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Abstract
Elibrls to protecl \i.rter quality while naDaging national fofests for logging pufpose,i are currentl_v conslraincd by limitcd inibr
mation or the .rppiicaiion. interpretatxm. and \'alidation of sedinrent loading models. For vears. ihese inodels havc bccn used |o
predict the imprcts of loggnrg, rcad-building, and fires on sediment loading to streams. However. in thc Clcarwarcr Nationrl
Foresr. \\'here the \\'ATBAL sediment loading model is used. odel resulls havc nc!cr bccn compared to aclual fiekl lnersure-
ments. Without model lalidarion. forest a.agers are working wjth unlcrillcd inlbrmrdon regurding the inpacts of logSing
activities on aquadc stste s. 'l'o 

effecti\cly managc oLrr nBdonal lorcsts rnd lheir aqualic ecos)stens. \le nlulit provide accurare
information to forest nranagers. This paper prescnls thc rcsulrs ol conpaing the \\'AIBAL outpui to field neasurements of
,iediment loadirg to streams in rhe Clearwater Nalional Foren. ID.

lntroduction

ln the noflhem Rocky Mountains, ntrtional forests
are managed for two primary purposes which are
ofien at odds with each other: logging and recre-
ation. l-ogging and llssrciated roadbuilding activities
ncgativcly impact both water quality and aquatic
ecosystems by incrcasing scdiment loading in the
sbeams (Megahan and Kidd, 1972:Mc-uahan, 1975;
Meehan, 1991 : Kctchcson. 1986). Unforrunately.
most quantitative methods for evaluating sedimen-
tation are limited by a poor understanding of the
processes invoJved (Klemes, 1986). Thus. attempts
to predict sedimentation have fbcused upon land-
use based models (Gkrss, 1995).

Due to the complexity ofsediment yield mod-
eling. eflbrts within the United States Forest Ser-
vice (USFS) have been "based primarily on pro
fessional judgment of fi eld hydrologists with some
extrapolation of published research" (Knighton
and Solomon. 1989. p. 345). The "Guide forPre-
dicting SedimentYields fromForestedWatersheds"
(Cline, et. al, 198 I ) rl' as developed by the North
em and Intermountain Regions of the USFS to
provide a consistent fiamervork under which the
individual national forests would develop their
own sedimenl yield models. In thc Clearwater
National Forest, the USFS uses the sedimcnt loarl-
ing model WATBAL (Pauen, 1989) to predict thc
impacts of logging and logging related road build
ing. The output is given in two components: mass
wasting and surlace erosion.

The ob.jectivc of this study is to evaluate the
WATBAL model as a tool for predicting the
cunru la t i re  e f fe r ' t s  u i  lund  rn rnagement  ac t i r  i t ie '
on sediment yield in the CleuTater National Forest.
ID. The intent is to provide information neces-
sary to more successfully apply and interpret the
WATBAL rnodel fbr managenent of non-point
source sedimcntcaused by logging and recreation.
Specific objectives of the study are to:

l) Detennine if average annual sediment yields
predicted by WATBAL are comparable to aver
age annual sediment yields cornputed from lield
data.

2) Test the relations between stream discharge.
precipitation, and the accuracy ofWATBAL pre
dict rns.

To accomplish these objectives. the measured
and modeled sediment yield valucs were com-
pared to field measurements of suspended and
bedload sediments in two watersheds. In addi-
tion, the erors (nodel minus neasured sediment
loads) were compared to steam discharge and
precipitation to determine \\,hether or nol the
nagnitudes of the errors are a function of dis-
chalge or precipitation. ln addition. the WATBAL
model was examincd for other potential sources
of error, particularly those associated with roads
or the scale of analysis (minin.rum mapping unit).

Study Site and Watershed History

This sudy evaluates two watersheds in north-
central Idaho: the upper Lolo Creek and Pete King
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TABLE l. Basic $ateAhed ch racteristics (tiom \\I{TB,A.L

output liles).

