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Introduction 
 
Thermal infrared remote sensing has been demonstrated as a reliable, cost-

effective, and accessible technology for monitoring and evaluating stream temperatures 
from the scale of watersheds to individual habitats (Karalus et. al., 1996; Torgersen et. al. 
1999; Torgersen et. al. 2001).  In 2001, the Pacific Watershed Institute (PWI) contracted 
with Watershed Sciences, LLC (WS, LLC) to map and assess stream temperatures in the 
Yakima River sub-Basin using thermal infrared (TIR) remote sensing.   
 
 This report presents longitudinal temperature profiles for each survey stream as 
well as a discussion of the thermal features observed in the basin.  TIR and associated 
color video images are included in the report in order to illustrate significant thermal 
features.  An associated ArcView GIS1 database includes all of the images collected during 
the survey and is structured to allow analysis at finer scales.  Appendix A presents a 
collection of selected TIR and visible band images from the surveys. 
 
 
Methods 
 
Data Collection 
 

Data were collected using a TIR sensor and a visible band color video camera co-
located in a gyro-stabilized mount that attached to the underside of a helicopter. The 
helicopter was flown longitudinally along the stream channel with the sensors in a vertical 
(or near vertical) position.    Figures 1 and 2 illustrates the extent of the TIR surveys and 
Table 1 summarizes the dates and times of each survey.  Survey dates were postponed 
from mid-August to the first week of September due to forest fires in the region first and 
then to unfavorable weather conditions near the end of August. 
 

TIR images were collected digitally and recorded directly from the sensor to an on-
board computer.  The TIR sensor detects emitted radiation at wavelengths from 8-12 
microns and records the level of emitted radiation in the form of an image.  Each image 
pixel contains a measured value that can be directly converted to a temperature.   The raw 
TIR images represent the full 12 bit dynamic range of the instrument and were tagged with 
time and position data provided by a Global Positioning System (GPS).   Visible band 
color images were recorded to an on-board digital videocassette recorder at a rate of 30 
frames per second.  GPS time and position were encoded on the recorded video.  The color 
video camera was aligned to present the same ground area as the TIR sensor. 
 

                                                 
1 Geographic Information System 
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Figure 1 – Map of the Teanaway and Cle Elum River watersheds showing the streams 
surveyed using TIR and visible band color video.  The placement of in-stream sensors that 
were used to verify the accuracy of the radiant temperatures are identified by river mile 
(rm). 
 
 The surveys were conducted at an average altitude of 1600 ft above ground level 
(AGL).  At this altitude, the image has a 170-meter wide footprint with a pixel size of 0.3 
meters.   The flight direction was upstream for all of the rivers and creeks in the survey and 
the images are oriented in the flight direction. 
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Figure 2 – Map of the Upper Naches River basin showing the streams surveys with TIR 
and visible band color video. The placement of in-stream sensors that were used to verify 
the accuracy of the radiant temperatures are identified by river mile (rm). 
 

WS, LLC distributed in-stream temperature data loggers (Onset Stowaways) at 9 
locations in the basin prior to the surveys (Figures 1 and 2).  This sensor information was 
supplemented by six locations provided by the US Forest Service.  The in-stream sensors 
were used to ground truth (i.e. verify the accuracy of) the radiant temperatures measured 
by the TIR sensor.  The advertised accuracy of the Onset Stowaway’s is ±0.2oC.  The 
sensors were located in the basin to provide even spatial coverage over the extent of the 
surveys.  The sensors were attached to weights and positioned on the stream bottom in 
well-mixed water.  The data loggers were tested prior to the field season and in-stream 
temperatures were taken using a digital handheld thermometer at the time the data logger 
was retrieved.  
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Meteorological conditions for September 2nd were recorded using a portable 

weather station located at the Ellensburg, WA Airport.  Conditions during September 4th 
were recorded using a portable weather station located near river mile 3.3 of the Little 
Naches River (Figure 2).  Weather conditions for both days are summarized in Table 2. 

 
Table 1 - Time, date and distance for the Yakima River basin surveys.  

 
Stream 

 
Date 

Time  
(PM) 

Survey  
Extent 

    
Teanaway R. 2-Sep 13:32 – 1:48

2:25 – 2:26
Mouth to North Fork 

North Fork to Middle Fork 
NF Teanaway R. 2-Sep 1:48 – 2:16 Mouth to Deroux Creek Campground 
MF Teanaway R. 2-Sep 2:27 – 2:47 Mouth to Jolly Cr. 
WF Teanaway R. 2-Sep 2:52 – 3:13 Mouth to Tumble Cr. 
Cle Elum R. 2-Sep 3:16 – 3:46 Mouth to Hyas Lake 
Little Naches R. 4-Sep 2:23 - 2:49 Mouth to North and Middle Forks 
Bumping R. 4-Sep 2:56 - 3:02 Mouth to American R. 
American R. 4-Sep 3:02 - 3:33 Mouth to Rainier Fork 
 
Table 2 – Meteorological conditions recorded in the Yakima River basin for the dates and 
times of the TIR surveys.  

