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Stream temperature controls many
aspects of stream ecology. It

influences rates of biological and
chemical processes, limits dissolved
oxygen concentrations, and affects
the life history and behavioural
ecology of aquatic organisms.
Summer stream temperature typically 
increases following the removal of
riparian forest canopy, as a result of
forest harvesting, wildfire, and (or)
other disturbances (Nitschke 2005;
Moore et al. 2005a). Urban
development, agricultural land use,
water withdrawals (e.g., for
irrigation), and impoundments can
also influence stream temperature,
primarily through changes to shading 
and streamflow (Klein 1979; Hockey
et al. 1982; Quinn et al. 1997; Webb
and Walling 1997). Because these
changes can potentially harm aquatic 
ecosystems, particularly cold-water
species such as salmonids (Beschta et
al. 1987; Nelitz et al. 2007),
substantial attention has focused on
the effects of land use on stream
temperature. 

This arti cle is the first in a series
focused on stream tem per a ture and
its impli ca tions for water shed man -
age ment. The cur rent arti cle
intro duces meth ods for stream tem -
per a ture mea sure ment and data
pro cess ing. It begins with a dis cus sion 
of the ranges of stream tem per a ture
vari abil ity typ i cally found in Brit ish
Colum bia, then intro duces the tech -
nol o gies avail able for mea sure ment,
data pro cess ing, and field instal la tion
of sen sors. Fol low-up arti cles will focus 
on mon i tor ing and ana lyt i cal
approaches for char ac ter iz ing stream

tem per a ture regimes and the effects
of for est har vest ing and other human
activ i ties.

Stream Temperature
Variability
Stream tem per a ture var ies diur nally
and sea son ally in response to changes 
in the energy avail able for heat ing.
The abso lute rates and rel a tive impor -
tance of var i ous heat trans fer
mech a nisms depend on a range of

time-vary ing cli ma tic fac tors, such as
solar radi a tion, air tem per a ture,
humid ity and wind speed, as well as
site char ac ter is tics, such as the
amount of shad ing by ripar ian veg e ta -
tion (Teti 2004) and rate of
ground wa ter dis charge (Brown 1969;
Webb and Zhang 1997; Story et al.
2003; Moore et al. 2005b). The
change in tem per a ture asso ci ated
with a given heat input depends on
stream depth: shal lower streams are
more sen si tive to heat inputs than
deeper streams. Because stream depth 
is cor re lated with streamflow, vari a -
tions in stream dis charge play a
sec ond ary, though still impor tant, role 
in con trol ling stream tem per a ture
vari abil ity (Webb et al. 2003; Moore et 
al. 2005b). 

Most streams in Brit ish Colum bia fol -
low an annual stream tem per a ture
cycle, which var ies some what depend -
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Figure 1. Mean daily water temperatures for a coastal (upper panel) and an interior stream
(lower panel). In the lower panel, the sub-freezing temperatures in early 1998 reflect ice
formation around the temperature sensor.
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ing on hydroclimatic regime (Fig ure
1). Streams drain ing low-ele va tion
coastal catch ments tend to remain
above freez ing through win ter, except 
dur ing occa sional peri ods dom i nated
by cold air masses. Inte rior streams,
on the other hand, tend to stay at or
near 0ºC through win ter, and
below-freez ing tem per a tures can be
recorded if the tem per a ture sen sor
becomes encased in ice (e.g., Fig ure
1, lower panel). Sum mer tem per a -
tures typ i cally range from 10 to 25ºC,
depend ing on ripar ian shad ing and
influ ences of ground wa ter and gla cier
run off (Fig ure 2), but can reach more
than 30ºC for poorly shaded streams
dur ing extreme sum mer drought con -
di tions (Quilty et al. 2004). Over ly ing
the annual cycle are vari a tions asso ci -
ated with the pas sage of fron tal
weather sys tems (last ing days to
weeks), diur nal (daily) oscil la tions in
day time ver sus night-time air tem per -
a tures, storms (hours to days), and
microclimatic vari a tion (hours to
sec onds). 

Diur nal vari a tions in BC tend to be rel -
a tively small (ºC) dur ing win ter,
espe cially for inte rior streams that
become filled with snow and ice and
remain at or near freez ing. In coastal
streams, diur nal vari a tion is sup -
pressed in win ter by low inci dent solar 
radi a tion and gen er ally higher flows
com pared with sum mer. Diur nal vari a -
tions in sum mer can range from 2 to
5ºC, or even greater (Fig ure 2).

