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B51C-08 1045h INVITED

Mesoscale Modeling of
Vegetation-Atmosphere Feedbacks

Roni Avissar (919 660-5458; avissar@duke.edu)

Duke University, Department of Civil & Environ-
mental Engineering, 123 Hudson Hall, Box 90287,
Durham, NC 27708-0287

The data collected as part of the Large-scale Bio-
sphere Atmosphere (LBA) Experiment in Rondonia,
Brazil and the data collected in central US as part of
the GCIP program are used together with the Regional
Atmospheric Modeling System (RAMS) to investigate
the vegetation-atmosphere interactions at the different
scales in these two different geographical locations. In
both cases, the atmospheric boundary layer developing
above various land covers is very different, sometimes
creating horizontal pressure gradients strong enough to
generate organized mesoscale circulations, which affect
the structure of the boundary layer, clouds and precipi-
tation. In a parallel investigation, three scenarios were
produced with the Goddard Institute for Space Stud-
ies (GISS) GCM: (1) current climate using current land
cover; (2) current climate with no deforestation in the
Amazon basin; and (3) current climate with a mixture
of pasture and brush in most of the Amazon basin. For
each scenario, six realizations of 12-year runs were pro-
duced. Different statistical tests are used to demon-
strate the effect of land-cover change in the Amazon
on the regional climate of other continents. Particu-
lar attention is paid to the effects at the seasonal time
scale. Teleconnections are clearly identified between
the Amazon and North America, indicating that defor-
estation in the Amazon reduces the summer precipita-
tion in central North America, and reduces fall precip-
itation in south-west North America.

B51C-09 1105h

Regional differences in carbon
source-sink potential in the US

Dominque Bachelet1 (360-753-7728;

bachelet@fsl.orst.edu)

James Lenihan2 (lenihan@fsl.orst.edu)

Ronald Neilson2 (rneilson@fed.fs.gov)

1Oregon State University, Forestry Sciences Labora-
tory 3625 93rd Ave, SW, Olympia, WA 98512-9193,
United States

2USDA USFS Forestry Sciences, 3200 Jefferson Way,
SW, Corvallis, OR 97331, United States

We used the dynamic vegetation model MC1 to
simulate the change in carbon storage potential un-
der historical conditions (1895-1994) in the 6 regions
of the conterminous USA delineated for the USGCRP
National Assessment. The largest variations occur in
the Midwest where large fire events (1937, 1988) af-
fect vegetation biomass. The Southeast shows decadal-
type trends and alternates becoming either a carbon
source (1920’s, 1940’s, 1970’s) or a sink (1910’s, 1930’s,
1950’s). The drought of the 1930’s is most obvious in
the creation of a large carbon source in the Midwest and
the Great Plains. The two most western regions and the
northeast show the smallest amplitudes in their varia-
tions. Projections into the future using the CGCM1
climate scenario show the Northeast becoming mostly
a carbon source, the Southeast becoming the largest
carbon source in the 21st century, and the two western-
most regions becoming arbon sinks in the second half
of the 21st century. Regional trends in C storage under
historical conditions show an increase in soil organic
matter with time except in the Midwest which starts
loosing carbon in the 1900’s but starts recovering it by
the 1970’s. The Pacific Northwest shows a less pro-
nounced decline in soil C but that continues through
the 1980’s. Projections into the future show increases
in soil organic matter in the Great plains and the two
western-most regions, decreases in the Midwest and the
Northeast,and a huge decline in the Southeast soil car-
bon levels with respect to the 1895 level.

