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Figure 1. Hemispherical photos taken from above the
stream surface on September 7, 2007, at A) Fishtrap

Creek and B) Jamieson Creek.
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Figure 2. Continuous stream temperatures for six streams monitored during summer
2004, one year following the McLure fire. The dotted lines, corresponding to 10°C
and 15°C, are provided as reference.

2004, one year following the McLure
fire, using Onset Tidbit temperature
data loggers (£ 0.2°C). All streams
drain the Bonaparte Plateau, located
west of the North Thompson River.
Two of the streams monitored,
Fishtrap and Skull, had much of their
riparian vegetation disturbed by the
wildfire. The upper portions of the
Peterson Creek catchment were
burned, but not the riparian zone
along the lower portions of the stream
(where temperature was monitored).
The remaining streams were unaf-
fected by the wildfire. Fishtrap and
Skull creeks were warmer than Dar-
lington and Whitewood creeks but
cooler than Peterson and Jamieson
creeks (Figure 2). These results suggest
that natural thermal variability among
these streams is too great to estimate
the wildfire effect with confidence.

Analysis of WSC Spot
Temperatures

Stream temperature has only been
monitored continuously since the
wildfire in 2003. However, spot tem-

peratures have been measured at the
weir by WSC technicians since 1977.
Between 1977 and 2002, 284 spot
temperatures were measured, and 41
spot temperatures have been mea-
sured since the wildfire (2004-2007).

The original field notes were examined
to determine whether the timing of
spot measurements was consistent
before and after the fire. Field notes
typically listed the site arrival and site
departure times. Stream temperature
was measured during short site check
visits that typically lasted 10 minutes,
as well as during discharge measure-
ment visits that usually lasted 60 to 90
minutes. The WSC technician would
measure the stream temperature,
using mercury- or alcohol-based ther-
mometers, near the beginning of the
site visit before the discharge measure-
ment (D. Hutchinson, Environment
Canada, pers. comm., Nov. 2007).
Therefore, the spot temperature mea-
surements were assumed to have been
taken at the site arrival times recorded
in the field notes. Post-fire stream tem-

perature measurements were taken,
on average, about 40 minutes earlier
than pre-fire measurement times
(pre-fire mean = 11:32 h, post-fire
mean = 10:49 h, two-sided p value =
0.001). Because stream temperature
normally increases during late morn-
ing and early afternoon, any bias
associated with this change in the tim-
ing of spot measurements would tend
to underestimate temperature changes
associated with the fire.

Two statistical regression models were
developed to estimate the stream tem-
perature response to the wildfire
disturbance. A “reduced” model
assumed no change in stream temper-
ature following the wildfire, while a
“full” model included a factor variable
representing pre-fire and post-fire con-
ditions. The “reduced” model
included mean daily air temperature
measured at Kamloops and mean daily
discharge at the Fishtrap Creek weir to
account for the known influences of
these variables on stream temperature
(Hockey et al. 1982). Discharge was
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transformed by taking its logarithm.
The reduced model also contained
variables computed as sin(2nD,,/365)
and cos(2nD,,/365), where D, is the
day of the year (D, =1 on Jan. 1), to
account for any seasonal pattern to
the residuals (Gomi et al. 2006). The
full model included

perature increase likely underestimates
the effect on daily maximum tempera-
tures, which occur in the afternoon,
and are more responsive to changes in
riparian shade than daily minimum
and mean temperatures (e.g., Gomi et
al. 2006).

the four variables
within the reduced
model, as well as
the pre-fire/post-fire
factor variable and
its interactions with
the other predic-
tors. The reduced
and full models met
the assumptions of
ordinary least-
squares regression
and had R? values of
0.90 and 0.91 and . . ©
residual standard
errors of 1.2°C and
1.1°C, respectively.
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Figure 3. Observed and predicted stream temperatures for the pre-fire
and post-fire periods. The post-fire winter period is October through
March, the freshet period is April through May, and the summer
period is June through September. The model for predicting stream
temperature was fit only using the pre-fire coefficients.

by the factor vari-
able (Kutner et al. 2005). The test
revealed a statistically significant
change in stream temperature follow-
ing the wildfire (p value < 0.001). To
estimate the effect of the wildfire, the
full regression model with the factor
variable set for pre-fire conditions was
used to predict stream temperatures
both pre- and post-fire. This procedure
is equivalent to using a regression
model based only on the pre-fire data
to estimate what temperatures should
have been in the post-fire period had
the fire not occurred.