Time Temp (*F) Temp (*C) RH (%) 
September 2, 2001 – Ellensburg, WA 

13:30 71.1 21.7 20.0 
14:00 71.1 21.7 22.6 
14:30 71.1 21.7 17.1 
15:00 71.1 21.7 15.9 
15:30 71.8 22.1 15.9 
16:00 72.5 22.5 15.9 
16:30 73.2 22.9 16.3 

September 4, 2001, Little Naches R. @ mile 3.3
14:00 71.8 22.1 34.2 
14:30 67.0 19.4 32.8 
15:00 65.6 18.7 35.7 
15:30 66.3 19.0 36.7 
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Data Processing 
 
The TIR radiometer used for these surveys is a calibrated sensor, which contains 

two internal black bodies as internal temperature references.  The raw radiance values 
collected by the instrument were converted to temperatures based on the internal 
calibration coefficients of the sensor, emissivity of water, atmospheric transmission 
effects, and ambient background reflections.  The atmospheric transmission value was 
modeled based on air temperatures and relative humidity recorded in the basin at the time 
of the survey.  The resultant temperatures were compared to the kinetic temperatures 
measured by the in-stream data loggers. If a consistent deviation was observed between the 
kinetic and radiant temperatures, the atmospheric transmission variable was adjusted to 
provide a better fit to the stream data loggers. Observed differences between the kinetic 
and radiant temperatures is the result of a combination of factors including spatial 
differences in atmospheric effects, variation in reflection levels, internal sensor noise, and 
other natural sources of variability.  The resultant accuracy was reported for the overall 
survey. 

 
Based on the calibration parameters, the raw thermal images (radiance values) were 

converted to ARC/INFO GRIDS where each GRID cell contained a temperature value.  A 
GIS program was used to display the GRID associated with an image location selected in 
the point coverage. The GRID was color-coded to visually enhance temperature 
differences, enabling the user to extract temperature data (Figure 3).  The legend on the left 
of “Grid View” specifies the temperature range associated with each color.  The other view 
window shows the point coverage with the displayed GRID location highlighted in yellow.  
Each point in the “Yakima TIR Survey” view represents another image location. 

 
Once in the GRID format, the images were analyzed to derive the minimum, 

maximum, and median stream temperatures.  To derive these measures, a computer 
program was used to sample the GRID cell (temperature) values in the stream channel.  
The analyst sampled 10 cells (i.e. temperatures) longitudinally in the center of the stream 
channel (Figure 4) for each image.  The red “x’s” on the psuedo-color TIR image show 
typical sample locations.  Each sample represents one grid cell (i.e. temperature) value.  
For each sampled image, minimum, maximum, median, and standard deviation values for 
the 10 sample set was recorded directly to the point coverage attribute file.  The median 
value is the most useful measure of stream temperatures because it minimizes the effect of 
extreme values.  The standard deviation was recorded for each sample, but was generally 
less than 0.4oC.  

 
Samples were taken to provide complete coverage without sampling the same water 

twice.  Hence all images in the database were not sampled. Where there were multiple 
channels, only the main channel (as determined by width and continuity) was sampled.   
Side channels that had water temperatures different than the main channel were sampled as 
tributaries.  For each sampled image, the temperature of tributaries and other detectable 
surface inflows were also sampled.  These inflows were sampled at their mouth using the 
same techniques described for sampling the main channel.  If possible, the surface inflows 
were identified on the USGS 24K base maps.  The inflow name, median temperature, and 
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location (right or left bank looking downstream) were then entered into the point coverage 
attribute file.   
 

Visible band images corresponding to the TIR images were extracted from the 
database using a computer-based frame grabber.  The images were captured to correspond 
to the TIR images and provide a complete coverage of the stream.  The video images were 
“linked” to the corresponding thermal image frame in the ArcView GIS environment. 

 
 

 
Figure 3 – ArcView display showing a color-coded temperature GRID in one window and 
the geographic location of the GRID in the other.  The orientation of the image is always in 
the flight direction, which in this case is upstream and opposite the map. 
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TIR/visible band color image 
Figure 4 – Image pair showing typical temperature sampling locations. Temperatures are 
presented in oC.   
 
Data Quality 
 
 Quality assurance and control occurs throughout the process.  The following steps 
are used to insure high quality data products: 
 

1. TIR surveys were conducted on days that promised the best success for 
accurate data collection and maximum in-stream temperatures. Flight paths 
were checked to insure the survey covered the planned extent.  

2. In-stream sensors are distributed to provide ground truth points at different 
locations throughout the duration of the survey.   The accuracy of the in-stream 
sensors is checked prior to the summer season and audits are made using a 
digital thermometer at each deployment.  Image conversion from radiance 
values to temperatures took into account the set of variables that influence the 
level of emitted energy received at the sensor.  The conversion parameters were 
fine tuned based on comparison of radiant temperatures to in-stream 
measurements. 

3. A trained technician sampled radiant (image) temperatures and created a draft 
longitudinal temperature profile. The technician also identified significant 
thermal features in the imagery along with the locations of unknown or 
anomalous thermal features (i.e. thermal stratification, rapid temperature shifts, 
etc.). A senior analyst reviewed the longitudinal temperature profile, thermal 
features, and image interpretations.  While the analyst worked with the imagery 
to develop basin scale temperature patterns, the senior analyst worked in 
reverse using the basin scale patterns to direct analysis at finer scales. Other 
spatial data sets such as local topography, land-use, and channel features (from 
the color video) were used to facilitate the analysis.  The interpretations are also 
made with knowledge of the characteristics and limitations of the data set 
(reference the image characteristics section).  

 

x 
x 

x 

x 
x 

x 

x 

x 

x 
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Image Characteristics 
 
 TIR sensors measure thermal infrared energy emitted at the water’s surface.  Since 
water is essentially opaque to thermal infrared wavelengths, the sensor is only measuring 
surface water temperature.  TIR data accurately represents bulk water temperatures in 
reaches where the water column is thoroughly mixed, however, thermal stratification can 
form in reaches that have little or no mixing.  Tucquala Lake in the upper portion of the 
Cle Elum River showed signs of partial thermal stratification.  Otherwise, thermal 
stratification was not considered an issue for the streams surveyed in the Yakima River 
basin.   

