts, and rangeland applications. Mod- 
eling mads in other .settings, such as developed rural arras or agn- 
cultural areas. is also wssible with WEPP. Low-volume roads are 
g e d y  &signed to be outsbped, insloped oraowned. On an out- 
doped ma4 water flows aemsstheroadprism and down the hillslope 
without concentrating. On an insloped mad, water flows into a ditch 
and then m u  theraad m a  waterbmor b u g h  aculvert asconcen- 
wted flow. Cmwned roads are a combination of insloped and out- 
slopedroads. WEPP has been shown to be valid for some forest road 
emslon conditions (Z03). 

The complex topography of an insloped mad is bener described as 
a small watershed than as a simple h~IlsIope. WEPP's hillslope ver- 
sion isable to model theoutslopedroad (4). but the watershed version 
must be used for modeling theinsloped road for complete analysis of 
cutslope, ditch. and channel erosion precesses. WEPP incorporates 
land characterisucs and topography with physical acfiviues. such as 
precipitauon or road maintenance. to simulate emslon praccsses. 
Input files needed to run WEPP describe management, soil, slope. 
channel, and climate. 

A segment of an insloping mad with a cutslope and ditch may be 
modeled as asmall watershed that drains b u g h  a culvcnandfilien 
down a forested waterway. A cmwned mad may be modeled as an 
insloped road segment and an outsloped road segment that can be 
separated by dividmg the roadat the mown. In this paper, the ability 
of WEPPmpredict vduestharareagoodapp~~ximationof k w e d  
runoff and erosion from roads is evaluated. The a b ' i  to mtuately 
p d c t  nmoff and erosion will improve undemanding of insloping 
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mad nosion processes. meauthors describe the insloped roadsmc- 
ture asmodeled in WEPP, present [he sensitivity to the input para- 
meters, and provide validation. This information may conmbute to 
thedes iand maintenanceoflow-volume mads tomeet emslon and 
soil loss goals. 

VALIDATION 

Field data from sites with similarinslopedroad characteristics were 
used to assess the validity of the WEPP watershed road prism sce- 
nario. Sediment production data came from 74 research plots in the 
OregonCoast RaageResource Area uest ofEugcne, measuringthe 
effecu of curslope height andcover, mad length and grade, and ditch 
management on sediment delivery (5) 

Table I shows that the observed sediment yield measurements in 
western Oregon vary substantially andthat WEPP's predictions are 
withln this range. The WEPP predictions fall in the range of 24 to 
74 percent of the maximum measured ~ a l u e s  For each WEPP NR 
the mad and ditchlengths, mad gradients, and cutslope he~ghts were 
measured in the field for two mad segments with similar topogra- 
phy. soil, and management characteristics. The cl~mate data were 
from a nearby weather statton. The cutslopes did not appear to be a 
source of sediment to the ditch in either the tield observations or the 
WEPPsimulations. Both fieldandsimulation observations revealed 
that longer, steeper mads produce more sediment and that grading 
in the ditch increases sediment yield by five w seven times. Most of 
thesediment from mads with no &tch treatment is from the traveled 
way, whereas most of the sedtment from aroad wtth a graded ditch 
is from the ditch. 

Figure I shows the observed data and WEPPpred~ctions for aroad 
8 m long at various gcadlents for the sales In western Oregon (5) It 
shows that bare ditches (new consfrucrion. vegetation removal treat- 
ment, orgnuling) will causemoresediment production, espeetally as 
the mad gradient incream. 

