
Overview of temperature protocols  

10:55-11:10 Water temperature - Jen Stamp (Tt), Aaron Moore (VT DEC) 

11:10-11:25 Air temperature - Zack Holden (USFS) 
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• Proper equipment 

• Accuracy checks 

• Sensor configuration 

• Sensor placement 

• Installation techniques 

• Documentation 

• Maintenance 

• Data retrieval 

• Data processing 

• Data storage 

Main 

focus of 

today’s 

session 

Many different aspects to collection of high quality data: 

Collection of temperature data 

Available online: http://cfpub.epa.gov/ncea/global/recordisplay.cfm?deid=280013 
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Equipment 

Basic components: 

• A data offload device that is compatible with the model of the sensor 

• A computer with software that is compatible with the data offload 

device  

• A temperature sensor (our focus is on simple, inexpensive equipment) 

• A radiation shield to prevent direct solar radiation from hitting the sensor 

(this can also serve as a protective housing) 

Keep sun & sediment off…  



Considerations when selecting equipment 

• Waterproof? 

• Temperature range? 

• Accuracy/precision? 

• Cost? 

• Battery life (replaceable)? 
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Deployment of Temperature Sensors 

5 

Placement, etc. depends on objectives of your study and 

site-specific considerations 

 

RMN sites: 

• At least one water and air temperature sensor should 

be deployed at each site.  

• Sensors should be deployed in the same locations over 

time. 



6 

Water temperature sensors should be 

placed in locations that are: 

• Representative of the characteristics of the reach from 

which the biological data were collected 

• Well-mixed horizontally and vertically 

• Of sufficient depth to keep the sensor submerged year 

round  

• Stable, safely accessible during different flow conditions, 

and easy to relocate  

• Protected from physical impacts associated with high flow 

events (e.g., the downstream side of a large landmark rock 

or log; this also helps to hide it) 

• Low human activity to reduce vandalism and accidental 

snagging 



• Are areas of high use, visibility, or fishing access 

• Have heavy beaver activity 

• Have backwater pools, eddies, or standing water 

that might stratify during low flow conditions  

• Are influenced by localized warm or cool water 

sources, such as 

• a tributary confluence 

• an impoundment (including beaver ponds) 

• a lake outlet 

• point-source discharges 

• streamside wetland areas 

• hot springs 

• groundwater seeps 

• Have a very high gradient (>7%). Sensor retention 

rates are inversely related with slope (Isaak et al. 2013).  
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Water temperature sensors should NOT be 

placed in locations that: 



• Should be placed approximately 6 inches above the 

stream bottom (per Schuett-Hames et al. 1999). 

 

• What about in small, shallow streams? 

• You may have no choice but to place a sensor near 

the stream bottom to ensure that it remains 

submerged during low flows. If this happens, note on 

the field form because:  

• Measurements could be influenced by 

groundwater and subsurface flow;  

• Sensors on or near the streambed are more 

susceptible to burial by moving substrates 

(sensors should never be intentionally buried). 
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Depth 



Site-specific conditions will dictate which installation 

technique is most appropriate.  

9 

In the report, we cover the following techniques: 

 

• Underwater epoxy method (Isaak et al. 2013)  

• Attaching sensors to stable instream structures or rebar 

Installation techniques for water 

temperature sensors 



Attaching sensors to stable instream structures 

If there is a large rock or boulder, root, woody debris or other stable 

instream structure, you can attach the sensor and housing to the structure 

using heavy-duty materials like plastic-coated galvanized steel 

cable/wire rope, metal clamps, and heavy-duty cable ties. 
 

If you think the structure might move during high flow events, consider 

cabling or chaining the structure to an object on the nearest bank (or to 

another stable instream structure). 
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Use heavy-duty materials! 

Cable and rebar set-up for a 

large stream in Maryland 
MDDNR 

If conditions permit, attach cable 

ties at two points. 



If a site lacks stable instream structures and the stream bottom is such 

that a metal stake can be driven into it, drive rebar (generally 2–4 feet) into 

the streambed, deep enough to stay in place during high stream flow 

events. Consider using bent rebar – it is more secure and poses less 

safety risk for people wading in the stream. 
 

