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Science is increasingly being called upon as a fundamental ele-
ment in managing the nation’s natural resources for the public
good. Thus, we were quite surprised to see a recent feature article
in the Journal of Range Management by Larson et al. (2002)
which provided several scientifically unsubstantiated and poten-
tially controversial conclusions. Their conclusions not only mis-
represent current understandings of thermal remote sensing but
generally disregard a wealth of peer-reviewed research. Given
that range managers and researchers unfamiliar with the capabili-
ties of thermal remote sensing and heat transfer processes in
streams might simply accept the conclusions of Larson et al.
(2002) without question, we feel that additional discussion is
needed.

Before addressing issues of concern, we are encouraged that
Larson et al. (2002) recognize that salmon recovery in the Pacific
Northwest is an important natural resources management issue
and a major concern in watersheds where high summertime
stream temperatures occur. Improving instream habitat in general
and reducing abnormally high stream temperatures specifically
are important regional issues that need to be addressed to help
insure the recovery and sustainability of depressed salmonid pop-
ulations (Beschta 1997). A broad base of literature indicates that
where high summertime temperatures are common, a number of
adverse effects to salmonids and other aquatic organisms are pos-
sible (for an extensive review of the literature see McCullough et
al. 2001).

In the discussion that follows, we address five major concerns
raised by the Larson et al. (2002) article:

(1) The scientific credibility of thermal remote sensing

for stream temperature assessment

Thermal infrared remote sensing is a well-established method
for measuring water temperature, particularly in ocean and lake
environments (Lillesand and Kiefer 1994). There is also an
increasing body of literature that provides the background neces-
sary to apply remote sensing techniques for mapping temperature
patterns in streams (Atwell et al. 1971, Belknap and Naiman
1998, Kay et al. 2001).

Researchers at Oregon State University, in cooperation with the
Oregon Environmental Protection Agency and the U.S. Army
Corps of Engineers, have been investigating the application of
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FLIR imagery for stream temperature assessment since 1994
(Norton et al. 1996). In an accuracy assessment, 67 ground-truth
measurements were compared with concurrently sensed FLIR
temperatures. Data from five different streams and four different
years indicated a near perfect linear relationship (r* = 0.99) and
an average difference of 0.3° C (Torgersen et al. 2001). The
analysis demonstrated that FLIR technology provides accurate
measurements of stream temperature in a variety of geographic
and environmental conditions.

Torgersen et al. (2001) also confirmed that FLIR surveys were
effective for mapping spatial patterns of water temperature by
comparing longitudinal temperature profiles produced from the
analysis of FLIR imagery to that measured by instream sensors.
The authors concluded that thermal stratification has a negligible
effect on the accuracy of remote measurements under most
stream conditions due to turbulent mixing in the water column.
However, they also recognized that thermal stratification may
develop in side channels, backwaters, floodplain ponds, and other
low-velocity habitats, thus complicating image interpretation of
unmixed aquatic habitats.

Larson et al. (2002) base much of their criticism over the use
FLIR imagery on the interpretation of a very small portion of a
single FLIR image in a draft agency report (Fig. 1 [Larson et al.
2002]). The image in question was collected in the late afternoon
(16:40) on 22 August 1995 along a reach of the Grande Ronde
River in eastern Oregon (45° 24.916' N, 117° 55.576' W). Close
inspection of the FLIR image and the associated aerial photo-
graph indicate that the relatively cool pixels of concern to Larson
et al. (2002) occur near the edge of the stream and represent a
microhabitat that might best be described as a small local back-
water. Given this situation, it would be reasonable to expect that
water in this location is relatively shallow, slow-moving, and not
well-mixed relative to that of the mainstream flow. Thus, its tem-
perature regime is likely to behave differently to changing envi-
ronmental conditions than that of the mainstream.

(2) The use of FLIR imagery by the scientific community

Traditional methods of measuring stream temperatures using
instream data loggers provide data that are temporally continuous
but spatially limited. However, spatially continuous data along
stream and river reaches are increasingly needed to map thermal
conditions at the scale of watersheds to provide better under-
standing of non-point sources of thermal pollution and mecha-
nisms of human-caused thermal degradation (Poole and Berman
2001). Torgersen et al. (1999 and 2001) and Faux et al. (2001)
have found that thermal infrared imagery can be an effective tool
for quantifying watershed and reach-scale temperature patterns in
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medium- to large-sized streams and rivers
(2nd-order or higher). Integrating spatial
imagery (e.g., FLIR imagery) with tempo-
ral thermal data from instream data log-
gers can provide a more spatially and tem-
porally continuous perspective on water
temperature patterns within and among
stream systems. Contrary to the assertions
of Larson et al. (2002), the research com-
munity and the Oregon Department of
Environmental Quality (ODEQ) are not
using FLIR imagery to evaluate microhab-
itat effects of streamside vegetation on
water temperatures.

