
Fuel, Fuel Moisture, and Fire Potential
NFDRS Changes In 2016 

for Alaska and Lake States Users



Duck Lake (MI) Fire, May 24/25, 2012
21,135 Acres Burned

Bruno Fire (AK), June 29, 2015
15,131 Acres Burned over 2 weeks



Fire Danger & Fire Behavior 
In the Great Lakes and Alaska for 20 Years

glffc.utah.edu and akff.mesowest.org

http://glffc.utah.edu/
http://akff.mesowest.org/


1988 depiction relating AK 
Fire Behavior to DMC & BUI

By: Dan Burrows



• Michigan’s 
calibration 
effort in the 
late 1990s 
examined fire 
occurrence 
numbers

• Spring (pre-
green) fires 
numbers were 
related to 
FFMC and ISI

• Summer fires 
were pre-
disposed by 
BUI 

Median 10
Median 2

Median 25

Median 65





Minnesota “Pocket Card” puts 
interpretations in firefighter hands



Both cumulative 
drying of fuel 

beds (as 
represented by 

Buildup Index or 
BUI) and current 

weather (as 
represented by 

Fine Fuel 
Moisture Code 

or FFMC), 
contribute to the 
onset and size of 
Growth Events in 

this Boreal 
Landscape

BUI & FFMC: MODIS Fire Detection Likelihood in AK



Area Burned, Weekly Incident Management Situation Report (background)

Wind-Driven 
Surface Fires

DMC 
Driven

Cumulative 
Drought 

Stage

Diurnal Effect 
Stage



AK Summer (or
Spruce) Adjectives
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Vast majority of MODIS 
Days are VH/EXT

Nearly all of MODIS 
Detects are VH/EXT



Wisconsin Calibration 
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Staffing Level Conditional FWI

1 0.077 0.238

2 0.472 0.656

3 0.788 0.844

4 0.926 0.901

5 1.516 1.481

6 2.059 2.235

7 2.457 1.667

8 1.667 1.000

Identifies 8 
level readiness 
and response 

system



Integration of FWI 
Indices in Fire Behavior 
Prediction (FBP) Tools

BUI and 
ISI are 
direct 
inputs 
to FBP 
Tables

Inputs 
from daily 

FWI 
reports 
serve 

prediction 



Wildland Fire Decision Support System (WFDSS)



NFDRS 
2016

• Important 
revisions to 
our national 
system

• Expected 
online this 
year

• 78/88 NFDRS 
systems to be 
discontinued 



NFDRS
The new system 
is of interest.

• We already use 
NFDRS fuel 
moistures in 
every WFDSS 
analysis

• When we travel 
to other states, 
we hear NFDRS 
indices in daily 
reports and 
interpret pocket 
cards that use 
ERC and BI



19881978



NFDRS 2016 Revision
Significant Changes

• Dead Fuel Moisture Model Change: Fosberg Model 
replaced by Nelson Model for at least the 1hr and 10hr 
fuel moistures. Already in WFDSS STFB & NTFB

• Live Fuel Moisture Model Changes: Herbaceous and 
Woody Fuel Moistures now based on Growing Season 
Index (GSI), which is calculated directly from 
Daylength, Minimum Daily Temperature, and Vapor 
Pressure Deficit.  Already in all WFDSS analyses

• Fire Danger Fuel Model Changes: Reduction in the 
number of fuel models from 40 to 5. 

• Elimination of Manual Inputs to reduce errors and 
facilitate automated calculation of outputs on gridded 
basis



19881978NFDRS 2016 Revision
Manual 
Inputs 

Automated



ORGANIC LAYER - DMC

SURFACE FUELS - FFMC

DEEP DUFF - DC



Live 
Woody

1hr & 
10hr

100hr

Live 
Herbaceous

Foliar



Fire Weather Index 
(FWI) System

Fuel Moisture
National Fire Danger 

Rating System (NFDRS)

Fine Fuel Moisture Code 
(FFMC), offers both daily 

and hourly versions
Grass Fuel Moisture [Code] 

(GFM or GFMC), is not in 
daily FWI.  It adds solar 
radiation to hourly calcs

Dead Fine Fuel 
Moisture

Categories

1-hr Fuel Moisture (%) and
10-hr Fuel Moisture (%); new 

calculations require hourly input 
including solar radiation. 