Pet King
L0l0 Clrcck King Slreair

902 18.15 .150 1591

10.1 11

Elevrt ion (meters)

Toul Arca (sq. kilonreters)

A\.,{nnual Prccipiudon (cu1. )

Avg. Annual Runo1l (c'n.)

typically have very high mass u,asting and sedi-
mcnt delivery potential (Jones. 1992). Human
activities in the watershed began in 1953 u'ith
the introduction of the first logging road. Log-
ging, fire, and roadbuilding activities have con-
tinued through 1991. A complete history of mass
wasting events has not been developed. How-
ever a number oflandslides occuned in the 1970's,
dumping excessive anounts ofsediment into Pete
King Strearn (Jones, 1992). A 1978 event, and
another in 191J7. are obvious when viewing sedi-
nrent loading data (Table 3). Both events were
caused by road failures (D. Jones. pers. comm,
1995). To date, 2582 hectares (6,381 acres) of
forest have been harvested and 256 kilometers
(153.6 miles) of roads have been constructed.
covering 36.37r: ofthe watershed. In 1934, a large
fire burned 347e of the watershed-thus. in the
last 60 years, approximately 70% of the water-
shed has been disturbed (Jones, 1992). Table 3
describes predicted and measured sediment loads
and stream discharge for Pete King Stream. Field
measurements of sediment yields have been col
lected only since 1976.

Model Description

The WMBAL sediment loading model is derived
from the "Guide lbr Predicting Sediment Yields
from Forested Watersheds" (Cline et a1., 1981).
This manual sets the objectives. standards. l imi-
tations, assumptions, and conceptual background
for all sedimcnt yicld models in the Nofthcrn and
Intermountain Regions of the USFS. The two
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Strean watersheds (Figure l. Table l). These
wele selected because they are thg two watersheds
with thc longest sampling histories (9 and l9 years,
respectively) in the Clearwater National Forest.
The hydrology is dominated by spring snowmelt.
with approximately two-thirds of the annual pre-
cipitation occurring between November and April.
The geology is prcdominantly Belt Supergroup
(gneiss and schist) and Idaho Batholith granites.
L rndu.es  r rc  p r im l r i l l  l ogg ing  rnd  rec lec t ion .

Intbrrnation regarding the Lolo watershed in-
, - l i c r tc :  th r t  logg ing  and ro rdbLr i ld ing  ac t i r i t ies
have occured almost continuously dunng the years
1954 through 1991. By 199l. the last year that
logging occurred in the Lolo Creek watershed.
,1708 hectares ( I1,634 acres) (:16.,17r of the wa-
tershed) had been disturbed. Table 2 describes pre-
dicted and measurcd sediment loads and stream
discharge for Lolo Creek. Field measurements of
sediment yields have been collected only since 1984.

Landlirrnrs \\ ithin thc Pctc King Watershed
consist of approximately 50% breaklands and 50%
rollin-q uplands and mountains. The breaklands

TABLI 2. Original dala. Lolo Strea .

\'Iean
Discharge

N{aximun Fie ld Meas.
Discharge tonsAq.ni./,""r.

WAIBAL \\'ATBAL.-
|C'ns/sq. mi./]r. Ficld mcas.

10/l /8.1 9/10/85

r0/r/85 9/30/86

10/1/86 9/30/E7

l0/1/tt7 9/30/88

t0/ l /88 9/30/tt9

l0/ l /89-9/30/90

l0/ l /90 9/30/91

10/t/9) 9/3U92

r0It92 9t30t93

l0/l/91 9/30/9,1

i19.5

91.9

r31 .2

51.1

8 1 . 9

75.u

90..1

69.1

88.,1

5r.3

3 1 1 . I

l9tt.6

515.9

1 /  / . 9

126.5

178

2 3 t . 1

168 .7

l l 1 . 1

187..1

)a.1

1 7 . I

75.6

28 .9

36.9

39

10.5

26.6

11.',7

8 . 1
-65.6

0.lt

20.9

2ri.9

] I

r 2 .5

- t  9 .6

1 0

9

8

E

8

8

1

1
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TABLE L Or iSindldata.  Pete Kinu SlLerm.

