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Abstract
The Sundance Fire of 196? bumed 26 percent ofthe Pacl Rive. r'arershed in Idaho. Renovai of the forest canopv was hvporbesized
!o produce an iDcrease in annual streanflow from the basin and an advance of the peak flons by virtue of dec.eased transpira-
l ion losses and ear l ier  snowmeh runof f  gene.at ion.  Conpar ison of  mean annual  st reanf low and m€dn nonrhlr  s l reamud in
lhe pre and post.fire periods do nol support an increas€ in water yield but do suggest an earlie. peak flow. The assessnent
of annual sater yield is complicated in rhis case by a probable deoease in posr-fire precipitation amounts and a subsrantial
increase in precipilation variabilitv. The average half'flo{ date of rhe Pack Rile. adyanced fi'e days following the fir€. March
experienced a 40 percenl incr€ase in average llreamflow while June experienced a 23 percenr decrease. Simul{led monrhly
discharges, based on regression equations relating Pack River flow ro that of nearby Boundary Creek, subsrantiare these find,
ings Post-fire estinates of Pacl River nows, based on pre-{ire regression equations, produce residuals biased in rhe direction
indicated by the nean monthly comparisons: the March equation substantially undereslimates post-fire Pack Riyer discharge
and the reverse is true for June. These.esults suggesl tbar renoval of canopy cover over a subslantial portion of a slream
basin produces ear l ier  snowmelt  and ear l ie.  peak f lows in snowmeltrunof f  dominated warersheds.  These f indinss have sppt ica-
tion 10 watershed nanagement! prescribed burning prograrns, and reservoir operarion in for€sted stream basins.

lntroduction

Consideration of the storages and transfers
within the basin hydrologic cycle implies that
modifications of basin vegetation cover influence
both the timing and amount of streamflow (More
1969). This is especial ly true for basins in the
western United States where much of the annual
streamflow is snowmelt-derived (Packer 1962).
Devegetation by wildf ire, logging, developrnent
and/or disease might reasonably be expected to
decrease canopy storage and evapotranspirat ion
and hasten the onset of snotvmelt.  Less evapo-
t ransp i ra t i on  wou ld  l end  t o  p roduce  an  i nc rease
in streamflow volume, and earl ier melt to pro-
duce an advance in the annual peak f low in the
affected watershed.

Numerous  s tud ies  ha re  no lpd  i nc reases  i n
sno\{ accumulation in areas cleared of canopy
cover (Bates and Henry 1928, Hoover 1960,
Haupt l9?9a, t979b, Gary I979) although there
is some controversy regarding the nature of this
increase; whether i t  is real-derived from
decreased subl imation-or redistr ibuted from
surrounding forest via wind (Anderson 1969,Cary
1975, Hoover and Leaf 1967). I t  appears l ikelv
that the increase is real in areas with warmer
snowpacks where wind redistr ibution is less

significant (Haupt 1979b, Christner and Harr
1982).

Studies have also i l lustrated a general in-
crease in soil moisture after logging and/or wild-
fire, an effect attributed to decreased transpi-
ration (Helvey 1980, Hart and Lomas 1983,
Megahan l9B3). Although there is sorne sugges-
tion of proportionality, the effects of marginal
disturbances (10-20%) to the vegetation cover are
difficult to document (McMinn and Hewlett 1975,
Bosch and Hewlett l9B2).

The effects of reduced canopy cover on the
snowpack energy balance equation suggest a
probable change in the timing of snowpack ripen-
ing and rnelt. Increased shortwave flux should
hasten the onset of snowmelt-derived runoff.
Removal of canopy cover may also increase both
Hortonian overland flow and return flow; the
former due to a reduction in surface infiltration
and increased water repellency of soils (Debano
and Rice 1975, Morris and Moses l9B7) and the
la l te r  as  a  consequence o f  a  h igh . r  p iezomet r ic
surface (Dunne 1978, Megahan 1983).

The Sundance Fire of northern Idaho pro-
vided an opportunity to evaluate potential
changes in water yield and snowmelt t iming in
the Pack River watershed.
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The Sundance Fire, Pack River Basin,
ldaho

The Pack River drainage is located on the eastern
flank of the Selkirk Crest in the Panhandle region
of northern Idaho (Figure l). Mixed coniferous
forest covers approximately 95 percent of the
basin, which drains 326 km' of the Kiniksu
Batholith. Elevations range from 650 m to 2300
m. Slopes in the basin range from 20-35 percent,
approaching B0 percent near the drainage divide,
and floodplain area accounts for less than 6 per.
cent of the basin.

o  k ,  l o

studied extensively by Stickney (1984). During
the f irst decade of regrowth. ground eover.pecies

dominated, and trees did not exceed l0 percent
of the total vegetation cover within the burned
area. Stickney further est imated that only two of
lB study sites would establ ish a tree stage in the
second decade of regrowth.