Brakeer al. (6) investigatedsediment plume length in the Oregon 
Coast Range near these sites. WEPP docs not directly predict the 
sediment plume length, but instead predicts the sdtment yield for a 
given set of conditions. To estimate plume length using WEPP, the 
forested waterway element beIow the culven was div~ded into sev- 
eral sections of variable length. and the sediment leaving each sec- 
tion was recorded. The segment in which m w o f  the sediment was 
deposited on the watuway was compand withthesiteobservations. 
The plume length is sensitive to the hydraulic conductivity of the 
fonstcd waterway channel, the amountd vegetation present, and 
thediff-tobscructions&areprrsentinthepathofthe~d& 
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McesorSment SIfe 1 Site 2 Site 3 Site4 Site5 
Raedh#@)  87 3340 60 59 60 
J m h  Lea& (m) 88 W I  60 W62 5644 
Rciad Omdbt(%) 12-13 3-3 10 E7 7 
CnWopeAe%@t (m) 1.2-4.9 0.6-2 0 1 2-3 0 6.1-7.0 23-5.5 
MPchMauagement N a ~ e  nvne Oradd m graded 
ab%erM&&W%t 163-234 5-67 503-1197 39-167 140496 
-nwn 
m E m s r w  
Imm Rep4 L67 18 53 36 40 
TW-Y m 1  
WEW Erasion from 
h d  Ttawlled~rau 172 19 830 4il 359 
mid Di&h W v f )  

-qpt&on wasfairly ~ ~ w ~ c q n ~  w obsemations in the 
~ a s t m g *  3ydwEc condmimty on the wataway was 80 mmk 
&rived ffom flold mmstements in ?he. hearea 6f rhe SiLss. 5Iyflrs.ulie 
condactiv@ may vary ag& cEcal for differt  $lopes mds@il rgpcs. 

W P P  ouemhatks the measured plume la&s in most wc 
(Table 2). Thg: most impmtant f8$m canfributkg to plume leagth 
arc the &s W u t i w  area Mad -N, and the premea and 
type of o b s d n s  in the Aow path (8,7). Unlike WEPP, 4hb %Id 
QLwwdtions pm&d in Table 2 do mr &ow any relariawhip bP 
w&n plume length and wad d e n t  or soadam. Bw.usb it is dif- 
ficuh to mchl We loeatiaa, orht8uoa. and siee of obshue6onr, 
rm&&tg sch txaemwa i smnll t .  m P f u i T e I I y  dwrlotp- 

resented by a h i l l s t o ~  W e w a y  elementwith adi-ed fiow pat- 
tern (Ftgurc2). in whichcask-fie mmnt WEPPwBV;rshcd version 
is wr appropriate. Differedit now partam taallt in & h t  sedj- 

m e d o n  patterns. A wide, flat okannel is besp rq3~esulEed as abill- 
s lop below theculvert (a, whercf~~arilllorming belowthe cuIve~ 
is best qrem%ted as a h'kqpk channel. 

From these resuhs. rhe authors cacluded that the current version 
of WEPP can model the effects ofdiffermt road geometry and acat- 
ment conditions on the erosion processes for insloping low-volume 
mads. bur~tdaesn~m~lymodtl~medsodHnmplumeiength 
in chamls. 

vide such a scenario, although with funhcr work. ia i m p o u n h r  
o h  may be capable of aodeling the effects of these obstructions. SENSITIVITY 
 ire pseiee of i pediment plume does not ~~y mean that 
k 6 i s n b  s&mntmmidteyondfhepiwne.The fines mwbc car- Hauirt$ daamhed tbai WEPPpMct8 mmmbk results fur mad 
ridd wmedisrame hnthrr chan the visible plume 1~ngtb.A fred shrdy erpsion, the authors &0md a witivity study m d e t e d ~ e  the 
isunderway todeWmttreamamtof d i t  oanicdbeyondthe most important pmcassm and p r a m e m  afftcting ind+ ioad 
obsmed plume (61. erosio~. Tk elwncdts of an isleping fakes mad an the cuml~@, 

h t h ~ r  factor not cvrasidered m chis v&dation ib hat these ditch, road. culvert sp&g wdkiuslopc sn waterway bctpw ?he. crd- 
waterways may nol acL11k gnwscd watenvay chaonels, whieh son- v& where runoff and s e .  follow an epkmd v e g W  o h -  
centratenoad moff. One or marc ofthe channels msy be -rep- nel wwadapemmialstrp9m.Tomodel this~enarioin WEPP, each 



TABLE 2 Comparison d M-(a by Bnke nsl. (6) of Average Annual 
Sedhnera Nmae Lengths with S i u m W  WEPP On@mb 

biwsurmat Road53 E d 9  Wad94 Raad IS0 h a d  106 
R& I a r d b  lml 366 223 m 148 21 3 

