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-- with variation within a statewith variation within a state
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“Erasure fight!”

Larson - The Far Side
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Rapid Canopy ClosureRapid Canopy Closure

Miller et al. Miller et al. In prepIn prep

A Growth Threshold at ~40 YearsA Growth Threshold at ~40 Years

Miller & Tausch 2001
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Shading PatternsShading Patterns
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Martens et al. (2000) – Eco. Model.
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Shading Effects on Soil Water

Breshears et al. (1998)
Int. J. Plant Sci.
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Near ground differences in incoming solar radiation 
produce greater soil evaporation rates in intercanopy

Martens et al. (2000) 
Ecol. Model.



Martens et al. (2000) - Ecol. Model.
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Martens et al. (2000) - Ecol. Model.
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Runoff and Runoff and RunonRunon
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runon to herbaceous patches

Reid et al. 1999Reid et al. 1999



Canopy patch with storage.

Intercanopy patch with storage.
Intercanopy patch with no storage.

Davenport et al. 1998 – J. Range Mgmt.



Percolation RulesPercolation Rules

PatchPatch--scale Runoff :scale Runoff :
•• generated on bare cells.generated on bare cells.
•• redistributed to neighboring lateral or redistributed to neighboring lateral or downslopedownslope cellscells..

HillslopeHillslope--scale Runoff:scale Runoff:
•• function of clusters connected to the bottom of slope.function of clusters connected to the bottom of slope.

Downslope

Davenport et al. 1998 – J. Range Mgmt.



Low connectivity

Canopy patch with storage.

Intercanopy patch with storage.
Intercanopy patch with no storage: no contribution to hillslope runoff.
Intercanopy patch with no storage: contributes to hillslope runoff.

Hillslope runoff

Downslope

Davenport et al. 1998 – J. Range Mgmt.



Hillslope runoffHillslope runoff

Low connectivity

Downslope

High connectivity

Critical threshold of 
bare ground cover 

exceeded

Davenport et al. 1998 Davenport et al. 1998 –– J. Range ManageJ. Range Manage
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DroughtDrought--induced induced EcotoneEcotone ShiftShift
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Allen & Breshears (1998) Allen & Breshears (1998) –– Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



DroughtDrought--Induced Increases in ErosionInduced Increases in Erosion

Allen & Breshears 1998 • Allen, Wilcox & Breshears – In prep.



DroughtDrought--triggered Tree Mortalitytriggered Tree Mortality
May 23

Breshears, Myers & Barnes Breshears, Myers & Barnes –– in prep.in prep.



DroughtDrought--triggered Tree Mortalitytriggered Tree Mortality
Aug 19May 23

Breshears, Myers & Barnes Breshears, Myers & Barnes –– in prep.in prep.



DroughtDrought--triggered Tree Mortalitytriggered Tree Mortality
Aug 19 Oct 29May 23

Breshears, Myers & Barnes Breshears, Myers & Barnes –– in prep.in prep.



October 2002 Photo: C. D. Allen



May 2004 Photo: C. D. Allen



Photo: C. D. Allen



SiteSite--specific Diespecific Die--offoff

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..

Warmer
Temperatures



SiteSite--specific Diespecific Die--offoff

Reduced
Precipitation

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



SiteSite--specific Diespecific Die--offoff

Persistent
Low 

Soil Moisture

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



SiteSite--specific Diespecific Die--offoff

More than 
90%

Tree Mortality
Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



DieDie--off and NDVIoff and NDVI

Increase
in

Mortality

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



DieDie--off and NDVIoff and NDVI

Reduced
NDVI

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



DieDie--off and NDVIoff and NDVI

Reduced
Average NDVI

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



Near FlagstaffNear Flagstaff

Photo: N. S. Cobb
Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..
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Near FlagstaffNear Flagstaff

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



Regional NDVI ChangeRegional NDVI Change

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



Reduced
Regional
Average 

NDVI

DieDie--off and NDVIoff and NDVI

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



Aerial surveys
by USGS
and
research plots 

VerificationVerification

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



2000s vs. 1950s Drought2000s vs. 1950s Drought

2000s:
Not drier

but
warmer

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..
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Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..
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2000s:
Warmer

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..



2000s:
Warmer

2000s vs. 1950s Drought2000s vs. 1950s Drought

Breshears et al. (2005)  Breshears et al. (2005)  Proc. Natl. Acad. Proc. Natl. Acad. SciSci..
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GlobalGlobal--changechange--type Droughttype Drought

Drought under warmer conditionsDrought under warmer conditions

Mortality through wetter sites rather Mortality through wetter sites rather 
than just at drier than just at drier ecotonesecotones

RegionalRegional--scale threshold response  scale threshold response  
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