 
TIR reflections may also influence the accuracy of the radiant temperatures.  The 

TIR reflections result from changes in background parameters and water surface 
conditions.  Torgersen (2001) documented a difference in the apparent temperatures 
between pools and riffles, which were related to differences in reflective characteristics at 
the water’s surface.  The differences in apparent temperatures between pools and riffles are 
typically on the magnitude of 0.5oC.   Riparian vegetation and topography can also change 
the level of reflected energy received at the TIR sensor.  As channel and riparian 
conditions change along the stream course, the level of TIR reflections also changes. 
However, since the reflectivity of water in the TIR wavelengths is low, changes in the 
reflective component have a relatively small influence (e.g. <1.0oC) on apparent stream 
temperatures in a natural environment. 
 
 Hybrid pixels are pixels that integrate features such as rocks and vegetation with 
the water surface resulting in a higher temperature reading.    When the stream channel is 
narrow relative to the pixel size, a greater number of hybrid pixels can exist within the 
sample.  Consequently, small channel widths can result in higher inaccuracies and more 
“noise” in the temperature profile.  Small channel widths were observed in the forks of the 
Teanaway River. The influence of these factors on temperature sampling is addressed 
during the discussion of individual streams.   

 
Although the surveys in the Yakima basin were conducted in the mid-afternoon, 

cooler air temperatures and scattered clouds resulted in generally lower apparent 
temperatures of the vegetation and terrain.  During the surveys in the Yakima Basin, the 
apparent temperature of vegetation and other terrestrial features were often similar (i.e. 
within ±2.0oC) to measured water temperatures.  While this does not impact the accuracy 
of the TIR derived temperatures, the reduced contrast made detection of the stream channel 
difficult and limited the interpretation of off-channel features.   The visible band imagery 
was used extensively for interpretation of the TIR images. 
 

Visible band shadows that are apparent in the color video do not influence the TIR 
data.  In fact, shadowed areas are not normally detected in the TIR images when water is 
flowing.  The main effect of visible shadows is generally cooler temperatures in the 
immediate riparian zone and reduced thermal contrast between the stream and bank.  In 
addition, visible shadows make it more difficult to use the color video to facilitate 
interpretation of thermal features. 
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Results 
 
Thermal Accuracy 
 

Temperatures from the in-stream data loggers were compared to radiant 
temperatures derived from the imagery for each survey (Table 3). The data were assessed 
at the time the image was acquired, with the radiant values representing the median of ten 
points sampled from the image at the data logger location.  Each surveyed stream was 
calibrated separately based on the meteorological conditions recorded at the time of the 
survey.  If a consistent difference was observed for all the in-stream sensors, the 
parameters used to convert radiant values to temperatures were adjusted to provide a better 
fit to the in-stream sensors.  Eleven ground truth locations were used to verify the accuracy 
of the temperatures in the Cle Elum and Teanaway (including forks) Rivers.  All of the 
points showed a difference less than or equal to ±0.6oC between the in-stream and the 
radiant temperatures.  Four ground truth locations were used to verify the accuracy of the 
temperatures in the American and Little Naches Rivers.  The average differences of 0.4oC 
(Sept. 2) and 0.3oC (Sept. 4) were consistent with TIR surveys conducted in the PNW 
since 1994 (Torgersen et. al. 2001). 
 
Table 3 – Comparison of ground-truth water temperatures with radiant temperatures 
derived from the TIR images, September 2 and 4, 2001.  Temperatures are reported in oC 
and river miles are cited for location. 

Stream Image River 
Mile 

Time In-stream 
Temp *C

Radiant 
Temp 

*C 

Difference

September 2, 2001 
NF Teanaway R. tean0482 0.3 13:48 19.4 19.0 0.4 
NF Teanaway R. tean0833 8.0 14:01 14.3 14.7 -0.4 
NF Teanaway R. tean0935 10.3 14:04 12.4 12.7 -0.3 
NF Teanaway R. tean0978 11.1 14:05 12.6 12.2 0.4 
NF Teanaway R. tean1064 12.7 14:09 12.3 12.2 0.1 
NF Teanaway R. tean1174 15.1 14:12 9.8 9.9 -0.1 

Teanaway R. mft0020 11.0 14:25 19.9 19.9 0 
Teanaway R. mft0071 12.0 14:26 17.7 17.2 0.5 

MF Teanaway R. mft0316 4.8 14:34 15.2 15.5 -0.3 
WF Teanaway R. wft0030 0.0 14:53 17.7 18.2 -0.5 
WF Teanaway R. wft0364 6.1 15:04 15.2 15.2 0 

Cle Elum R. cle0210 18.2 15:23 15.2 15.8 -0.6 
Cle Elum R. cle0719 29.3 15:40 15.3 14.8 0.5 

September 4, 2001 
Little Naches R. lnac0045 0.1 14:25 15.2 15.6 -0.4 
Little Naches R. lnac0511 9.4 14:40 13.6 13.1 0.5 

Bumping R. am0037 0.2 14:57 16.8 16.6 0.2 
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American R. am0486 5.9 15:12 10.0 10.1 -0.1 
Temporal Differences 
 
