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Atmospheric and ground-based methods agree on
the presence of a carbon sink in the coterminous U.S.
(U.S. minus Alaska and Hawaii), and the primary
causes for the sink have recently been identified. Pro-
jecting the future behavior of the sink is necessary
for projecting future net emissions. Here we use two
models, the Ecosystem Demography Model (ED) and
a second simpler empirically-based model (Miami-LU),
to estimate the spatio-temporal patterns of ecosystem
carbon stocks and fluxes from 1700 to 2100. Our re-
sults are compared to other historical reconstructions
of ecosystem carbon fluxes, and to a detailed carbon
budget for the 1980s. Our projections indicate that
the ecosystem recovery processes that are primarily re-
sponsible for the contemporary U.S. carbon sink will
slow over the next century resulting in a significant re-
duction of the sink unless other new sink mechanisms
compensate. Key uncertainties in model estimates and
priorities for reducing uncertainties will be highlighted
and discussed in the context of both the U.S. carbon
budget and the likely future of the U.S. carbon sink.
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Understanding the impact of climate change and
the role that carbon sequestration in forests can have
on the global carbon cycle will require a fuller under-
standing of the impact of land use on forests. Eco-
logical models examining the impact of climate change
have, until recently, focused on potential vegetation.
This inability to incorporate land use data is related
to a lack of information on the historical land use pat-
terns. We accumulated the reported historical informa-
tion on harvested acres, the harvest practice, volume of
growing stock inventory, and removals. Land manage-
ment has had a significant impact on the volume per
acresince 1955, volume per acre has increased in nearly
all of the 50 states. Forest management for softwoods
has traditionally involved harvests that remove most,
if not, all of the trees. Hardwood management involves
more selective cutting; thus harvest is not a stand-
resetting event typically. Data on harvested acres is
biased towards recent years, 1970 to present, where as
growing stock and removal volume data are available
to 1955. To develop harvest information further back
in time, we developed two approaches to estimate har-
vested acres using the available data: 1) an analytical
approach based on volume, removals and timberland
acres, and 2) a statistical model based on reported har-
vested acres and their relationship to removals. To ex-
trapolate to 1750, we used settlement information and
assumptions about land use. We explore within-state
spatial patterns generated by these methods for North
Carolina. The methods we used provide a means of
assessing uncertainty in historical patterns of land use
and of volume of timber removed from forestland across
the United States.
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Tropical rain forests, so far poorly represented
within FLUXNET, are often considered ’special’ among
the forests of the world. Often cited distinguishing as-
pects are their height, species richness, density, dark-
ness, or humidity. While many of these observations
are beyond doubt, we ask the more restrictive question
whether these forests are essentially different from tem-
perate ones in their interaction with the atmosphere.

The Large Scale Biosphere-Atmosphere experiment
in Amazonia (LBA) and its predecessors are providing
some insight into forest-atmosphere exchange, carbon
and water cycling. Multi-year flux measurements at
several sites so far suggest a (controversially) high net
rate of annual carbon uptake and clear seasonality. If
compared to other FLUXNET forest sites, variation in
uptake seems to be controlled by rainfall as opposed to
by radiation in other forests. If we consider in-canopy
turbulence and micrometeorology from earlier work,
Amazon forest appears somewhat extreme in damping
turbulence at best. Finally, if we compare in-canopy
photosynthetic properties and physiology, those forests
seem fairly ordinary compared to temperate forests.

URL: http://Iba.cptec.inpe.br/Iba/indexi.html
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The deciduous broadleaf forests dominated by oak
species are widely spread in Japan, Korea, and north-
eastern China. Deciduous conifer forests consisting of
larch species are broadly distributed on the Eurasian
Continent, especially in eastern Siberia. These ecosys-
tems are two of the major vegetative constituents of
eastern Asia, and they are considered to be important

ecosystems that exhibit strong seasonality of terrestrial
carbon sink and source in the Eurasian Continent.
The main objective of this study is to estimate
the sensitivity of the carbon budget of the ecosystems
to climatic conditions. Fluxes of COg, water vapor,
and sensible heat are measured by the eddy covariance
a cool-
temperate deciduous broadleaf forest in a mountain-