NIean
Discharge

Marimuln
Dischargc

Field \,leas. \\'ATBAL WATBAL,
tonshq. ni./]r. Field meas.

tol 1 /'7 5-9/19 n 6

tol1/'76 9/30t11

to?l/11 9/30/18

10n/18 9/29/',79

10/l/19-9/30/80

10/l /80 9/30/81

10/1/81 9/30/81

1 0/ I /8 2-9110/8 3

r0/l /83 9/30/E.l

Ir-J/l/8,1 9/30/85

10/1/85 9/30/86

10/1/86 9/30/87

l0/1/87 9/30/88

10/1/88 9/30/89

10/r/89 9/30/90

to/ l t90 9t30/91

to/t/91 9/30/92

to/t/92 9/30/93

l0/ l /93 9/30/9,1

96.6

11.1

5 1 . 2

37.1
.15

12.5

50

57.1
:16.6

59.5

28 .9

29 .1

68.8

29.9

15..1

21.1

l2

2l.5

202.6

:16.9

131 .1

212.1

92.1

81.5

161 .9

121.2

t  51 .7

1 3 1 . 7

179.1

6',7.1

u0.9

105.6

59 .8

16.2
.18.2

78.6

65.5

59

8..1

11 .1

173.9

20.3

33 . I

70.2

19.,t

69.6

:11.6

16.1
,l0l. l

58 .7

1 I

5,1.8

16.6

r6 .9

l 8 . l

20.1

-3

, l 1 .6

21.6

133 .9

18 .7
.1.9

3.1.2

13 .6

36.6

12 .6
.1.9

361.3

12
-25.E

t2.1

r  1 . 1

9.9

1.6

56

50

12

:10

39

38

36

33

33

32

3 l

33

29

29

29

2il

2il

2ll

limitations/assumptions that are of particular in-
terest to this analysis are (pgs. 3 4):

"1. Sediment yield can be usefully displayed
as an expecled average annual event al
though it is subject to considerable vari-
abil ity from year to ycar and within any
single year

2. Model outputs are primarily intended tcr
indicate trends and to compare managc-
ment altemati\es and secondarily to pro
vide quantif ied estinates of sediment
yield."

The WATBAL model has been under constant
developnent since 1973. with a stated objective
of "estimating water yields in response to cumu
lative watershed development and vegetative
manipulation and rccovery over tine" (Patten.
19139. pg. 1). At present. WATBAL "is designed
to simulate the potential and most Jikely effects
of primary forest managenent practices (timber
harvest, road developrnent. and fire) on the re-
sponses ofwatershed and water resource systems
with regard to stream tlow and sediment rcgimes."
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(Pattcn, 1989, pg. l) In the Clearwater National
Forest, the WAIBAL program and associated data
flles serve as the primary $,atershed inventory
(Parren, 1989).

Watersheds are divided into arcas that are rela
tively homogcneous (landtypes), forwhich a num-
ber of response characteristics are detemtined. The
physical characteristics measured include: slope
angle. slope shape, slope length, surface drain-
age, soil depth. soil texture, soil stuucture. soil
consistency. bedrock type, bedrock weathering,
bedrock structure. and vegetativc habitat. From
these charactcristics. each landtype is assigned a
series of hazard ratings which describe potential
a) rotational mass erosion, b) debris avalanche,
c) surface erosion from undisturbed soil surtaces,
d) sudace erosion from subsurface horizons, and
e) surtace erosion from the substrata (PafteD, 1989).
The model output from these original hazard rat
rngs seNes as thc estimate of natural sediment
yield in tons per square mile per year The natu-
ral sediment yield values are based upon sedi-
rnen l  measuremenl :  f r r ' rn  sereru l  Iepre \cn la l i re



landtypes. These measurements wgre then ex-
trapolated to other landtypes using an algorithm
which assumed that approximately 80% ol thc
natural sediment is derived frorn long-term mass
erosion processcs-the remainder is from surface
erosion processes related to the fire history of the
landtype (Patten, 1989). Each individual landtype
file also includcs the stream density within that
particular Iandtype.