.



Fire Weather Index 
(FWI) System

Fuel Moisture
National Fire Danger 

Rating System (NFDRS)

Fine Fuel Moisture Code 
(FFMC), offers both daily 

and hourly versions
Grass Fuel Moisture [Code] 

(GFM or GFMC), is not in 
daily FWI.  It adds solar 
radiation to hourly calcs

Dead Fine Fuel 
Moisture

Categories

1-hr Fuel Moisture (%) and
10-hr Fuel Moisture (%); new 

calculations require hourly input 
including solar radiation. 

Duff Moisture Code (DMC), 
has a timelag of 15 days, 

analogous to a 300 hr
timelag fuel moisture

Intermediate 
Fuel Moisture

Categories

100-hr Fuel Moisture (%), may
employ the Nelson Model.

Herbaceous Fuel Moisture (%), 
uses GSI (or LFI) to signal 

greenup and moisture content.



Fire Weather Index 
(FWI) System

Fuel Moisture
National Fire Danger 

Rating System (NFDRS)

Fine Fuel Moisture Code 
(FFMC), offers both daily 

and hourly versions
Grass Fuel Moisture [Code] 

(GFM or GFMC), is not in 
daily FWI.  It adds solar 
radiation to hourly calcs

Dead Fine Fuel 
Moisture

Categories

1-hr Fuel Moisture (%) and
10-hr Fuel Moisture (%); new 

calculations require hourly input 
including solar radiation. 

Duff Moisture Code (DMC), 
has a timelag of 15 days, 

analogous to a 300 hr
timelag fuel moisture

Intermediate 
Fuel Moisture

Categories

100-hr Fuel Moisture (%), may
employ the Nelson Model.

Herbaceous Fuel Moisture (%), 
uses GSI (or LFI) to signal 

greenup and moisture content.

Drought Code (DC) has a 
timelag of 52 days, 

analogous to a 1200 hr
timelag fuel moisture

Slowly 
Changing Fuel 

Moisture 
Categories

1000-hr Fuel Moisture (%), may 
use Nelson too. 

Woody Fuel Moisture (%), will 
use GSI/LFI too

Keetch-Byram Drought Index 
(KBDI), used to add fuel loads.



WFDSS Analysis Fuel Moisture Inputs
• All models use the old 

Fosberg model to 
initialize dead fuel 
moistures

• STFB and NTFB use 
the new NFDRS 
Nelson Model for 
conditioning fine fuels

• All the models use the 
new NFDRS GSI based 
live fuel moistures



Duck Lake (MI) Fire, May 24/25, 2012
21,135 Acres Burned

Bruno Fire (AK), June 29, 2015
15,131 Acres Burned over 2 weeks



Hourly RAWS data downloaded from 
wrcc.dri.edu/wraws, edited to insure 
proper hour used as daily obs (“O” 
record) and processed with FFPlus 4.1

FWI Daily and Hourly data downloaded 
from akff.mesowest.org

http://wrcc.dri.edu/wraws/
http://akff.mesowest.org/


Lets Evaluate the Changes to 
NFDRS Dead Fine Fuel Moisture 
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Consider the New Live Fuel Moisture Estimates 
based on the Live Fuel Index (LFI)
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Live Fuel 
Moisture

Bogus Creek Fire
June 6, 2015

GSI/LFI Identifies a greenup threshold and 
estimates greenup date from weather 

observations



How do changes in Dead and Live 
Fuel Moisture Estimates Affect 

Fire Behavior Predictions

Dead Fine Fuel Moisture

• 2-4% increase in 1hr fuel 
moisture by changing 
from Fosberg to Nelson in 
our regions, before any 
adjustments due to 
canopy shading 

• Especially important for 
fuel models with low 
moisture of extinction

Live Fuel Moisture

• Estimates for Woody Live 
Fuel Moistures generally 
above measured values 
during the growing season

• Herbaceous moistures much 
higher than common inputs 
for fire behavior analysis

• Especially important factor 
above or below critical 
threshold of 90% to 95% for 
dynamic fuel models.



