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Outline  

uIntroduce the NFDRS changes  

uTalk about some elements relating to 

model comparison and evaluation  

uLook at the future  

uWhy we should careéé 

 



A horse walks into a bar...  

uThe bartender says, "Hey."  

uThe horse replies, "Sure." 



Fire weather conditions are changing  

Fire weather seasons have lengthened across 29.6M km2 (25.3%) of the Earthõs vegetated 

surface. (Jolly et al 2015, Nature Communications)  



5 Climatic changes account for 85% of the burned area variations across 

Western National Forests (Jolly et al, unpublished)  



Basic understanding of NFDRS 

2016 

Practice and Familiarization  

Compare old and 

new system  

Application of 

new knowledge  
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Philosophy  

u Two desires for today:  

u Learn:  About the new model and how to use the tools to explore it  

u Commit:  To be a part of a learning community  

A learning model:  

1. Saturate  

2. Incubate  

3. Illuminate  



https://www.fs.usda.gov/treesearch/pubs/28099  

Fire Danger Rating: The Next 20 Years, 1987  

John E. Deeming  



Four guidelines of a fire danger rating 

system 

u To develop consistency among protection agencies, the National 

Fire Danger Rating System (NFDRS) was developed in the early 

70õs. It was designed around four basic guidelines. The research 

charter said the National Fire Danger Rating System would be:  

A. Scientifically based.  

B. Adaptable to the needs of local managers.  

C. Applicable anywhere in the country.  

D. Reasonably inexpensive to operate.  



Components of a fire danger rating 

system 

u Modular:  New science can easily be added  

u Integrative:  Fire danger indices integrated over both space 

(FDRA) and multiple time horizons (today -> season -> inter -

annual)  

u Generalized:  Same system performs across a range of 

climates. It should work everywhere.  

u Applicable:   Normalize index scales and apply indices across 

a spectrum of fire management decisions. Maintain a 

ôcommon languageõ across all agencies. 



https://kahoot.it  



Structure of the 1978/88 National Fire 

Danger Rating System  



Check -in 

Question  uWhat are the required user 

inputs to NFDRS? 

uDaily?  

uSeasonal?  

 



Case for Change  

uPrepares NFDRS to integrate into future uses of weather 
data  
Å Described in the FENC/CEFA RAWS Network Analysis of 2011, including increasing 

use of gridded data in analysis products like NFDRS  

uPreparing to do this for over a decade:  

Å Installing solar radiation sensors on RAWS  

ÅEvaluating new model performance  

ÅLessons learned in extensive analysis in Fire Danger Operating Plans 
correlating NFDRS Indices, fuel models and fire activity.  

 
 



Outline  

u Major Changes  

u Fuel moisture models and fuel models  

u Minor Changes  

u Drought fuel loading and Herbaceous curing  

u Other fuel model and site description changes  

u Simplifications and parameter elimination summary  

 



New live fuel moisture 

model  



Check -in 

Question  uWhat are the 

current inputs / 

drivers of live fuel 

moisture models in 

NFDRS 78/88? 



New Live Fuel Moisture Model  

 

 

u Live fuel moisture model in the 1978 / 1988 NFDRS is 
acknowledged as the weakest sub -model in 
NFDRS.  The original NFDRS developers intended to 
replace it at the earliest possible convenience.  

u The new herbaceous and woody fuel moisture 
calculations will use the Growing Season Index and 
it will transform that index into to live fuel moisture 
values  



Growing Season Index (GSI)  

u Growing Season Index ð GSI ð is a meteorologically -

based, generalized phenology model  

u It requires no constant human intervention yet 

accurately reflects within season and between season 

live fuel conditions from daily weather observations.  

u Predicts green -up date and shows herbaceous curing  

u Automatically integrates freezing and dormancy  

u Eliminates the need for Climate Class, Green -up date, freeze 
date, season codes and greenness factors (88 system)  

 

 

 

Jolly, W.M., Nemani , R., Running, S.W., 2005. A generalized, bioclimatic index to predict foliar 

phenology in response to climate. Global Change Biology 11, 619 -632.  