Additional surface erosion is assumed to be
induced, and mass erosion accelerated. by differ
ent Jogging. fire. and roadbuilding activities. Thus,
excess (above natural anrounts) erosion is a func
tion ofthe type and location ofdifferent manage-
mcnt activities. The acceleration factors for mass
erosion were dcrived from a landslide study by
Megehan. et. al (1978). Acceleration 1'actors tbr
roads and bumed areas are also included. Sur-
f 'ace erosion. which is assumed to bc insignifi-
cant in undisturbed forests (Cline. et al., l98l),
is estimated forroads, bumed rcgions, and logged
areas. Each is modilied by the physical charac-
tedstics of the land and the age. size, and inten-
sity of the disturbance.

To estimate wateryields to streams, WATBAL
uses a hydrograph generated fiom a combination
of average annual discharge (a function of the
average annual precipitation within the watershed)
and the hydrograph of a strcam deemed similar
to the stream in question (Patten. 1989) (Figure
2). The alerage annual discharge contributes the
rnnur l  ro lume o [  u l te r  lnd  thc  repre 'en lu l i re
hydrograph defincs the shape of the hydrograph.
The annual precipitation data were derived for
each watershed tionr 1960's precipitation isohy-
ets developed from a network of long-term stor
age gauges around the forest, a few recording sites
west of the tbrest. the Natural Resources Con-
servation Service snow courses and climatic te-
lemetry sites (SNOWTEL). and several stream
gauges (Patten, 1989; Gayle Howard. Hydrologic
Technician USFS. personal comm.. 1997). Aver-
age annual precipitation and dischi,|Ige are stored
as constants within the watershcd files, not as
vadables associated $'ith landtype files.

Combining a sediment routing equation with
the landtype, management. and precipitation data
then allows the calculation ofpredicted sedinent
yields within a watershed (Figure 2). The
WATBAL equation which calculates the total
sediment yield only considers the area of the

watershed. Details of streanrouting. hydrology,
and dynarnics are not included; however, they are
recognized as a weakness in theWAIBAL model
(Patten, 1989).

Research Methodology

Data collected by the USFS includes physical
descdptions of the two watersheds, WATBAL
output (sediment and mass loading), and field
measurements of suspended sediment. bedload,
and sffeam discharge. AsWAIBALoutput is given
as a yearly value, the field neasurements had to
be aggregated fiom monthly to yearly data. In
additior, the suspended sediment and bedload
components of sediment loading were combined
to provide a single yearly estimate of total sedi-
ment loading. Stream discharge was aggregated
to average and maximum monthly discharge.

There were no field components to this rcsearch,
so accuracy estimates of sampling methods are
not included in this analysis. Therefore. model
va l ida t ion  focu .e '  un  r  \ t t t i s t i c t l  compar isun
between measured and modeled values (Mayer
and Butler, 1993;Donigian, l981). ln this analysis.
subjective assessment, deviance measures (mean
absolute error and the mean absolute percent er-
ror). and statistical tests (descriptive statistics,
regression, and modeling efficiencyl were usecl
to eyaluale the WATBAL output.

The interyretation ofthe Lolo Creek data was
relatively staightforward; however, at Pete King
Strcam. there are two outliers in the datasetcaused
by road failures (1978 and 1987) which dumped
excessive anrounts of sediment into the stream.
Thus, two different analyses were run for the Pete
King watershed: one which included all the data,
the other which represents years in which there
were Do catastrophic road failures.

Results

Tables:l through 6 contain the measured and cal-
culated sediment yields and the dift-erences be-
twcen the two. The output from the statistical
compadsons ofthe measured and calculated sedi-
ment yields are shown in Table 7. The deviance
measLlres a.re based upon the differences between
the measured and calculated data and show the
average absolute diff'erence between model and
measured data (MAE) and the average absolute
percent error (MA7.E). ln the case of the MA7r,E.

