Berkele

RSITY OF CALIFORNIA

BERKELEY LAB

LAWRENCE BERKELEY NATIONAL LABORATORY t'

e 1. — ~
R S .




CCCma - CanESM2 PSL - IPSL-CMSALR -
UKMO - Had M2ES fums&cm&onrm Tree mortal Ity and

w— BOC - BCC-CSM1-1 NCO - NorESM-ME

U UVic ESCM 29 - NCAR - CESM1-BGC
AT feedback parameters
Carbon-concenfration Carbon-climate
feedback parameter feedback parameter

B Tree mortality defines the loss
term when calculating landscape
carbon balance. Critical to test
model predictions against field
observations on the spatial and
temporal variation in b.
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Presentation Overview

Overall motivating questions

« How will the key drivers of tree mortality change under a warming
climate, and

« How will the altered disturbance regimes affect forest-atmosphere
interactions?

« How do we models tree mortality in ESMs?

Key drivers of mortality

« Wind - hurricanes and overall increased storm intensity

« Drought — focus on tropical forests

 Fire — including changes with tropical land-use

 Pests and pathogens — Jeff Hicke’s talk on biotic disturbance agents
« Temperature — complex interactions with all processes

These processes define the terrestrial g response of Earth system
models. For many of these processes, terrestrial ecosystem models
lack the structures much less effective parameterizations.

What terrestrial carbon reservoirs are vulnerable to rapid release
with a warming climate?
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Detecting Forest Disturbance with Multispectral Imagery

Spectral mixture analysis
(SMA) for forested areas
using image-derived
endmember spectra for
green vegetation (GV), non-
photosynthetic vegetation
(NPV), soil, and shade in a
linear mixture model

~250 ha
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Hurricane Katrina impact in the Pearl River Basin

ANPV: change in wood, CWD,

Pre-Katrina: GV, NPV, Soil+ Post-Katrina: GV, NPV, Soil+ and litter reflectance

Stratified random sampling of hurricane tree mortality impact using ANPV




Tree mortality and damage quantified in the field
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Hurricane Katrina's Carbon Footprint
on U.S. Gulf Coast Forests

Jeffrey Q. Chambers,l* Jeremy |. Fisher,1r2 Hongcheng Zeng,1 Elise L. Chapman,1

David B. Baker,® George C. Hurtt? SCIENCE VOL 318 16 NOVEMBER 2007

A NPV 2005 to 2006
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ANPV 2003 to 2 5 £ 3 -0.2

320 million trees dead or severely damaged — 100 Tg C of dead wood

« Annual net U.S. forest tree carbon sink =100 Tg C

- Biological climate feedback hypothesis: Increasing CO,, stronger storms, more
dead trees, elevated ecosystem respiration, increasing CO,.



Linking hurricane wind-fields and forest tree mortality in ESMs

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 115, G04030, doi:10.1029/2009JG001221, 2010

Impacts of tropical cyclones on U.S. forest tree Assessing hurricane-induced tree mortality in U.S. Gulf Coast
mortality and carbon flux from 1851 to 2000 forest ecosystems
Hongcheng Zeng™', Jeffrey Q. Chambers?®, Robinson I. Negron-Juarez?, George C. Hurtt?, David B. Baker?, Robinson Negr()n—]uélrez,l David B. Baker,l Hongcheng Zeng,l’l Theryn K Henkel,l

and Mark D. Powell® 13
and Jeffrey Q. Chambers

7888-7892 | PNAS | May 12,2009 | vol. 106 | no.19
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resistance to the damaging
effects of hurricane wind

Moderate mortality: rarely flooded
bottomland hardwood forest
(Quercus michauxii, Quercus nigra,
Ulmus americana, Liquidambar
stryacifluia, Carpinus caroliniana,
Carya illinoensis)

Heavy mortality: frequently flooded
bottomland hardwood forest (Acer
rubrum, Carpinus caroliniana,
Fraxinus pennsylvanica, Liquidambar
styraciflua, Quercus laurifolia,
Quercus lyrata,Carya aquatica)

Low mortality: constantly flooded
cypress/tupelo forested wetland
(Taxodium distichum and Nyssa
aquatica)