  Figure 5 shows in-stream temperature variation at two locations in the Yakima 
River basin as well as the time bracket of the TIR remote sensing flights.  The graphs 
represent one location in each the North Fork Teanaway River (river mile 11.1) and the 
Cle Elum River (river mile 29.3).  The survey of the NF Teanaway River ended just 30 
minutes before the daily maximum stream temperature (13.1oC) at river mile 11.1, which 
occurred at 3:10 PM (15:10).  At river mile 29.3 of the Cle Elum River, the maximum 
daily stream temperature of 15.8oC was recorded at 6:20 PM (18:20).  The survey of Cle 
Elum River occurred prior to the daily maximum and temperatures changed from 15.3oC to 
15.8oC over the duration of the survey. In-stream temperature were not plotted for points 
on the American and Little Naches Rivers since temperatures were only recorded at the 
time of the over flight.           
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Figure 5 – Stream temperature variation and time of TIR remote sensing over flight for two 
locations in the Yakima River basin on September 2, 2001. 
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Longitudinal Temperature Profiles 
 
 

Teanaway River 
 

The Teanaway River was flown upstream from the mouth at Yakima River to the 
confluence of the Middle and West Forks, a total of 12 miles.  A longitudinal temperature 
profile was developed for the Teanaway River for the full length of the survey (Figure 6).  
The plot contains the median temperature of all surface water inflows (e.g., tributaries, 
canals) and off-channel features (side-channels, backwaters) that were visible in the 
imagery where they input into the Teanaway River.   Only the surface water inflows that 
could be positively identified in the imagery were included.  A number of surface inflows 
were detected, but were not sampled due to their size relative to the pixel width. 
 
 At the time of the over flight, water temperatures in the Teanaway River showed a 
relatively high degree of thermal spatial variability ranging from ≈16.9 oC to 20.4 oC.   
Ultimately, stream temperatures at the mouth were cooler than those observed upstream of 
the North Fork confluence.  A total of three surface water inputs were sampled during the 
analysis.  Of the three, two contributed cooler water to the main stem.  The North Fork 
Teanaway River at river mile 11.0 was slightly warmer than the main stem.  Musser Creek 
at river mile 3.7 was cooler than the main stem and contributed to the overall decrease in 
mainstream water temperatures between river miles 4.3 and 3.2.   
 
 While surface inflows contribute to variability in the longitudinal temperature 
profile, rapid temperature shifts (1-2oC) over relatively short distances suggest subsurface 
interactions within the stream channel. In the Teanaway River, stream temperatures 
showed decreases greater than 1.0oC from river miles 11.2 to 10.4, 7.1 to 5.8, 4.3 to 3.2, 
and 2.2 to 1.4.  The source of thermal cooling through these reaches was not apparent from 
the imagery.  Unlike point source inflows, which are directly detectable, diffuse inputs 
must be derived through interpretation of the imagery and longitudinal temperature profile.  
However, the presences of large gravel bars and signs in the individual image frames 
(Figure 7) suggest that intragravel flow may buffer or even reduce stream temperatures 
through some reaches of the Teanaway River.     
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Figure 6 - Median channel temperatures versus river mile for Teanaway River, WA, along 
with the location of surface water inflows (9/2/01). 
 
 
 

 

 
 
Figure 7 – Visible band/TIR image pair (frame: vtean0376) showing the Teanaway River 
(18.4oC) at river mile 8.7.  The image shows an apparent decrease in temperature at the 
lower end of the gravel bar. Reflections from the rock wall along the right bank may also 
contribute to cooler apparent temperatures at the water surface. 
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North Fork Teanaway River 

 
The North Fork (NF) Teanaway River was surveyed from its mouth to just 

upstream of Deroux Creek Campground, a total of 16.5 miles. The median temperatures 
for each sampled image of the NF Teanaway River were plotted versus the corresponding 
river mile (Figure 8).  The plot also contains the median temperature of all surface water 
inflows (e.g. tributaries, canals) Tributaries are labeled in Figure 8 by river mile with their 
name and temperature listed in Table 4.    
 
 Stream temperatures were cold at ≈9.4oC at the upstream end of the survey and 
generally increased in the downstream direction reaching the maximum (19.4oC) at its 
confluence with the Teanaway River.  Between river miles 16.5 and 12.5, stream 
temperatures increased, but showed some local variability.  Local spatial variability is 
typical of small streams due both to lower flow volumes and the greater contributions of 
hybrid pixels (see data limitations).  Stream temperatures increased steadily and 
consistently between river miles 12.5 and 4.0 reaching a local maximum of 18.6oC.  
Stream temperatures showed a decrease of ≈1.2oC between river mile 4.0 and 2.4.  No 
surface water inflows were detected through this reach, which occurs just downstream of 
the mapped confluence of Indian Creek.  From river mile 2.4, stream temperatures 
remained about 16.9oC (±0.5oC) to river mile 1.1 before increasing again over the last 1.1 
miles.  A total of four surface inflows were sampled during the analysis.  However, all 
surface inflows were within 1.2oC of the mainstem temperatures and did not have a 
detectable influence on the basin scale temperature patterns. 
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Figure 8 - Median channel temperatures versus river mile for NF Teanaway River, WA, 
along with the location of surface water inflows (9/2/01). 
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Table 4 - Tributary and side channel temperatures for NF Teanaway River, WA.  River 
miles correspond to data labels shown in Figure 8. 