Sediment Loading Model Evaluation 237



Precip

Hydrograph

Figure 2. GeneraliTed diagfan of$I{TBAL model componcnls witl cnrphasis on precipitatron data.
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TADLE ,+. Dcscriptive statistics for Lob Strean.

Field Me.rs. \!]{TBAL 1\\ATBAI-)
tons/sq. ni./]-r lonVsq. ini./yr. (field meas.)

l07o has been suggested as an upper limit of ac
ceptability (Kleijnen, 1987): however, this value
will vary depending upon the modcl and its uses
(Bratley, et al., 1987). In this case, values rang-
ing fiorn 62 to 80 percent are clearly unaccept
able. The corelation results also suppoft this
evaluation-the correlation (Rr) between the
measured and calculated values is less than 0.02
in all cases.

Modeling efficiency (EF) is a dimensionless
statistic which directly relates model predictioDs
to measwed data (Loague and Green, 1991). EF
has a lower bound of negative infinity. while a
value of one indicates that the model pedectly
predicts the measured values. Models which pro-
duce values less than 0 cannot be recommended
(Mayer and Butler. 1993). As the EF values in
this analysis are all negative. thc EF interpreta-
tion suppo s the output from both the deviance
and regression analyses.

Figure 3 illustrates the distribution ol errors
at Ldo Creek. ln all cases, WAIBAL underesti-
mated sedJment 1 ields. The Iarge.t u ndere't im..rt i, 'n
occurred in 1986/87-the sane yearinwhich there
were catastrophic road fhilures in the Pete King
watershed. These are probably due to an excep
tionally heavy raintlill event.

The distribution of errors at Pete King Stream
are  shoun in  F igure , l .  Of  the  n in . ' t cen  1ear .  in
u'hich data wcrc collected, WATBAL underesti
mated sediment loading nine times. On average.
WATBAL underestimated sediment loading by
28 tons/sq. mile/year However. if the two cata-
strophic years are dropped, the mean of the dis
tribution falls to 1.8 tons/sq. mile/year.

As all of the above comparisons show little
connection between the meisured and predictcd
sediment yield values, the question becomes ex
plaining the reasons for this. The possibil i t ies
are numerous, and include sampling erors, an
nual vadations in precipitation (timing, intensity,
amount), and nrodel crrors. However, the only
data currently available are average and maxi-
mum monthly stream discharge and monthly/an-
nual precipitation which were then compared to
the elTors. The errors are defined as the differ-
enca between the WATBAL output and the mea
sured values. At Lolo Creek. there *as a signifi-
cant correlation between both mean and maximum
stream discharge and the errors (Rr = 0.46 and
o.60 .  re :pec t i \e ly ) .  Th is  i r  nu t  .u rpr i \ ing .  g i \en
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Sanple Size

Mininmnr

Nlaxlmum

Mean

Nfedian

Standrd
Dc\ iance

Std. Er|or

9 .8

75.6

30.6

5 .U

19.26

3 7 1 . 1

9

1

ItJ

8.4

8.0

0.9

0 .8

0.3

-65.6

0.8
-)2.1

-19 .6

19 .0

359..1

6.1

'fABLE 5. Descriptive statinics lbr P.rc King Srream; data
fbr rso ycan wilh exceptionall)'' high sediment
loading excluded.

Field Mea\. WATBAL (\\'AIBAI-)

tons/\q. mi./lr. bns/sq. mi/yr. (tield meas.)

Sanplc Size

Nl i i i  um

Ma\ imum

Nlcan

Medi.rn

Srandard
De\,iance

Std. Error

t 1

14.O

16.1

26 .1

22.1

501 .7

5.,t

t 1

28

56

3:1.9

33 .0

5.U

6,1.6

t1

12.0
,11.6

1 . 6

.1.9

23 .8

566.: l

5.11

TABI-h 6. Descriptive (atistics lbr Pete King Slrcam. All
data afe included.

Fiekl N1cas. WATBAL (\\IATBAL)-

lons/sq. mi./yr. tons/sq. mi./yr. (field lneas.)

