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• Normalized Difference Vegetation Index 
(NDVI) from daily eMODIS and MODIS 

• 232 meter resolution 
• 46 periods per year (8-day intervals) 
• Max value of 24-day moving window 
• 2000 to present historical database 
• Includes NDVI time series and change maps 
• Online: http://forwarn.forestthreats.org 
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Five Applications of the ForWarn System  
for Monitoring, Assessment and Prediction 

1. Near-real-time disturbance detection 
 

2. Inferring fuel dynamics from climate variation 
and disturbance events 
 

3. Tracking and predicting post-disturbance 
response over the long term 
 

4. Assessing cumulative effects from multiple 
disturbances across scales 
 

5. Providing a coarse monitoring framework for 
tracking landscapes with respect to desired 
conditions 



Photo credit: USGS / Hans Martin 

Superior National  
Forest 

Duluth 

Near real time disturbance detection 
Pagami Creek Fire, Superior National Forest MN 

Photo credit: Steve Foss 

Ignition date: Aug. 18, 2011 
Cause: Lightning 
Primary growth: Sep. 5-16, 2011 
Area burned: 92,700 acres 
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Near real time disturbance detection 
Pagami Creek Fire, Superior National Forest MN 

24 day window 
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Near real time disturbance detection 
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Progression 
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Near real time disturbance detection 
Pagami Creek Fire, Superior National Forest MN 

24 day window 



1 Year Baseline All Year Maximum Baseline 

Near real time disturbance detection 
Pagami Creek Fire, Superior National Forest MN 

 
Dec 18, 2011 showing canopy loss effects  
  on snow cover visibility 
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Inferring fuel dynamics 
Central Oregon Drought Sensitivity 

ForWarn All-year baseline  Jul. 3, 2013 



Inferring fuel dynamics 
Central Oregon Drought Sensitivity 

ForWarn All-year baseline  Jul. 3, 2013 
 

Large Fires 2000-2013 

        Wildland fires 



Aerial surveys 2000-12 

        Biotic 

        Abiotic 

Inferring fuel dynamics 
Central Oregon Drought Sensitivity 

ForWarn All-year baseline  Jul. 3, 2013 



Inferring fuel dynamics 
Central Oregon Drought Sensitivity 

ForWarn All-year baseline  Jul. 3, 2013 

US Drought Monitor 
Jul. 9, 2013 



US Drought Monitor 

Crook Co. 15 km NE of Bend, OR  
Powell Butte Highway 

ForWarn NDVI 

Inferring fuel dynamics 
Central Oregon Drought Sensitivity 

ForWarn All-year baseline  



Inferring fuel dynamics 
Phenological peakedness as the difference between the Max and 85th 
percentile of the 2002 fiscal year distribution 



Inferring fuel dynamics 
National Land Cover Dataset (NLCD 2006): grassland/herbaceous, 
pasture/hay, cultivated crops  
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Tracking and predicting post-disturbance response 
Phenological signatures of deciduous forest-dominated pixels 

a 

Buncombe Co. NC 
Beech-Maple 

Transylvania Co. NC  
Oak 

Johnson Co. AR 
Oak 

Centre Co. PA 
Oak-Maple 

Kanabec Co. MN 
Oak-Maple 

Erath Co. TX 
Oak  

Mills Co. IA 
Oak 

Hamilton Co. NY 
Maple Beech Birch 

Sacramento Co. CA 
Bottomland hardwood 



Tracking and predicting post-disturbance response 
Phenological signatures of conifer forest-dominated pixels 

Del Norte Co. CA 
Old growth Redwood 

Trinity Co. CA 
Old growth Mixed Conifer 

Linn Co. OR (west Cascades) 
Second growth Douglas Fir 

Clear Creek Co. CO 
Lodgepole Pine 

SD (Black Hills) 
Ponderosa Pine 

Greenlee Co. AZ 
Ponderosa Pine 

Marion Co. FL (Ocala NF) 
Mixed pine 

Walton Co. FL (Eglin AFB) 
Longleaf Pine 

Randolph Co. WV 
Appalachian Spruce-Fir 



Tracking and predicting post-disturbance response 
Phenological signatures of grass-dominated pixels 

McDonough Co. IL (corn) 

Butler Co. KS (Flint Hills) Cherry Co. NE (Sand Hills) Owyhee Co. ID (cheatgrass) 

Whitman Co. WA (Palouse) 

Pima Co. AZ (invasives) 

Miner Co. SD (wheat) 

Andrews Co. TX (range) Salem Co. NJ (Coastal marsh) 
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Percentiles of the annual distribution 
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Key measures for vegetation change  
associated with wildland fire: 

 

(1) MEDIAN NDVI 
       (50th %ile) 
(2) EVERGREEN FRACTION 
       (~25th %ile of annual distribution) 
(3) GRASS FRACTION 
       (peakedness of uppermost distribution) 

Tracking and predicting post-disturbance response 
Potential measures of fire effects and desired vegetation 



Tracking and predicting post disturbance response 

Woody wetland 

2002 2007 2011 



Tracking and predicting post disturbance response 
Reference conditions as the phenology of adjacent unburned areas 

Biscuit Fire 

SNOTEL snowpack data  
correspond with winter minima 



Tracking and predicting post disturbance response 
Reference conditions as the phenology of the pre-fire mean 

Biscuit Fire 



Evergreen fraction 
(25th  percentile) 

Tracking and predicting post disturbance response 

Median  
50th  percentile 
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2003 