3) An energy balance approach to

assessing stream cooling

In an attempt to support their contention
that shaded water near the edge of a
stream cannot be ~2° C cooler than the
mainstream water, Larson et al. (2002)
provide a mathematical development of
how energy loss by conduction might be
evaluated. However, understanding
changes in water temperature requires
consideration of multiple energy transfer
processes. An energy balance approach
(Sellers 1969) to predicting stream tem-
perature dynamics involves a delineation
of the various heat sources and sinks, such
as net solar radiation (sr), net longwave
radiation (Ir), evaporation (ev), convection
(co), advection (ad), and bed conduction
(bc). Algebraically, the energy balance can
be represented as:

Q=+sr+lr+ev+co+ad+bc

where Q represents the total heat energy
that is absorbed (+) or released (-) by a
stream.

Larson et al. (2002) undertake an exten-
sive mathematical development focused
on bed conduction (typically a relatively
minor component of the energy balance)
to explain why water along the edge of a
channel cannot be cooler than the main-
stream flow, which is exposed to full sun-
light. In the process, they ignore the poten-
tial role of other heat transfer components
such as absorbed solar radiation (sr), net
longwave radiation (Ir), and evaporation
(ev) that are often of much greater impor-
tance.

(4) A field experiment

Larson et al. (2002) provide the results
of a field experiment that was ostensibly
designed to prove that stream temperatures
cannot differ by ~1-2° C over a channel
distance of 12 m. Unfortunately, their
experiment was not undertaken along the
reach of concern (i.e., Fig. 1). Instead,
another unspecified stream was selected in
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the general region of eastern Oregon.
Stream temperature measurements were
made along an exceptionally short (12-m
long) section of channel during several
clear days in late summer when the solar
angle was ~54° at noon. The velocity of
flow was 0.3 m/s. Temperature sensors,
with a reported accuracy of +0.2° C, were
placed at a depth of 25 cm, however the
depth of water, a critical variable in stream
temperature dynamics, was not indicated.

Under clear-sky meteorological condi-
tions typical of eastern Oregon in late
summer and with no shading from stream-
side vegetation or topography, a net solar
radiation of approximately 1.27
cal/cm?/min would be available to the
stream (assuming a solar angle of 54° at
noon, a latitude of 45°, an elevation of
1000 m, no clouds, and an atmospheric
relative humidity of 10%) Beschta and
Weatherred 1984). These solar inputs dur-
ing the 40 seconds required for water to
flow through the 12-m long reach (assum-
ing an average stream velocity of 0.3 m/s)
and a water depth of 25 cm (the depth of
the sensors) indicate that the maximum
expected temperature increase would only
be 0.03° C, a value that is nearly an order
of magnitude smaller than the accuracy of
the employed sensors. Even if the sun
were at its zenith in late summer, there
were no clouds, and the stream section
were totally devoid of canopy cover, it
would not be possible for solar radiation
(the dominant term in the energy balance
for an unshaded stream) to sufficiently
increase water temperature so that the
downstream sensors could detect a
change. Thus, the field experiment pre-
sented by Larson et al. (2002) and the tab-
ular data presented in their Table 2 have
no relevance regarding the issue of
whether unshaded vs. shaded water can
warm over this short reach. The experi-
ment certainly has no relevance to the
importance of conduction, which is the
focus of their mathematical development
(e.g., see their section on “The Effect of
Water Flow on Temperature Profiles” and
Appendix A).

(5) Vegetation shade and water tem-

perature

In their abstract, Larson et al. (2002)
conclude that the “temperature data taken
from a stream channel are used to show
that the water flowing in the channel is
essentially unaffected by the patterns of
vegetation shade on the surface of the
channel.” Because no measured change in
temperature occurred in their experiment,
Larson et al. (2002) conclude that vegeta-

tion shade has no role in affecting stream
temperatures. As indicated in the previous
discussion, the experiment was apparently
designed, intentionally or unintentionally,
so that it was not possible for any change
to be measured. Had a longer reach been
studied, they would have come to the
opposite conclusion.