Over large regions, stream tem per a -
ture broadly fol lows spa tial vari a tions
in air tem per a ture, as both vari ables
respond to vari a tions in solar radi a tion 
and air mass char ac ter is tics, but is also 
mod i fied by catch ment and chan nel
char ac ter is tics, such as mean catch -
ment ele va tion, per cent gla cier cover,
and per cent lake cover (Moore 2006). 
Stream tem per a ture tends to increase
with dis tance from the chan nel head,
with head wa ter streams being gen er -
ally cooler than larger, down stream
reaches. For streams with undis turbed 
ripar ian veg e ta tion, diur nal and sea -

sonal vari abil ity tends to be low for
head wa ter streams, increase for inter -
me di ate streams, then decrease for
large rivers (Vannote et al. 1980).
Local devi a tions from a dom i nant
down stream warm ing trend may
occur as a result of ground wa ter
inflow, hyporheic exchange, or ther -
mal con trasts between iso lated pools
and the flow ing por tion of a stream
(Mosley 1983; Bilby 1984; Ebersole et
al. 2003a; Story et al. 2003). Local ized 
cool zones, which can offer ther mal
refugia for cold-water spe cies dur ing
high tem per a tures, are an impor tant
aspect of stream hab i tat (Neilsen et al.
1994; Ebersole 2003b). In addi tion,
lakes, ponds, and wetlands can pro -
duce ele vated water tem per a tures at
their out lets, result ing in down stream
cool ing below them over hun dreds of
metres, even through cutblocks
(Mellina et al. 2002).

Technologies for Measuring
Stream Temperature
Most instru ments for mea sur ing
stream tem per a ture reg is ter the direct 
effects of the ther mal agi ta tion of the
water mol e cules, and are often called
“kinetic” mea sure ments. Four main
types of sen sors mea sure kinetic mea -
sure ments of stream tem per a ture:
ther mom e ters, mechan i cal thermo -

graphs, thermocouples, and therm is -
tors. An alter na tive tech nol ogy for
kinetic tem per a ture sens ing is based
on “resis tance tem per a ture detec tors” 
(RTDs), which are sim i lar in some
ways to therm is tors. How ever, RTDs
are less accu rate than therm is tors and, 
to the authors’ knowl edge, not com -
monly used for water tem per a ture
mea sure ment. In addi tion, stream
tem per a ture can be mea sured using
radio met ric meth ods. These record
the inten sity of infra-red radi a tion
emit ted by the stream, which is a
func tion of the water sur face tem per a -
ture. An emerg ing tech nol ogy for
mea sur ing water tem per a ture is based 
on fibre optics (Selker et al. 2006). At
pres ent, fibre-optic sys tems are best
suited to research appli ca tions. Char -
ac ter is tics of kinetic and radio met ric
approaches are sum ma rized below.

Ther mom e ters use the vol ume
changes of a fluid (usu ally mer cury or
alco hol) in rela tion to chang ing tem -
per a ture to reg is ter the tem per a ture.
Field ther mom e ters can be as accu rate 
as ± 0.02ºC, though they are more
typ i cally accu rate to about ± 0.1ºC.

Mechan i cal thermo graphs were com -
monly used for record ing water
tem per a ture before the advances in
elec tronic data acqui si tion over the
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Figure 2. Temperature patterns for three streams in the North Thompson drainage during
summer 2004. The McLure Fire in 2003 heavily disturbed Louis Creek’s riparian zone, leaving it 
poorly shaded. Whitewood Creek is heavily shaded. Moonbeam Creek has significant summer
flow contributions from glacier runoff.



last two decades, but the data are still
used, espe cially where long data
records are required. These devices
record the effects of tem per a ture
changes via their effects on a
bi-metal lic strip. Because the two met -
als expand dif fer ently upon heat ing,
tem per a ture changes cause the cur va -
ture of the strip to vary. This
dis place ment can be trans lated into
the move ment of a pen on a record -
ing chart. Res o lu tion is typ i cally about 
1ºC. The charts must be dig i tized
before anal y sis, com monly at rel a -
tively coarse time inter vals, such as 3
hours (e.g., Hamel et al. 1997).