method over two different forest ecosystems:

ous region of Takayama (central Japan), and a larch
(deciduous conifer) forest in a flat region of Tomako-
mai (northern Japan). The Takayama site (36° 08
N, 137° 25’ E, elevation 1,420 m) was established in
1993 with the cooperation of the National Institute of
Advanced Industrial Science and Technology and Gifu
University. The Tomakomai site (42° 44’ N, 141°31° E,
elevation 115-140 m) was established in 1999-2000 by
the National Institute for Environmental Studies and
the Hokkaido Regional Forest Office.

Analyses are mainly focused on environmental con-
trols of nighttime and daytime COg exchanges at the
different forest ecosystems. An unusually high air tem-
perature anomaly was widely observed at East Asia in
1998, and it caused 20-25 days earlier leaf emergence
of most deciduous forests in Japan. However, increased
temperature in 1998 summer resulted in the less carbon
uptake at Takayama site. It was also suggested that
the larch forest in Tomakomai had a high sensitivity
to temperature, and the daytime decline in COgy up-
take with temperature above the optimum was greater
in Tomakomai (a larch forest in a flat ground) than
in Takayama (a broadleaf forest in a mountainous re-
gion).
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Quantifying net carbon (C) storage by forests is
a necessary step in the validation of C sequestration
estimates and in assessing the possible role of these
ecosystems in offsetting fossil fuel emissions. In eastern
North America, five sites were established in deciduous
forests to provide measurements of net ecosystem COgq
exchange using micro-meteorological methods (NEE),
and measures of major C pools and fluxes, using a com-
bination of forest mensurational, eco-physiological, and
other biometric methods. The five study sites, part of
the AmeriFlux network, ranged across 10° of latitude
and 18° of longitude, but were all of similar age, canopy
height, and stand basal area. Here we present a cross-
site synthesis of C storage estimates, comparing meteo-
rological and biometric approaches, and also comparing
biometric estimates based on analyses of autotrophic C
pools and heterotrophic C fluxes (net ecosystem pro-
duction, NEP) versus those based on measurements
of change in two major C pools (AC). Annual above-
ground net primary production varied nearly two-fold
among sites and was strongly correlated with average
annual temperature and with annual soil nitrogen min-
eralization (N,,;,). BEstimates of NEP ranged from
a low of 0.3 Mg C ha~! yr~! in northern Michigan
to a high of 3.5 Mg C ha— ! yr—! in central Indiana,
and were also well correlated with N, ;,,. There was
less variation among sites in estimates of AC (range,
1.8 3.2 Mg C ha=—1 yr=1). In general, AC more
closely matched NEE than did NEP, but there was no
systematic pattern among sites in over- versus under-
estimation of the biometric compared to the meteoro-
logically based measures. Root and soil C dynamics
were significant sources of uncertainty in our biomet-
ric measures and represent a prerequisite area of study
needed for accurate estimates of forest C storage.

Cite abstracts as: Eos. Trans. AGU, 82(47), Fall Meet. Suppl., Abstract #####-#7, 2001.
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We studied net ecosystem COg exchange (NEE) dy-
namics in a high-elevation, subalpine forest in Col-
orado, USA, over a two-year period. Fundamental fea-
tures of forest structure and turbulence are reported,
including an estimated leaf area index of 4.2 m2 m™ 2,
canopy gap fraction of 17%, canopy height of 11 m,
displacement height of 7.6 m, and roughness length of
1.79 m. Assuming similarity to sensible heat flux, sum-
mertime turbulent fluxes for COg and HoO occur at
frequencies less than 1 Hz. Annual carbon sequestra-
tion for the forest was 81 and 58 g C m~2 for each of
the two years. Despite its evergreen nature, the for-
est did not exhibit net COg uptake during the winter,
even during periods of favorable weather. The largest
fraction of annual carbon sequestration occurred in the
early growing-season; during the first 30 days of both
years. Reductions in the rate of carbon sequestration
after the first 30 days were due to higher ecosystem
respiration rates when mid-summer moisture was ade-
quate (as in the first year of the study) or lower mid-
day photosynthesis rates when mid-summer moisture
was not adequate (as in the second year of the study).
The lower annual rate of carbon sequestration during
the second year of the study was due to lower rates of
COg9 uptake during both the first 30 days of the grow-
ing season and the mid-summer months. The reduction
in COg uptake during the first 30 days of the second
year was due to an earlier-than-normal spring warm-
up, which caused snow melt during a period when air
temperatures were lower and atmospheric vapor pres-
The reduction in COg up-
take during the mid-summer of the second year was
due to an extended drought, which was accompanied
by reduced latent heat exchange and increased sensi-
ble heat exchange. Day-to-day variation in the daily-
integrated NEE during the summers of both years was
high, and was correlated with frequent convective storm
clouds and concomitant variation in the photosynthetic
photon flux density (PPFD). The results of this study
are in contrast to those of other studies that have re-

