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Decline and Dieback of Trees and Forests: A Global Overview.
1994. UN FAO Forestry Paper 120. W.M. Ciesla and E.
Donaubauer. 90 pages.

Extreme Climate Fluctuations as a Cause of Forest Dieback in the
Pacific Rim. 1993. A. Auclair. Water, Air, and Soil Pollut. 66.




Climate change trajectory — recent global warming observed

Annual temperature trends: 1976 to 2000
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Apparent climatically induced increase of tree
mortality rates in a temperate forest
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Background tree mortality rates in Sierra Nevada forests are increasing in parallel
with temperature-driven increases in climatic water deficit (> 21,300 trees).

(van Mantgem and Stephenson, 2007, Ecology Letters)



Similar forest changes are in progress in
the New World tropics:

Tropical Amazonia
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Phillips et al., Phil. Trans. B, 2004
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ISI Web of Science search of the trend in published reports of climate-related forest mortality in the
scientific literature, for the years 1985-2009. Plotted bars show the percent of references using the topic
words ‘‘forest AND mortality AND drought’’, relative to all “*forest’” references. Line represents the linear

regression model fitted to the data.

(Allen et al., 2009)



White dots indicate documented localities with increased forest mortality related
to climatic stress from drought and high temperatures.

Background: Potential limits to vegetation net primary production (Boisvenue and Running 2006).

Allen et al — 2009




Recent Examples of Documented Drought/Heat-Related Tree Mortality:

North America: Southwest: Quercus gambelli, Juniperus deppeana, Juniperus
monosperma, Pinus edulis, Pinus ponderosa, Pseudotsuga menziessi, Abies concolor, Pinus
strobiformis, Abies lasiocarpa, Picea engelmanni

Northern Rockies and British Columbia: Pinus ponderosa, Pinus contorta, Picea
engelmanni, Pinus albicaulis Alaska: Picea sitchensis, other Picea sp.

Europe: Portugal, Spain, France, Italy, Greece; GDR, Switz.: multiple Pinus and Quercus
sp., Picea, Fagus; Russia: Picea, Pinus

Asia. Borneo: dipterocarps; China: Picea meyeri, Pinus sp., N. Mongolia: Pinus sylvestris;
Korea: Abies koreana; Turkey: Pinus, Abies, Juniperus; Russia: Picea, Pinus

South America: Northern Patagonia (Argentina): Nothofagus, Austrocedrus
Amazon Basin: widespread mortality from 2005 drought, many spp.

Africa: West African Sahel: dieback of multiple forest sp., including Prosopis africana,
Boscia senegalensis; Uganda: Uvariopsis and Celtis spp.; Namibia: Aloe dichotoma;
Zimbabwe; Algeria, Morocco: Cedrus atlantica; South Africa: many spp.

Australasia: Queensland, New South Wales: multiple Eucalypt spp., Acacia.;
New Zealand: Nothofagus
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Allen et al — 2009



14

Mediterranean Sea Algiers

Algerian climate
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Allen et al — 2009
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Amazon Basin, difference in rates of change in aboveground biomass, 2005 versus pre-
2005, for those plots monitored throughout. Colored shading in (C) indicates the
intensity of the 2005 drought relative to the 1998-2004 mean as measured from space

using radar-derived rainfall data.
Phillips et al. 2009 — “Drought Sensitivity of the Amazon Rainforest”.
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U.S. Drought Monitor :uy23, 20
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Dying Pinus edulis, Jemez Mts., New Mexico October 2002
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Trees are long-lived dominants, once established they have lots of inertia, tend to tolerate environmental

stress and persist. So forests often are thought of as slow-changing, gradually adjusting to new
climate conditions through competition and establishment. Photo: CD Allen
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But, once thresholds of environmental stress are exceeded, rapid changes can occur
through extensive forest die-off. Photo: CD Allen




Dead Pinus edulis, Jemez Mts., New Mexico July 2004




Substantial mortality of many tree, shrub, and grass
species occurred across montane elevational gradients
in the Southwest from 2002-2005.
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: : USFS aerial
2000-2003 Mortality surveys for insect
B Pinyon pine

Bl Ponderosa pine o and dlse_ase,
- v : cumulative map
of affected areas
in Southwest US
for 2000-2003.
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A 2129-Year
Reconstruction of ‘
Precipitation for Wl L AL WL !
Northwest New | |
Mexico
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Tree-ring reconstructions clearly show how climate-driven drought is

part of natural background. Red indicates periods of drought.
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Evidence of 1950s dieback:

-remnant dead wood
-air photos
-documents
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In 2001 we established two permanent plots, each 0.1 ha, and sampled and
dated all live and dead pinyon. Most pinyon survived the 1950s drought.
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Jemez Mts. near Los Alamos, October 2002

Photo: CD Allen




Regional vegetation dieback: average 2002-2004 difference
from 1989-1999 base map

NDVI “green-ness”

Deviations from normal

>3

Breshears et al. 2005, PTTAS

The die-off was reflected in changes in a remotely sensed index of vegetation greenness
(NDVI = Normalized Difference Vegetation Index), extending over ~1,000,000 ha.