B51C-10 1120h INVITED

Global and Regional Constraints on
Exchanges of CO2 Between the
Atmosphere and Terrestrial Biosphere

Stephen C Piper (1-858-534-4230 x12;

scpiper@ucsd.edu)

Scripps Institution of Oceanography, University of
Calif., San Diego, 9500 Gilman Dr., La Jolla, CA
92093-0244, United States

The vigorous atmospheric circulation rapidly mixes
CO2 that is exchanged with the terrestrial biosphere
and oceans. Therefore, at time scales greater than 1
year, the approximate interhemispheric exchange time
of the atmosphere, an average of CO2 measurements
from a network of surface stations can be used to accu-
rately determine the global net change in atmospheric

CO2. By subtracting CO2 produced by fossil fuel com-
bustion, which is well characterized by national statis-
tics, the global the sum of terrestrial biospheric and
oceanic net fluxes, here termed the ”nonfossil” CO2
flux, can also be accurately determined. The nonfos-
sil CO2 flux averaged -2.1±0.3 PgC/yr and -3.2±0.4
PgC/yr in the 1980s and 1990s respectively (negative
denotes out of the atmosphere), and varied in annual
average from about 0 to -4 PgC/yr over these two
decades.

Two primary methods have been used to further
partition the nonfossil CO2 flux between land and

oceans: the O2 and 13C/12C methods, which rely, re-
spectively, on measurements of atmospheric O2 (actu-

ally O2/N2 for technical reasons) and of the 13C/12C
ratio of CO2. Burning of fossil fuel consumes atmo-

spheric O2 and releases CO2 with a 13C/12C ratio
lower than that of atmospheric CO2 whereas uptake of
CO2 by terrestrial plants releases O2, and increases the

atmospheric 13C/12C ratio owing to the preferential
assimilation of 12CO2 relative to 13CO2. In contrast,
the uptake of CO2 by the oceans has little effect on

either the atmospheric O2 or 13C/12C ratio. There-
fore, the net CO2 uptake or release from the terres-
trial biosphere can be calculated in either method by
subtracting the change owing to fossil fuel emissions
from the measured change in the atmosphere, utiliz-
ing known stoichiometric ratios of O2 and CO2 in the
O2 method, and isotopic fractionation factors in the
13C/12C method. Currently, the O2 method gives a
net global terrestrial biospheric CO2 flux of -0.2±0.7
PgC/yr and -1.4±0.7 PgC/yr for the 1980s and the

1990s, respectively. Both the O2 and 13C/12C meth-
ods have complications and limitations that will be dis-
cussed.

To partition the global biospheric flux further to
zonal or regional detail or to shorter time steps, at-
mospheric models are required to simulate the trans-
port of tracer from source regions to individual stations
where air is sampled. An ongoing collaborative project
to compare atmospheric models has highlighted signifi-
cant differences in transport characteristics, mainly ow-
ing to differences in how the boundary layer is mod-
eled. Accordingly, a recent compilation of model calcu-
lations showed a wide range of estimates for the trop-
ical biosphere, from a significant release of CO2 to an
uptake over recent decades; however, the calculations
showed reasonable agreement on a significant northern
biospheric sink.

Fluxes of biospheric CO2 can be determined accu-
rately at the global scale as well as at individual sites.
An ingenious blend of observations and models will be
required to bridge the gap between these two extreme
spatial scales, and thereby gain an understanding suf-
ficient to predict the influence of the terrestrial bio-
sphere on variations in atmospheric CO2.

B51C-11 1135h

Modeling inter-annual variability at
baseline CO2 stations: Contributions
from sources and transport

Roger J. Dargaville1 (303 497 1732; rjd@ucar.edu)

Scott C. Doney1 (303 497 1639; doney@ucar.edu)

1National Center for Atmospheric Research, PO BOX
3000, Boulder, CO 80307, United States