Thermocouples are based on the prin -
ci ple that tem per a ture dif fer ences
along a con duc tor (e.g., cop per) will
pro duce a dif fer ence in volt age that is
pro por tional to the tem per a ture dif -
fer ence. Thermocouples are
con structed from a spe cial two-con -
duc tor wire, with the con duc tors
made from dif fer ent met als. Var i ous
pair ings of met als can be employed,
but those made from cop per and con -
stan tan (a cop per/nickel alloy) are
most appro pri ate for the typ i cal range 
of stream tem per a tures. Ther mo cou -
ple mea sure ments are typ i cally
accu rate to about ± 0.2ºC. Handheld
meters are com mer cially avail able for
tak ing man ual mea sure ments, while
most data log gers can make ther mo -
cou ple-based tem per a ture
mea sure ments using a built-in ref er -
ence therm is tor.

Therm is tors employ a resis tor whose
resis tance var ies with tem per a ture. If
the rela tion between tem per a ture and 
resis tance is known, then the mea -
sured resis tance can be con verted into 
tem per a ture. Handheld therm is -
tor-based instru ments are
com mer cially avail able for tak ing
man ual mea sure ments, while therm is -
tors can also be con nected to data
log gers for near-con tin u ous record -
ing. In the last decade, inte grated
therm is tor-log ger units that can be
sub mersed in water have become
avail able at a rea son able cost. These
can be pre-pro grammed to spec ify

the log ging inter val, and have
become pop u lar for for est hydrol ogy
appli ca tions. They have a typ i cal accu -
racy of about ± 0.2ºC. A use ful
ref er ence on mea sur ing stream tem -
per a tures with therm is tors is Dun ham
et al. (2005).

Radio met ric mea sure ments can be
made using handheld infra red ther -
mom e ters, air borne sen sors, or even
sen sors on sat el lite plat forms
(Torgerson et al. 2001; Rayne and
Henderson 2004; Cherkauer et al.
2005; Handcock et al. 2006). The spa -
tial res o lu tion of sat el lite imag ery is
too coarse to resolve any but the larg -
est rivers. Air borne sys tems can
resolve medium to large streams, and
can give “snap shots” of spa tial tem -
per a ture pat terns along exten sive
reaches, includ ing the loca tions of
local cool zones (ther mal refugia)
asso ci ated with ground wa ter dis -
charge and inflow of cooler trib u tar ies 
(Torgerson et al. 1999).

Calibration of Temperature
Sensors
Though tem per a ture sen sors are gen -
er ally reli able and accu rate, and
require lit tle main te nance, they do
require cal i bra tion. Ther mom e ters and 
therm is tors should be cal i brated
annu ally against an INMS (Insti tute for 

National Mea sure ment Stan dards) cal -
i bra tion ther mom e ter using a
tem per a ture-con trolled water bath
(Wag ner et al. 2006). Cal i bra tion typ i -
cally con sists of an ice-point read ing
and cal i bra tions at 3–5 tem per a tures
within the range of the sen sor. When
prac ti cal, sen sors should be checked
more fre quently using the “ice
bucket” method (Dun ham et al.
2005), whereby sen sors are sub -
merged in an insu lated ice bath for 1
hour to ver ify that read ings are 0ºC. 

In addi tion to the cal i bra tion pro ce -
dures men tioned above, field meters
or ther mom e ters should be used to
mea sure water tem per a ture near the
installed sen sor dur ing each field visit.
After the recorded data have been
down loaded, tem per a tures at the
time of field vis its can be extracted
and com pared with the man ual mea -
sure ments as a fur ther cal i bra tion
check. Such com par i sons are par tic u -
larly valu able where a sen sor’s
cal i bra tion may have drifted dur ing
the field instal la tion, as they can help
to iden tify the appro pri ate seg ments
of the data requir ing drift cor rec tions.