2012 

<-50 
-49.9 to -40 
-39.9 to -30 
-29.9 to -20 
-19.9 to -10 
-9.9 to -5 
-4.9 to 0 
> 0  

Percent change  
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Change in grassiness (difference between max and 85th %iles) 
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1.1 to 2 
0.1 to 1 
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-2.9 to -2 
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Tracking and predicting post disturbance response 

Pre-fire to 2003-7 mean Pre-fire to 2008-12 mean 2003-7 to 2008-12 mean 

More peaked 
 
 
 
 
 
 

Less peaked 



Tracking and predicting post disturbance response 

Time to recovery of evergreen  
fraction (25th %ile) 

Time to recovery of median 
(50th %ile) 
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20.1 to 30 
10.1 to 20 
0 to 10 
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-24.9 to -10  
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No observed recovery 
(% decline in 2012) 

Years to recovery 

Biscuit Fire 



Date: August 12, 2013 
Baseline: Max of all years 

Whitewater- 
Baldy 2012 

Wallow 2011 

Rodeo-Chediski 2002 

AZ NM 



Tracking and predicting post disturbance response 
Reference conditions as phenology of adjacent unburned area 

Rodeo Fire 
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Change in peakedness/grassiness (difference between 100th and 85th %iles) 
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Tracking and predicting post 
disturbance response 

Time to recovery of  
evergreen fraction 

(25th %ile) 

Time to recovery 
 of median 
(50th %ile) 
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Date: August 12, 2013; 
Baseline: Max of all years 

Waldo 
Canyon  

2012 

Hayman 
Fire  
2002 



Tracking and predicting post disturbance response 
Reference conditions as phenology of adjacent unburned area 

Hayman Fire 
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Assessing Cumulative Effects 
Northern Rocky Mountains 
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2012 
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Assessing Cumulative Effects 
Northern Rocky Mountains 
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2010 
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Assessing Cumulative Effects 
Northern Rocky Mountains 
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2000 
showing the combined effects of multiple wildfires and insect mortality 

ID 

MT 

WY 



Assessing Cumulative Effects 
Northern Rocky Mountains 
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2000 and Wildland Fires since 2000 
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Assessing Cumulative Effects 
Northern Rocky Mountains 
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2000 and Wildland Fires since 2000 
showing the combined effects of multiple wildfires and insect mortality 
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Assessing Cumulative Effects 
Northern Rocky Mountains 
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2000 and Wildland Fires since 2000 

MT 

WY 

Fire 2003 
Fire 2007 (Battle 
         Creek Complex) 

Snake Wild and  
Scenic River, OR 
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1996 Tower Fire 
Texas Bar Creek, Umatilla National Forest 
4,200 ft. 

http://forwarn.forestthreats.org/fcav/?theme=MODIS_Forest_Change_Products&layers=AAB,AAD,BRH,AAI,DRTABM,&alphas=1,0.35,0.050000000000000044,0.35,0.55,&accgp=G05&basemap=Imagery&extent=-13224390.787353352,5626418.039684284,-13223245.426257484,5626966.236496591 

Tracking a landscape’s  
desired conditions 



Shifts in annual phenology profiles track certain changes in vegetation 
composition and structure 

The NDVI values of evergreen  
(conifer) annual percentiles are  

similar year round 
(Note decline of the lower (winter) percentiles) 

Deciduous forest percentiles 
have high amplitude and a 

more diverse distribution of 
NDVI values. 

Evergreen 
(hemlock) 
dominated Deciduous 

dominated 

Joyce Kilmer - Slickrock Wilderness Area, Nantahala NF, NC 

Tracking a landscape’s desired conditions 
 



Tracking a landscape’s desired conditions 
NDVI-derived trends in the Blue Mountains 
ForWarn’s Evergreen Decline (left) and Evergreen Thrive (Right), 2000-2011  
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2000   2001   2002   2003   2004   2005   2006   2007   2008   2009   2010   2011   2012 

Adjacent private land 
Forest Service non-Wilderness 
Forest Service Wilderness 

La
n

d
sc

ap
e

 A
ve

ra
ge

 o
f 

 
M

ed
ia

n
 A

n
n

u
al

 N
D

V
Is

 

Adjacent private:       329/7,954  (04%) 
FS non-Wilderness: 7,915/82,980  (10%) 

FS Wilderness: 2,121/22,827  (09%) 

Tracking a landscape’s desired conditions 
Umatilla National Forest 
Change in NDVI for all lands that burned at least once between 2000 and 2012  



Tracking a landscape’s desired conditions 
Transition matrix of 454 random MODIS cells that burned in 2002, CONUS 

NDVI group in 2003 (post-fire) 
grass dominated                    sparse trees                                   dense trees 
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Tracking a landscape’s desired conditions 

NDVI group in 2012 (long post-fire) 

Transition matrix of 454 random MODIS cells that burned in 2002, CONUS 

grass dominated                    sparse trees                                   dense trees 
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Tracking a landscape’s desired conditions (and desired dynamics) 
Setting preferences and tolerances for future disturbances and outcomes 
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Time 2 conditions 

Undesired disturbance or 
stress outcomes to avoid 

Expected  
grassland 
dynamics 

Desired closed forest  
cover and dynamics 

Desired open forest  
cover and dynamics 

Undesired successional 
outcomes to avoid 

grass dominated                    sparse trees                                   dense trees 
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…in summary 



Thank You 

stevenorman@fs.fed.us 
http://forwarn.forestthreats.org 


