


2004, one year fol low ing the McLure
fire, using Onset Tid bit tem per a ture
data log gers (± 0.2°C). All streams
drain the Bonaparte Pla teau, located
west of the North Thomp son River.
Two of the streams mon i tored,
Fishtrap and Skull, had much of their
ripar ian veg e ta tion dis turbed by the
wild fire. The upper por tions of the
Peter son Creek catch ment were
burned, but not the ripar ian zone
along the lower por tions of the stream 
(where tem per a ture was mon i tored).
The remain ing streams were unaf -
fected by the wild fire. Fishtrap and
Skull creeks were warmer than Dar -
ling ton and Whitewood creeks but
cooler than Peter son and Jamie son
creeks (Fig ure 2). These results sug gest 
that nat u ral ther mal vari abil ity among
these streams is too great to esti mate
the wild fire effect with con fi dence.

Anal y sis of WSC Spot
Tem per a tures
Stream tem per a ture has only been
mon i tored con tin u ously since the
wild fire in 2003. How ever, spot tem -

per a tures have been mea sured at the
weir by WSC tech ni cians since 1977.
Between 1977 and 2002, 284 spot
tem per a tures were mea sured, and 41
spot tem per a tures have been mea -
sured since the wild fire (2004–2007).

The orig i nal field notes were exam ined 
to deter mine whether the tim ing of
spot mea sure ments was con sis tent
before and after the fire. Field notes
typ i cally listed the site arrival and site
depar ture times. Stream tem per a ture
was mea sured dur ing short site check
vis its that typ i cally lasted 10 min utes,
as well as dur ing dis charge mea sure -
ment vis its that usu ally lasted 60 to 90 
min utes. The WSC tech ni cian would
mea sure the stream tem per a ture,
using mer cury- or alco hol-based ther -
mom e ters, near the begin ning of the
site visit before the dis charge mea sure -
ment (D. Hutch in son, Envi ron ment
Can ada, pers. comm., Nov. 2007).
There fore, the spot tem per a ture mea -
sure ments were assumed to have been 
taken at the site arrival times recorded
in the field notes. Post-fire stream tem -

per a ture mea sure ments were taken,
on aver age, about 40 min utes ear lier
than pre-fire mea sure ment times
(pre-fire mean = 11:32 h, post-fire
mean = 10:49 h, two-sided p value =
0.001). Because stream tem per a ture
nor mally increases dur ing late morn -
ing and early after noon, any bias
asso ci ated with this change in the tim -
ing of spot mea sure ments would tend
to under es ti mate tem per a ture changes 
asso ci ated with the fire.

Two sta tis ti cal regres sion mod els were
devel oped to esti mate the stream tem -
per a ture response to the wild fire
dis tur bance. A “reduced” model
assumed no change in stream tem per -
a ture fol low ing the wild fire, while a
“full” model included a fac tor vari able
rep re sent ing pre-fire and post-fire con -
di tions. The “reduced” model
included mean daily air tem per a ture
mea sured at Kamloops and mean daily 
dis charge at the Fishtrap Creek weir to 
account for the known influ ences of
these vari ables on stream tem per a ture
(Hockey et al. 1982). Dis charge was
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Fig ure 2. Con tin u ous stream tem per a tures for six streams mon i tored dur ing sum mer 
2004, one year fol low ing the McLure fire. The dot ted lines, cor re spond ing to 10°C
and 15°C, are pro vided as ref er ence. 