Ditch MnlwWwnl Nwe None GiaW None Casdcd 
ObsaRedPlumeLeaPmlm) I5 7 5 13 S 
WEPP-Meted Rumc 
Kmdb Cm) PI 33 I I 45 21 

Dikpcrseb Flow CbmeI Concentntcd Flow Channd 

FIGURE2 B8nncl stmetare used In WEPP hilIsIope and 
watershed model& 

demmt was devefcpd individual1y and then Link4 ins mteahed 
smraon. 

divating all nmoff to & inside ditch instead of d & l y  onto the hill- 
slooe below. The daails ofhow the d m ~ n t s  were desaibed in WEPP 
an'di@used ukwhae bg Tjsdal et aL (9). Road gradients of 2 4, 
S , m d 1 6 ~ t ~ c o i n b i n c d w i t h m s d l o n ~ o f  10,ZO.4il,6U. 
and 1100 mThe soils uscd in the analyes repmenred a rage of qp- 
icalsoiltypesrmdWdcdasilt~cla3,~~16nm,bm 
with gravel, and m d y  loam with gravel. for a total of 100 toad- 
Iength-soil combinaths. Table 3 p m n u  the soil dLYaceristics of 
the five soil types. 

Of the 20 road-length eombimions for the silt loam sail. sev- 
4 were chofeo and co&~ned tutfher in the watershed scenado 
with adslope. ditch, culvert, and waterway. These combbaions 
were analyzed in WEFT tomablish wnds forfuture scenarios and 
aalfctation. 

Road Traded Ways 

Because the travel4 wsy ofa low-volume road haslittle or no v t p  
tation, ihb management He in WEPWEPPdesuibes afellow bysfem Wi@ 
mual blading. The nmoff flow path on an insloping and downslop 
ing msd follows a diagord pattern amm the road toward the ditch 
and is W d e m  on both the indope @ent and the d6wnsIopk gra- 
dient. Uiisocnfiguration oeglecrsany ruttingin the madandassumes 
a planar travel surf=. A ~ t t e d  road wauld increase the hew path 
length by divatingthe ~ n o f f  down the NW for a dismrr. i n d n g  
the &on from the road surf% (ldll) .  

WEPP perf& dl the c c ) m b i n ~ t i ~ ~  fw a I -year &nth h a ,  
Ongon, climate. andavcrage sediment 10% and runoff were C h -  

lahd (&&ures3 and4). Ornerdimam were run for ~ m e m d i t i o m  
and had similar trends. For higher road graben=, soil losses were 
higher and inc& exponentially with road length. 
The increase in nmoff with madicnt is likelv a result of the re- 

d o ~ s u r f a c e d o m g e ~ , k h e z w  inma& woslon with p- 
dknt fmm more moff  and the grearw etodvliy of runoff 
waterbecauwofhighm wamarcrgy. M o r r ~ i e n o c o d o n t h e  
1ongato~p~:kusealargermconaibuhd.Changes in& 
1- did not effm the mnoff depth. Erosion was greatest for the 
silt 1- soil, andmnoff wea greatest for ttiaclay loamsail Soil loss 
an8 m f f  were both Iesst for the sandy loam with gravel. 

U n g  gmdy rht s a m ~  variable inputs. Burrou&s and King 
(12)developedanempi1icdeguationto pfe4icisedrment yieldunrhe 
b e  ofmad& surface density, and the DJO (diameter wue- 
sponding to 50 pacaf &or by weight) of Ibe loose soil for i h b d  
traveled way element of the i rnbp4 road d o  m the @tic 
soils ofthe Idaho Bmth. The Bunoughs and IEing relalionship is 

S = sediment yield (kg/mz), 
k = D--loQ% QeaSity-Q-OMW and 

G=road@ent (%). 

The variabls k ranges from 0.548 to 1559 in Burcoughs and King'a 
work. 