sure deficits were higher.

ported increased annual NEE during years with earlier-
than-normal spring warming. In the current study, the
lower annual NEE during 2000, the year with the earlier
spring warm-up, was due to (1) coupling of the high-
est seasonal rates of carbon sequestration to the spring
climate, rather than the summer climate as in other
forest ecosystems that have been studied, and (2) de-
livery of snow melt to the soil when the spring climate
was cooler and the atmosphere drier. Furthermore, the
strong influence of mid-summer precipitation on COgq
uptake rates make it clear that water supplied by the
spring snow melt is a seasonally-limited resource, and
summer rains are critical for sustaining high rates of
annual carbon sequestration.
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‘We are using long-term eddy covariance to directly
measure the effects of selective logging on the energy

Cite abstracts as: Fos. Trans.

and trace gas exchange of a tropical forest, as a com-
ponent of the Large Scale Biosphere-Atmosphere Ex-
periment in Amazonia (LBA). We began measurements
in June 2000 above a primary evergreen stand in the
Tapajos National Forest (km 83), Para, Brazil. Log-
ging occurred in September 2001. Approximately 2.5
trees per hectare were cut in the direction east of the
tower (the climatological wind direction, or tower foot-
print). A larger fraction of the canopy was removed
during logging due in part to vines that join adjacent
crowns. Collaborators at Harvard University are mak-
ing comparable measurements at a nearby site (km 67)
that will not be logged, providing an experimental con-
trol for the logged site. The first year of eddy flux mea-
surements suggest considerable net CO2 sequestration,
consistent with other eddy flux measurements in Ama-
However, a closer examination indicates that
the turbulent flux at 65 m may substantially underesti-
mate nighttime respiration during low winds and stable
stratification. Measurements at both sites are expected
to continue for at least three years. We will use our
measurements from the three years following the cut
to determine how much carbon is lost, when and if the
forest resumes carbon accumulation, and how selective
logging affects energy and hydrological balance.

