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Air temperature protocols 



Massive topoclimate monitoring with low-cost sensor 
networks 
 
1891 sites in N. Rockies 
300 sites in WA/OR/CA   
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Radiation shields for air temperature sensors 

• Prevent direct solar radiation from hitting the sensor and 
biasing the temperature readings   

• protect sensor 

most effective radiation shields 

are mechanically aspirated 

 

small fan located within the shield 

that maintains air flow in low 

wind conditions.  

 

require power which makes them 

unsuitable for remote deployment 
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A wide range of passive radiation shields are commercially 

available.  

Hobo/Onset RS3     $65 

Campbell Scientific  $120-200 

  

When many sites are monitored, the cost of shields becomes 

prohibitive (2x the cost of the sensor) 

 

 

 

Passive Radiation shields for air temperature 

sensors 

Hobo/Onset RS1 solar radiation shield 
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Low-cost (homemade) passive radiation shields  

Open bottom funnel design exposes sensor 
to radiation reflected off of snow 



Performance compared to commercial shields  

Radshield with Logtag vs ASOS 

Onset Hobo shield  with 
Logtag vs ASOS 

Funnel/ibutton 

Holden et al (2013) 



• Radshield material costs $3.00 

• 10-15 minute construction 

• Mounts easily to tree 

• Easily adapted to mount on PVC post 

7 

Video detailing radshield construction: 
www.youtube.com/watch?v=LkVmJRsw5vs. 
 
Video detailing installation to a tree: 
http://youtu.be/3hZNAHqfzJs 
 
PDF documents describing tree  
and free-standing field installation: 
Contact me (zaholdenfs@gmail.com) 
 
 

Tree-mounted radshield  

Free-standing 

http://www.youtube.com/watch?v=LkVmJRsw5vs
http://youtu.be/3hZNAHqfzJs
http://youtu.be/3hZNAHqfzJs
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Placement of air temperature sensors at RMN sites 

The objective at RMN sites is to measure streamside 

temperature.  

 

To capture this relationship effectively, the location of the 

air temperature sensor in relation to the water 

temperature sensor must remain constant throughout 

the period of data collection.  
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Placement of air temperature sensors 

Unbiased measurements can be difficult to obtain 

 

If the sensor is located in an open area with full sun, bias 

will be associated with the radiation shield.  

 

If the sensor is located in a shady area near a stream, air 

temperature will be affected by the distance from the water  

 

water buffers the air temperature because energy goes 

into evaporating stream water rather than warming the 

ground and air). 
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If the riparian zone is forested (which is likely—most of the 

RMN sites are located in forested watersheds), mount the 

air temperature sensor to the tree that is: 
 

1) nearest the water temperature sensor; and 
 

1) large enough to support the radiation shield and 

sensor (ideally >12 inches (0.305 meters) in diameter).  
 

Trees generally make the best attachment points  

 provide stability, some degree of shade 

 help hide the sensor from potential vandals. 
 

If a suitable tree is present, attach the radiation shield and 

sensor to its north side, out of direct sunlight (see 

Appendix B of the report for a simple four-step process for 

doing this). 

Placement of air temperature sensors at RMN sites 
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To be consistent with typical meteorological observations, air 

sensors should be placed at a height of 2 meters, or 

approximately 6 feet, off the ground.  
 

trees, vegetation, and the ground create microenvironments 

•   minimize the amount of other vegetation near the 

sensor (don’t place sensor/shield inside thick 

shrubs/dense vegetation)  

 

 

Most inexpensive air sensors are NOT waterproof 

ensure that the radiation shield you use provides 

sufficient protection from the elements.  

Placement of air temperature sensors at RMN sites 
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Placement of air temperature sensors at RMN sites 

What if the RMN site does NOT have trees or 

other suitable, stable existing structures (e.g., 

fence posts) that the sensor can be attached to? 

 

The report has instructions on how to build an 

inexpensive structure using PVC pipe, concrete 

form stake and zip ties.  

 

limitations: 

• It has not been extensively tested 

• Sensors installed in the open are more likely 

to be vandalized, and may be more prone to 

destruction by livestock or other animals 

 

Contact zaholdenfs@gmail.com for more detailed 

instructions 

 

mailto:zaholdenfs@gmail.com
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Frequently asked questions 

Do you need a radiation shield if the sensor is attached to 

the north side of a tree?  
Yes, there can still be bias – do not rely on vegetation alone. The shield also 

protects from reflection from snow, and if the sensor is not waterproof, can 

provide protection from the elements.  

Doesn’t the shield increase the chance of vandalism? 

Yes, if this becomes an issue at a site, either paint the outside with white paint  

or remove it.  

Aren’t air temperature measurements from 

meteorological stations typically taken in open areas? 
Yes, but the focus of the RMNs is developing relationships between 

streamside air temperature and water temperature. Canopy/vegetation 

influences are important too.  

How many shields and sensors have you lost in your 

work?  
Out of `2000 sites monitored from 2009-2013, 10-12% were stolen, destroyed, 

or failed.  Most destroyed by humans or animals. 
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Why collect air temperature data at the RMN sites? 

To help determine if water temperature sensors are dewatered during 

their deployment, and over what specific time periods. 

Graph provided by MDDNR 
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Why collect air temperature data at the 

RMN sites? 

To gain a better understanding of the air-water temperature 

relationship. 
 

Air temperature, which is projected to increase due to 

climate change, is known to be an important predictor of 

water temperature (e.g., Hill et al. 2013). 
 

The data from the RMN sites will provide important insights 

about the responsiveness of stream temperatures to air 

temperatures and the differing vulnerabilities of streams 
to thermal change e.g., Kelleher et al. 2012, Hildebrand et 
al. 2014). 

Note: while air temperature has a strong effect on stream temperature, 

many other controls, such as groundwater discharge, affect stream 

temperature as well. Although these other controlling factors are of interest, 

due to resource limitations, only air temperature can be consistently 

collected at RMN sites at this time.  
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Why collect air temperature data? 

 

Temperature observations in remote locations are fundamentally 

valuable and will ultimately be essential for understanding 

ecological hydrologic processes in mountains 

 

Adding an air sensor to your stream temperature monitoring site 

will cost ~ $25-30 and will take 10-15 minutes of additional field 

time to maintain 

 



Nocturnal cold air drainage influences streamside temperature 
Average Difference Between 
Valley bottom sensor and sensors 
200 meters above it is 5 Degrees C.  
 
400-500 meter deep mid-slope 
thermal bands  
 
Some nights show full inversions: 
Temperatures warmer at 8000 feet 
than at 3500 feet in the valley  

Holden et al. (2011) 



August 12th-21th: Daytime 
Stable High Pressure system 
sets up inversion  
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Air temperature monitoring data will contribute to 

development of spatial air temperature datasets 

 Daily minimum temperature dataset for the US Northern 
    Rockies (1979-2013)   

Holden et al. (in prep) 
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Daily maximum air temperature dataset (1979-2013) 

Model accounts for radiation, lapse rate, canopy cover and surface soil moisture,  
Distance to water and snow cover   

Holden et al. (in prep) 
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Questions 
 


