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OverviewOverview
PinyonPinyon--juniper (PJ) ecosystemjuniper (PJ) ecosystem
–– ~14.5 million ha in 10 states~14.5 million ha in 10 states
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Drought Severity Index

negative values = drought

OverviewOverview
LongLong--term severe term severe 
drought in southwest drought in southwest 
region of U.S.region of U.S.
DroughtDrought--induced induced 
mortality in PJ mortality in PJ 
woodlandswoodlands
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Past droughts Current drought



Previous studiesPrevious studies

County-level estimates of % basal area 
mortality

**note lack of New Mexico data

from: Shaw et al. 2005

Shaw et al. 2005Shaw et al. 2005
–– used FIA data to map used FIA data to map 

% basal area mortality% basal area mortality
countycounty--level estimates level estimates 
for 3 states (UT, CO, for 3 states (UT, CO, 
AZ)AZ)

Breashears et al. Breashears et al. 
20052005
–– NDVINDVI
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ObjectivesObjectives

Develop Develop LandsatLandsat--basedbased map of PJ map of PJ 
mortality for each year of drought (mortality for each year of drought (19981998--
present)present)

DetermineDetermine influence of slope, elevation influence of slope, elevation 
and meteorological variables on PJ and meteorological variables on PJ 
mortalitymortality
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Landsat image (tasseled-cap transformation) 
PJ covertype in light blue, plots in yellow
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Study areaStudy area
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Examples of PJ mortalityExamples of PJ mortality



Plot designPlot design

50m

10m

Plot : 4 Landsat pixels

Subplot : 10m fixed radius plot within each pixel
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MeasurementsMeasurements
Field (n=51)Field (n=51)

crown area of each crown area of each 
tree within 10m tree within 10m 
radius subplotradius subplot
tree status tree status 
percent ground cover percent ground cover 
of grass, rock, soil, of grass, rock, soil, 
shrubshrub
GPS positionGPS position
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live

dead

MeasurementsMeasurements
Quickbird imagery (n=100)Quickbird imagery (n=100)

digitized live and dead crowns on 100 digitized live and dead crowns on 100 
additional plotsadditional plots
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State

map of 
percent live crown cover

regression 
development

Field data
(live crown area)

Landsat image
(any year)

repeat for each year
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Modeling approachesModeling approaches



State modelState model

100 points used 100 points used 
for model for model 
developmentdevelopment
–– combined TC combined TC 

bands into one bands into one 
variable (CCA)variable (CCA)

bands chosen: bands chosen: 
greenness and greenness and 
wetnesswetness
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Predicted vs Observed

rr22: .62: .62
RMSE: 6.47%RMSE: 6.47%



2006

High : 55

 

Low : 0

% live crown cover
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ConclusionsConclusions

Landsat can effectively map low percent Landsat can effectively map low percent 
cover in arid environmentcover in arid environment
Demonstrates longDemonstrates long--term monitoring with term monitoring with 
LandsatLandsat--type sensortype sensor
Future work will look at contributions of Future work will look at contributions of 
environmental and geographic variables environmental and geographic variables 
on mortality variationon mortality variation
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Dynamic modelDynamic model

n=51n=51
–– transformed TC transformed TC 

bands into a single bands into a single 
CCA indexCCA index

bands chosen: bands chosen: 
greenness and greenness and 
wetnesswetness

leaveleave--oneone--out out 
model validationmodel validation

Landsat Science Team Meeting – June 13, 2007

0 5 10 15 20 25 30
percent dead crown cover

-3

-2

-1

0

1

2

C
C

A
 v

al
ue

Relationship between CCA value and observed % dead crown cover

r2: 0.58

-5 0 5 10 15 20 25
observed

-5

0

5

10

15

20

25

pr
ed

ic
te

d

Predicted v s observ ed  % dead crown cov er

RMSE: 12.94%



2003

High : 55

 

Low : 0

% live crown cover
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2004

High : 55

 

Low : 0

% live crown cover
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State

map of 
percent live crown cover

regression 
development

Field data
(live crown area)

Landsat image
(any year)

repeat for each year
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Modeling approachesModeling approaches

difference 
image

2006 Landsat
image

1998 Landsat
image

(pre-drought)

Dynamic

Field data
(dead crown area)

regression 
development

map of 
percent dead crown cover



Previous studiesPrevious studies
• Breashears et al. 2005

• used NDVI from AVHHR to map change from pre-drought mean
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Study areaStudy area



State modelState model
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RMSE: 6.47%RMSE: 6.47%



Previous studiesPrevious studies
• Forest Health and Monitoring Program (FHM)

• overflight observations for years 2003 and 2004 for AZ and NM
• no analysis performed

¹
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High : 49

 

Low : 0

% dead crown cover

2006



2001

High : 55

 

Low : 0

% live crown cover
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2002

High : 55

 

Low : 0

% live crown cover
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1996

High : 55

 

Low : 0

% live crown cover
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1997

High : 55

 

Low : 0

% live crown cover
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1998

High : 55

 

Low : 0

% live crown cover
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2000

High : 55

 

Low : 0

% live crown cover
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State modelState model

withheld 50 withheld 50 
points for model points for model 
validationvalidation
–– RMSE: 6.47%RMSE: 6.47%
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Data withheld for model validation
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