Verification and Correction
of Stream Temperature Data
Before any anal y sis, data qual ity must
be ver i fied and any errors removed or
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Figure 3. Stream temperatures before, during, and following a de-watering event, which began 
August 16 and ended August 22.



cor rected. Data should be plot ted as
time series and visu ally inspected for
obvi ous out li ers, such as val ues that
dif fer sub stan tially from pre ced ing
and fol low ing val ues. In many cases,
the obser va tions at the begin ning and 
end of each data set need to be
removed because the sen sor would
have been mea sur ing air tem per a ture
while being pro grammed or down -
loaded in the office or at the field site. 
Sim i larly, any obser va tions that were
recorded when the water dropped
below the sen sor level (e.g., sum mer
drought low flows, “de-water ing”)
need to be removed. These mea sure -
ments are usu ally rel a tively obvi ous,
with sud den and sub stan tial increases
in daily oscil la tions and daily max i -
mum val ues (Fig ure 3). When
exam in ing data to locate errors, it is
help ful to com pare stream tem per a -
ture records with other nearby
records, such as those from upstream
or down stream sta tions, and local or
regional cli mate sta tions. 

When appro pri ate for pro ject objec -
tives, small data gaps can often be
filled by using lin ear inter po la tion or
mod el ling tech niques. As a gen eral
guide line, inter po la tion should only
be used on gaps that are less than 2
hours long, which is often suf fi cient
for fill ing gaps cre ated by remov ing
air tem per a ture data recorded dur ing
down loading. Mod el ling tech niques
can be used for lon ger gaps (hours to
days); how ever, mod elled data must
be inter preted cau tiously. Gap fill ing
with mod els is pos si ble when sur ro -
gate data are avail able, such as stream 
tem per a ture from upstream or down -
stream sen sors or nearby water sheds.
Typ i cally, a sim ple lin ear or mul ti ple
lin ear regres sion model is devel oped
using sev eral weeks of data imme di -
ately before and after the gap. Air
tem per a ture can also be used as a sur -
ro gate, though lin ear mod els may be
unsuit able due to nonlinearities at
high (25ºC) and low (freez ing) tem -
per a tures (Webb et al. 2003). In all
cases, detailed notes on gap fill ing

instances, meth ods, and ratio nale
must be pro duced and kept with the
data.

Recommendations for
Monitoring Stream
Temperature

The fol low ing gen eral rec om men da -
tions are based on expe ri ences in
mea sur ing stream tem per a ture at sites 
through out Brit ish Colum bia. Spe cific
imple men ta tion may need to be var -
ied to suit con di tions at indi vid ual
sites and/or pro ject objec tives.

Sensor Selection and
Programming

Some man u fac tur ers of tem per a ture
log gers, such as Vemco and Onset,
pro duce units with dif fer ent tem per a -
ture ranges. It is impor tant to
pur chase mod els that cover the range
of stream tem per a tures that can occur 
within BC. Ide ally, a log ger should
record tem per a tures rang ing from
below 0 and to at least 35ºC.

Data log gers can be pro grammed to
record either the indi vid ual mea sure -
ments or to pro cess the data and
out put sum mary sta tis tics (e.g., mean, 
max i mum, min i mum) for a time inter -
val. Where the imme di ate need is only 
for mean daily tem per a tures, it may
seem sim plest to pro gram a log ger to
gen er ate daily sum ma ries. How ever,
given the high tem po ral vari abil ity of
stream tem per a tures, and the rel a tive
ease of use and rea son able costs of
therm is tors, high fre quency mon i tor -
ing (hourly or every 10–20 min) is
now pre ferred, even if the imme di ate
need for the data is to cal cu late daily
means. This approach allows data to
be used for var i ous pur poses beyond
those for which the data may have
been orig i nally col lected. This
approach also allows field mea sure -
ments of tem per a ture using a
stan dard instru ment to be asso ci ated
with a spe cific recorded value for
com par i son and cal i bra tion, as

described ear lier. Exam i na tion of the
time series can also be valu able for
inter pret ing data log ger mal func tions
or de-water ing events (Fig ure 3).

Sensor Installation and
Placement

Sen sors should be shielded from solar
radi a tion to avoid any pos si bil ity of
anom a lous heat ing, par tic u larly dur -
ing low-flow peri ods, when low flow
veloc i ties and high sun angles can
cause the sen sor tem per a ture to rise
above ambi ent water tem per a ture. A
num ber of inves ti ga tors have placed
sen sors within short lengths (10–20
cm) of pipe. Emplace ment in these
shields also keeps the sen sors out of
direct con tact with the stream bed,
which may be cooler or warmer than
ambi ent stream tem per a ture in
ground wa ter dis charge zones,
depend ing on sea son and time of day.

