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Disclaimer

The Forest Service assumes no responsibility for 
the interpretation or use of this information by 
other than its own employees. The use of trade, 
firm, or corporation names is for the information 
and convenience of the reader. Such use does not 
constitute an official evaluation, conclusion, 
recommendation, endorsement, or approval of any 
product or service to the exclusion of others 
that may be suitable.



Why Study?

• “Feedback received by firefighters currently using 
electronic meters indicates a strong lack of 
confidence in the RH data they provide. The RH 
values from electronic meters often disagree with 
the sling psychrometer by as much as 20 percent. 
(Maynard 2011).”

• “I heard from several students and a fellow 
instructor that their Kestrel® hand-held weather 
instruments were giving consistently low relative 
humidity (RH) readings. (White 2011)”



Why Study?

• “…any time he got a RH reading on his Kestrel® that 
was below 25 percent, he simply added 6 or 7 percent 
to get the “correct” reading.”

• …”: a prescribed fire manager in the Southwest 
refused to use the Kestrel® for weather 
observations because it consistently pushed him out 
of prescription conditions, and a fire behavior analyst 
in the Pacific northwest refused to use the Kestrel® 
because it always read lower than his sling 
psychrometer.”

From: White (2011)



Truthiness

“Truthiness is a quality characterizing a 
"truth" that a person making an argument or 
assertion claims to know intuitively "from the 
gut" or because it "feels right" without regard 
to evidence, logic, intellectual examination, or 
facts.”



Field Readings Kestrel - SP

Paul Sopko, CC Divide Prescribed fire, Lolo N.F., October 2014



Instrument Accuracy

From: Maynard (2011). Electronic Weather Meters. 1151 1303—SDTDC  



Why SP Higher than Kestrel

• Sock on the wet bulb not clean or wet enough

• Water not clean

• Not swung long enough – wet bulb depression

• Thermometer readings not read quickly 
enough - rebounding

• Not reading the thermometer correctly

• Calculating incorrectly from the tables

• Elevation Differences

From: White (2011) and Maynard (2011)



How It Works - RH

• Polymer capacitive humidity sensor mounted in 
thin-walled chamber external to case. 
Shielded diffuser (Kestrel Specifications)

• As the polymer absorbs water, the dielectric 
constant changes incrementally and is nearly 
directly proportional to the relative humidity 
of the surrounding environment. Thus, by 
monitoring the change in capacitance, relative 
humidity can be derived.
– http://www.ist-usadivision.com/sensors/humidity/



How It Works - Temp

• Hermetically sealed, precision thermistor mounted 
externally and thermally isolated for rapid response.
(Kestrel Specifications)

• Thermistors, are thermally sensitive semiconductors 
whose resistance varies with temperature. 
– either a negative temperature coefficient (NTC) or a 

positive temperature coefficient (PTC). 

– NTC, more common, has a resistance that decreases with 
increasing temperature while the latter (PTC) exhibits 
increased resistance with increasing temperature.

– http://www.ni.com/tutorial/7112/en/



Issues Digital Weather 
Meters

• Operational Environment

• Need time equilibrate

• Maintenance 

• Calibration



Previous Studies



Previous Studies

• Lemon & Mangan (2000)
– Compared many digital weather meters

– A single Sling Psychrometer reading 
reported (45°F, 53% RH)

– Uncontrolled Environment



Lemon & Mangan (2000)

• When the unit was tested against the sling 
psychrometer (45°F, 53% RH).

• Results – Kestrel 3000

– Temperature was 2.8 degrees higher

– Relative humidity was 6.5% lower

From: Lemon & Mangan. Evaluating Digital Meters for Fire Weather 
Observations. 0051-2315–MTDC.



White (2011)

• White (2011)

• Random field comparisons SP & Kestrel 
3000
– “RH of 5 to 6 percent below my sling 

psychrometer.”

• Kestrel certified to 3 set points of RH
– Kestrel matched up to the certified 



Maynard (2011)

• Maynard (2011)
– Specifically address Kestrels

– Recommendations on use

– No comparisons or evaluations 

– Discusses their features & functions



Approach

• Compare SP and Kestrel Readings 

• Controlled Environment

• 2 Kestrel 3000 & 2 Kestrel 4500
• 2 Sling Psychrometer’s

• Set Point Temperature and RH%
– Temperature: 60 °, 80 °, 100° F

– Relative Humidity: 5, 10, 30, & 50%

– 3 readings at each set point 



Data Range

Case

Set Point 

Relative Humidity (%)

Set Point

Temperature (°F)

1 5 80

2 5 100

3 10 60

4 10 80

5 10 100

6 30 60

7 30 80

8 30 100

9 50 60

10 50 80

11 50 100



Approach

• Two Phases of Data Collection
– Phase 1 – Kestrels “as is”

– Phase 2 – Kestrels calibrated/certified
• Repeat Measurements at the set points

• Analysis and then publish as an RMRS 
Station Research Note



Environmental Chamber



Chamber - Controls



Chamber – Temp/RH Sensors

Temperature

Humidity



LogTag Readings



Instruments



Instrument Array



Phase 1 - Preliminary 
Results



Temp (F°) – SP to Known



RH (%) – All



RH (%) - Digital Readings



RH (%) – Sling Psychrometer



RH (%) – SP to Known



RH Differences 
Target RH (%) LogTag RH (%) RH Diff LT 3000A RH Diff LT 3000B RH Diff LT 4500A RH Diff LT 4500B RH Diff LT SlingA RH Diff LT SlingB