Methods

Changes in the post-fire hydrology of the Pack
River were assessed using both single- and
paired-basin methodologies. Daily discharge data
for the Pack River came from a USCS gaging
station (nl2-392300) near Colburn, Idaho, l5 km
upstream from the inlet into Lake Pend Oreil le.
Precipitation data are l imited to a single station
at the Priest River Experiment Station (elevation
725 m) and Benton Spring snowcourse (elevation
1500 m). Both are located within the Priest River
Experimental Forest, 20 km southwest of the
Pack River gaging station. The total length of
record was analyzed, and includes nine pre-fire
years (WY 1959-1967) and l5 post-fire years (WY
1968-1982). The gaging station was discontinued
in lqB2. The"e basi, 'data provide for comparison
of average streamflow conditions during the two
periods. Corroborative analyses were done using
a paired-basin approach; pre-fire discharge of the
Pack River was correlated with that of Boundary
Creek near Porthil l , Idaho (International gaging
station sl2-321500). This stream drains 250 km'
of similar terrain approximately 40 km north of
the Pack River basin. Both annual and monthly
regression equations were calibrated. Similar
equations were estimated using the post-fire
discharge record. Differences in the pre- and
post-fire regression equations were assessed in
light of the residuals from pre-fire based predic-
tions and observed Pack River discharges.

Results

Prior to the Sundance Fire, a nine-year record
of streamflow suggests an average annual runoff
of 899 mm. This pre-fire distribution of annual
runoff has a standard deviation (s) of I 13 mm.
Individual years ranged from 743 mm (WY 1965)
to 1063 mm (WY 1961). The mean half-f low date,
the day representing the passage of 50 percent
of the annual runoff, was 14 May. The shortest
one-half f low interval, the shortest t ime within

Sandpornt  O

Figure l. Location of Pack River drainage basin. Shaded por

t ion shons exrent  of  Sundance Fir r .

The Sundance Fire was one of  several  large

f ires that occurred in the Inland Northwest dur-
ing the summer of 196? and was the subject of
an extensive USDA'Forest Service report
(Anderson 1968). Between ll August and 2
Septernber over 20,000 ha burned, including 26
percent of the Pack River tratershed. Revegeta'
t ion in the Pack River watershed has been
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which 50 percent of the annual runoff was
measu red ,  ave raged  5 l . l  da ; s .

Mean annual runoff of the l5 post ' f i re years
r . as  B7 i  mm ( . '  -  289  mm) .  {  s imp )e  con rpa r i son
of means test reveals the dif ference to be sta.
t ist ical iv non.signif icant (t= 0.22, a = 0.41). Mean
precipitat ion amount and maximum snow water
equivalent of the Benton Spring snowcourse
l ikewise rereal no signif icant dif ferences between
the two l ime periods (Table 1), although these
are both single point measurements, and not
especially representative of the Pack River water-
shed. Postf ire runoff,  precipitat ion and snorv
water content rvere 98 percent,9? percent, and
98 percent of their respective pre-f ire values. The
dramatic increase in post-f ire precipitat ion and
runoff variance make i t  dif f icult  to demonsrrare
stat ist ical ly signi l icant dif ferences betrveen the
mean values.

TABLE L Statist i .al  corrparisons of annual runoff and
precipirat ion duri lg prel ire rersus posl-f irc
pcr'oos.-

Pre.fire Post fire a\,ha

878

812

Post fire F value

signif icance of this increase is marginal
(d =0.11). Although minimum flows increased an
average of I  I  percent fol lowing the f ire, this dif-
ference was stat ist ical l_r non.signif icant (crO.2 l) .

The average shortest one-half f low interval
remained essential ly unchanged (51.0 days),
although the average half-f low date advanced
from 1,1, Ma_r (pre-f ire) to 9 Mav (post-f ire). This
advance is ref lected in thc monthl l  streamflow
comparisons. Three months appear to have ex-
perienced post-f ire changes: March (40% in-
crease), June (237o decrease) and August (24%
increase). Signif icance levels associated with
these  compar i sons  a re  0 .12 ,0 .09 ,  and  0 .13
respectlvelv.