Sunple Sizc

l\'linimuIn

Maximunr

N1ca.

Median

Slandard
Deriance

Skl. Enor

l 9

8.,1
.101.3

61 . I

33 .  I

90.2

8118 .6

20.1

1 9

28

56

35 .2

3 3 0

1.1

58 .8

1 . 8

-167.3

:11 .6

28.0

90..1

8110 .7

20.1



TABLE 7. A statistical comparison oI ne.rsured and calculated sedinrent vieldsi dcriance measures (Mean Absolute l-lrror.
N,lean Absolute Perce.! Error). lincar resression (R:. \lope. iniercept. standard crror). rnd modeling efficiency (EF).

NIA'TE Std. errorR l Slope Inrercept

t -o l0

Pclc King

Pete King

2 t .12

13.',7

19.,1

0.01 I

0.06
-.07

.0168

.0016
-.0002

1.93

35.05

3,1.95

- 0 . I  I

0.  r ll 7

61.6

19.9

19.1 8 .3

-50 -40 -30 -20

Calculated - measured sediment loads

|  l r r r r  I  l ) . r h u r . n u t  c r . o r . r r  l J l u {  r e e k .

400 -300 -200 -r00 -50 -40 -30 -20 -10

Calculated - measured sediment loads
figufe.1. Distribut(m oferfor\ at Pete Ki g Srcam.

l 0-10-60-70-80

o

3020l 0

that one of the model assurnptions (Cline, eL al.,
l98l) states that sedinent yicld can be effectively
nodeled using average precipitation valucs.
However, at Pete King Stream, the correlations
between mcan and maximum stream discharge
and the enors for the full dataset were extremely
low (R'= 0.06). When the t$,o outl iers were
climinated. a slight correlation was shown: R: =

2;t0 Hickey

0. l4 and 0.l8 for mean and maximum discharge,
respectively.

To  te . t  the  re l r t ionsh ip  herueen prcc ip i r . r r ion
and theerors, data (annual andma\imum monthly
precipitation) frolr monitoring stations closest to
the two watersheds was obtained. For reference,
the Fcnn and Pierce station data werc comparcd
to the Pete King and Lolo watersheds. respectivcly.



The relationship between maximun monthly pre
eipitrt ion ln,-l Ihe nrodel (rTLlr. \ l . none\i. lenl
(Rr = 0.007 and 0.01): correlations between an
nual precipitation and erors were slightly higher
(R: = 0.l3 and 0.07 at Petc King and Lolo). but
still remained unimportant.

Summary

Comparisons between measured and model sedi-
rnent yields at Lolo Creek show that the WATBAL
model consistently underestimrtes the amount of
sediment reaching the sffeam. In fact, not once
did WATBAL overestimate sediment loading.
Analyses conrparing the diffcrences between model
and measured sediment yield indicate that stream
discharge, particularly na"rimum stream discharge,
is a primary fack)r in explaining the magnitude
of the enors.

The diflerences between modcl and measured
.ed imen l  )  ie lJ :  i r l  PL ' tc  K inB S l re  n  canno l  . im-
ply be explained by stream discharge. even though
thefe are slight correlations. Howeler, wilh the
exception of those ycars which contributed ex-
tremely high amounts of sediment due to cata-
strophic road thilures, the errors are distributed
(approximately) normally about zero.

One nodel weakness is thc manner in which
WATBAL treats precipitation pafiicularl)' stom
intensity. Correlations between model error and
precipitation are extremely bw (R: = 0.007 -O. I 3 ) ;
hou,ever. correlations between er:ror and stream
discharge are much higher (R: = 0.14-J).60). The
reason tbr this difference may be that the efi-ects of
intense stoms are ofien lost within monthly/an-
nual precipitation volumcs, whereas discharge is
more directly related to stom intensity. The cata-
strophic failures of roads during 1979 and 1987
illustrate this relationship clcarly high discharge
and sediment yield, but average to below average
precipitation volumcs lor the months in question.