Sen sors need to be placed where they 
will be pro tected from nat u ral dis tur -
bances, such as sub strate move ment
and debris dur ing storm flows, and
where they can be relo cated eas ily. In
small streams with low stream power,
rebar ham mered ver ti cally into the
bed can suit ably anchor the sen sors.
In larger streams, sen sors will usu ally
be attached to a suit able weight
which, in turn, will be leashed to an
anchor point. The weights can be
sand bags, blocks of con crete, exer cis -
ing “dumb bells,” or other object
appro pri ate to a spe cific site.
Heavy-duty clothes line is often an
appro pri ate mate rial for “leash ing”
therm is tors to a streamside tree or
other anchor. The anchor should, ide -
ally, be fixed firmly in place, and not
be mov able dur ing high flow. For
exam ple, large logs along the
streambank may be sta ble at lower
flows, but are prone to being swept
away dur ing high flows. Despite the
best efforts, therm is tor loss due to
burial or sig nif i cant chan nel ero sion is
always pos si ble. For exam ple, the sec -
ond author installed a net work of
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sub mers ible tem per a ture log gers in
the south ern Coast Moun tains in sum -
mer 2003, and lost sev eral dur ing the
Octo ber 2003 floods. One log ger
ended up bur ied under 2 m of gravel,
while another was lost due to sig nif i -
cant bank ero sion that swept away
the mature tree to which the instru -
ment was leashed. 

Sen sor place ment can be chal leng ing, 
espe cially in streams with wide ranges 
of flow. The sen sor should be placed
in the stream where it will not
become de-watered but will still expe -
ri ence water flow (i.e., not in stag nant 
pools). For streams that have not been 
viewed at a range of flows, it can be
dif fi cult to antic i pate the pat terns of
depth and veloc ity dur ing extreme
con di tions.

Dur ing instal la tion, detailed
hand-drawn maps, notes, and pho tos
must be taken so that sen sors can be
relo cated dur ing var i ous sea sons and
flows when sites can look quite dif fer -
ent. Even though cur rent tem per a ture 
log gers may have suf fi cient mem ory
to be left unat tended for months, fre -
quent field checks are rec om mended
to ensure that the sen sor is not lost,
exposed to air, or placed in an iso -
lated pool at low flows.

Other Comments

Streams that freeze or become cov -
ered with snow and ice pres ent a
range of chal lenges. It may be dif fi cult 
to locate a log ger within a snow-filled
chan nel or to remove a log ger from
under a thick ice cover. Addi tional
prob lems may occur in larger streams, 
where chan nel ice can remain intact
through the early spring melt. In such
cases, ice may be moved down stream
with the flow, result ing in move ment
or loss of a log ger. Ide ally, log gers at
such sites should be vis ited and down -
loaded in autumn to avoid pos si ble
data loss.

Another impor tant issue is spa tial het -
er o ge ne ity of stream tem per a ture

within a reach, which tends to be
great est dur ing peri ods of high stream 
tem per a ture. Stream tem per a ture
vari abil ity should be mea sured with a
man ual instru ment on warm sum mer
days to assess how rep re sen ta tive a
mon i tor ing site is rel a tive to other
loca tions within the reach. 

Tem per a ture log gers can col lect tens
of thou sands of mea sure ments each
per year, mak ing orga ni za tion and
stor ing of the data a chal lenge and
data archiv ing par a mount. Ide ally, all
data should be orga nized and stored
in a rela tional data base. At a min i -
mum, each down load file should be
fully doc u mented with metadata,
such as site and deploy ment infor ma -
tion and field notes, and be stored in
at least two secure loca tions. 

Summary
Stream tem per a ture is an impor tant
water qual ity param e ter. Despite the
avail abil ity of accu rate, robust tem per -
a ture log gers at rel a tively low cost,
mon i tor ing stream tem per a ture is not
nec es sar ily straight for ward. Log ger
emplace ment in a stream must con -
sider spa tial vari abil ity within a stream 
reach, which can be sub stan tial; the
pos si bil ity of log ger loss dur ing high
flow peri ods; and the pos si bil ity of
de-water ing dur ing low flows. In addi -
tion, the rel a tive ease with which
large data sets can be acquired makes
it imper a tive to adopt strict pro to cols
for doc u men ta tion of metadata and
data han dling. A fol low-up arti cle will
focus on mon i tor ing pro to cols and
ana lyt i cal approaches for assess ing
stream ther mal regimes and, in par tic -
u lar, the effects of for est har vest ing
and other human activ ity.
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