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Carbon Management and Decision
Support Systems for the CASA
Ecosystem Model

Steve Klooster1 (sklooster@mail.arc.nasa.gov)

Christopher Potter2 (cpotter@mail.arc.nasa.gov)

Matthew Fladeland2

(mfladeland@mail.arc.nasa.gov)

Vanessa Genovese1 (vbrooks@mail.arc.nasa.gov)

Marc Kramer1 (mkramer@mail.arc.nasa.gov)
1California State University Monterey Bay, Earth

System Science and Policy, Seaside, CA 93955,
United States

2NASA Ames Research Center, Ecosystem Science,
Moffett Field, CA 94035, United States

Ecosystem modeling and satellite remote sensing
can link human activities such as land use change and
forest management to the spatial distribution of carbon
pools and fluxes at regional scales. The main objec-
tives of this research and application are to: 1) evalu-
ate major forest and agricultural sinks of atmospheric
carbon dioxide in the U. S. using NASA EOS satellite
data and ecosystem modeling, 2) support the U. S. Gov-
ernment interagency program for registration of volun-
tary greenhouse gas emissions reductions under section
1605(b) of the 1992 Energy Policy Act, and 3) develop
an internet-based decision support system (DSS) of car-
bon sequestration in U. S. ecosystems for users nation-
wide. We report on the first results of this DSS to
assess the impacts of forest stand age on potential car-
bon sequestration, as predicted by the CASA (Carnegie
Ames Stanford Approach) biosphere model. Estimates
of carbon storage in woody plant pools are compared
before and after adjustment for management of stand
age based on U. S. Forest Service map products. These
predictions of historical forest carbon storage are sub-
sequently compared to the potential annual increment
of ecosystem carbon gain or loss under conditions of
future climate variation.

URL: http://geo.arc.nasa.gov/sge/casa/cquest.html
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Residue Removal Affects the Carbon
Content of No-Till Soils

Kenneth N. Potter1 (1-254-770-6505;
kpotter@spa.ars.usda.gov)

H. Allen Torbert2 (atorbert@ars.usda.gov)
1USDA-ARS, 808 East Blackland Road, Temple, TX

76502, United States

2USDA-ARS, 411 South Donahue Drive, Auburn, AL
36832, United States

No-till crop management often results in increased
soil organic carbon contents. However, the effect of
residue removal for fuel or animal fodder on soil carbon
content is not well understood, especially with no-till
management practices. We utilized a multiyear study
at six locations in central Mexico, with a wide range
of soil and climatic conditions to determine the effect
of varying rates of residue removal and no-till man-
agement on soil carbon content. Treatments consisted
of annual moldboard plowing and no-till management
practices with 100%, 67%, 33% and none of the corn
(Zea mays) crop residue retained on the no-till soil sur-
face. Even when all crop residues were removed, no-till
practices maintained carbon levels above that of mold-
board plowing at five of the six locations. Retaining
crop residues affected the soil carbon content differ-
ently depending on climatic conditions. Retaining crop
residues on the soil surface increased soil carbon con-
tent at a much faster rate in cool conditions than in
warm tropical conditions. Carbon content was greater
in regions with higher amounts of rainfall than in drier
regions. Retaining crop residues on the soil surface
with no-till will usually increase soil carbon content,
but climatic conditions should be considered to deter-
mine if crop residue would be more effectively utilized
for energy production or animal fodder.

B42A-0933 1330h POSTER

Effects of Cover Crops to Offset Soil
Carbon Changes Under No-till on an
Ohio farm when Biomass is Harvested

John M Kimble1 (402 437 5376;
john.kimble@usda.gov)

Lynn R. Everett2 (614 292 9909; everett.2@osu.edu)

William Richards3 (740 474 1825; wjr1066@aol.com)
1USDA-NRCS, Fed. Bldg. RM 152 MS34 100 Centen-

nial Mall N, Lincoln, NE 68508-3866, United States

2The Ohio State University, Byrd Polar Research Cen-
ter 108 Scott Hall 1090 Carmack Road, Columbus,
OH 43210-1002, United States

3Richards Farms, 24537 Canal Road, Circiville, OH
43113, United States

The results of a long term experiment to look at
the use of cover crops and there effect on soil organic
carbon. No-till has been shown to increase SOC and
improve the overall soil quality under conditions where
the biomass has been returned to the field. However,
biomass may be removed as silage or for use in biofu-
els. The removal will reduce the inputs to the field so
to overcome the amount of biomass not returned to the
soil different cover crops were used. This experiment
was done on a working farm where the corn biomass
was being removed as silage. Four cover crops were
planted in early September of 2002: rye, oats, clover,
and canola with two controls, one with no cover crop
and one where corn stubble was left on the field. The
soils were sampled soon after the crops were planted
and again in the spring of 2003 before the cover crops
were killed just prior to planting. The first results in-
dicate that the most root biomass was produced by the
rye followed by oats then canola and then clover.