U s i n g t l r e m e ~ ~ ~ t r n d d a f B f r o m t h e W E P P ~ ~ 9  forawdy 
loam soil in a c e W  Idaho climate, the authors' relatiomhip is 

with an r' equal to 0.99 with 1-1 to tbe WEPP simulated rum 
( R w  5). The BMoUghs and King quaion allows the sediment 
yield to be zeta whea fbe road gradient is zuo, whereas the authors' 
equation shows same soil dep4dtion (negative sediment y~cld) on 
mhds w i t h n o g r a d i ~ ~ ~ ~ ~ t h o ~ ~ b a v a ~ e d ~ b e t m e ~ S ) .  
The diff-s in d i m m  yicldfmm the two quariouscan be amib- 
ured to differences in road leqgth. climste, and soil d*lracteristics. 
whith the Burmughs and King equation cannot In a relaad 

Soil TyeP % G d  %Smd % silt %aw 
tz.hnn4.6h) 1 0 . ~  f a r n + . & ~ ~ ~ ~  (co.w2nnt) 

Silt Loam 5 30. 55 15 
-Y 26 30 4f2 30 
Sandy Loam 5 60 3s 5 

Lasm w i g  Oravd 60 40 40 10 
Sandy Loam with ~ v s l  5 J  70 25 5 
N W G a u c l  is-r b~ani*  of-d riIL .Odcby #). 
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RlGURE3 Av- annual nmofivalw prwficfed 
by WEPP &r 6&m read 6-t. 

w&, Molfio d d. (83 showed that B sill loam soil is about 1.5 times 
asemsive as a coarse amdy soil. Thcsa d m e d  differenres aceorvlt 
fo~ mosr efthe difference beween the autltols' mgmssion and Ihar of 
Burroughs and King. FIGURE 5 Average annual sedhent yield using Bnrnmghs 

and King (12) eqnntion a d  WEPP's predictions for similar 
soil and e W t e  

TheaexlolernsnttobeincO~Tad inlo the.mrershed wi?8iheditch 
which WEPP models ass  s&.d:c~sm.l .  Tksernodel m wire 
puf~m(d usins the samecIimw~.as tk single-e10mnt r&.and a 
silt laamsajl. FCUF leng~h and-slopc mWmGw were S C t d  for 
t& d y s i s .  The d i rch&per ieWthf ,~se@nal  g@ing.as the 
.hp~eIed may. In all Fasts. the &:ditch d e d  @able 4 ) ~  

Tln cutslope was &led with three amouucs of vegetation. which 
wmcalled "much." "some," and "wue"forsimp3icitg. Wegatation 
eharpe@&ics an: W b e d  in the WBPP management fileand m- 
clude anmnber of vzdabl0ssuch as stem diameter, @ant hei$& and 
spacing, and rill and intenkll aaver. To P o u e  reperit>- run?, the 
road was fixed at 60 mend the wil $pe ifs the sill loam. Cut- 
slops in the Oregon Coasi Range generally have steep s l o p ,  so 

the s l o p  was fixed at IMlpeffientand the height was vlnedat 1.2. 
and 3 m. 

The soil characteristics an d i h t  for each clement h w g e  
.Cfcompaction and dismbancb. Tablc 5 psen t s  the modeled soil 
properties in the WEPP-soil fik for thesilt Ioam soil foreach element. 
Rgure 6 shows whal podion of tKe d e t a c h ~ s e d i e n t  comes &m 
the mad, chamel, and eutslopc fora4 pereentroad@hdint.l&gard- 
legs of e u s l o p e r . b m c s ,  rhesoil lass froun the mad is the same 
for a given road s topand in this EW, erasion from the gaded ditch 
daminam. It is apgarent that erosion f?om the cutslope ~ C C I ~ & F ~ S  
slightly with more vegemion and ineresea with height @%gore 61, 
Greater eutsiape height also m u s s  more dieh erosion hecame of 
g e m  mwff The emion from she eutalope differs fmm the road 
becawseofssil propaies and the pressnce of vp~mt i iw  Thesoil on 
tbe autslope has less compaction and allows more mfiltration. rcduc- 
i q  pot~itrel f o r ~ ~ o s i i w  DEpending on Soil c h a r a c ~ ~  and road 
and ditch management, Mher stenarks inay show erosion being 
driven primluily by the mad, but the general relationship b e t m  
cutslope wgewirn and Mght and wiun would probably remain 
unchanged 