Growing Season Index (GSI) é 

u Calculated DAILY  

u GSI has 3 inputs: 

u 24 hour minimum temperature (TMIN)  

u Vapor pressure deficit (VPD)  

uCalculated from relative humidity and air temperatures  

u RH = (VPact  / VPsat) * 100 

u VPD = VPsat ð Vpact  

uCan be calculated from either 24 hour maximum or 24 hour 

average temperature ( VPDmax  and VPDavg , respectively)  

u Photoperiod or Daylength  

uCalculated from station latitude and yearday  



The Growing Season Index  

Growing Season Index (iGSI) = iTmin * iPhoto * iVPD  

The final index varies continuously from zero (limiting) to one (unconstrained)  

21 





Growing Season 
Index  

  

Model  
Site 

Parameters  

Minimum 
Temperature  

Vapor 
Pressure 
Deficit  

Photoperiod  

Live Fuel 
Moisture  

Daily Weather Inputs  



Example weather inputs to GSI  

Minimum temperature  Vapor pressure deficit  



Example GSI plot  

Greenup Threshold  

Note: NO MORE LFIé.. From now on, it will ONLY be called GSI 



Growing Season Index  

Rules-of -thumb for interpreting 

GSI values 

GSI Value  Classification / Interpretation  
GSI Increasing  

0 to .5  Pre-greenup; dormancy  

> .5 Green -up  

.75 to 1.0  Full plant canopy development  
GSI decreasing  

1.0 to .5  Curing herbaceous vegetation  

< 0.5 Leaf senescence  

Below 0.5  
Entering complete curing or 
dormancy  



Calculate 
GSI 

Rescale GSI 
Calculated 

LFM from GSI 



LFM model parameters  

u LFM model parameters:  

u GSI indicator thresholds  

u Maximum GSI value  

u Default is 1.0 but can be used for model calibration  

u Green -up threshold  

u Default is 0.5  

u Minimum and maximum live herbaceous and woody fuel moistures  

u Minimum herbaceous FM is  30% and Maximum herbaceous FM is 250%  

u Minimum woody FM is 60% and maximum herbaceous FM is 200%  

u These are the same maximum values used in NFDRS 1978 / 1988  

 

  Lower Limit  Upper Limit  

Minimum Temperature  28.4º F (-2°C) ( TMMin ) 41º F (5°C) ( TMMax ) 

Vapor Pressure Deficit  900Pa (VPDMin) 4100Pa (VPDMax ) 

Photoperiod  36000 sec (Photo Min) 39600 sec (Photo Max ) 
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Vapor Pressure Deficit  

Photoperiod  

Minimum Temperature  

  Lower Limit  Upper Limit  

Minimum Temperature  28.4º F (-2°C) ( TMMin ) 41º F (5°C) ( TMMax ) 

Vapor Pressure Deficit  900Pa (VPDMin) 4100Pa (VPDMax ) 

Photoperiod  36000 sec (Photo Min) 39600 sec (Photo Max ) 



GSI Example  

 



  Lower Limit  Upper Limit  Default GSI 

Greenup 
Threshold  

Live Herbaceous Fuel 
Moisture  

30% (MinH) 250% (MaxH) 0.5 (GUH) 

Live Woody Fuel 
Moisture  

60% (MinW) 200% (MaxW) 0.5 (GUW) 



Calculating LFM from GSI  
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Example GSI -derived herbaceous fuel 

moisture  









New dead fuel moisture 

model  



New Dead Fuel Moisture Model  

u 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.  

u It also required a separate model for calculating  1/10 

hr and 100/1000hr dead fuel moistures.  

u The old 1hr ð 1000hr fuel moistures models will be 

replaced by the scalable Nelson Dead Fuel Moisture 

Model  



New Fine Dead Fuel Moisture Model  

Nelson  

u Nelson Model:  

uMore accurately models diurnal and seasonal dead 

fuel moisture using hourly fire weather observations  

uRequires no daily human intervention (I.E. No state -

of -the -weather)  

uHas 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  

 



Nelson Dead Fuel Moisture Model  

u Calculated HOURLY  

u Nelson has 4 weather inputs:  

u Temperature  

u Relative Humidity  

u Solar Radiation  

u Precipitation  

 

u We define an instance of the Nelson 

model of the four timelag  dead fuel 

classes used in NFDRS: 

Time Lag  Stick Diameter 
(inches/cm ) 