These results were the focus of paircd-basin
analyses ut i l iz ing discharge data from nearby
Boundary Creek. The nine years of Pack River
dai ly discharge data from the pre-f ire period
show close correlat ion with data from Boundary
Creek (R'?=0.89). This correlat ion is stat ist ical-
ly signif icant although the root mean square er-
ror is 43 percent of the mean Pack River f low.
Furthermore, an examination of the average
residuals from this regression stronglv suggests
a dif ference in the t iming of streamflow between
the two watersheds (Figure 2). The average half
f low date of Boundary Creek is 25 May, I  I  days
later than that for the (pre-f ire) Pack River.

Month interbasin correlat ions between the
Pack River and Boundarr Creek provide addi-
t ional support for the post-f ire increase in March
streamflow and decrease in June streamflow in
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Maximum (instantaneous) f lows increased an
average of 25 percent fol lowing the f ire and the
five highest f lows on record ai l  occurred in the
pos t - f i r e  pe r i od .  Fou r  o f  t hesp .  ho 'ne rp r .  c ' r r p -
sponded to above.average precipitation and snow
water equivalent condit ions, and the stat ist ical

nonlrr

Figure 2-  Averagc rcsiduah i rom regression equat ion pre-
dict ing daih Pack Rircr  d ischarge f ron Boundarr
Creek discharse for  pre- f i re per iod (19591967).
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the Pack River basin. These regressions reveal
statistically significant changes in slope coeffi-
cients between pre- and post-fire discharge
estimates in the direction suggested by the com-
parison of mean monthly flows (Table 2). Changes
in the regression parameters for August f lows
were not statistically significant.

TABLE2. Compar ison of  pre-  yersus posr i i rc  cal ibrated
regression equations for daill flows in the months
of March, June, and Augusr. Pack River rersus
Boundary Creek.

Intercept Slope Prob > F

March.

June"

Marcb'

Augusl

26.80
64.60
?.81

t2.67
19.58
5.17

2.82
L t l
t .07

3.28
0.06
0.96

0.0001
0.0001
0.0001

0.0001
0.0001
0.0001

0.86
0.91
0.??

0.75
0.91
0.81

'differences in regresion slope (pre-vs. post.fire)

s ign i f i can t  a i  a=0.10

Pre-fire regression equations were also used
to predict pre.and post-fire streamflon for the
Pack River. These predicted values were com-
pared to observed discharges. Pre-fire residuals
for March and June are generally small, although
the phase differential is still apparent (Figure 3).
In contrast, residuals from the post-fire period
are much larger and exhibit a much more pro-
minent  b ias l  the  pre . f i re  regress ion  equa l ions
substantially underestimate post-fire streamfl ow
for March and overestimate post-fire streamflow
for June (Figure 4). Although this procedure also
resulted in overestimation of August streamflov,
the non-significant pre- versus post"fire regres-
sion parameter differences, and the very small
residuals involved (=0.2 m3 s-') precludes un-
equivocal assessment.

Conclusions

This study is significant in that the Pack River
Basin is an order of magnitude larger than basins
where the effects of vegetation cover removal on
streamflow have been extensively studied (Bosch
and Hewlett 1982), and the disturbed area(267o)

5 1 0  1 5  2 0  2 5  3 r
Dav

Fisure 3. Averase residuals for March and June from pre-
fire nonthly regression equarions (Table 2)predicl-
ing Pack River discharse from Bo,rndary Creek
discharge.

Dav

Figure 4. Average residuals for March and June frorn post-
t i rF per iod using prc. t i re prpdi . l i \F FqLrar ionj
(Table 2) and post-fire observations of Pack River
streamflow.
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168 Campbell and Morris



nas near the lorryer limit of measurable hydrologic
response owing to removal of canopy.

The hypothesized changes following the Sun-
dance Fire, an increase in water yield and an
earlier peak flon, are partially supported by
analysis of mean Pack River streamflow and
estimates of streamflow based on correlations
with Boundary Creek. Although no statistically
significant change in annual streamflow was
discerned, this assessment is complicated by an
increase in post-fire precipitation variance. Post-
fire streamflow decreased 2.4 percent while post
fire precipitation declined 3.2 percent. These
figures do not provide much confirrnation, how-
ever, due to the probable errors in lhe measure-
ment of both elements. In addition, the precipita-
tion data (precipitation and maximum snow water
equivalent) were l irnited to a single station
whereas the watershed spans 1500 m of elevation.

Analysis of monthly streamflow and com-
parison of Pack River and Boundary Creek
discharge do support statistically significant
(e = 0.1) increases in post-fire March streamflow
and decreases in June. Comparison of the
average pre- and post-fire hydrographs clearly il-
iustrates the change in the timing of streamflow
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