Both the surface source variability and variability in
atmospheric transport impact the observations of at-
mospheric CO2 at baseline monitoring stations. Pre-
viously it was assumed that the contribution due to
transport inter-annual variability was minor. Using
the off-line tracer transport model MATCH (Model of
Atmospheric Transport and Chemistry) and dynamics
from the NCAR CCM2 (Community Climate Model)
and the NCEP (National Centers for Environmental
Prediction) reanalyses we demonstrate that the contri-
bution of transport variability can be significant and
should be considered in interpretations of observed
CO2 variability. The CCM2 runs recycle a single year
of winds while the NCEP runs use wind fields that ex-
hibit realistic transport inter-annual variability. CO2
sources are taken from transient simulations (i.e., with
inter-annual variability) of the terrestrial carbon fluxes
by TEM (Terrestrial Ecosystem Model) and the LPJ
(Lund-Potsdam-Jena) models forced with climate data
from Jones (1994) and Hulme (1992 & 1994). The
two ecosystem models bracket the range of simulated
behavior, with the TEM fluxes exhibiting much less
year to year variability than LPJ, in part due to TEM
taking into account nitrogen limitations while LPJ in-
cludes fire disturbance. A sensitivity experiment with
the NCEP dynamics was also conducted with a re-
peated seasonal cycle of CO2 fluxes to isolate the im-
pact of transport variability explicitly. We show that
the difference between the CCM2 and NCEP runs is
primarily due to transport variability and that the in-
clusion of the year to year changes in circulation sig-
nificantly improves the correlations of the simulated
and observed deseasonalized concentration anomalies in
both the TEM and LPJ cases. The inclusion of trans-
port inter-annual variability also increases the magni-
tude of the variability in the simulated concentrations
anomalies, shifting the standard deviations from TEM

and LPJ simulations closer to and in excess of the ob-
served values, respectively. These experiments high-
light the need to use realistic inter-annual forcing in
model-data comparisons.

B51C-12 1150h

Simulation of Interannual Variability in
the Terrestrial Carbon Cycle

Starley L. Thompson1 (925-423-9923;

thompson59@llnl.gov)

Bala Govindasamy1 (925-423-0771; bala@llnl.gov)

1Lawrence Livermore National Lab , 7000 East Ave.
L-103, Livermore, CA 94550, United States

Recent observational and modeling studies have
shown that the net flux of carbon from the global ter-
restrial ecosystem is subject to substantial interannual
variability. We use an integrated atmospheric general
circulation and biosphere dynamics model to investi-
gate the nature and source of this variability in the ter-
restrial carbon cycle. The Community Climate Model 3
(CCM3) coupled to the Integrated Biosphere Simulator
(IBIS 2) is used to perform a 16-member ensemble of
AMIP-type present day simulations with observed sea
surface temperatures (SSTs) for the period 1979-1992.
Interannual global variations in terrestrial carbon up-
take as simulated are of the proper magnitude and have
good positive correlation with inferred uptake from ob-
servationally driven inverse modeling for the same time
period. While our ensemble simulations do permit the
extraction of a SST-driven signal, they also show that
nearly 65% of interannual variability is driven by ”in-
ternal” chaotic climate variability not related to vari-
ations in SST. This unforced interannual variability in
carbon uptake appears to originate mainly from the un-
forced variability in Net Primary Productivity which in
turn is driven by the chaotic variability in interannual
precipitation and surface temperature.
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B52A MC: 122 Friday 1330h

Synthetic Analyses of Large-Scale
Ecological Processes II

Presiding: G Hurtt, University of New
Hampshire; J Foley, University of
Wisconsin

B52A-01 1330h

The Synthesis Challenge

George C Hurtt (603-862-1792;

george.hurtt@unh.edu)

University of New Hampshire, Institute for the Study
of Earth, Oceans and Space, Durham, NH 03824,
United States

Terrestrial ecosystems are heterogeneous across a
wide range of spatial and temporal scales. This het-
erogeneity poses major challenges for observation, ex-
perimentation, modeling, and ultimately the synthetic
understanding of important large-scale ecological pro-
cesses. From leaf level measurements to plot scale ex-
periments, from towers to forest inventories, from re-
mote sensing to integrated atmospheric observations,
approaches are needed for simultaneously interpreting
such heterogeneous data in a self-consistent manner.
In this talk, I will motivate and provide some perspec-
tives on emerging synthetic approaches for large-scale
ecosystem analysis.