Tributary Name Image km mile 
Tributary 
Temp oC 

NF Teanaway 
Temp oC 

Difference 
Temp oC 

Teanaway River (RB) tean0464 0.0 0.0 18.7 19.3 -0.6 
Stafford Creek (LB) tean0833 12.8 8.0 13.5 14.6 -1.1 
Beverly Creek (LB) tean0937 16.6 10.3 12.6 12.7 -0.1 
Johnson Creek (RB) tean0976 17.9 11.1 11.1 12.3 -1.2 
DeRoux Creek (RB) tean1173 24.3 15.1 9.7 9.5 0.2 
 
 
 

Middle Fork Teanaway River 
 

The MF Teanaway River was surveyed from its mouth at the Teanaway River to 
Jolly Creek, a total of 11.3 miles.  A longitudinal temperature profile was developed for 
the Teanaway River for the full length of the survey (Figure 9). The plot also identifies the 
location and temperature of surface water inflows sampled during the analysis.   

 
At the upstream end of the survey (river mile 11.3), stream temperatures in the MF 

Teanaway River were ≈11.0oC.  From river mile 11.3, stream temperatures warmed in the 
downstream direction reaching 12.7oC at river mile 8.3.  At river mile 8.3, the temperature 
profile shows an increase in the longitudinal heating rate with temperatures reaching a 
local maximum of 18.9oC at river mile 5.9.    From river mile 5.9 to 5.5, stream 
temperatures decreased from 18.9oC to 14.9oC.  A cooler side channel, which may 
represent a flood plain spring brook, was sampled at river mile 5.9, but no other surface 
inflows were detected.  The ≈4.0oC decrease through this 0.4 miles reach suggests sub-
surface recharge as the primary temperature driver.  From river mile 5.5 to the mouth, 
stream temperatures generally increased.  However, local thermal variability was observed 
through the lower 5.5 miles. No surface water inflows were sampled through this reach and 
the observed variability was likely due to sub-surface exchanges within the channel 
floodplain.  This type of variability is common on relatively small streams with large 
gravel bars such as those observed on the Teanaway River.  
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Figure 9 - Median channel temperatures versus river mile for MF Teanaway River, WA, 
along with the location of surface water inflows (9/2/01). 
 
 
 

West Fork Teanaway River 
 
 The West Fork (WF) Teanaway River was surveyed from its mouth at Teanaway 
River upstream to the confluence of Tumble Creek, a total of 10.9 miles. The median 
channel temperatures for each sampled image were plotted versus river mile for the WF 
Teanaway River (Figure 10).  No surface water inflows (e.g. tributaries, side channels, etc) 
were sampled during the analysis of the WF Teanaway River. However, Dingbat Creek, 
Corral Creek, Hex Creek, and Tumble Creek were visible but were too small relative to the 
pixel width to sample. 
 
 At the upstream end of the survey (river mile 10.9), stream temperatures were 
≈10.9oC. Water temperatures in the WF Teanaway River increased to 13.3oC by river mile 
10.3 and remained consistently near 13.3oC (±0.7oC) up until river mile 7.2.  From river 
mile 7.2 to the mouth, stream temperatures generally increased in the downstream 
direction, but showed a high degree of spatial thermal variability.  For example, the 
longitudinal profile shows an apparent temperature drop from 16.9oC to 15.4oC at river 
mile 6.5.  This location is downstream of the mapped confluence of Corral Creek and the 
profile suggests that flow (surface or sub-surface) may have an influence on main stem 
temperatures through this reach.  Similar spatial temperature patterns were observed at 
river mile 5.0, 4.6, 2.6, 1.7, and 0.9.  The maximum temperature for the survey (20.9oC) 
was recorded at river mile 1.0.   
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Figure 10 - Median channel temperatures versus river mile for, WF Teanaway River WA, 
along with the location of surface water inflows (9/2/01). 
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Cle Elum River 

 
 The Cle Elum River was surveyed from Cle Elum Lake upstream to the outlet of 
Hyas Lake, a total of 21.8 miles.  Water levels in Cle Elum Lake were well below full bank  
levels.  As a consequence, the flight started well into the mapped portion of the lake in 
order to capture the river channel and tributaries through the upper lakebed. The median 
temperatures for each sampled image of the Cle Elum River were plotted versus the 
corresponding river mile (Figure 11).  The plot also contains the median temperature of all 
surface water inflows (e.g. tributaries, side channels, springs). Tributaries are labeled in 
Figure 11 by river mile with their name and temperature listed in Table 5.    
 
 Water temperatures in the Cle Elum River were ≈15.6oC at the outlet of Hyas Lake 
at the time of the over flight on September 2, 2001.  Stream temperatures warm slightly 
before the river enters the upstream influence of Tucquala Lake at river mile 32.1.  Near 
river mile 32.1, the river traverses a marshy area with multiple interconnected channels.  
While the main channel is clearly visible, the multiple channels and cooler vegetation 
resulted in lower contrast in the thermal imagery (reference Appendix A frame: cle0807-
0811).  From river mile 32.1 to the outlet of Tucquala Lake (river mile 29.3), spatial 
thermal variability was observed at the water surface.  The surface temperature patterns 
and degree of variability in the profile suggest intermittent thermal stratification through 
Tucquala Lake. 
 