1 hour  0.16 in / 0.4 cm  

10 hour  0.5 in / 1.28 cm  

100 hour  1.6 in / 4.0 cm  

1000 hour  3 in / 7.62 cm  

One Hour  

Ten Hour 

Hundred 
Hour 

Thousand 
Hour 



Nelson Model Specifics  

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

u Derives surface temperature from an energy balance  

u Net input of heat gains and losses  

u Accounts for dew formation on fuel surface  

u Scalable to any size dead fuel  

41 



Fuel Energy Balance  

Heat Loss = Heat Gain  

 

u Conduction + Longwave Radiation + Evaporation  

= Solar Heating + Convective Heating  

 

42 





Capillary water transport in Nelson  
44 

Water Movement  



45 





Example Nelson 1hr and 10 hr fuel moistures  



Example Nelson 100hr and 1000hr fuel moistures  



Recent Nelson 1000 -hr 

Model Modifications  



Uncorrected Nelson 1000hr and 

subsequent ERC  



New Minimum Adsorption Rate  



New minimum Adsorption Rate and 

Realigned fuel stick diameters  



Flagstaff example: New Model with 

2017 



Determining stick moisture from nodes  

Using meanWtdMoisture () Using radial median moisture  





Old Nelson  New Nelson ( AdRtMin =0.06) 



Old Fosberg  New Nelson ( AdRtMin =0.03) 





Adsorption 
Rate  

Averaging  
Stick 

Diameters  



Nelson Model  

Stick Center  

Interior 
Nodes  

Stick Surface  



Weighted Average Moisture  Radial Median Moisture  



New model with Radial Median  

Averaging  



New model with Radial Median and 

Adsorption Correction  



New model with Radial Median, 

Adsorption Correction and modified 

stick radii  



u Change the Minimum Adsorption Rate  

u Change the stick diameters  

u Change the radial averaging method  





u // Initialize the dead fuel moisture models  

u OneHourFM.initializeParameters(0.2, "One Hour");             // 1hr Dead FM 

model init  

u TenHourFM.initializeParameters(0.64, "Ten Hour");            // 10hr Dead FM 

model init  

u HundredHourFM.initializeParameters(2.0, "Hundred Hour");     // 100hr Dead 

FM model init  

u ThousandHourFM.initializeParameters(3.81, "Thousand Hour");  



NFDRS Fuel Models 



Consolidate Fuel Models  

u John Deeming, the lead developer of the NFDRS  in 
use today, proposed reducing the 9 fuel models in 
the 1972 system to 4 in the 1978 update   

u He negotiated to 20 with his steering committee   

u In the 1988 update, essentially 20 more were added      

u Outputs from most NFDRS fuel models are not unique  

Á Similarity analysis of output distributions revealed just four 
really unique fuel model types.  

 



Indexes from different fuel models are correlated though 

their ranges may differ significantly  



ERC correlation analysis between four model 

pairs 

I versus K 

Correlation = 1.0  
G versus H 

Correlation = 

0.9885  

G versus C  

Correlation  = 

0.6825 

F versus T 

Correlation = 

0.6784  
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Deeming, 1987  

u The standard fire -danger rating fuel models will be a subset of the fuel 

models used for fire -behavior predictions and fire planning . 

u Live-fuel moisture models will certainly be improved as will dead -fuel 

moisture models ( Rothermel  and others 1986). More importantly for some 

areas of the country, will be a better understanding and modeling of the 

effects of living plants on fire danger.  



New Five Fuel Models  

u Fuel models are derived from 

existing 40 FBPS fuel models with 

addition of a 1000 hour and 

drought fuel loading  

u No new fuel models to learn  

u V ð GR2 (Grass) 

u W ð GS2 (Grass/Shrub)  

u X ð SH9 (Brush) 

u Y ð TL1 (Timber) 

u Z ð SB1 (Slash) 

 

NFDRS 2016 Fuel 
Type 

NFDRS 

2016 Fuel 
Model  

Equivalent NFDRS 
1978 Fuel Model  

Grass V  A,L,T 

Grass / Shrub  W  R,S,C,D 

Brush X   B, F 

Timber  Y   G,H,N,P,O,Q,U,E 

Slash Z I,J,K 
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V GR2 0.1 0 0 0 1.0 0 1.1 2000 109 30 8 2000 1500 8000 15(40) 1.0 0.6 108 