The Central Amazon

Manaus

Research carried out on reserves managed by Instituto Nacional de
Pesquisas da Amazonia (INPA — National Institute of Amazon Research)
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Increasing carbon storage in intact African
tropical forests

Simon L. Lewis', Gabriela Lopez-Gonzalez', Bonaventure Sonké®, Kofi Affum-Baffoe®, Timothy R. Baker',

Lucas O. Ojo*, Oliver L. Phillips®, Jan M. Reitsma®, Lee White®, James A. Co niskeyFT, Marie-No&l Djuikouo K2
Corneille E. M. Ewangﬂa, Ted R. Feldpausch’, Alan C. Hamilton®, Manuel Gloor’, Terese Hart'®, Annette Hladik'",
Jon Lloyd®, Jon C. Lovett', lean-Remy Makana'®, Yadvinder Malhi'*, Frank M. Mbago ™, Henry J. Ndangalasi'4,
Julie Peacock’, Kelvin 5.-H. Peh’, Douglas Sheil’s‘l', Terry Sunderland'Tt Michael D. Swaine'™, lames Taplin“‘,

David Taylor™”, Sean C. Thomas™, Raymond Votere® & Hannsjarg Weall*™

The response of terrestrial vegetation to a globally changing environ-
ment is central to predictions of future levels of atmospheric carbon
dioxide'?. The role of tropical forests is critical because they are
carbon-dense and highly productive®®. Inventory plots across
Amazonia show that old-growth forests have increased in carbon
storage over recent decades®”, but the response of one-third of the
world’s tropical forests in Africa® is largely unknown owing to an
absence of spatially extensive observation networks™'’. Here we
report data from a ten-country network of long-term monitoring
plots in African tropical forests. We find that across 79 plots
(163 ha) above-ground carbon storage in live trees increased by
0.63MgCha™'yr™' between 1968 and 2007 (95% confidence inter-
val (CI), 0.22-0.94; mean interval, 1987-96). Extrapolation to
unmeasured forest components (live roots, small trees, necromass)
and scaling to the continent implies a total increase in carbon storage
in African tropical forest trees of 0.34 Pg Cyr™" (CI, 0.15-0.43). These
reported changes in carbon storage are similar to those reported
for Amazonian forests per unit area®, providing evidence that
increasing carbon storage in old-growth forests is a pan-tropical
phenomenon. Indeed, combining all standardized inventory data
from this study and from tropical America and Asia>*"" together
yields a comparable figure of 0.49Mg Cha™ ' yr|' (n=156; 562 ha;
CI, 0.29-0.66; mean interval, 1987—-97). This indicates a carbon sink
of 1.3Pg Cyr™" (CI, 0.8-1.6) across all tropical forests during recent
decades. Taxon-specific analyses of African inventory and other
data suggest that widespread changes in resource availability, such
as increasing atmospheric carbon dioxide concentrations, may be
the cause of the increase in carbon stocks”, as some theory" and
models*'*" predict.
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Figure 1| Histogram of annualized change in carbon stocks from 79 long-
term monitoring plots across 10 countries in Africa. Results presented are
weighted by sampling effort (plot size and census-interval length), and fitted
three-parameter Weibull distribution.




GEOPHYSICAL RESEARCH LETTERS, VOL. 37, L16701,

Widespread Amazon forest tree mortality from a single
cross-basin squall line event

Robinson 1. Negrc’)1'1—Juz=f|1‘ez,l Jeffrey Q. Charnbers,l‘z‘3 Giuliano Chlirnarmas,2

Hongcheng Zeng,* Carlos F. M. Raupp,’ Daniel M. Marra,” Gabriel H. P. M. Ribeiro,’
Sassan S. Saa.‘[chi,6 Bruce W. Nv:lson,2 and Niro l-[iguchi2
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Developing relationships between remote sensing
metrics and field-based mortality rates
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Each point represents a randomly placed
400 m?inventory plot randomly stratified
by ANPYV to ensure repeated sampling of
the entire disturbance gradient.