 At the outlet of Tucquala Lake, stream temperatures measured ≈14.5oC and 
warmed to 15.7oC at river mile 28.1. Between river mile 28.1 and 24.1, stream 
temperatures decreased from 15.7oC to 13.9oC.  A total of ten surface water inflows were 
detected through this reach and all contributed water cooler than the main stem.  Of these 
inflows, two were classified as springs and four were classified as unnamed tributaries.  An 
unnamed tributary is a general category that encompasses surface inflows that were either 
unnamed or undocumented on the topographic maps, but were not necessarily classified as 
a spring (Figure 12).  The cool water inflows contributed to the observed cooling trend, 
however, the springs and unnamed inflows suggest potential sub-surface influences 
through this reach. From river mile 24.1, stream temperatures warmed by ≈1.0oC in the 
downstream direction reaching 15.0oC at river mile 20.9.  Paris Creek (11.4oC) enters the 
main stem at river mile 21.3 and contributes to the thermal variability in this reach.  The 
Cle Elum River appeared to cool slightly between river miles 20.9 and 19.4 although no 
surface inflows were detected through this reach.   From river mile 19.4, stream 
temperatures generally increased to Cle Elum Lake. 
 
 A total of twenty-three tributaries and other surface inflows were detected during 
the analysis of the Cle Elum River. Of these inflows, nineteen contributed water that was 
significantly cooler (i.e. <=0.5oC) than the main stem.  Three inflows contributed water 
that was warmer than the Cle Elum River. 
 
 



- 18 - 
Final Report –Yakima River Basin 

12.7

13.0

13.5

15.8

16.9

18.4

18.7

19.1

21.3

21.4

23.6

24.0

24.1

24.5

24.8

25.3

26.0

26.6

27.2
28.0

29.1

31.6

31.9

6

7

8

9

10

11

12

13

14

15

16

17

18

19

12 14 16 18 20 22 24 26 28 30 32 34 36

Distance from mouth (miles)

Su
rf

ac
e 

w
at

er
 te

m
pe

ra
tu

re
 (d

eg
 C

) 

Cle Elum River Tributary

 
Figure 11 - Median channel temperatures versus river mile for Cle Elum River, WA, along 
with the location of surface water inflows (9/2/01). 
 
 
 

 

 
Figure 12 – Visible band/TIR image pair showing the confluence of the Cle Elum River 
(15.5oC) and an unnamed inflow (12.5oC) at river mile 18.7.  The inflow was not shown on 
the topographic map and the source of the inflow was outside the image frame. 
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Table 5 - Tributary and side channel temperatures for Cle Elum River, WA.  River miles 
correspond to data labels shown in Figure 11. 

Tributary Name Image km mile
Tributary
Temp oC 

Cle Elum R. 
Temp oC 

Difference
Temp oC 

Bell Cr (LB) cle0013 20.4 12.7 10.3 16.5 -6.2 
Unnamed (RB) cle0025 21.0 13.0 12.1 16.6 -4.5 
Morgan Cr (LB) cle0039 21.7 13.5 16.9 17.4 -0.5 
French Cabin Cr (RB) cle0115 25.4 15.8 13.4 16.9 -3.5 
Cool Seep (RB) cle0157 27.2 16.9 10.9 16.1 -5.2 
Unnamed (RB) cle0222 29.6 18.4 14.4 15.7 -1.3 
Unnamed (LB) cle0246 30.1 18.7 12.5 15.5 -3.0 
Cooper Cr (RB) cle0266 30.7 19.1 16.9 15.1 1.8 
Paris Cr (LB) cle0380 34.3 21.3 11.4 14.6 -3.2 
Waptus Cr (RB) cle0383 34.4 21.4 15.8 14.4 1.4 
Little Boulder Cr (LB) cle0478 37.9 23.6 11.9 14.1 -2.2 
Big Boulder Cr (LB) cle0497 38.5 24.0 12.6 13.9 -1.3 
Spring (LB) cle0502 38.7 24.1 8.8 14.0 -5.2 
Spring (LB) cle0522 39.4 24.5 7.6 14.3 -6.7 
Unnamed (RB) cle0535 39.9 24.8 11.7 14.4 -2.7 
Camp Cr (LB) cle0554 40.6 25.3 10.8 14.6 -3.8 
Unnamed (LB) cle0584 41.8 26.0 13.6 14.8 -1.2 
Fortune Cr (LB) cle0615 42.9 26.6 10.5 15.6 -5.1 
Unnamed (LB) cle0639 43.8 27.2 9.1 15.7 -6.6 
Unnamed (RB) cle0673 45.0 28.0 8.9 15.5 -6.6 
Spring (LB) cle0710 46.8 29.1 10.5 14.4 -3.9 
Side Channel (LB) cle0808 50.9 31.6 16.3 16.0 0.3 
Side Channel (RB) cle0817 51.3 31.9 17.8 15.8 2.0 
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Little Naches River 

 
The Little Naches River was surveyed from its mouth to the confluence of the 

North and Middle Forks, a total of 13.1 miles.  The median temperatures for each sampled 
image of Little Naches River were plotted versus the corresponding river mile (Figure 13). 
Tributaries are labeled in Figure 13 by river mile with their name and temperature listed in 
Table 6.     
 
 At the confluence, water temperatures in the Middle Fork Little Naches River were 
≈10.4oC, which were slightly cooler than those observed in the North Fork (11.2oC).  
Downstream of the confluence at river mile 12.9, stream temperatures in the Little Naches 
River were ≈12.2oC and remained consistent (±0.4oC) to river mile 11.8.  At river mile 
11.8, stream temperatures began to increase reaching 13.7oC at river mile 10.8.  Bear 
Creek (12.2oC) and a side channel (10.9oC) enter the Little Naches River at miles 10.7 and 
10.8 respectively and have a cooling influence on main stem temperatures.  Main stem 
temperatures are further cooled by the inflow of another cool side channel (11.6oC) and the 
South Fork (11.4oC) at river miles 9.9.  Downstream of the South Fork, stream 
temperatures begin to rise steadily reaching a local maximum of 15.4oC at river mile 8.3.  
No surface water inputs were detected through this reach.  Stream temperatures showed a 
steady decrease of ≈1.7oC/mile between miles 8.3 and 6.8, which extends roughly from the 
Lost Meadow to just downstream of the confluence with Sand Creek at river mile 7.0. 
Sand Creek was the only surface water inflow detected during through this reach and it 
contributed water (8.6oC) that was significantly cooler than the mainstream. There was 
some uncertainty in the identification of Sand Creek.  A cool region was detected at the 
mapped location of Sand Creek, however the tributary channel was not visible in the TIR 
image frame (Figure 14).   
 