Below tbe Calve* Waterway6 

A c o ~ x a t t d m C t 8 l o r l i i g b ~ i  po~ethykm5pipeculvertOmsur- 
face watehw g c t l d y  divers rnnoff horn an iusloped road co the 
waterway below. when water infilwion apl &ma depwidon 
owv in a wncen&aid duomel or in a p lum formation. During this 
p+nion ofthe study, the compiex in- behuee~discbage and 
tnfi1hiion below h EM and sediment delivtq was investigated. 
T?ieauthdrslsQmredmet~&xtionof~~&staoOrlvtrerrlhcrm- 
offin~~iltratesha~ fomd nn e&ma~ ~-shapd dr~nael (awe 21. 
The swcantofthe* as perceived by WEPP is a series d 

has- Imd dhannels 'lb impmawe of tb w a i e ~ ~ a y  below the 
ntlvext can & qwntitW by wmparhg irrmming scdidlent amomls 
and wamwlames r a m t g o i n g ~ m u w a o 8  watw volumes. 
ThescMlotrms andvalumesmay vqwihIoadlcngh and gradient, 
as weu as w i t h ~ % y  hgdl, e, &lesbps and roughness. 



TAWLE 4 Avtr~ge Anowl Sediment Yields from Travel& Ws+s and TmUetecl 
Way d t h  MI& Cor S e w e d  $1; l m m  RoadsPrsdlcted b~ WRPPbr North Bed,  
Oregon, Climate 

~ r e n l  Rond hmth Sediumt meld tom Total Bedhat DifRreaee - 
-frPvencdrsgY Yield 

(5) C) (Icp> 0 (& 
2 60 S23 8% 3D7 

In this study. the authors develop& 8-q of WEPP nurs to examine 
voiumes and sediment yields wnhthese waremay vrniabfea,holding 
other variables consant. 

To allow theeffett of waterway length and road lengrh branen- 
uafinp discharge to be understood, the gcadiem of the waterway 
was fixed at 8 pereenI and the road gradiwt at 3 percent. Water- 
way discharge i m e s  as read lea& incream, wwstmvay l a a h  
demwspa, or both. Thw result occurs because the lar&sr surface 
are8 of the road produns more runoff. but a 1-r waterway 
rehults in more ~nfiltration, or l e ~  runoff. 
The effm d waterway lea& on sediment yield in WEPf shows 

adEfPmnc inirial send than rhstfor thesunoff discharge. Sediment 
yield isgmerally lesrfrom l o ~ g r r w m a y s .  Porshntolsdsegmenl 
lengths. louer waternays pmauee the least amnuat of sediment. As 
mad length i~meases, howver, moffhmaw sufflcientty m pmde 
the entire length of Che waterway. and longer waterways rekell in 
more sedimmc prodi~nion (Table6). h WEPP, erosion mws in the 
waterway c l ~ a n ~ l  for a ccnain &stance befose @olion beginn ro 
occur. Fmn lhrs point, sodiment ddivery islimited by the length of 
the walerway ;lMf ir tranfipon-lirnited in that theerrergy of the runoff 
is IOU low lo transprm all of the sediment previously emded. Result* 
from thk study suggest that a shon waterway in bt ter  than on? of 
n~d ium Icngthforconuoll~ng.gedimentati(mwhen the waterway ha* 
h~gh potential for eraqmn, although a w w e w y  & e x m e  let@ is 
preferred in all cases. 

The relst~onshipr between waterway length and rediment y~eld 
were similar to Ihos by Murfiu a L (8). v&o modeledhe tbbw down- 
aream fiom the mad a* Ui.@ flow rather* ehamtclid flow. 
Ihe re~tllls froni that study indicated sediment plume l e q h t  shortsr 
than t h  predicted with the WEPP watershed model. prnunrably 
bacausc of the J~f lcmce In channel gmmevy (Figure 21. 