Fig ure 1. Hemi spher i cal pho tos taken from above the
stream sur face on Sep tem ber 7, 2007, at A) Fishtrap
Creek and B) Jamie son Creek.
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trans formed by tak ing its log a rithm.
The reduced model also con tained
vari ables com puted as sin(2pDn/365)
and cos(2pDn/365), where Dn is the
day of the year (Dn = 1 on Jan. 1), to
account for any sea sonal pat tern to
the resid u als (Gomi et al. 2006). The
full model included
the four vari ables
within the reduced
model, as well as
the pre-fire/post-fire 
fac tor vari able and
its inter ac tions with
the other pre dic -
tors. The reduced
and full mod els met 
the assump tions of
ordi nary least-
squares regres sion
and had R2 val ues of 
0.90 and 0.91 and
resid ual stan dard
errors of 1.2°C and
1.1°C, respec tively.
A par tial F-test was
con ducted between 
the full and reduced 
mod els to test the
sig nif i cance of the
effect of the wild -
fire, as rep re sented
by the fac tor vari -
able (Kutner et al. 2005). The test
revealed a sta tis ti cally sig nif i cant
change in stream tem per a ture fol low -
ing the wild fire (p value < 0.001). To
esti mate the effect of the wild fire, the
full regres sion model with the fac tor
vari able set for pre-fire con di tions was
used to pre dict stream tem per a tures
both pre- and post-fire. This pro ce dure 
is equiv a lent to using a regres sion
model based only on the pre-fire data
to esti mate what tem per a tures should
have been in the post-fire period had
the fire not occurred. 
A plot of observed ver sus pre dicted
stream tem per a ture indi cates no
appar ent effect on stream tem per a ture 
dur ing win ter or the freshet period
(Fig ure 3). While post-fire sum mer
tem per a tures plot within the scat ter
exhib ited by the pre-fire mea sure -
ments, they lie con sis tently above the
1:1 line, indi cat ing a sta tis ti cally sig nif -
i cant aver age warm ing of about 2°C
(Fig ure 3). Con sid er ing the tim ing of
the mea sure ments, this inferred tem -

per a ture increase likely under es ti mates 
the effect on daily max i mum tem per a -
tures, which occur in the after noon,
and are more respon sive to changes in 
ripar ian shade than daily min i mum
and mean tem per a tures (e.g., Gomi et 
al. 2006).

Lon gi tu di nal Stream
Tem per a ture Vari abil ity
Hydrometric mea sure ments taken dur -
ing the sum mer 2007 indi cate the
reach dom i nantly loses flow except
where a spring dis charges into Fishtrap 
Creek at approx i mately 750 m
upstream of the WSC weir (Fig ure 4).
Dur ing July and August 2007, the
spring dis charge was con stant at
about 0.08 m3/s. As flows receded
dur ing the sum mer, water flow ing
through the WSC weir became
increas ingly dom i nated by water orig i -
nat ing from the spring. Mix ing of the
cooler spring dis charge in Fishtrap
Creek sup pressed diur nal warm ing at
the weir (Fig ure 5).
Fig ure 6 shows lon gi tu di nal tem per a -
ture pro files for the day time warm ing
phase on July 29, 2007, which were
typ i cal of the warm ing phase pat terns
observed through out the 2007 sum -
mer period. The pro files indi cate a
warm ing trend over the first 700 m

and the cool ing effect of the spring
dis charge on the down stream reach.
In addi tion, there is rel a tively lit tle
warm ing between the spring and the
weir, which is believed to result from
the effect of local ized ground wa ter
dis charge into that sub-reach. Because 
ground wa ter dis charge appears to
sup press diur nal warm ing in the lower
sub-reach, the post-fire warm ing at
the weir likely under states the amount
of warm ing that occurred above the
spring. 

Com par i son with Pre vi ous
Stud ies
Table 1 sum ma rizes the find ings of
pre vi ous stud ies of stream tem per a ture 
response to wild fire. Con sis tent with
the response at Fishtrap Creek, all
stud ies con cluded that stream tem per -
a ture increased fol low ing dis tur bance.
How ever, there is con sid er able vari abil -
ity in the mag ni tude of response
between stud ies. This vari abil ity may
be due to dif fer ences in wild fire sever -
ity and catch ment char ac ter is tics, the
use of dif fer ent tem per a ture met rics,
and/or, as the pres ent study sug gests,
the meth od ol o gies employed in most
stud ies being sub ject to con sid er able
uncer tainty. 
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Fig ure 3. Observed and pre dicted stream tem per a tures for the pre-fire
and post-fire peri ods. The post-fire win ter period is Octo ber through
March, the freshet period is April through May, and the sum mer
period is June through Sep tem ber. The model for pre dict ing stream
tem per a ture was fit only using the pre-fire coef fi cients.