Stream temperatures generally increased between river mile 6.8 and 4.0 with some 
local spatial variability.  At river mile 4.0, an increase in the longitudinal heating rate was 
observed with stream temperatures reaching a local maximum of 16.8oC at river mile 3.4.  
No surface water inflows were detected through this reach.  Quartz Creek and Cow Creek 
enter the Little Naches River at miles 3.2 and 3.1 respectively and both have a cooling 
influence on mainstream temperatures (reference: Appendix A – frames: lnac0186-0197).  
Between river mile 3.1 and the mouth, stream temperatures showed a net increase of 1.0oC 
with sampled temperatures ranging from 14.4oC to 16.0oC.  

 
Overall, a total of fourteen tributary and side channel inflows were sampled during 

the analysis of the Little Naches River. Of the fourteen, thirteen contributed water that was 
cooler than the main stem. The longitudinal profile shows that surface water inflows 
influenced spatial temperature patterns at the basin scale.  However, the surface inflows 
did not account for all of the thermal response observed in the profile. 
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Figure 13 - Median channel temperatures versus river mile for Little Naches River, WA, 
along with the location of surface water inflows (9/4/01). 
 
Table 6 - Tributary and side channel temperatures for Little Naches River, WA.  River 
miles correspond to data labels shown in Figure 13. 

Tributary Name Image km mile
Tributary 
Temp oC 

Little Naches R. 
Temp oC 

Difference 
Temp oC 

Side Channel (RB) lnac0082 1.6 1.0 14.3 15.2 -0.9
Crow Creek (RB) lnac0191 5.0 3.1 13.1 15.5 -2.4
Quartz Creek (LB) lnac0197 5.2 3.2 14.2 15.5 -1.3
Spring (RB) lnac0314 9.1 5.7 9.2 14.2 -5.0
Side Channel (LB) lnac0341 9.9 6.1 17.9 13.6 4.3
Side Channel (RB) lnac0355 10.3 6.4 13.1 13.8 -0.7
Pileup Creek (LB) lnac0359 10.4 6.5 12.2 13.7 -1.5
Sand Creek ( RB) lnac0387 11.2 7.0 8.6 13.4 -4.8
South Fork (RB) lnac0539 15.8 9.8 11.4 13.4 -2.0
Side Channel (RB) lnac0543 15.9 9.9 11.6 13.4 -1.8
Bear Creek (LB) lnac0590 17.2 10.7 12.2 13.2 -1.0
Side Channel ( RB) lnac0637 18.5 11.5 11.9 12.8 -0.9
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Figure 14 – Visible band/TIR image showing the confluence of Sand Creek and the Little 
Naches River.  Uncertainty exists in this classification since there is no channel visible 
upstream of the cool region along the right bank.  Flow direction is from the top to bottom 
of the image.  
 
 

Bumping River 
 
 Bumping River was surveyed from the mouth at Naches River to American River, 
approximately 3.5 miles.  The median temperatures for each sampled image of Bumping 
River were plotted versus the corresponding river mile (Figure 15).  The inflow of the 
American River decreased water temperatures in the Bumping River from 16.1oC to 
≈15.4oC at river mile 3.4.  Stream temperatures remained consistently near 15.4oC between 
river mile 3.4 and 1.8.  Between river mile 1.8 and the confluence of the Little Naches 
River, water temperatures in the Bumping River increase by ≈1.0oC.  With the exception of 
the American River, no surface water inflows were detected along the surveyed segment of 
Bumping River.  

Inflow 
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Figure 15 - Median channel temperatures versus river mile for Bumping River, WA, along 
with the location of surface water inflows (9/4/01). 
 
 
 

American River 
 

The American River was flown from its mouth at Bumping River to Rainier Fork, a 
total of 18 miles.  The median channel temperatures for each sampled image of the 
American River were plotted versus river mile (Figure 16).  Surface water inflows (i.e. 
tributaries, side-channels, etc.) are labeled in Figure 16 by river mile with their name and 
temperature listed in Table 7.   

 
A total of eighteen surface inflows were detected during the analysis of the 

American River.  Of the eighteen inflows, seventeen contributed water that was cooler 
than the mainstream. Of these, eight inflows were classified as springs.  A large spring was 
observed in a side channel at river mile 7.0 (Appendix A – frames amer0537-0580), which 
was not documented on the USGS 7.5’ topographic maps.  Large springs were also 
detected at river miles 7.7, 8.2, and 16.5 that we not documented on the topographic maps.   