An m:~lysiir hamd on data fmin the WEPP model of the effect of 
dif(en11g w ; r f m q  grddicnts indicated that ncilher sediment yield 
nor ~noffiescnsilivc inchanges in thegradient of the waterway. A 
similar se~ of runs ~howed that waterway channel sidedope had no 
effect on saditen( yield or ~ n o f f  and that the roughness in thecllatr- 

nel as quantified by Manning's '52' showed some effect on &nnel 
eros~on ewencs (9. 

DISCUSSION OF RFSILTS 

Themdanaly~spoldw ofthis mdy suggestedcharroadienkth. road 
gmdiant, and soil typeanthe driving factom in ems~oa Emsion from 
she outslope element is rehtiuely small compartd with that from the 
mad element. TIus audy rxiumincd ccutrlop~ withbights up to 3 m 
and found k t  &y contribute link sediment Cuulogm found in 
mwntalnous ma6 m y  he kgher. and therefore may eonttihute more 
runoff and dinref i t  yield. Depending an the soil and management 
c-dsricr of the ditch erosjonfmn the ditch m y  or may not tk 
of sigrdfrcance. A gmkd ditch6xdedmore than an undisturbuiditch. 

The wterway anaiysis ponlon of &&study demoamated that the 
ma- significanr variatrle drivrnp ermion on a w t e w y  is waterway 
length. The anrount and denQty of vegefawn are impofim. es Ir tb* 
hydraulic condueuutty. The p.%noe and onentation of obmctions 
o w  alsoaffect Ww muchredinlmt is & p i t &  in tfte watmay and 
where. Theourlet dsnnel or plume is alwrimpmwt. Factoasuoh as 
watewlty gradient, ehmwl s t d e s l ~ .  arrd roughness are less impor- 
ml. Comparing fke authors. muhs with tho= ofMon?n el al. (8) 
suppons therecommended pmtice ta generally disfhargefmm cul- 
vem on flat slones &ef than into ckanneliaed waterwavs. Wanv 
audies indicate that the mosI itnponant f m a  affecting plume length 
is Ihe obsaostions oriented n w d  to h e  f ' l  line ~ f rbe  slope ( I S ) ,  
bul the WEPP m& does not snaorpwate o b $ W o m  at this time, 
making them unpopsible to quantify in 1he results. 

Cmwned mads, sfken have a ditch oa boih sidt.sof the I& and can 
betnodeledby &@cting thert~ad a thewown and moddingeach side 
sepm1ely. This m h o d  d e c r e ; ~ ~  the ronuibuting surface ema for 
84eh ditch. reducm~ the emsxmr potentrai in those channels. The 
adverse &cots ofpdmgdtlchecand the impact of watmway length 
on gediment &live9 are also applieableto rrwned roads. Some low- 
volume roadcare only bladed every . w m l  y m .  and thus the  TI- 

TABLE 5 Sait ErodiWty CbnrpembIiEb c4 lateshed ElmcntP for Silt 
~ S c 4 1  



nvne saru, much m m e  much nonu - muah 
1 1 1 2 2 1 3 8 9  

FIGURE 6 WEPP'r predlrM s d m ~ n 1  gkM for cliflcrm( cutstope &dghfs 
and vtplntion anaunts fer I y-r for mtcnhtd c0lldMhg of 4 silt 
b m  mrd (O m long. with ehrnnd and d a m .  

agemeat file wuld neH1 to be alrcr@d slightly ia ilcxot~inmkiate ihQ 
ca8i1iafix. 
The large vrrriuhility in dmrved sdimenc ywfd %hirws <he com- 

plexity of model~urg an inslop3 ~ n d  wntcrslxd kv~>nl%h E v a  wnh 
a n d l  such as WEPP. ii is drPflcu11 to axcum liu oll ~ h c  hrrariablcs. 
However. WEPP allown nuay of these vuiobles to hr conridefed. 
w b  wf audies have gcaped them ins1 fnvlorr m simpler mod- 
els. Forexample. theuniycd soil loss~qwion has r t'wm for sail 
rype that dexrihFsa vanety of roil obsra*eristi~a ineludinl emdi- 
W i  and hydmu4ii condwetia~ily, Wkcrea~  WEPP nllow~ IhFs WO 

fmm plots in the Qre$m C W  Rmp and &a1 Ulc diuh ECodi1ions 
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