A plot of observed versus predicted
stream temperature indicates no
apparent effect on stream temperature
during winter or the freshet period
(Figure 3). While post-fire summer
temperatures plot within the scatter
exhibited by the pre-fire measure-
ments, they lie consistently above the
1:1 line, indicating a statistically signif-
icant average warming of about 2°C
(Figure 3). Considering the timing of
the measurements, this inferred tem-

Longitudinal Stream
Temperature Variability

Hydrometric measurements taken dur-
ing the summer 2007 indicate the
reach dominantly loses flow except
where a spring discharges into Fishtrap
Creek at approximately 750 m
upstream of the WSC weir (Figure 4).
During July and August 2007, the
spring discharge was constant at
about 0.08 m?/s. As flows receded
during the summer, water flowing
through the WSC weir became
increasingly dominated by water origi-
nating from the spring. Mixing of the
cooler spring discharge in Fishtrap
Creek suppressed diurnal warming at
the weir (Figure 5).

Figure 6 shows longitudinal tempera-
ture profiles for the daytime warming
phase on July 29, 2007, which were
typical of the warming phase patterns
observed throughout the 2007 sum-
mer period. The profiles indicate a
warming trend over the first 700 m

and the cooling effect of the spring
discharge on the downstream reach.
In addition, there is relatively little
warming between the spring and the
weir, which is believed to result from
the effect of localized groundwater
discharge into that sub-reach. Because
groundwater discharge appears to
suppress diurnal warming in the lower
sub-reach, the post-fire warming at
the weir likely understates the amount
of warming that occurred above the

spring.

Comparison with Previous
Studies

Table 1 summarizes the findings of
previous studies of stream temperature
response to wildfire. Consistent with
the response at Fishtrap Creek, all
studies concluded that stream temper-
ature increased following disturbance.
However, there is considerable variabil-
ity in the magnitude of response
between studies. This variability may
be due to differences in wildfire sever-
ity and catchment characteristics, the
use of different temperature metrics,
and/or, as the present study suggests,
the methodologies employed in most
studies being subject to considerable
uncertainty.
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Figure 4. Map of the Fishtrap Creek study site
identifying the Skull Creek and Fishtrap Creek
confluence, spring, and Water Survey of
Canada weir. Locations of stream
temperatures measured during 2007 are also
identified.

Continued on page 14
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Table 1. Summary of previous studies of stream temperature response to wildfire disturbance

Study location ~ Wildfire  Catchment Catchment  Wildfire  Temperature Measurement Methodology Temperature response Reference
date size (ha) extent variable period
(% burned)
North-central July- Fox 473 ~100% Summer Spring-summer  Before- 2°Cincrease Helvey (1972)
Washington ~ August daily 1971 after with spring-early summer
1970 maximum control EIC mrprdnm
Burns 564 ~100% summer increase
McGee 514 ~100% 2°Cincrease
end of August
Northwest August 2001 Deadhorse 2500 36% Bi-hourly, Before, during, Treatment- 7.8°C increase during fire Hitt (2003)
Montana Creek daily and 3 weeks control 4°C increase daily
maximum, after fire maximum after fire 0°C
daily increase daily minimum
minimum after fire
Southern  September Stream A Allwithina  High- Daily June 15to  Within-reach 10.0°C (maximum Amaranthus
Oregon 1987 catchment intensity = maximum September 15, comparison recorded difference) et al. (1989)
of420ha  burn 1988
(% N/A)
Stream B 6.2°C (maximum
recorded difference)
Stream C 3.3°C (maximum
recorded difference)
Central Idaho September Pidgeon 440 55.7% Daily July 1995t0  Treatment- 2-3°C increase in Royer and
1994 Creek ? maximum May 1996 control July-August; no Minshall (1997)
Grave 337 100% difference Sept-May
Creek
Fritser 829 63.9%
Creek ?
Yellowstone ~ Summer 20 streams 138-12 052 17%-92% Daily 5 years Treatment- A significant (p <0.01) Minshall
National Park, 1988 burned maximum post-fire control difference between etal. (1997)
USA range burned and unburned
streams
Boise River  Four fires Four NA Hightolow Summer 1 year pre-fire Before-after, A significant difference Dunham
Basin, Idaho  between  streams severity meanand and1and8 treatment- between one set of et al. (2007)
1992 (% N/A)  maximum years post-fire control burned and unburned
and streams for a decade
2005 post-fire. No significant
difference between the
other set of streams for
1 year post-fire
Nine  1000-5300 High tolow Summer Summer 2003 Treatment-  Burned streams with
streams severity daily control considerable channel
(% N/A)  maximum response > burned
streams > unburned
streams
South-central Summer  Fishtrap 13 500 75% Spot 25 years Before-after A significant (p <0.001)  This study
BC 2003 Creek measure- pre-fire, increase in summer
ments 4 years temperatures; no
post-fire apparent change in