Regional vegetation die-off in response to
global-change-type drought.

2005 -- Proceedings of National Academy of Sciences USA 102:15144-15148.

David D. Breshears, Neil S. Cobb, Paul M. Rich, Kevin P. Price,

Craig D. Allen, Randy G. Balice, William H. Romme, Jude H. Kastens,
M. Lisa Floyd, Jayne Belnap, Jesse J. Anderson, Orrin B. Myers, and
Clifton W. Meyer




The recent mortality event in the Southwest was probably

more extensive than the 1950s event, and this may be due

to the warmer conditions during the recent drought.
Southwest Climate

20005 drought
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Breshears et al. PNAS 2005, and graphic from Neil Cobb



Climatic drivers of tree mortality include:

- Drought
- High temperatures

- Synergy between moisture and temperature

- Multi-year cumulative stress, resultant poor tree growth,
and low vigor

- Climate-amplified feedbacks with other mortality agents,
such as insect outbreaks with changed population
dynamics in climate-stressed forests




The decline spiral model of tree death: multiple factors,
with inertia and lagged effects.

recovery <., healthy tree

suppression

recover
death : SO0

ees 4

bark
beetles

4 .
dominance competition

Franklin et al. 1987




We usually think of gradual linear changes.

Ecosystem state

Nate Stephenson - USGS




Ecosystem state

Nate Stephenson - USGS




Gradual climatic change may also trigger abrupt ecosystem
change (non-linear threshold response). Tree mortality can occur
this way...
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Nate Stephenson - USGS




Some scientific uncertainties and knowledge gaps:

- Physiological thresholds of species-specific tree mortality.

-We don't really know specifically what it takes to kill most trees, the
physiological responses to drought and heat stress in field conditions are
hard to capture and predict, in part because they're non-linear.

Photo: Nate McDowell




“Temperature sensitivity of drought-induced tree mortality
portends increased regional die-off under global change-type

drought.”

Adams et al. 2009, PNAS.

Experimental evidence
from Biosphere |l
showing that Pinus edulis
died 30% sooner under
warmer condtions.
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Bark beetles can act as “biotic amplifying ié\gents”, -
amplifying the magnitude of £
- o) climate-driven forest mortality.
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For example:
Interactions Among Climate-related disturbance processes

Erosion

Die-off
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CLIMATE (drought, temperature);

l l l

FOREST
DIE-OFF

Fine Intermediate Broad
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CLIMATE (drought, temperature);
OVERGRAZING by livestock
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Allen 2007,
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Interaction:
Die-off and Fire
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FIRE HAZARD
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bark beetle outbreak — forest dieback

Live,
water-stressed
conifer forest,
needles with volatile

Extensive tree
mortality,
dead needles
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Surface Fire

Canopy Fire

Dead trees start to fall,
Herb and shrub and
tree regrowth,

Coarse woody

surface fuels T

TIME

>

Bentz et al., 2009



Further rapid warming projected

Variations of the Earth’s surface temperature: year 1000 to year 2100

Departures in temperature in °C (from the 1990 value)

Observations, Northem Hemisphere, proxy data nhopental || Projections  Severalmodels

observations all SRES envelope!

e e

Bars show the
range in year 2100
produced by
several models
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So:

Forests globally are
vulnerable to climate-

Induced tree mortality.
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Photos: CD Allen

Jemez Mts., New Mexico.




What’s the good news ?

Photos: CD Allen
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benefit for
many forests...
resilience of
sSurvivors

- reduced crown
fire risk
prescribe

Y
o
@
)
>
<@
)
—
©
| -
@
©
@)
=

- increased
- easier to

T

o)
»




65

Despite the risks and
uncertainties, we can
manage for more
resilient forests.

ot
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Adaptation options still
exist, including silvicultural
practices, ranging from
mechanical treatments and
prescribed burning to
changes in forest
regeneration strategies.

You folks will be on the
front lines of adaptation
efforts.

Photos: .CD Allen
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People love trees and forests of
all kinds, starting in their home
landscapes.

If enough people see the risks
to our forests soon enough it
can help us overcome our
societal inertia,

... and trigger the rapid
restructuring of our economies
and lifestyles in time to reduce
CC impacts to forests and
associated services that we
value and need so much.

We need to continue to :
and , and expect :

Think Globally, Act Locally
(and Regionally,
and Globally...)