zonia.
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Net ecosystem productivity data from the FluxNet
network of eddy covariance flux tower sites are cur-
rently being used to infer carbon sequestration by
terrestrial vegetation. Long-term measurements from
these sites have often found positive values of NEP.
When scaled up using simple methods, these measure-
ments imply higher rates of regional-scale carbon se-
questration than are calculated by inverse modelling of
the atmospheric CO2 concentration. This has raised
the question as to whether there are biases inherent in
the eddy covariance technique itself, or in the scaling
procedures, which complicate the interpretation of the
data. It has been suggested that the spatial heterogene-
ity within uneven-aged forests would cause large sys-
tematic sampling errors in tower-based flux measure-
ments. This phenomenon can be quantified in terms
of the sensor location bias, the degree to which a flux
measured at a given location differs from the aggre-
gated landscape-scale flux. Here, we applied (1) a mod-
elling approach to quantify the sensor location bias in
eddy covariance measurements of CO2 fluxes over vir-
tual forests; and (2) an analysis of IKONOS satellite
images, to identify the degree of spatial heterogeneity
around actual FluxNet tower sites, and the associated
sampling error.
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Cycles of carbon and nitrogen in forest ecosystems
are mutually and interactively linked through a shared
set of biological processes. A large number of field stud-
ies across diverse biomes have documented strong and
generalizable relationships between foliar nitrogen con-
centrations and rates of net photosynthesis. This trend
reflects the fact that the majority of N in plant canopies
is found in the proteins responsible for COgo capture
(e.g. rubisco). In soils, the accumulation and avail-
ability of nitrogen is, in turn, affected by the quality
and N content of litter inputs from vegetation. Taken
together, these patterns reflect the broadly-coupled na-
ture of terrestrial C and N cycles and suggest that hu-
man alteration of any aspect of one cycle can have im-
portant implications for the other. Nevertheless, the
exact nature of C-N interactions in natural ecosystems
can depend on a variety of factors including historical
disturbance patterns, the effects of carbon quality on
decomposition and N turnover, and the resulting differ-
ences in plant-soil feedbacks among species and func-
tional groups. All of these factors greatly complicate
efforts to characterize present-day patterns of C and N
fluxes across real forested landscapes. Further, human-
induced increases in atmospheric COg and N deposition
hold the potential for either tightening the linkages be-
tween C and N cycles, or causing them to become un-
coupled.

This presentation will build on basic concepts to
address several broad questions regarding C-N interac-
tions in forests, both as they occur naturally and as
they may be affected by elevated COg or N deposi-
tion: 1) What evidence is available from the field to
demonstrate the coupled nature of C-N cycles in na-
tive forest ecosystems? 2) How are C-N interactions in
forests influenced by the growth and allocation strate-
gies of different species and/or functional groups? 3)
To what degree are current C and N cycles reflected
in the chemistry of forest foliage, and 4) Is there ev-
idence to support the notion that that elevated COg
or N deposition have altered normal C-N interactions?
These questions will be addressed by examining results
from several experimental studies with specific focus
on a recent field study conducted in the White Moun-
tain region of New Hampshire. That study was aimed
at examining relationships between canopy properties,
net primary production and soil N dynamics in tem-
perate forest ecosystems and assessing the degree to
which these variables can be estimated through remote
sensing of canopy chemistry. Results demonstrate rela-
tionships between a number of canopy properties and
fluxes of C and N, but also highlight interesting differ-
ences in natural plant-soil feedbacks among deciduous
versus evergreen species.
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In plants, carbon and nitrogen are intimately re-
lated. The plant gains carbon using nitrogen because
it is a major constituent of both the light reaction
(chlorophyll) and dark reaction (Rubisco and PEP car-
boxylase). The plant also gains more nitrogen by us-
ing carbon to grow roots that can forage for nitro-
gen, especially the less mobile (NH4+). Rising CO2
and increased nitrogen deposition are important el-
ements of global change, both of which may affect
ecosystem structure and function. They may cause a
particularly large shift in species composition in sys-
tems where contrasting groups of species co-occur, e.g.
evergreen coniferous and deciduous broad-leaved tree
species. We studied the impact of nitrogen deposition
in a mixed forest in central Massachusetts (Harvard
Forest). We found that the early-successional broad-
leaved species, yellow birch (Betula alleghaniensis) and
red maple (Acer rubrum), both showed large increases
in biomass,
maple (Acer saccharum) and all the coniferous species
hemlock (Tsuga canadensis), red spruce (Picea rubens
and white pine (Pinus strobus), only showed slight in-
creases. As a result, when these species wre grown to-
gether, there was a decrease in species diversity. There
was a significant correlation between species growth
rate and the growth enhancement following nitrogen
addition. We used SORTIE, a spatially explicit forest
model to speculate about the future of this community.
In both hemlock and red oak stands, nitrogen deposi-
tion led to shift in forest composition towards further
dominance of young forests by yellow birch. We con-
clude that seedling physiological and demographic re-
sponses to increased nitrogen availability will scale up
to exaggerate successional dynamics in mixed temper-
ate forests in the future

while the late successional species sugar
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