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How does vegetation change?

By a shifting from state to state

From Westoby ef al. 1989

I Grassland,
T1 scattered woody T2
T7 plants T6
IV Recently bumnt, II Grassland,
many shrub seed- with many shrub
lings or resprouts seedlings
T4
III Dpense
TS5 shrub cover, T3

little grass



How does vegetation change?

By a shifting from state to state
- with variation within a state

Early Warning Threshold

(from NRC 1994)




Why is this stuff so tough to predict?

“Erasure fight!”

Larson - The Far Side
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A Growth Threshold at ~40 Years

Juniper Age x Canopy Area
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Growth threshold dependent on land management
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Plant height (cm)

Plant Age (y) from Archer 1995
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Shading Patterns
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Martens et al. (2000) — Eco. Model.



Shading Effects on Soil Water

Near ground differences in incoming solar radiation
produce greater soil evaporation rates in intercanopy
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Actual Plot - Low

21% Canopy Cover
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Runoff and Runon

Runoff from bare patches becomes
runon to herbaceous patches

0O 10 20 30 40 50 60 70
Precipitation ( mm)

Reid et al. 1999



. Canopy patch with storage.

Intercanopy patch with storage.
. Intercanopy patch with no storage.

Davenport et al. 1998 — J. Range Mgmit.



Percolation Rules

- Downslope

Patch-scale Runoff :
e generated on bare cells.
» redistributed to neighboring lateral or downslope cells.

Hillslope-scale Runoff:
« function of clusters connected to the bottom of slope.

Davenport et al. 1998 — J. Range Mgmit.



Low connectivity

Downslope

Hillslope runoff

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

Davenport et al. 1998 — J. Range Mgmit.



Low connectivity High connectivity
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Davenport et al. 1998 — J. Range Manage
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Drought-induced Ecotone Shift
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Drought-Induced Increases Iin Erosion

Allen & Breshears 1998 « Allen, Wilcox & Breshears — In prep.



Drought-triggered Tree Mortality

Breshears, Myers & Barnes — in prep.



Drought-triggered Tree Mortality

Breshears, Myers & Barnes — in prep.



Drought-triggered Tree Mortality

Breshears, Myers & Barnes — in prep.
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Site-specific Die-off
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Site-specific Die-off
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Site-specific Die-off
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Site-specific Die-off
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Die-off and NDVI

Increase
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Breshears et al. (2005) Proc. Natl. Acad. Sci.



Die-off and NDVI
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Die-off and NDVI
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Near Flagstaff
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Breshears et al. (2005) Proc. Natl. Acad. Sci.



Near Flagstaff

Photo: N. S. Cobb

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



Regional NDVI Change

NDVI
Deviations

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



Die-off and NDVI
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Breshears et al. (2005) Proc. Natl. Acad. Sci.



2000s vs. 1950s Drought
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2000s vs. 1950s Drought
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2000s vs. 1950s Drought
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2000s vs. 1950s Drought
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Global-change-type Drought

Drought under warmer conditions



Global-change-type Drought

Drought under warmer conditions

Mortality through wetter sites rather
than just at drier ecotones



Global-change-type Drought

Drought under warmer conditions

Mortality through wetter sites rather
than just at drier ecotones

Regional-scale threshold response
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Ecosystem Cascades

Ponderosa Pine Reduced canopy cover
Forest
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Ecosystem Cascades

Ponderosa Pine Reduced canopy cover
Forest

Reduced herbaceous cover
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Ecosystem Cascades

Ponderosa Pine Reduced canopy cover
Forest

Reduced herbaceous cover
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Ecosystem Cascades

Ponderosa Pine Reduced canopy cover
Forest

Reduced herbaceous cover

Iy en=JUnIpEN

Increased soll
temperatures and
evaporation

Weoedland

Juniper !
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How does vegetation change?

Early Warning Threshold Feedbacks

External Abiotic
Forcings
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Biotic
Processes

Abiotic
(from NRC 1994) Processes
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