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Lesson #04 (Part 2):  NFDRS2016 Nelson Dead Fuel Moisture Model

Total Lesson Time for Lesson 4:  105 minutes (followed by a 15-minute break)

Facilitator Notes:  
This is the second of four parts
This is intended to be a facilitator-led presentation with exercises, supplemented by video segments (as needed)
It is not intended to be a presentation of videos only; human interaction is expected
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INTRODUCTION:


This Lesson can be facilitated in a couple of ways:
Utilize the slides developed by Dr. Matt Jolly, or
Show the accompanying video of Dr. Matt Jolly presenting the following slides. 




New dead fuel moisture 
model

Presenter Notes
Presentation Notes
Slide # 3
SLIDE TITLE:  

KEY POINTS:





New Dead Fuel Moisture Model

 The previous version of NFDRS required direct user input 
of State-of-the-Weather (SOW) and changing R to O in 
WIMS to calculate fine dead fuel moisture before any 
indices are produced.

 It also required a separate model for calculating  1/10 
hr and 100/1000hr dead fuel moistures.

 The old 1hr – 1000hr fuel moistures models will be 
replaced by the scalable Nelson Dead Fuel Moisture 
Model
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New Fine Dead Fuel Moisture Model
Nelson

 Nelson Model:
 More accurately models diurnal and seasonal dead 

fuel moisture using hourly fire weather observations
 Requires no daily human intervention (I.E. No state-

of-the-weather)
 Has been running in a prototype mode in 

operational WIMS since December, 2011 and has 
been part of fire behavior prediction tools (FARSITE, 
FlamMap) for over a decade
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Nelson Dead Fuel Moisture Model

 Calculated HOURLY
 Nelson has 4 weather inputs:

 Temperature
 Relative Humidity
 Solar Radiation
 Precipitation

 We define an instance of the Nelson 
model of the four timelag dead fuel 
classes used in NFDRS:

One Hour

Ten Hour

Hundred 
Hour

Thousand 
Hour

Time Lag Stick Radius
in cm

1-hour 0.08 0.20
10-hour 0.25 0.64
100-hour 0.80 2.00
1000-hour 1.50 3.81
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It is important to note that while GSI is calculated using DAILY data, Nelson is calculated using HOURLY data.  This is a new data requirement for any analysis in FF+.  Also, Nelson fuel moistures are described by the RADIUS of the fuel and not the DIAMETER.



Nelson Model Specifics

 Accounts for diffusive and capillary water transport 
between the fuel and the atmosphere

 Derives surface temperature from an energy balance
 Net input of heat gains and losses

 Accounts for dew formation on fuel surface
 Scalable to any size dead fuel
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Nelson is a physically-based fuel moisture model.  It accounts for two modes of moisture transport: diffusion and capillary flow. It has a direct rainfall input, making it more sensitive to rainfall that occurs before observation time and it accounts for dew formation on fuels during periods of high RH.  This model is already incorporated into fire behavior prediction tools.

Nelson Jr, R.M., 2000. Prediction of diurnal change in 10-h fuel stick moisture content. Canadian Journal of Forest Research 30, 1071-1087.

Carlson, J., Bradshaw, L.S., Nelson, R.M., Bensch, R.R., Jabrzemski, R., 2007. Application of the Nelson model to four timelag fuel classes using Oklahoma field observations: model evaluation and comparison with National Fire Danger Rating System algorithms. International Journal of Wildland Fire 16, 204-216.







Fuel Energy Balance

Heat Loss = Heat Gain

 Conduction + Longwave Radiation + Evaporation 
= Solar Heating + Convective Heating
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The Nelson model uses a full energy balance to determine the stick surface temperature.  The big inputs to this sub-model are temperature, solar radiation and stick diameter.  Stick diameter set the physical properties of the stick, particularly how well the stick heats or cools through convection.
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Capillary water transport in Nelson
10

Water Movement
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Nelson models the movement of water vapor in the cavities and the capillary motion of water in the tangential direction. 
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A great benefit of the Nelson model is that it uses hourly rainfall to wet fuels at times other than observation time.  For example, it will reflect rainfall at any time during the day.  The relationship is asymptotic, meaning that above ~1.0 mm of captured rainfall, increases in rainfall have little effect.
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These plots show measured and predicted fuel moisture for sites in Burnsville, NC and Mio, MI.  These are reproduced from the Nelson 2000 publication.