Key features of the disturbance regime for a
Central Amazon landscape
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Detection of subpixel treefall gaps with Landsat imagery in Central Amazon forests

Robinson I. Negron-Judrez **, Jeffrey Q. Chambers *°, Daniel M. Marra ¢, Gabriel H.P.M. Ribeiro ¢,
SamiW. Rifai ? Niro Higuchi ©, Dar Roberts d

Ann. Rev., Ecol. Sww. T984. 153559
Coperighs © 1984 by Annwal Reviews Ine. ANl rights reserved

THE ROLE OF DISTURBANCE
IN NATURAL COMMUNITIES

Wayvne P. Sousa

Department of Zoology, University of California, Berkeley. California 94720

DISTURBANCE IN ASSEMBLAGES OF SESSILE
ORGANISMS

A full understanding of the dynamics of populations within habitats subject to
disturbance requires knowledge of the regime of disturbance and of the subse-
quent patterns of recolonization and succession in the disturbed patches. These

The Regime of Disturbance

How an investigator characterizes a regime of disturbance depends on the

p

i

1.
2.

articular disruptive force and responses being studied. The most commaonly
sed descriptors (e.g. 35, 62, 86, 192, 223) are listed below:

Areal extent—the size of the disturbed area

Magnitude—consists of the following two components:

a.  Intensirv—a measure of the strength of the disturbing force (e.g. fire
temperature, wind speed, wave velocity)

b.  Severitv—a measure of the damage caused by the disturbing force
[Both of these terms have often been used interchangeably (e.g. 33,
192). Severity seems to denote better the amount of damage caused by
a disturbance_ ]

. Freguency—the number of disturbances per unit time. Separate terms are

used for the average frequency of disturbance at the local and the regional

spatial scales:
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Tropical Tree Ecosystem and Community Simulator (TRECQOS)
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Species Matter

without size constraints with size constraints
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Forest biomass distribution predicted much better with
species information on maximum size

Model also predicted that maximum age should be > 1000 years.



Modeling Coarse Litter Decomposition and Respiration
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Chambers, J. Q., N. Higuchi, L. V. Ferreira, J. M. Melack, and J. P. Schimel. 2000. Decomposition and carbon cycling of dead trees in
tropical forests of the central Amazon. Oecologia 122:380-388.

Chambers, J. Q., J. P. Schimel, and A. D. Nobre. 2001. Respiration from coarse wood litter in central Amazon forests. Biogeochemistry
52:115-131.



The steady-state mosaic of disturbance and succession
across an old-growth Central Amazon forest landscape

Jeffrey Q. Chambers®?<', Robinson I. Negron-]uarez", Daniel Magnabosco Marra>9, Alan Di Vittorio?, Joerg Tews*,
Dar Roberts', Gabriel H. P. M. Ribeiro®, Susan E. Trumbore, and Niro Higuchi®

| March5,2012 | vol. 110 | no. 10 | 3949-3954
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Drought Sensitivity

of the Amazon Rainforest

Oliver L. Phillips,™ Luiz E. 0. C. Aragdo,? Simon L. Lewis,* Joshua B. Fisher,? Jon Lloyd,*

et al.
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Amazon drought raises research doubts

A controversial 2007 study found increased ‘greening’ in the Amazon rainforest during a drought in 2005.

Many factors at play in Amazon forest

response to drought



forest canopy

Sassan !'n-alalt«\:hr’"""I Salvi Asefi-Najafabady®, Yadvinder Malhi<, Luiz E. O. C. AragaoY, Liana O. Anderson®®,
Ranga B. Myneni®, and Ramakrishna Nemani?

e

l Persistent effects of a severe drought on Amazonian
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Hypothesis: Amazon trees in regions
with a consistent annual drought less
susceptible to drought-induced

mortality.

Question: How does the mortality
threshold vary with precipitation
seasonality across the Amazon basin?
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Modeling drought effects
on tropical forests

= New
o~ Phyrtologist Researc

Confronting model predictions of carbon fluxes with
measurements of Amazon forests subjected to experimental

drought New Phytologist (2013)

Thomas L. Powelll, David R. Galbraithz’j, Bradley 0. Christhersen4, Anna Harpers’ﬁ, Hewlley M. A. [mbuzeir()?,
Lucy Rowland®, Samuel Almeida®, Paulo M. Brando'®, Antonio Carlos Lola da Costa'', Marcos Heil Costa’,
Naomi M. Levine', Yadvinder Malhi®, Scott R. Sa]eska4, Eleneide Sotta'?, Mathew Williams®, Patrick Meir®

and Paul R. Moorcroft’

Summary

* Considerable uncertainty surrounds the fate of Amazon rainforests in response to climate
change.

