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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Western National Forests (Jolly et al, unpublished) 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 
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new knowledge Q

 
& 
A 

Q 
C 

Mastery 





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

Fire Danger Rating: The Next 20 Years, 1987 
John E. Deeming 







https://kahoot.it 



Structure of the 1978/88 National Fire 
Danger Rating System 









New live fuel moisture 
model 











The Growing Season Index 

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

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





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 
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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 (PhotoMin) 39600 sec (PhotoMax) 



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) 





Example GSI-derived herbaceous fuel 
moisture 









New dead fuel moisture 
model 















Capillary water transport in Nelson 
44 

Water Movement 
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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 









NFDRS Fuel Models 





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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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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Percent of Active NFDRS Stations in WIMS (n=2040)   
with Each Fuel Model, Grouped by Type  

 

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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We can predict curing with GSI 

y = -0.7782x + 100 
R² = 0.4066 
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Grass Curing (%) 

Crosby RAWS, North Dakota 







 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; 

} 







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 

  













Example ERC and BI from NFDRS2016 



Central Washington Florida 





Flagstaff, AZ 
 



ERC Fuel Model G ERC Fuel Model Y 















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 


























































































