A closcr examination of the WATBAL Tech-
nical User Guide (Patten, 1989) and the Guidc
for Predicting Sedirnent Yields from Forested
Watersheds (Clinc. ct al., 198 I ) revealed four other
potential sources of eror. l) Both publications
mi rke  lhe  i r . :u rnp l ion  Ih i r l  :u r f rce  eros ion  is  in
significant on undisturbed tbrests-even during
intense rains. 2) The WATBAL model reduces
erosion rates for roads based upon the road's age.
While this assumption may be valid during nor-
mal hydrologic conditions. the occurrence ofroad-

related mass movement events increased with
increasing road age during the exceptionally wet
$,inter/spring of 1995/96 (Jones, 1996). 3) The
calculation of road-related erosion mitigation (in
percent reduction of erosion) is directly, rather
than proportionally. cumulative. For example, if
a rep rap fill will rcduce erosion by 507c and a
seed and terti l izer application 257r. WATBAL
calculates a 757. crosion reduction rather than
50%, plus 25clr of the remainder (12.5c/,,) for a
totaf reduction ol 62.5Vc. :l) Finally, the size of
an individual landtype unit, ll.1-8 | hectares (20-
200 acrcs), requires averaging which can poten
tially contribute to signilicant elror If nothing else,
slope length is not constant from one side of a
landtype unit to the other Slope angle probably is
not a constant either. and both exen considerable
influence upon sud'ace erosion calculations.

Conclusions

The implications of this study are l) the l imita-
tions built into WATBAL by the "Guids for Prc-
dicting SedimentYields ftom ForestedWatenheds"
(Cline. et al., 198 I ) are a primary reason lbr dit-
t'erenccs between measured and predicted sedi
ment yields,2) model validation should be an
integral part of sediment yield modeling, and 3)
if used as a planning tool, WATBAL output must
be carefully evaluated. At Lolo Creek. sediment
yiclds have been invariably underestimated, po
tentially setting the stage lbr long-term damage
to the stream. At Pcte King Stream, WAfBAL is
effectively prcdicting an average sediment yield
(if catastrophic road tailures are ignored). This
statement must be lufiher qualilied, however.
because the dift'erences between predicted and
measured sedimcnt yields may be as high as an
order of magnitude. Thus, a single road tailure
can deliver l0 years ofaverage annual scdimcnt
supply into a stream at once. Such an event can
severely inrpact fisherics for a number of years
(Megahan, et al., 1992).

A possible solution to a number of the limita
tions ofWATBAL would be to re-build the model
within a geographic intbrmation system (GlS).
Sonre of the advantages include:

a.)The scale ofthe minimum mapping unit could
be increased to. for example, a 30x30 meter cell.

b) Much of the important physical data is al
ready available, lbr example, digital elevation
rnodels (DEM), soils maps, and Landsat imagery.
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It is imponant to note that cell-by-cell calcula-
tions ofslope angle and slope length arepossible-
rather than using averages for large areas (Hickey.
et al., 1994).

c) The database could be easily updated using
Landsat imagery.

d) Drainage paths and directions can be cal-
culated and included in the model.

e) The relatively gcneric database structure
allows the use of both average annual and dis
crete event modeling. As new techniques and
improved software ue dcvckrped. the models used
in the Forest can be modilled without having to
alter the original data-only how it is used.

In sumnlary, regardless of the type of model
used, the limitations inherent in all models should
be taken into consideration. In the case of the
WMBAL model, average sedirnent yields are
calculated therefore. the inherent limitation is
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that 506/. of the time, sediment yields are under-
estimated. Thus. lbrest management plans should
be based upon higher than average sediment yields.
To draw an engineering analogy, bridges are not
built to withstand average (yearly) stream dis-
chargcs, but to tolerate 50 or 100 year flood lev-
els. Forest planning need not be based around
such catastrophic events; however. tolerances fbr
some above normal rainfall events (oryears) should
be inc luded in  p lann ing  con: iderc l i t \n : - i .e .  u . -
ing sediment yield values one standard deviation
above nomral.
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