B52A-02 1345h INVITED

Synthesizing the Global Biogeochemical
Cycle of Boron

William H Schlesinger1 (919-613-8004;

schlesin@duke.edu)

Haewon Park1 (hp5@duke.edu)

1Nicholas School of the Environment and Earth Sci-
ences, Duke University, Durham, NC 27708, United
States
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To understand human impacts on earth system
function, we must develop internally consistent models
for the biogeochemical cycle of major elements. We will
show approaches to this challenge using, as an example,
our recent attempt to synthesize the global boron cycle,
using the few data currently available. The global B
cycle is primarily driven by a large flux (1.38 TgB/yr)
through the atmosphere derived from seasalt aerosols.
Other significant sources of atmospheric boron include
emissions during the combustion of biomass (0.26-0.43
TgB/yr) and coal, which adds 0.19 TgB/yr as an an-
thropogenic contribution. These known inputs to the
atmosphere cannot account for the boron removed from
the atmosphere in rainfall (3.8 TgB/yr), estimated dry
deposition (0.8 to 2.2 TgB/yr) and the gaseous ab-
sorption of B by the oceans (1.2 TgB/yr). In addi-
tion to atmospheric deposition, rock weathering is a
source of boron (0.19 TgB/yr) for terrestrial ecosys-
tems, and humans mine about 0.31 TgB/yr from the
Earth’s crust. More than 4.8 TgB/yr circulates in the
biogeochemical cycle of land plants, and about 0.51 to
0.61 TgB/yr is carried from land to sea by rivers. The
biogeochemical cycle of boron in the sea includes 4.4
TgB/yr circulating in the marine biosphere, and an an-
nual loss of 0.47 TgB/yr to the oceanic crust via a va-
riety of sedimentary processes that collectively remove
only a small fraction of the total annual inputs to the
oceans. Thus, with our current understanding of the
global biogeochemistry of B, the atmospheric budget
shows outputs>inputs, while the marine compartments
show inputs>outputs. Despite these uncertainties, it is
clear that the human perturbation of the global B cycle
has more than doubled the mobilization of B from the
crust and contributes significantly to the B transport
in rivers.

B52A-03 1400h

Large-scale Ecological Processes: the
View from the Air

Steven C. Wofsy1 (617-495-4566;

scw@io.harvard.edu)

Christoph Gerbig1 (617-495-9624;
chg@io.harvard.edu)

John C. Lin1 (617-495-5361; jcl@io.harvard.edu)

Wendy W. Chou1

1Harvard University, Division of Engineering and Ap-
plied Science and Department of Earth and Plane-
tary Science, 29 Oxford St., Cambridge, MA 02138,
United States
The processes of photosynthesis, respiration, and

transpiration may be observed on the scale of a region
or continent by measuring the changes in atmospheric
CO2 and H2O from an aircraft platform. This paper re-
views atmospheric measurements from a number of air-
craft campaigns that allow diagnostic determination of
large-scale fluxes of CO2 from tropical and midlatitude
ecosystems. The signal of large-scale ecosystem pro-
cesses is shown to provide clear, quantitative informa-
tion on the largest scales of aggregation. We give sev-
eral examples to show that the emergent properties of
ecosystems are quantitatively and qualitatively differ-
ent than small-scale properties. Mechanistic models of
ecosystems on large scales must account for landscape-
scale processes such as transport and deposition of or-
ganic matter, nutrients, and pollutants, as well as land
use and fire history.

B52A-04 1415h INVITED

Carbon Cycle Model Linkage Project
(CCMLP): Evaluating Biogeochemical
Process Models with Atmospheric
Measurements and Field Experiments

Martin Heimann1 (49-3641-686720;
martin.heimann@bgc-jena.mpg.de);

I. Colin Prentice1 (49-3641-643770;

colin.prentice@bgc-jena.mpg.de); Jon Foley2

(608-265-9119; jfoley@facstaff.wisc.edu); Thomas

Hickler3 (46-46-222-9298;
thomas.hickler@planteco.lu.se); David W.

Kicklighter4 (508-289-7490; dkick@mbl.edu); A.