Of the studies reviewed here, Helvey
(1972) and Dunham et al. (2007)
applied the most robust approaches to
determining stream temperature
response to wildfire. Because pre-fire
data were available for a stream reach
disturbed by riparian wildfire and for a
relatively undisturbed reach in each
study, paired-catchment analysis was
possible. In contrast, most previous
studies employed a treatment-control
approach without a pre-fire monitor-
ing period (Minshall et al. 1997; Royer
and Minshall 1997; Hitt 2003; Dun-
ham et al. 2007). Results from Fishtrap
Creek suggest that, especially for

14

larger streams that can exhibit sub-
stantial variations in riparian
conditions, inherent differences
among the streams can be similar in
magnitude to the effect of riparian
wildfire. This problem may be mini-
mized by sampling numerous burned
and unburned streams to account for
natural variability in thermal regimes,
as done by Minshall et al. (1997) and
Dunham et al. (2007). However, the
underlying assumption in such an
analysis is that there is no inherent sys-
tematic difference between disturbed
and undisturbed streams. Such an

winter or during freshet

the pattern of disturbance was related
to variations in riparian conditions
(e.g., tree species).

Amaranthus et al. (1989) compared
stream temperatures at the upper and
lower boundaries of the burned sec-
tion of the stream reach and attributed
observed temperature differences to
the wildfire influence. However, as
seen at Fishtrap Creek, stream-ground-
water exchanges can strongly
influence downstream temperature
patterns, thus confounding this type
of analysis. None of the previous stud-
ies appeared to address spatial

assumption may be difficult to justify if  variability in temperatures within dis-
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turbance-affected reaches and thus to
assess the representativeness of the
monitoring locations at the reach
scale.

In contrast to the study of the thermal
effects of forest harvesting, there has
been a lack of attention to physical
processes controlling the magnitude
and pattern of stream temperature
response to riparian wildfire. While
Amaranthus et al. (1989) did relate
temperature changes to differences in
canopy cover among the study

reaches, they

did not

attempt to
Stream-ground- quantﬁy
water interactions  energy
can produce sub- ~ &<hange

X processes.

stantial thermal Unfortu-
heterogeneity nately, it s

difficult to

along a stream
reach and also

extrapolate
the observed

influence the temperature
responses to

thermal response  other

to riparian distur- ~ streams
without

bance. knowledge
of the gov-
erning

processes and how they vary among
reaches. In particular, the effect of
standing dead trees on radiation
exchanges is unclear.

Conclusions and
Ongoing Research

Three main conclusions can be
drawn from this study. First, rou-
tine spot measurements of
stream temperature were suc-
cessfully used to detect the
effects of riparian disturbance.
This result, along with the find-
ings reported by Moore (2006),
supports the potential value of
routine spot measurements to
characterize both the spatial and

Stream temperature (°C)

Difference in temp (°C)

temporal variability of stream ¥

temperature. Second, the natural
thermal variability between
streams may be too great to
detect with confidence a
response to wildfire disturbance
using a post-fire treatment-con-

trol approach, especially for larger
streams such as Fishtrap Creek. Third,
stream-groundwater interactions can
produce substantial thermal heteroge-
neity along a stream reach and also
influence the thermal response to
riparian disturbance. Therefore, a sin-
gle monitoring
location may not

trees on net radiation), and the effect
of post-fire channel morphology
changes on stream width and velocity
(Phillips 2007). These studies will assist
in the development of models that can
help in extrapolating results from
site-specific studies to other sites. g

accurately esti-
mate disturbance
response at the
reach scale. In
addition, thermal
heterogeneity
complicates the
use of tempera-
ture differences
above and below
a disturbed reach
as an estimate of
the change due
to disturbance.

Stream tempera-
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Figure 6. Longitudinal variations in stream temperature during the
daytime warming phase on July 29, 2007.

responsible for

the observed post-fire reach-scale tem-
perature patterns. Specific processes of
interest include the role of
stream-groundwater interactions, the
spatio-temporal variability in energy
exchanges across the stream surface
(especially the effects of standing dead

Il iy
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— Above pum:

—— Downsirearn tempersture difference over 244 m
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Figure 5. Time-series of Fishtrap Creek stream
temperatures for July and August, 2007. Top:
temperatures of the spring and Fishtrap Creek above
the spring and at the WSC weir; Bottom: temperature
difference from above to the WSC weir. Negative
differences indicate downstream cooling.

For further information, contact:
\4

J. Leach

University of British Columbia
Email: jleach@interchange.ubc.ca
R.D. (Dan) Moore

University of British Columbia

Tel: (604) 822-3538
Email: rdmoore@geog.ubc.ca
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