* Here, carbon (C) flux predictions of five terrestrial biosphere models (Community Land
Model version 3.5 (CLM3.5), Ecosystem Demography model version 2.1 (ED2), Integrated
Blosphere Simulator version 2.6.4 (IBIS), Joint UK Land Environment Simulator version 2.1
(JULES) and Simple Biosphere model version 3 (SiB3)) and a hydrodynamic terrestrial ecosys-
tem model (the Soil-Plant-Atmosphere (SPA) model) were evaluated against measurements
from two large-scale Amazon drought experiments.

* Model predictions agreed with the observed C fluxes in the control plots of both experi-
ments, but poorly replicated the responses to the drought treatments. Most notably, with the
exception of ED2, the models predicted negligible reductions in aboveground biomass in
response to the drought treatments, which was in contrast to an observed ¢. 20% reduction
at both sites. For ED2, the timing of the decline in aboveground biomass was accurate, but
the magnitude was too high for one site and too low for the other.

* Three key findings indicate critical areas for future research and model development. First,
the models predicted declines in autotrophic respiration under prolonged drought in contrast
to measured increases at one of the sites. Secondly, models lacking a phenological response
to droughtintroduced bias in the sensitivity of canopy productivity and respiration to drought.
Thirdly, the phenomenological water-stress functions used by the terrestrial biosphere models
to represent the effects of soil moisture on stomatal conductance yielded unrealistic diurnal
and seasonal responses to drought.
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Evaluating theories of drought-induced vegetation mortality using a multi-model-
experiment framework.

Nate G. McDowell', Rosie A. Fisher’, Chonggang Xu', J.C. Domec™*, Teemu Holtta’, D. Scott
Mackays, John S. Speny?, Amanda Boutzs, Lee Dick:manl, Nathan Gehress, Jean Marc

Limousin®, Alison Macalady”, Jordi Martinez-Vilalta'”'!. Maurizio Mencuccini'*"_ Jennifer A

Plaut®, Jéréme Ogée'® Robert E. Pangle®, Daniel P. Rasse", Michael G. Ryan'®, Sanna
Sevanto'. Richard H. Waring' . A. Park Williams', Enrico A. Yepez'®, William T. Pockman®

Figure 1. A generalized simulation scheme for modeling plant hydraulic failure, carbon
starvation, and their interdependence. The numbers within each box indicate inclusion by the
following models: 'Sperry model. FINNSIM., *TREES, *MuSICA. *ED(X). and *CLM(ED).
Orange-bordered boxes and orange arrows indicate interdependencies, or bi-directional carbon-
water fluxes that are simulated by the models. Allocation of NSC to defense, reproduction,
respiration, and growth are not listed in priority order, because that remains a subject of debate.
Abbreviations are canopy transpiration (E), canopy-scale stomatal conductance (G.), leaf area
index (LAI), non-structural carbohydrate (NSC), hydraulic conductance (K), percent loss
conductivity (PLC) soil and root water potential (¥.oi and Wroot), gross primary production
(GPP), and autotrophic respiration (R). *Biotic attack was not included in any of the models
used in this study, but is included to highlight the need for this critical model development (red
arrow). Feedbacks between biotic attack and plant physiology are not highlighted here.

Biotic Attack®

Cavitation and J§
Refilling'> |

N Xylem Production
(leaf, wood, roots)'+ 3=

PLC (%)

-

sEEEsL 2288228022828

60
_ v
£ —— TREES —— Sperry [+ B* % o'
z —— MuSICA v
Z —— EDX) \
ER3 CLM(ED)
¥ e Leaf NSC observations
S 100 -+ e FEEEE e —
§ Drought started Junipe; r—:mrri\‘e_]k| f ~,\‘I I -\ Al
z 8op oy 'l‘."". A )?
g / | \/
2 60p

J0F

wf

100

80 F

m F

wf

i}

2010

f hydrautic fail

2011

007

008 2009
Date

010 1011

NSC-meazure of carbon starvation

=
(%) MRIPAYHLIED [RINIHLIIS-UON 50| U]

/!