5 7.1 -0.1 2.5 -1.3 6.7 9.9 13.9

5 6.7 -0.4 1.7 -2.1 5.9 9.3 12.3

5 6 0.1 2.4 -1.4 6.8 12 13

5 7.8 -1.4 0.6 -3.2 5.7 9.2 16.2

5 6.4 -0.6 1.3 -2.4 6.6 10.6 14.6

5 9.5 -3.4 -1.5 -4.9 3.8 8.5 11.5

10 12.8 -1.1 0.6 -3.6 5.9 8.2 14.2

10 13.1 -0.1 1.1 -2.8 6.9 13.9 13.9

10 13.6 -1.6 0 -4.4 4.7 6.4 11.4

10 11.8 -1.8 0 -3.5 4.5 14.2 24.2

10 10.4 -1.1 0.9 -3 5.6 8.6 20.6

10 12.1 -2.6 -0.6 -4.1 3.9 5.9 11.9

10 13.6 0.3 1.9 -2.6 4.9 7.4 15.4

10 13.1 -1.1 0.8 -3.7 4.9 7.9 7.9

10 12.9 -0.6 1.3 -2.5 4.1 8.1 9.1

30 27.4 3.6 3.8 -0.3 5.2 19.6 19.6

30 26.9 0.1 1 -3.7 2.2 10.1 9.1

30 27.6 0.5 1.3 -3.2 2.4 6.4 5.4

30 30.8 0.5 1.2 -2.7 0.7 3.2 9.2

30 30.4 2.6 2.5 -1.8 1.4 3.6 7.6

30 32.1 0.7 1.1 -1.7 0.8 1.9 7.9

30 30.5 3.4 2.8 0.2 7.8 10.5 13.5

30 30.8 2.4 1.8 -2.3 5.4 10.2 9.2

30 27.5 0.4 1 -2.9 5.7 6.5 5.5

50 44.7 7.1 5.2 1.8 2.7 6.3 12.3

50 46.4 1.5 0.9 -2.5 -0.4 0.6 2.6

50 45.6 1.6 1 -1.9 0.7 3.4 11.4

50 48.2 3.7 2.8 -0.4 -1.6 4.8 7.8

50 47.7 3.4 2.7 -0.2 -1.5 5.3 8.3

50 48.8 4.2 2.6 -0.1 -1.4 4.2 7.2

50 51 3.7 1.5 1 7.2 8 28

50 51.5 4.5 1.8 1.8 8.2 7.5 21.5

50 53 3 0 0.2 6.4 2 11



SP – RH Difference



Digital – RH Difference



RH - Does it Matter?



Does it Matter?

BehavePlus 5.0.5 Fine Dead Fuel Moisture Content Tool BehavePlus 5.0.5 Fine Dead Fuel Moisture Content Tool

Dry Bulb Temperature 90 -109 oF Dry Bulb Temperature 90 -109 oF

Relative Humidity 15 - 19 % Relative Humidity 5 - 9 %
Reference Fuel 
Moisture 2% Reference Fuel Moisture 1%

Month
Feb Mar Apr Aug Sep 

Oct Month Feb Mar Apr Aug Sep Oct

Time of Day 14:00 - 15:59 Time of Day 14:00 - 15:59

Elevation Difference Above (1000 - 2000 ft) Elevation Difference Above (1000 - 2000 ft)

Slope 0 - 30% Slope 0 - 30%

Aspect South Aspect South

Fuel Shading
Exposed (< 50% 

shading) Fuel Shading Exposed (< 50% shading)
Fuel Moisture 
Correction 1% Fuel Moisture Correction 1%

Fine Dead Fuel Moisture 3% Fine Dead Fuel Moisture 2%

Fine Dead Fuel Moisture - Exposed



Does it Matter?

BehavePlus 5.0.5 Fine Dead Fuel Moisture Content Tool BehavePlus 5.0.5 Fine Dead Fuel Moisture Content Tool

Dry Bulb Temperature 90 -109 oF Dry Bulb Temperature 90 -109 oF

Relative Humidity 15 - 19 % Relative Humidity 5 - 9 %

Reference Fuel 
Moisture 2%

Reference Fuel 
Moisture 1%

Month
Feb Mar Apr Aug Sep 

Oct Month
Feb Mar Apr Aug Sep 

Oct

Time of Day 14:00 - 15:59 Time of Day 14:00 - 15:59

Elevation Difference Above (1000 - 2000 ft) Elevation Difference Above (1000 - 2000 ft)

Slope 0 - 30% Slope 0 - 30%

Aspect South Aspect South

Fuel Shading
Shaded (>=50% 

shading) Fuel Shading Shaded (>=50% shading)

Fuel Moisture 
Correction 5%

Fuel Moisture 
Correction 5%

Fine Dead Fuel 
Moisture 7%

Fine Dead Fuel 
Moisture 6%

Fine Dead Fuel Moisture - Sheltered



Thoughts So Far

• Even in a controlled environment easy to get 
whacky SP readings

• Differences between the same type of 
instrument

• SP Calculated RH% always higher than “truth”

• At lower RH values the SP was much higher 
than at higher RH ranges.

• More agreement amongst the digital 
instruments than the SP



What’s Next

• Kestrels
– Tested, Calibrated, Certified

• Repeat Measurements
– Late May – Early June

• Analysis

• RMRS Research Note



Questions