Nomogram for 
Fuel Model 6

• 4% change in dead 
fuel moisture, due 
primarily to change 
to the Nelson Model, 
would decrease HPA 
by nearly 20% alone

• Additional shading 
factors could add 2-
4% more

• What does that do to 
spread rates in 
WFDSS analyses



Fuel: tu4 (164)
MFWS: 5 mph

Steep decrease 
in spread rates 
related to 
dead between 
8% and 12%

Live fuel above 
100% is an 
important drag



Fuel: sh5 (145)
MFWS: 5 mph
10h: 9%

1hr change has 
much less 
impact on 
spread rates 

live fuel 
moisture still a 
critical input



Fuel: gr2 (102)
MFWS: 5 mph

Very slow 
spread based 
on GSI/LFI  
herbaceous 
fuel moistures 
during the 
growing 
season



Mississippi Fire, AK
52,539 ac, August 12, 2013

FFMC 90 (9%), DMC 80 (65%), DC 497
HFM 112%, WFM 130%



Fuel: gs3 (123)
MFWS: 5 mph
10h: 9%
100h: 10%
LWFM: 150%

With higher 
moisture of 
extinction, less 
responsive to 
dead fuel 
moisture here



FFMC 94, FFMC% (10hr) 6-7%, BUI 120 (100th)



Little Mack Lake
4/25 and 4/26, 2012
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• FFMC represents 

shaded litter fuels 
with about a 10 hr
timelag (5 to 16 hrs)

• An equivalent fuel 
moisture % can be 
estimated and used in 
predictions.  

Based on 20 years of daily estimates of FFMC values and manual 
measurement of NFDRS 10hr “Sticks” in Michigan (1975-1995)

Fuel Moisture % and 
FFMC can be derived 

from each other.  
Remember, this is 
10hr, not 1hr FM.
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Consider the New Live Fuel Moisture Estimates 
based on the Live Fuel Index (LFI), 

restated as the Growing Season Index (GSI
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FFMC and DMC can help inform inputs

FFMC 94, FFMC% (10hr) 6-7%, BUI 120 (100th)

FFMC, converted to 
fuel moisture could 
inform 10hr, with 1 hr
2% lower

DMC, converted to a 
fuel moisture, could 
help suggest current 
Herbaceous fuel 
moisture inputs
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Area Burned, Weekly Incident Management Situation Report (background)



KBDI and DC at Atlanta, MI from 2006

Trends for DC and KBDI are very similar, 
though DC produces higher values overall



Drought Code and KBDI
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Keetch-Byram Drought Index (KBDI) and Drought Code (DC) 
have only a slightly positive correlation with 

fire occurrence in Michigan and MODIS detection in Alaska 



My Assumptions and Conclusions
• These comparisons represent only weather conditions 

and fuel moisture estimates from Alaska and the Lake 
States.  

• NFDRS ’16 makes some very important advances for 
simplicity of operation over older versions

• There are concerns that the Nelson Fuel Moisture model 
is raising Fine Fuel Moisture estimates to a level that 
impacts fire behavior analysis in our regions.

• New live Fuel Moisture estimates are significantly higher 
in our regions.  “Current” estimates probably can’t be 
directly applied as inputs to fire behavior analysis in the 
growing season

• It is likely that FFMC and DMC can help inform these         
fuel moisture inputs for fire behavior analysis            
providing objective “current” source information.

Mack Lake (MI), May 5, 1980 





Intermediate Fuel Moisture 
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The Remaining Fuel Moistures and Indices do not directly 
impact Fire Behavior analysis, but are important 

considerations for Danger Rating  and Risk Assessment
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FWI 28+

FWI 18+

* Exceeds Extreme Threshold 



WFDSS Analysis Fuel Moisture Inputs

FFMC 94, FFMC% (10hr) 6-7%, DMC 85 (100th)

STFB (1 conditioning 
day) and FSPro (8/1-
10/15) analyses for 
Pagami Creek Fire, 
9/11/11.

Default FWI fuel 
moistures suggest 
much drier fuelbeds



AK Calibrations color maps for spatial views 

Think of what each item 
speaks to:

• FFMC to ignition

• DMC to lightning 
ignition, fuel availability 
in duff layer

• DC to holdover fire, 
mop-up difficulty

• ISI to spread potential

• BUI to overall fuel 
consumption 

• FWI to fire intensity & 
control difficulty 



FFMC 92( 8-9%)



7-Day Significant Fire Growth Potential