W GS2 0.5 0.5 0 0 0.6 1 1.6 2000 109 30 8 2000 1500 8000 15(40) 1.5 0.4 62 

X SH9 4.5 2.45 0 0 1.55 7 8.5 2000 109 30 8 2000 1500 8000 25(40) 4.4 0.4 104 

Y TL1 2.5 2.2 3.6 8.64 0 0.2 15.44 2000 109 30 8 2000 1500 8000 25(40) 1 0.2 5 

Z SB2 4.5 4.25 4 4 0 0 16.75 2000 109 30 8 2000 1500 8000 25(40) 1 0.4 19 
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Shrub Grass Slash Timber/Litter  

NFDRS Stations can track from 1 to 4 fuel 

models  

 

Every NFDRS Station has a G Model  

 

Only 9 fuel models are being used by 

10% or more of the 2040 NFDRS Stations  

 

 2 Grass Models     (L / A)  

 3 Shrub Models    (T / F / B)  

 4 Timber Models  (G / C/ E / R)  

  



Fuel Model Comparison Exercise  

R² = 0.9982 
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Minor Changes  

u GSI-driven curing function  

u Replaces load transfer logic  

u Maintain the drought fuel loading  

u Moisture of extinction  

u Site-specific maximum spread component and variable slope input  



Curing  

u Remove the ôLoad Transferõ 

for dynamic fuel models and 

replace with ôCuringõ 

u Calculated as a function of 

GSI 

u Only applies to fuel models 

with live herbaceous loading  



Back to the calculatoréé. 

  



We can predict curing with GSI 

y = -0.7782x + 100 

R² = 0.4066 
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Crosby RAWS, North Dakota  



GSI-driven curing function  

u Curing is expressed as the ratio of fine dead fuel to total loading  

u ╒
◌▀▄╪▀

◌◄▫◄╪■
 

u Additional loading is calculated based on the running average of the herbaceous GSI 
value  

u
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u Once C is calculated the 1hr and herbaceous loadings are calculated as follows:  

u  W1P = W1 + WHERB * C      

u WHERBP = WHERB * (1 - C)   



Drought fuel loading  

Å Additional fuel loading added to 

fuel moisture in response to 

drought  

Å We expect to improve drought 
representation in future versions  

Å KBDI is currently being utilized as a 

place -holder for improved drought 

metrics  

 

Example increase in fuel load for fuel model Y  



 if (tmpKBDI > 100 ) 
{ 
         WTOTD = W1 + W10 + W100; 
 WTOTL = WHERB + WWOOD; 

         WTOT = WTOTD + WTOTL; 
         PackingRatio  = WTOT / fDEPTH; 
 WTOTD = WTOTD + W1000; 
 DroughtUnit  = WDROUGHT / 700.; 
 W1 = W1 + (W1 / WTOTD) * (tmpKBDI - 100) * DroughtUnit;  
 W10 = W10 + (W10 / WTOTD) * (tmpKBDI - 100) * DroughtUnit;  

 W100 = W100 + (W100 / WTOTD) * (tmpKBDI - 100) * DroughtUnit;  
 W1000 = W1000 + (W1000 / WTOTD) * (tmpKBDI - 100) * DroughtUnit;  
 WTOT = W1 + W10 + W100 + W1000 + WTOTL; 
 fDEPTH = (WTOT - W1000) / PackingRatio ; 

} 



u How much drought fuel loadings is added 

to the 1000 hour loading when the KBDI is 

650? 

 



Other modifications  

u Adjective Rating calculations often work poorly in humid regions here the 

Spread Component does not approve the SCMax value of the fuel model  

u We have added the ability to allow SCMax to vary by location  

u Also, moisture of extinction values for all fuel models are too low to allow 

proper system operation in more humid areas   

u We have added a ôhumidõ switch in WIMS to allow the user to set MXD to 40% 

u Finally, we have added an option to allow the direct input of slope into 

NFDRS.  This paves the way for gridded fire danger applications in the 

future.  



Why change SCMax? 