David McGuire5 (907-474-6242; ffadm@uaf.edu);

Jerry M. Melillo4 (508-289-7494;

jmelillo@mbl.edu); Navin Ramankutty2

(608-265-0604; nramanku@facstaff.wisc.edu);

Stephen Sitch6 (49-331-288-2536;
sitch@pik-potsdam.de)

1Max Planck Institute for Biogeochemistry, Carl-
Zeiss-Promenade 10, Jena 07745, Germany

2Center for Sustainability and the Global Environ-
ment, University of Wisconsin, 1225 West Dayton
Street, Madison, WI 53706, United States

3Centre for Geobiosphere Studies, Lund University,
Ekologihuset, Lund 223 62, Sweden

4The Ecosystems Center, Marine Biological Labora-
tory, 7 MBL Street, Woods Hole, MA 02543

5US Geological Survey, Alaska Cooperative Fish and
Wildlife Research Unit, University of Alaska, 216
Irving I Building, Fairbanks, AK 99775, United
States

6Potsdam Institute for Climate Impact Research,
Telegrafenberg C4, PO Box 601203, Potsdam 14412,
Germany

Models of biophysical and biogeochemical proceses
are being used -either offline or in coupled climate-
carbon cycle (C4) models-to assess climate- and CO2-
induced feedbacks on atmospheric CO2. Observations
of atmospheric CO2 concentration, and supplementary
tracers including O2 concentrations and isotopes, of-
fer unique opportunities to evaluate the large-scale be-
haviour of models. Global patterns, temporal trends,
and interannual variability of the atmospheric CO2
concentration and its seasonal cycle provide crucial
benchmarks for simulations of regionally-integrated net
ecosystem exchange; flux measurements by eddy cor-
relation allow a far more demanding model test at
the ecosystem scale than conventional indicators, such
as measurements of annual net primary production;
and large-scale manipulations, such as the Duke For-
est Free Air Carbon Enrichment (FACE) experiment,
give a standard to evaluate modelled phenomena such
as ecosystem-level CO2 fertilization. Model runs in-
cluding historical changes of CO2, climate and land
use allow comparison with regional-scale monthly CO2
balances as inferred from atmospheric measurements.
Such comparisons are providing grounds for some con-
fidence in current models, while pointing to processes
that may still be inadequately treated. Current plans
focus on (1) continued benchmarking of land process
models against flux measurements across ecosystems
and experimental findings on the ecosystem-level ef-
fects of enhanced CO2, reactive N inputs and temper-
ature; (2) improved representation of land use, forest
management and crop metabolism in models; and (3) a
strategy for the evaluation of C4 models in a historical
observational context.

B52A-05 1430h INVITED

Sustainability of Terrestrial Carbon
Sinks

Christopher B Field ((650) 325 1521;

chris@globalecology.stanford.edu)

Carnegie Institution of Washington, 260 Panama
Street, Stanford, CA 94305, United States

The problem of predicting the future trajectory of
terrestrial carbon sinks has five components. These are
(1) the attribution of current sinks among causal mech-
anisms, (2) the intrinsic trajectory of the sink resulting
from each mechanism, (3) the future trajectory of en-
vironmental conditions, (4) the sensitivity of sinks to
future environmental conditions, and (5) the prospect
for future sinks due to novel mechanisms. This analysis
of sinks must be placed in the broader context of car-
bon balance, including not only sinks, but also sources.

The attribution problem is central to the question of
the future of carbon sinks because each of the potential
mechanisms has different intrinsic dynamics, responds
differently to environmental changes, and is influenced
by a different set of human actions. Until recently,
most analyses assumed that the past and future tra-
jectory of terrestrial carbon sinks could be understood
as a function of climate and atmospheric composition
alone, without a major contribution of direct effects of
human actions. Increasingly, it is clear that this per-
spective is too limited. In many settings, current sinks
are probably dominated by the history of land manage-
ment. Interactions among these major regulators may
be as important as the single-factor effects.

As emphasis on CO2 and climate as the sole or
dominant explanation for terrestrial sinks has faded,
a number of new potential mechanisms have emerged,
including, (1) climate change, (2) CO2 fertilization,
(3) nitrogen fertilization, (4) the regrowth of previ-
ously harvested forests, (5) the abandonment of agri-
cultural land, (6) changes in agricultural management,
(7) increasing woodiness of grassland and savanna veg-
etation, (8) fire suppression, (9) accumulation in land-
falls, and (10) accumulation in durable products. None
of these mechanisms produces an indefinite sink. For
some mechanisms, the potential is influenced primar-
ily by the interaction between ecosystem processes and
the trajectory of climate and atmospheric change. For
others, the historical pattern of human actions is the
dominant influence. These two classes of regulators in-
teract for all of the mechanisms.