A

2007 2008

3009 2000
Date

2011

iis

si0s 010
Date

L
201

cSEsstszg2eesgEsssse2eeyg

(wmpwm o %) ISN



Widespread Increase of Tree Mortality
Rates in the Western United States

20 4 r
Phillip J. van Mantgem,**t} Nathan L. Stephenson,**t John C. Byrne,? Lori D. Daniels,? A il i B i
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plots in the westem United States >
and southwestem British Columbia, 2 051 Fgate [ g
Red and blue symbols indicate, ‘; — —
respectively, plots with increasing or ® 00 P S S . o
d_ecreasing mortality rates. Sy[nbol 5 20+ ¢ E
size corresponds to annual fractional =
change in mortality rate (smallest g <15cm <25 yr
symbol, <0.025 year™; largest sym- € 15{— 15l040cm | —— 25-250 yr
bol, >0.100 year™?; the three inter- s >40em 2230y
mediate symbol sizes are scaled in 10 L
increments of 0.025 year™). Numer- 3
als indicate groups of plots used in
analyses by region: (1) Pacific North- 05+ // [ /
west, (2) California, and (3) interior.
Forest cover is shown in green. 00 ———— —— ———
1960 1970 1980 1990 2000 1960 1970 1980 19902000 1960 1970 1980 1990 2000
Year
Fig. 2. Modeled trends in tree mortality rates for (A) regions, (B) elevational class, (C) stem
diameter class, (D) genus, and (E) historical fire return interval class.

Persistent changes in tree mortality rates can alter forest structure, composition, and ecosystem
services such as carbon sequestration. Our analyses of longitudinal data from unmanaged old
forests in the western United States showed that badiground (noncatastrophic) mortality rates have
increased rapidly in recent decades, with doubling periods ranging from 17 o 29 years among
regions. Increases were also pervasive across elevations, free sizes, dominant genera, and past fire
histories. Forest density and basal area declined slightly, which suggests that increasing mortality
was not caused by endogenous increases in competfition. Because mortality increased in small
trees, the overall increase in mortality rates cannot be attributed solely to aging of large trees.
Regional warming and consequent increases in water deficits are likely contributors to the
increases in tree mortality rates.




- - - Western United States forest wildfire activity is widely thought to have increased in recent decades,
Wa rmlng and Ea rller Sprlng Increase yet neither the extent of recent changes nor the degree to which climate may be driving regional

changes in wildfire has been systematically documented. Much of the public and scientific

Western U_s_ Forest Wi Idfi re Acti"itv discussion of changes in western United States wildfire has focused instead on the effects of 19th-

and 20th-century land-use history. We compiled a comprehensive database of large wildfires in

A. L. Westerling,*?* H. G. Hidalgo,* D. R. Cayan,™? T. W. Swetnam* western United States forests since 1970 and compared it with hydroclimatic and land-surface data.
Here, we show that large wildfire activity increased suddenly and markedly in the mid-1980s, with
18 AUGUST 2006 VOL 313 SCIENCE www.sciencemag.org higher large-wildfire frequency, longer wildfire durations, and longer wildfire seasons. The greatest

increases occurred in mid-elevation, Northern Rockies forests, where land-use histories have
relatively little effect on fire risks and are strongly associated with increased spring and summer
temperatures and an earlier spring snowmelt.
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Less moisture—more fires. Between 1970 and 2003, spring and summer moisture availability declined in
many forests in the western United States (left). During the same time span, most wildfires exceeding 1000
ha in burned area occurred in these regions of reduced moisture availability (right). [Data from (4)]

PERSPECTIVES
CLIMATE CHANGE
- - Higher spring and summer temperatures and
IS G I 0 ba I Wa rm I n g ca usl n g Mo re, earlier snowmelt are extending the wildfire

season and increasing the intensity of wildfires

La rger Wildfi res‘? in the western United States.