 



Desired  

Number of 

Staffing 

Classes 

Displayed Staffing Class  

3 0 1 1 1 1 1 1 4 4 5 

4 0 1 1 1 1 3 3 4 4 5 

5 0 1 1 2 2 3 3 4 4 5 

6 0 1 1 2 2 3- 3+ 4 4 5 

7 0  1 1 2 2 3- 3+ 4- 4+ 5 

8 0 1 1 2- 2+ 3- 3+ 4- 4+ 5 

9 0 1- 1+ 2- 2+ 3- 3+ 4- 4+ 5 

Computed 9 -

Class Level  

0 1 2 3 4 5 6 7 8 9 

Comput

ed class 

level  

Upper value for 

class  

0 SI = 0 

1 SI-low/8  

2 SI-low/4  

3 (SI-low)(3/8)  

4 SI-low/2  

5 (SI-low)(3/4)  

6 SI-low  

7 (SI-low + SI-

high)/2  

8 SI-high  

9 > SI-high  



Adjective Rating in WIMS / WFAS  



ESTA 

  



Snow Flags 

u Carried over from NFDRS 78/88  

u Sets air temperature to 0 C / 32 F  

u Sets RH to 99.99% 

u Sets Solar Radiation to 0  

u PPT = 0 



 u Already export from WIMS  

u Will work on automated input value  

u Pre-loaded in the WRCC DRI RAWS 

points from 2001 -2016 for the 

Continental United States  

 



What doesnõt change? 

u Most of the same weather inputs  

u All the same output components and indices: still have ERC, BI, SC and IC  

u The look, feel and use of both FireFamily+ and WIMS  



Summary of simplifications  

u No need for:  

u Climate class  

u No required manual entries:  

u Green -up, freeze and dormant 

dates  

u State -of -the -weather  

u All of the revisions in the 1988 

system 

u Deciduous WAF, season codes, 

greenness factors, 1hr=10hr  

u Weighed sticks  

u Fosberg  1 and 10 hour fuel 

moisture model  

u Burgan live fuel moisture model  

u Dynamic Load Transfer  

u Total of 35 fuel models eliminated  

 



End result of changes:  

u What doesnõt change? 

u Most of the same weather inputs  

u All the same output components and indices: still have ERC, BI, SC 

and IC  

u The look, feel and use of both FireFamily+ and WIMS 

u How itõs better? 

u Fully automated NFDRS and more consistent  

u Improved response to drought  

u More easily applied to gridded weather  

u Ready for future work  

u Reduced workload (No R/O, SOW daily entries or seasonal entries)  

 



Example ERC and BI from NFDRS2016 



Central Washington  Florida  





Flagstaff, AZ  

 



ERC Fuel Model G  ERC Fuel Model Y  







Things to know  

u The absolute numbers will change!  

u The absolute numbers will change!  

u The absolute numbers will change!  

u The percentiles should be comparable  

u Consider comparing frequency in each staffing class  

u Decimals matter and they are a good thing  

u Fire Danger doesnõt tell me anything about potential fire behavior 

u Not trueé. Thatõs next 

u Fire Danger can be used to quantify actual energy release, spread rates or 
flame length?  NO!  

 

 

 



Contingency Plans  

u Make the KBDI drought fuel loading optional  

u Swap back in the old FM100 and FM1000 models  

u Revert back to representative fuel models from the 

1978 system 

 



All future applications should 

consideré. 

u NEVER discussing absolute index values but rather use percentiles 

for all communications  

u Consider selecting and calibrating TWO indices for a  given area: 

one for preparedness decisions and the other for response 

decisions  

u Objective criteria for Decision Points  

u Logistics regressions are meant to predict a yes or no response  

u Bivariate evaluations or more (All we want is the best predictor  

 

 



This is ONLY THE BEGINNING, GET USED 

TO CHANGE! 

uBut with less impact to you as a user  / 

manager of NFDRS  



Model Evaluation  



Fuel Model Y  

 Energy Release Component   

Chi Square    DF   P -Value     R(L) -Sq. 

     33.3      8    0.0001     0.97 

Chi Square    DF   P -Value     R(L) -Sq. 

     33.3      8    0.0001     0.97 

Fuel Model G  





Predicting fire dangers as 

combinations of variables  

GSI  ERC 

Not Linear  Linear  











https://gacc.nifc.gov/nwcc/districts/CWICC/F

DRA.html  