The sensor and its protective housing are attached to the rebar via heavy-

duty materials like metal clamps, heavy-duty cable ties and galvanized 

steel cable/wire rope. 
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Rebar installations 



PROS 

• Provides more flexibility in placement location than the 

underwater epoxy method.  

• If the rebar method is used and a high flow or other event 

occurs that causes the sensor to become displaced, you 

may be able to use a metal detector to relocate the 

sensor.  
 

CONS 

• For year-round deployments in streams that experience 

annual high flow events, sensors might be more prone 

to being buried or dislodged by moving substrates 

than sensors installed using the underwater epoxy 

technique. 

• Retention rates are not as well documented as for the 

underwater epoxy method. 
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Pros and cons of cable and/or rebar installations 
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Underwater epoxy installations 

Isaak et al. 2013. A simple protocol using underwater epoxy to install annual 

temperature monitoring sites in rivers and streams. USFS General Technical 

Report, 314.  
 

YouTube video: 

http://www.youtube.com/watch?v=vaYaycwfmXs&feature=youtu.be 

Dan Isaak, Dona Horan, Sherry Wollrab 

Fisheries Biologists, USDA Forest Service, Rocky Mountain Research Station 

http://www.treesearch.fs.fed.us/pubs/44251
http://www.treesearch.fs.fed.us/pubs/44251
http://www.youtube.com/watch?v=vaYaycwfmXs&feature=youtu.be
http://www.youtube.com/watch?v=vaYaycwfmXs&feature=youtu.be


Underwater epoxy installations 

Data retrieved  

 from underwater 

Underwater epoxy cement 

$130 = 5 years of data 

 Isaak et al. 2013. USFS 

Report; Isaak & Horan 2011. NAJFM 

31:134-137 

Annual Flooding 

Concerns 

Sensors glued to 

large boulders & 

bridges 



Underwater epoxy installations 

Examples of good attachment points. Arrows point 

to the solar shield containing a sensor; circles 

highlight metal forestry tags epoxied above the 

sensor to monument the site (photos from Isaak et 

al. 2013).  

Select a suitable anchor point:  
 

• Protrudes ≥ 1 foot above the 

water surface at low flows (rocks 

of this size can be easily seen and 

relocated during subsequent field 

visits, and are large enough to prevent 

other rocks from sliding over them and 

potentially hitting the sensors during 

high flows) 
 

• Wide enough to protect sensor 

from moving rocks/debris during 

floods 
 

• Flat attachment site on 

downstream side and relatively 

deep water with flow 
 

• Small substrate on downstream 

side and 8 inches of space for 

shuttle attachment 
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Underwater epoxy installations 

Use epoxy to attach the sensor to the structure 

• Fox FX-764 epoxy works well in a wide range of temperatures 

(Isaak and Horan 2011) 

Equipment: (a) two-part FX-764 epoxy from Fox Industries, (b) PVC 

solar shield, (c) temperature sensor, (d) cable ties, (e) plumber’s 

tape, (f) rubber gloves, (g) plastic viewing box, (h) wire brush, and (i) 

metal forestry tree tag (Isaak and Horan 2013) 
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Underwater epoxy installations 

Lean a rock against the face of PVC to hold it in place while the epoxy sets and 

check attachment site with plastic viewing box. 

If you are inexperienced with this technique, complete some practice runs 

in the laboratory first, and then perform your first field installations at a few 

easily accessible locations that can be checked after a few days. 



PROS 

• Provides durable installations that have been shown to withstand floods 

and associated bedload movement (based on field trials, 80–90% of sensors 

installed correctly remained in place after 1- and 2-year intervals [Isaak et al. 

2013]).  

• Retention rates formally tested and documented in a wide variety of 

streams and are based on several years of field trials (Isaak et al. 2013). 

• Once a sensor site is successfully established, it is easily maintained in 

years thereafter simply by replacing sensors in PVC housings that remain in 

the same place. 

 

CONS 

• May be difficult to find suitable attachment sites within appropriate 

macrohabitats (runs), particularly in smaller streams that lack large rocky 

substrates. 

• Used primarily with Onset Tidbit© v2 sensors. The design would have to be 

modified to accommodate larger sensors like the Onset Hobo© Water 

Temp Pro v2 sensors.  

• May be difficult to obtain the epoxy. 
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Pros and cons of underwater epoxy installations 