 
At the upstream end of the survey, water temperatures were relatively cool at 

≈10.0oC.  At river mile 16.5, a large spring decreased water temperatures in the American 
River to ≈9.0oC and temperatures remained near 9.0oC (±0.3oC) to river mile 14.2.  Morse 
Creek (river mile 16.4) and an unnamed inflow (river mile 16.2) were sources of cooling 
through this reach.  Downstream of the Lodgepole Campground (river mile 14.2), stream 
temperatures increased steadily reaching a local maximum of 11.5oC at river mile 11.5.  
Sampled temperatures varied from 11.5oC to 10.7oC between river miles 11.5 and 10.1, 
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before increasing again to reach a local maximum of 12.4oC at river mile 9.2.  Stream 
temperatures decreased steadily between river mile 9.2 and 6.0, which roughly corresponds 
to the lower half of Pleasant Valley on the topographic map.  Three springs, a cool seep, 
and two unnamed inflows were sampled through this reach and contributed to the observed 
cooling trend.   Stream temperatures increased steadily between river mile 6.0 and the 
mouth.  Water temperatures in the American River were 12.8oC at the mouth and the 
American River water was a cooling source to the Bumping River. 
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Figure 16 - Median channel temperatures versus river mile for American River, WA, along 
with the location of surface water inflows (9/4/01). 
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Table 7 - Tributary and side channel temperatures for American River, WA.  River miles 
correspond to data labels shown in Figure 16. 

Tributary Name Image Km Mile
Tributary
Temp oC 

American R. 
Temp oC 

Difference
Temp oC 

Bumping River (RB) amer0200 0.0 0.0 16.1 12.8 3.3
Side Channel (LB) amer0262 2.2 1.3 12.4 11.7 0.7
Unnamed  (RB) amer0450 8.5 5.3 9.3 10.4 -1.1
Spring (RB) amer0546 11.3 7.0 7.1 10.2 -3.1
Spring (LB) amer0603 12.5 7.7 8.7 10.7 -2.0
Spring (LB) amer0626 13.3 8.2 8.7 10.9 -2.2
Unnamed (RB) amer0654 14.1 8.8 8.9 11.4 -2.5
Unnamed (RB) amer0668 14.6 9.1 7.8 11.7 -3.9
Cool Seep (LB) amer0675 14.8 9.2 9.6 12.4 -2.8
Kettle Creek (RB) amer0715 16.2 10.1 10.1 11.3 -1.2
Spring (RB) amer0736 16.8 10.4 8.8 10.9 -2.1
Union Creek (LB) amer0797 19.0 11.8 9.7 11.1 -1.4
Spring (RB) amer0853 20.9 13.0 8.7 10.4 -1.7
Timber Creek (RB) amer0910 22.8 14.2 9.1 9.6 -0.5
Unnamed (LB) amer1022 26.0 16.2 7.8 8.8 -1.0
Morse Creek (LB) amer1032 26.4 16.4 6.8 8.8 -2.0
Spring (RB) amer1037 26.5 16.5 5.3 9.1 -3.8
Rainier Fork (LB) amer1097 28.9 17.9 9.3 9.4 -0.1
Spring (LB) amer1099 29.0 18.0 6.8 9.8 -3.0
 
 
 
Discussion 
 
  A TIR remote sensing survey was successfully conducted on selected streams in 
the Yakima River sub-basin on September 2, 2001 and September 4, 2001.  The flights 
were conducted in early September due to forest fires and poor weather conditions during 
the end of the August. The surveys were targeted at mid-afternoon to capture maximum 
daily stream temperatures.  Air temperatures during the surveys were 20-22oC (68-71.6oF) 
with scattered clouds in the mornings. The postponement of the surveys resulted in 
generally cooler in-stream temperatures than would have been observed a few weeks 
earlier (Figure 17).  However, although absolute stream temperatures were cooler, the 
spatial patterns of warming and cooling remain consistent through the summer.  The 
temperature patterns therefore provide a template for understanding the processes that are 
driving stream temperatures at different spatial scales.   
 
 The temperature profiles were different for each surveyed stream.  On the 
American River, seven springs were detected that were not identified on the 1:24000 
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USGS topographic maps. These springs and other cool inflows contributed to shaping 
basin scale temperature patterns. The Little Naches River similarly showed reach scale 
variability throughout the temperature profile in response to tributary and other point 
source inflows.  

 
The Mainstem, Middle, and West Fork Teanaway Rivers showed a high degree of 

local variability with temperature changes of ±1.5-2.0oC commonly occurring over spatial 
scales of ½ mile or less.  This type of variability is common in relatively small streams 
where shallow sub-surface exchanges within the floodplain can result in rapid in-stream 
temperature changes. Artifacts of remote sensing such as thermal reflections can also 
contribute to local variability in the profile. While a factor, these effects are typically small 
(e.g. <1oC) and were not considered the primary source of variability in the Teanaway 
River profiles.  Reach-level variation in stream temperatures will require further ground-
level reconnaissance to investigate the possible mechanisms for temperature variation. 
Unlike the other forks, the North Fork Teanaway River showed less local scale variability 
and a more classic pattern of downstream warming.    

 
 The basin scale temperature patterns presented in this report provide a spatial 

context for analysis of seasonal temperature data from in-stream data loggers and for 
future deployment and distribution of in-stream monitoring stations.  The database 
associated with this report is organized to allow analysis at finer spatial scales.  The TIR 
and visible band imagery provides a means to evaluate temperature patterns and habitat 
conditions within critical reach and sub-reach areas.  Furthermore, the images (and image 
mosaics) are powerful tools for planning fieldwork and for presentations. 
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Figure 17 – Measured in-stream temperatures in the North Fork Teanaway River at river 
mile 8.1 from July 17th to September 15th, 2001 along with the time of the TIR survey. 
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Appendix A – Selected Images 