Example Nelson 1hr and 10 hr fuel moistures
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This is an example of the one hour and ten hour Nelson fuel moistures.  The maximum moisture content is 35%.



Example Nelson 100hr and 1000hr fuel moistures
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This is an example of the hundred hour and thousand hour Nelson fuel moistures. 



Recent Nelson 1000-hr 
Model Modifications
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Uncorrected Nelson 1000hr and 
subsequent ERC
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New Minimum Adsorption Rate
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New minimum Adsorption Rate and 
Realigned fuel stick diameters
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Flagstaff example: New Model with 
2017
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Determining stick moisture from nodes

Using meanWtdMoisture() Using radial median moisture
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Old Nelson New Nelson (AdRtMin=0.06)
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Old Fosberg New Nelson (AdRtMin=0.03)
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Adsorption 

Rate

AveragingStick 
Diameters
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Nelson Model

Stick Center

Interior 
Nodes

Stick Surface
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Weighted Average Moisture Radial Median Moisture 
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New model with Radial Median

Averaging
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New model with Radial Median and 
Adsorption Correction
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New model with Radial Median, 
Adsorption Correction and modified 
stick radii
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 Change the Minimum Adsorption Rate

 Change the stick diameters

 Change the radial averaging method
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New Fine Dead Fuel Moisture Model
Nelson

 NFDRS78 requires daily State-of-the-Weather (SOW) input and R to O in 
WIMS to calculate fine dead fuel moisture before indices are produced.

 The old 1hr – 1000hr fuel moistures models will be replaced by the scalable 
Nelson Dead Fuel Moisture Model

 Nelson Model:

 Diurnal and seasonal dead fuel moisture using hourly fire weather 
observations

 Requires no daily human intervention (I.E. No state-of-the-weather)

 Has been running in WIMS since Dec 2011 and has been part of fire 
behavior prediction tools (FARSITE, FlamMap) for over a decade
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Nelson Dead Fuel Moisture Model

 Calculated HOURLY
 Nelson has 4 weather 

inputs:
Temperature
Relative Humidity
Solar Radiation
Precipitation

 We define an instance of the 
Nelson model of the four timelag 
dead fuel classes used in NFDRS:

One Hour

Ten Hour

Hundred 
Hour
Thousand 
Hour

Time Lag Stick Radius
in cm

1-hour 0.08 0.20
10-hour 0.25 0.64
100-hour 0.80 2.00
1000-hour 1.50 3.81
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It is important to note that while GSI is calculated using DAILY data, Nelson is calculated using HOURLY data.  This is a new data requirement for any analysis in FF+.  Also, Nelson fuel moistures are described by the RADIUS of the fuel and not the DIAMETER.



Good qualities of Nelson’s model

Direct Precipitation Control Full Energy Balance
Heat Loss = Heat Gain

 Conduction + Longwave Radiation + 
Evaporation 

= Solar Heating + Convective Heating

• Accounts for dew formation on fuel surface
• Removes need for SOW

Nelson Jr, R.M., 2000. Prediction of diurnal change in 10-h fuel stick moisture content. Canadian Journal 
of Forest Research 30, 1071-1087.
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A great benefit of the Nelson model is that it uses hourly rainfall to wet fuels at times other than observation time.  For example, it will reflect rainfall at any time during the day.  The relationship is asymptotic, meaning that above ~1.0 mm of captured rainfall, increases in rainfall have little effect.
The Nelson model uses a full energy balance to determine the stick surface temperature.  The big inputs to this sub-model are temperature, solar radiation and stick diameter.  Stick diameter set the physical properties of the stick, particularly how well the stick heats or cools through convection.
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