B52A-06 1445h INVITED

Measuring the Human Footprint on
Ecosystem Function

R. S. DeFries1,2 (301 405 4884;
rd63@umail.umd.edu)

1Department of Geography, 2181 Lefrak Hall Univer-
sity of Maryland, College Park, MD 20742, United
States

2Earth System Science Interdisciplinary Center, Uni-
versity of Maryland, College Park, MD 20742,
United States

Major questions for the biogeosciences concern the
consequences of human transformation of landscapes
for biogeochemical cycling and other ecosystem func-
tions. While it is clear that the footprint of humans ex-
tends to almost all corners of the world, there is no sin-
gle measure of the anthropogenic effect on ecosystems.
Unlike the ”Keeling curve” representing anthropogenic
carbon dioxide emissions in a single atmospheric mea-
surement, the spatial and temporal heterogeneity of
ecosystems and the patchy nature of human activities
on the landscape make such a measurement impossible.
Here we present two approaches for assessing the con-
sequences of human modification of the landscape on
ecosystem processes: the effects of past and future land
use change on net primary production at the global
scale and analysis of satellite observations over the past
18 years to quantify the carbon dioxide emissions from
tropical land use change. Key issues for quantifying hu-
man influences on ecosystem function include account-
ing for natural variability on a variety of time scales
and incorporating spatial heterogeneity in landscape-
level analysis.

B52A-07 1500h

Human Activity and a Changing
Biosphere – A Review

Jonathan A Foley (jfoley@facstaff.wisc.edu)

Center for Sustainability and the Global Environ-
ment, University of Wisconsin 1225 West Dayton
Street, Madison, WI 53706

As we take a more complete and synthetic view of
the biosphere, we must also recognize the important hu-
man dimensions affecting the planets ecosystems. The
use of ecosystems as sources of food, fiber, freshwater,
and other ecosystem services has radically transformed
the nature of the biosphere.

In this presentation, I will attempt to review some
of the human activities affecting ecosystem processes
on regional and global scales. In addition, examples of
how human activities can be directly incorporated with
ecological models will be illustrated.

B52B MC: 122 Friday 1530h

Synthetic Analyses of Large Scale
Ecological Processes: The North
American Carbon Sink as a Case
Study

Presiding: C Potter, NASA-Ames
Research Center; J Coughlan, NASA
Ames Research Center

B52B-01 1530h

Observational Evidence of a Large CO2
Sink in North America?

Pieter P Tans1 (303 497 6678;

ptans@cmdl.noaa.gov); James W White2; Thomas

J Conway1; Patricia M Lang1; Kenneth A

Masarie1; Bruce Vaughn2

1NOAA/CMDL, 325 Broadway, Boulder, CO 80305,
United States

2Univ. of Colorado/INSTAAR, 1560 30th Street,
Boulder, CO 80303, United States

The concentration of atmospheric CO2 over the
North Atlantic basin, downwind from the continent of
North America, is on average somewhat lower than over
the North Pacific basin. The reason could be unex-
pectedly large uptake of CO2 on the North American
continent, larger ”local” uptake of CO2 by the North
Atlantic than by the North Pacific, or some combina-
tion of the two. Our analysis of these hypotheses is
strongly data-oriented. Use is made of spatial gradi-
ents of other atmospheric species, namely the isotopic
ratio 13C/12C of CO2, CO, SF6 in order to arrive at an
estimate of a sink in North America. The 13C/12C ra-
tio of CO2 is enriched over the North Atlantic relative
to the Pacific, suggesting the presence of a biological
sink upwind of the Atlantic. Sampling stations in both
basins are not located at the same latitudes, so that
the contamination of the (small) east-west differences
by the (larger) north-south gradient has to be removed.
Statistical uncertainty of the concentration differences
is estimated by a Monte Carlo technique in which ob-
servation stations are added and removed.