Steven W. Running
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Mountain pine beetle and forest carbon feedback to

climate change

W. A. Kurz, C. C. Dymond’, G. Stinson’, G. J. Rampley', E. T. Neilson', A. L. Carroll', T. Ebata® & L. Safranyik!

0 75 150 300 km

Figure 1| Geographic extent of mountain pine beetle outbreak in North
America. a, Extent (dark red) of mountain pine beetle. b, The study area
includes 98% of the current outbreak area. ¢, A photograph taken in 2006

The mountain pine beetle (Dendroctonus ponderosae Hopkins,
Coleoptera: Curculionidae, Scolytinae) is a native insect of the
pine forests of western North America, and its populations peri-
odically erupt into large-scale outbreaks'~. During outbreaks, the
resulting widespread tree mortality reduces forest carbon uptake
and increases future emissions from the decay of killed trees. The
impacts of insects on forest carbon dynamics, however, are gene-
rally ignored in large-scale modelling analyses. The current out-
break in British Columbia, Canada, is an order of magnitude
larger in area and severity than all previous recorded outbreaks®.
Here we estimate that the cumulative impact of the beetle out-
break in the affected region during 2000-2020 will be 270 mega-
tonnes (Mt) carbon (or 36gcarbonm™2yr~' on average over
374,000km” of forest). This impact converted the forest from a
small net carbon sink to a large net carbon source both during and
immediately after the outbreak. In the worst year, the impacts
resulting from the beetle outbreak in British Columbia were equi-
valent to ~75% of the average annual direct forest fire emissions
from all of Canada during 1959-1999. The resulting reduction in
net primary production was of similar magnitude to increases
observed during the 1980s and 1990s as a result of global change®.
Climate change has contributed to the unprecedented extent and
severity of this outbreak®. Insect outbreaks such as this represent
an important mechanism by which climate change may under-
mine the ability of northern forests to take up and store atmo-
spheric carbon, and such impacts should be accounted for in
large-scale modelling analyses.

showing an example of recent mortality: pine trees turn red in the first year
after beetle kill, and grey in subsequent years. Photo credit: Joan Westfall,

Entopath Management Ltd.
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Forest mortality 1s accelerating globally due to drought and heat

Beck et al. Eco Let. 2011
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Tree Mortality the Airborne Fraction

doi:10.1038/nature11299

Increase in observed net carbon dioxide uptake by

land and oceans during the past 50 years

A. P. Ballantyne't, C. B. Alden?, J. B. Miller>*, P. P. Tans* & J. W. C. White'-?

One of the greatest sources of uncertainty for future climate predic-
tions is the response of the global carbon cyde to climate change'.
Although approximately one-half of total CO, emissions is at present
taken up by combined land and ocean carbon reservoirs®’, models
predict a dedinein future carbon uptake by these reservoirs, resulting
in a positive carbon—climate feedback’. Several recent studies suggest
thatrates of carbon uptake by theland** and ocean”"® have remained
constant or declined in recent decades. Other work, however, has
called into question the reported dedine" . Here we use global-scale
atmospheric CO, measurements, CO; emission inventories and their
full range of uncertainties to calculate changes in global CO, sources
and sinks during the past 50 years. Our mass balance analysis shows
that net global carbon uptake has increased significantly by about
0.05 billion tonnes of carbon per year and that global carbon uptake
doubled, from 2.4 * 0.8 to 5.0 = 0.9 billion tonnes per year, between
1960 and 2010. Therefore, it is very unlikely that both land and ocean
carbon sinks have decreased on a global scale. Since 1959, approxi-
mately 350 billion tonnes of carbon have been emitted by humans to
the atmosphere, of which about 55 per cent has moved into the land
and oceans. Thus, identifying the mechanisms and locations
responsible for increasing global carbon uptake remains a critical
challenge in constraining the modern global carbon budget and
predicting future carbon-dimate interactions.
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Summary

Tree mortality processes, which largely define the climate-carbon g
feedback, are only rudimentarily treated in terrestrial models.

Synthetic landscape-scale studies are needed that combine modeling,
remote sensing, field studies, and manipulative experiments to develop
an improved mechanistic understanding of tree mortality processes.

Shifts in background mortality rates (say from a 1% to a 2% regime)
can be just as Important as episodic/catastrophic events in determining
key climate-relevant forest-atmosphere interactions under a changing
climate.

As climate change accelerates, it will become increasingly difficult for
model development and evaluation to keep pace with real-time change.
The DOE’s Next Generation Ecosystem Experiment (NGEE) approach
(model-inspired field studies and experiments) one way to meet this
challenge.

How are we going to model these complex tree mortality processes?
(CAMD5 video)
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