Fig ure 4. Map of the Fishtrap Creek study site
iden ti fy ing the Skull Creek and Fishtrap Creek
con flu ence, spring, and Water Sur vey of
Can ada weir. Loca tions of stream
tem per a tures mea sured dur ing 2007 are also
iden ti fied.
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Of the stud ies reviewed here, Helvey
(1972) and Dun ham et al. (2007)
applied the most robust approaches to 
deter min ing stream tem per a ture
response to wild fire. Because pre-fire
data were avail able for a stream reach
dis turbed by ripar ian wild fire and for a 
rel a tively undis turbed reach in each
study, paired-catch ment anal y sis was
pos si ble. In con trast, most pre vi ous
stud ies employed a treat ment-con trol
approach with out a pre-fire mon i tor -
ing period (Minshall et al. 1997; Royer
and Minshall 1997; Hitt 2003; Dun -
ham et al. 2007). Results from Fishtrap 
Creek sug gest that, espe cially for

larger streams that can exhibit sub -
stan tial vari a tions in ripar ian
con di tions, inher ent dif fer ences
among the streams can be sim i lar in
mag ni tude to the effect of ripar ian
wild fire. This prob lem may be min i -
mized by sam pling numer ous burned
and unburned streams to account for
nat u ral vari abil ity in ther mal regimes,
as done by Minshall et al. (1997) and
Dun ham et al. (2007). How ever, the
under ly ing assump tion in such an
anal y sis is that there is no inher ent sys -
tem atic dif fer ence between dis turbed
and undis turbed streams. Such an
assump tion may be dif fi cult to jus tify if 

the pat tern of dis tur bance was related
to vari a tions in ripar ian con di tions
(e.g., tree spe cies).
Amaranthus et al. (1989) com pared
stream tem per a tures at the upper and
lower bound aries of the burned sec -
tion of the stream reach and attrib uted 
observed tem per a ture dif fer ences to
the wild fire influ ence. How ever, as
seen at Fishtrap Creek, stream-ground -
wa ter exchanges can strongly
influ ence down stream tem per a ture
pat terns, thus con found ing this type
of anal y sis. None of the pre vi ous stud -
ies appeared to address spa tial
vari abil ity in tem per a tures within dis -
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Table 1. Summary of previous studies of stream temperature response to wildfire disturbance

Study location Wildfire
date

Catchment Catchment
size (ha)

Wildfire 
extent 

(% burned)

Temperature
variable

Measurement
period

Methodology Temperature response Reference

North-central
Washington

July-
August 

1970

Fox 473 ~100% Summer
daily

maximum

Spring-summer 
1971

Before-
after with
control

2°C increase
spring-early summer

6°C maximum 
summer increase 

2°C increase 
end of August

Helvey (1972)

Burns 564 ~100%

McGee 514 ~100%

Northwest
Montana

August 2001 Deadhorse
Creek

2500 36% Bi-hourly,
daily

maximum,
daily

minimum

Before, during,
and 3 weeks

after fire

Treatment-
control

7.8°C increase during fire 
4°C increase daily

maximum after fire 0°C
increase daily minimum

after fire

Hitt (2003)

Southern
Oregon

September
1987

Stream A All within a
catchment
of 420 ha

High-
intensity

burn 
(% N/A)

Daily
maximum

June 15 to
September 15,

1988

Within-reach
comparison

10.0°C (maximum
recorded difference)

Amaranthus
 et al. (1989)

Stream B 6.2°C (maximum
recorded difference)

Stream C 3.3°C (maximum
recorded difference)

Central Idaho September
1994

Pidgeon
Creek

440 55.7% Daily
maximum

July 1995 to
May 1996

Treatment-
control

2–3°C increase in
July-August; no

difference Sept-May

Royer and
Minshall (1997)

Grave
Creek

337 100%

Fritser
Creek

829 63.9%

Yellowstone
National Park,

USA

Summer
1988

20 streams 138–12 052 17%–92%
burned
range

Daily
maximum

5 years
post-fire

Treatment-
control

A significant (p < 0.01)
difference between

burned and unburned
streams

Minshall 
et al. (1997)

Boise River
Basin, Idaho

Four fires
between

1992 
and 
2005

Four
streams

NA High to low
severity 
(% N/A)