The conclusion that shade from riparian
vegetation does not influence stream tem-
perature is contrary to an abundant body
of stream temperature research (e.g., see
Beschta et al. 1987, Sullivan and Adams
1990). A wide range of studies have con-
sistently shown, by both field experiments
and energy balance modeling, that reduc-
tions of shading vegetation along a chan-
nel result in increased summertime maxi-
mum temperatures during clear-sky condi-
tions. Since energy losses from steams are
often of a smaller magnitude, it would
appear that the best management strategy
to minimixe the potential for high stream
temperatures would be to maintain fully
functional riparian plant communities.

Two experiments conducted by
researchers at Oregon State University
specifically addressed the role of shade
and stream temperature. One of these
involved the use of a shaded and unshaded
tank whereby Moore et al. (1999) conclud-
ed that “shade is a very important factor in
influencing the rate of heating and cooling
of water bodies”. Shaded tanks had lower
maximum and minimum temperatures,
with experimental location and air temper-
ature having no significant influence on
the rates of heating and cooling. The sec-
ond study involved the application of
shade treatments to an irrigation channel;
the channel was chosen to provide the
researchers with control over flow, water
column depths, and to minimize potential
groundwater inputs. From this second
study, Peterson et al. (1999) concluded
that “results substantiate the hypothesis
that stream shade can be an important fac-
tor in decreasing water heating”.

The erroneous conclusion of Larson et
al. (2002) regarding the effects of shade is
an extremely important concern. If such a
conclusion were accepted by rangeland
professionals, it would give pseudo-credi-
bility to assertions that management prac-
tices which continue to maintain relatively
low levels of riparian vegetation have little
effect on stream temperature. We would
suggest that the recovery of degraded
riparian plant communities (i.e., a recov-
ery of shade and the other important eco-
logical functions associated with healthy
streamside vegetation) is a major ecologi-
cal and environmental concern along
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many rangeland streams throughout the
American West. This is particularly the
case where high stream temperatures
threaten native salmonids or where stream
temperatures are out of compliance with
water quality standards. The conclusions
by Larson et al. (2002) appear to represent
a major obstruction to the proper manage-
ment of rangeland riparian systems.

Final comments

Larson et al. (2002) focus on a small
portion of a single thermal image along
the edge of a stream in a draft agency
report. From this, they make sweeping
generalizations about the inaccuracies of
FLIR methodology and conclude that ther-
mal remote sensing is inappropriate for
obtaining stream temperature measure-
ments for scientific or management pur-
poses. Such conclusions are very discon-
certing. In our review of the literature on
thermal remote sensing, we find that the
body of published research would disagree
with their conclusions.

Larson et al. (2002) used thermodynam-
ic principles to indicate that conduction is
likely to be a relatively small portion of a
stream’s energy balance. We agree that
bed conduction is an inefficient energy
transfer process and is often of minor sig-
nificance with regard to stream tempera-
tures. However, in assessing conduction
alone they ignore other more important
processes that determine temperature pat-
terns along a stream reach. Had Larson et
al. (2002) considered a simple energy bal-
ance that included the other major energy
sources and sinks, their conclusions would
have been much different.

The field experiment that Larson et al.
(2002) present is inconsequential for
assessing the role of shade on stream tem-
peratures. In spite of unconvincing results,
they conclude that stream temperature is
essentially unaffected by shade. The level
of rigor and logic associated with this
experiment is disheartening.

Larson et al. (2002) developed their
controversial conclusions with little refer-
ence to the current literature. For example,
they provide only 4 citations from which a
reader might evaluate the status of the sci-
ence—?2 are introductory physics texts,
and the other 2 are reports by the ODEQ
that address basin-wide stream tempera-
tures. With regard to the ODEQ reports,
we suggest that Larson et al. (2002) gross-
ly misinterpreted how that agency uses
FLIR data. Furthermore, they have chosen
to ignore a rich body of published research
and energy balance models that would
have provided an important guide for

assessing the influences of riparian shade
and stream temperature. Had the authors
sampled this literature, they would have
found that it did not support their conclu-
sions.

In recent years, Larson et al. (2002)
have produced other reports and articles
on stream temperature and have played
active roles in criticizing the need for
stream temperature management along
aridland streams in Oregon and elsewhere
in the Pacific Northwest. While the
authors obviously have a right to express
their views on streamside management
and stream temperatures, we urge readers
to carefully assess and evaluate the sci-
ence presented in Larson et al. (2002).
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