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

e 232 meter resolution

* 46 periods per year (8-day intervals)

* Max value of 24-day moving window

e 2000 to present historical database

* Includes NDVI time series and change maps

* Online: http://forwarn.forestthreats.org




Existing approaches to wildland landscape and disturbance
monitoring in the conterminous United States
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Five Applications of the ForWarn System
for Monitoring, Assessment and Prediction

1. Near-real-time disturbance detection

fl 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




Near real time disturbance detection Ignition date: Aug. 18, 2011

Pagami Creek Fire, Superior National Forest MN Cause: Lightning
Primary growth: Sep. 5-16, 2011

Area burned: 92,700 acres

Superior National
Forest

Duluth



Near real time disturbance detection
Pagami Creek Fire, Superior National Forest MN
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Near real time disturbance detection i A
- Daily Fire
Progression

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

Pagami Creek Fire, Superior National Forest MN - Daily Fire

Progression
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Near real time disturbance detection

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

NN S B\ RN T S S A SN T SR S S

- . . . . . E— . . )
s = 24 day window

1 Year Baseline All Year Maximum Baseline

% Change in NDVI
- 61% to -99%
-30%
-20%
-15%

-125%

-10%

-5%

-3%
-15%
0 %
+25%
+ 100 %

Snow




Near real time disturbance detection
Pagami Creek Fire, Superior National Forest MN
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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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Five Applications of the ForWarn System
for Monitoring, Assessment and Prediction

1. Near-real-time disturbance detection

1 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




Inferring fuel dynamics
Central Oregon Drought Sensitivity

ForWarn All-year baseline




Inferring fuel dynamics
Central Oregon Drought Sensitivity

ForWarn All-year baseline Jul. 3, 2013

Large Fires 2000-2013
Wildland fires




Inferring fuel dynamics Aerial surveys 2000-12
Central Oregon Drought Sensitivity Biotic
ForWarn All-year baseline Jul. 3, 2013 B Abiotic




Inferring fuel dynamics
Central Oregon Drought Sensitivity

ForWarn All-year baseline Jul. 3, 2013

US Drought Monitor \\J
Jul. 9, 2013




Inferring fuel dynamics
Central Oregon Drought Sensitivity

ForWarn-All-year baseline

Crook Co..15%m NEof Bend, OR
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Inferring fuel dynamics
Phenological peakedness as the difference between the Max and 85"
percentile of the 2002 fiscal year distribution




Inferring fuel dynamics
National Land Cover Dataset (NLCD 2006): grassland/herbaceous,
pasture/hay, cultivated crops




Five Applications of the ForWarn System
for Monitoring, Assessment and Prediction

1. Near-real-time disturbance detection

d 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




Tracking and predicting post-disturbance response
Phenological signatures of deciduous forest-dominated pixels
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Tracking and predicting post-disturbance response
Phenological signatures of conifer forest-dominated pixels
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Tracking and predicting post-disturbance response
Phenological signatures of grass-dominated pixels
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Tracking and predicting post-disturbance response
Potential measures of fire effects and desired vegetation

Maximum NDVI
Minimum NDVI
Mean NDVI
Median NDVI

Percentiles of the annual distribution
Amplitude of NDVI (of extremes)
NDVI difference (between thresholds)
Duration above some threshold

Area under the growing season curve j

Evergreenness

'NDVI

Key measures for vegetation change
associated with wildland fire:

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

Deciduousness

Time of year



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

0.9 -
038 \/W
0.7 +
0.6 -
05 - ‘\ \ /\ X f /
- \
SNOTEL snowpack data
03 - correspond with winter minima
0.2
o1 Adjacent Lands (N=56,528 cells)
Blscurt FI re —Biscuit Fire Mean (N=35,507 cells)
0.0 T T T T T T T T T T T T
o i ol (28] < N (e} ™~ [o0] [#)] o i (o]
o o o o o o o o o o — — —
o o o o o o o o o o o o o
(o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o] (o]



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

Evergreen fraction
(25t percentile)
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More peaked Il >3

Tracking and predicting post disturbance response = 21103

Change in grassiness (difference between max and 85t %iles) % ?(-)1;;’010
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Tracking and predicting post disturbance response

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

Rodeo Fire

Time to recovery of
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U.S. Forest Change Assessment Viewer
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Tracking and predicting post disturbance response
Reference conditions as phenology of adjacent unburned area
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Tracking and predicting post disturbance response
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Tracking and predicting post disturbance response

Hayman Fire

Time to recovery of Time to recovery
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Five Applications of the ForWarn System
for Monitoring, Assessment and Prediction

1. Near-real-time disturbance detection

d 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




% Change in NDVI

Assessing Cumulative Effects

Northern Rocky Mountains
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2012




% Change in NDVI

Assessing Cumulative Effects o 355

Northern Rocky Mountains
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2010
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Assessing Cumulative Effects
Northern Rocky Mountains

Wildland Fires since 2000




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 mo




Assessing Cumulative Effects

Northern Rocky Mountains
Change in NDVI for Sep. 21, 2013 since Sep. 21, 2000 and Wildland Fires since 2000

Fire 2003
Fire 2007 (Battle

Creek Complex)

Snake Wild and
Scenic River, OR
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Five Applications of the ForWarn System
for Monitoring, Assessment and Prediction

1. Near-real-time disturbance detection

d 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




MODIS NDVI for Lat: 45.032917 Lon: -118.793050
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Tracking a landscape’s desired conditions
Shifts in annual phenology profiles track certain changes in vegetation
composition and structure

The NDVI values of evergreen Deciduous forest percentiles
(conifer) annual percentiles are — have high amplitude and a
similar year round more diverse distribution of
(Note decline of the lower (winter) percentiles) NDVI values.

q - + . . e L
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(hemlock)

dominated Deciduous

dominated

0
/100 1/1/01 121/02 1/1/03 1/1/04 1105 1106 1107 1108 1109 12110 1AM A2 N3
Date/Time
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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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Tracking a landscape’s desired conditions

Umatilla National Forest
Change in NDVI for all lands that burned at least once between 2000 and 2012
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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 e dense trees
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Tracking a landscape’s desired conditions
Transition matrix of 454 random MODIS cells that burned in 2002, CONUS

NDVI group in 2012 (long post-fire)
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

Time 1 conditions

grass dominated

sparse trees

€<—

dense trees

grass dominated _—

Time 2 conditions

dense trees

Expected

grassland
dynamics

—

sparse trees

Undesired successional
outcomes to avoid

| )

Desired open forest
cover and dynamics

Undesired disturbance or
stress outcomes to avoid

<




Five Applications of the ForWarn System
for Monitoring, Assessment and Prediction

...in summary

. Near-real-time disturbance detection

. Inferring fuel dynamics from climate variation

and disturbance events

. Tracking and predicting post-disturbance

response over the long term

. Assessing cumulative effects from multiple

disturbances across scales

. Providing a coarse monitoring framework for

tracking landscapes with respect to desired
conditions
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