Summer
mean and
maximum

1 year pre-fire
and 1 and 8

years post-fire

Before-after,
treatment-

control

A significant difference
between one set of

burned and unburned
streams for a decade

post-fire. No significant
difference between the
other set of streams for 

1 year post-fire

Dunham 
et al. (2007)

Nine
streams

1000–5300 High to low
severity 
(% N/A)

Summer
daily 

maximum

Summer 2003 Treatment-
control 

Burned streams with
considerable channel
response > burned

streams > unburned
streams 

South-central
BC

Summer
2003

Fishtrap
Creek

13 500 75% Spot
measure-

ments

25 years
pre-fire, 
4 years

post-fire

Before-after A significant (p < 0.001)
increase in summer
temperatures; no

apparent change in
winter or during freshet

This study

Continued from page 13



tur bance-affected reaches and thus to
assess the rep re sen ta tive ness of the
mon i tor ing loca tions at the reach
scale. 
In con trast to the study of the ther mal
effects of for est har vest ing, there has
been a lack of atten tion to phys i cal
pro cesses con trol ling the mag ni tude
and pat tern of stream tem per a ture
response to ripar ian wild fire. While
Amaranthus et al. (1989) did relate
tem per a ture changes to dif fer ences in
can opy cover among the study

reaches, they 
did not
attempt to
quan tify
energy
exchange
pro cesses.
Unfor tu -
nately, it is
dif fi cult to
extrap o late
the observed 
tem per a ture
responses to
other
streams
with out
knowl edge
of the gov -
ern ing

pro cesses and how they vary among
reaches. In par tic u lar, the effect of
stand ing dead trees on radi a tion
exchanges is unclear.

Con clu sions and 
Ongo ing Research
Three main con clu sions can be
drawn from this study. First, rou -
tine spot mea sure ments of
stream tem per a ture were suc -
cess fully used to detect the
effects of ripar ian dis tur bance.
This result, along with the find -
ings reported by Moore (2006),
sup ports the poten tial value of
rou tine spot mea sure ments to
char ac ter ize both the spa tial and 
tem po ral vari abil ity of stream
tem per a ture. Sec ond, the nat u ral 
ther mal vari abil ity between
streams may be too great to
detect with con fi dence a
response to wild fire dis tur bance
using a post-fire treat ment-con -

trol approach, espe cially for larger
streams such as Fishtrap Creek. Third,
stream-ground wa ter inter ac tions can
produce sub stan tial ther mal het er o ge -
ne ity along a stream reach and also
influ ence the ther mal response to
ripar ian dis tur bance. There fore, a sin -
gle mon i tor ing
loca tion may not
accu rately esti -
mate dis tur bance
response at the
reach scale. In
addi tion, ther mal
het er o ge ne ity
com pli cates the
use of tem per a -
ture dif fer ences
above and below
a dis turbed reach
as an esti mate of
the change due
to disturbance.
Stream tem per a -
ture research is
ongo ing at
Fishtrap Creek,
focussed on
deter min ing the
phys i cal con trols
respon si ble for
the observed post-fire reach-scale tem -
per a ture pat terns. Spe cific pro cesses of 
inter est include the role of
stream-ground wa ter inter ac tions, the
spatio-tem po ral vari abil ity in energy
exchanges across the stream sur face
(espe cially the effects of stand ing dead 

trees on net radi a tion), and the effect
of post-fire chan nel mor phol ogy
changes on stream width and veloc ity
(Phillips 2007). These stud ies will assist 
in the devel op ment of mod els that can 
help in extrap o lat ing results from
site-spe cific stud ies to other sites.
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Fig ure 5. Time-series of Fishtrap Creek stream
tem per a tures for July and August, 2007. Top:
tem per a tures of the spring and Fishtrap Creek above
the spring and at the WSC weir; Bot tom: tem per a ture
dif fer ence from above to the WSC weir. Neg a tive
dif fer ences indi cate down stream cool ing.

Fig ure 6. Lon gi tu di nal vari a tions in stream tem per a ture dur ing the
day time warm ing phase on July 29, 2007. 
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