B42A-0934 1330h POSTER

Estimates of Fossil Fuel Carbon Dioxide
Emissions From Mexico at Monthly
Time Intervals

London M. Losey1 (1-701-777-3164;
london@space.edu)

Robert J. Andres1 (1-701-777-3164;
andres@space.edu)

1University of North Dakota, Department of Space
Studies, Grand Forks, ND 58202-9008, United
States

Human consumption of fossil fuels has greatly con-
tributed to the rise of carbon dioxide in the Earth’s
atmosphere. To better understand the global carbon
cycle, it is important to identify the major sources
of these fossil fuels. Mexico is among the top fifteen
nations in the world for producing fossil fuel carbon
dioxide emissions. Based on this information and that
emissions from Mexico are a focus of the North Amer-
ican Carbon Program, Mexico was selected for this
study. Mexican monthly inland sales volumes for Jan-
uary 1988-May 2003 were collected on natural gas and
liquid fuels from the Energy Information Agency in the
United States Department of Energy. These sales fig-
ures represent a major portion of the total fossil fuel
consumption in Mexico. The fraction of a particular
fossil fuel consumed in a given month was determined
by dividing the monthly sales volumes by the annual
sum of monthly sales volumes for a given year. This
fraction was then multiplied by the annual carbon diox-
ide values reported by the Carbon Dioxide Information
Analysis Center (CDIAC) at Oak Ridge National Lab-
oratory (ORNL) to estimate the monthly carbon diox-
ide emissions from the respective fuels. The advantages
of this methodology are: 1) monthly fluxes are consis-
tent with the annual flux as determined by the widely-
accepted CDIAC values, and 2) its general application
can be easily adapted to other nations for determin-
ing their sub-annual time scale emissions. The major
disadvantage of this methodology is the proxy nature
inherent to it. Only a fraction of the total emissions
are used as an estimate in determining the seasonal cy-
cle. The error inherent in this approach increases as
the fraction of total emissions represented by the proxy
decreases. These data are part of a long-term project
between researchers at the University of North Dakota
and ORNL which attempts to identify and understand
the source(s) of seasonal variations of global, fossil-fuel
derived, carbon dioxide emissions. Better knowledge of
the temporal variation of the annual fossil fuel flux will
lead to a better understanding of the global carbon cy-
cle. This research will be archived at CDIAC for public
access.

B42A-0935 1330h POSTER

Biomass Production and Soil Carbon
Level Changes in Various Tillage,
Residue Management, and Cropping
Systems in Moderately High Organic
Matter Soils in Eastern South Dakota,
U.S.A.

Howard J. Woodard1 (6056884774;
Howard Woodard@sdstate.edu)

Anthony Bly1 (6056884768;
Anthony Bly@sdstate.edu)

1South Dakota State University, Plant Science De-
partment Agricultural Hall 004 Box 2207-A, Brook-
ings, SD 57007, United States

A four-year replicated field study was conducted in
eastern South Dakota to assess the impact of maize
(Zea mays L.), soybean (Glycine max L.), and spring
wheat (Triticum aestivum L.) on crop residue accu-
mulation and soil carbon when various tillage, crop
residue management, and crop rotation scenarios were
applied. Before planting, half the plots were chisel
plowed and harrowed (tilled vs. no-till treatments).
Corn-soybean, soybean-wheat, or corn-wheat-soybean
rotations were established (rotation treatments). After
grain harvest, crop residues were removed on half of
the plots (residue-removed vs. residue-retained treat-
ments). The range of initial soil carbon levels (loss by
ignition method) for the 0-15cm depth was 1.7-3.0%.
Post-harvest crop residue accumulation was greatest
for the residue-retained treatment compared to the
residue-removed treatment and for the no-till treat-
ment compared to the tilled treatment. In addition,
surface biomass accumulation was greatest when maize
was part of a crop rotation. Maize can produce greater
levels of biomass compared to either spring wheat or
soybean. The least surface biomass accumulation was
measured in the soybean-wheat rotation.

B42A-0936 1330h POSTER

A Method for Improving Temporal and
Spatial Resolution of Carbon Dioxide
Emissions

Jay S Gregg1 (1-701-777-3164;
jay.gregg@und.nodak.edu)

Robert J Andres1 (1-701-777-3164;
andres@space.edu)

1University of North Dakota, Department of Space
Studies, Grand Forks, ND 58202-9008, United
States

Using United States data, a method is developed to
estimate the monthly consumption of solid, liquid and
gaseous fossil fuels for each state in the union. This
technique employs monthly sales data to estimate the
relative monthly proportions of the total annual na-
tional fossil fuel use. These proportions are then used
to estimate the total monthly carbon dioxide emissions
for each state. To assess the success of this technique,
the results from this method are compared with the
data obtained from other independent methods. To de-
termine the temporal success of the method, the result-
ing national time series is compared to the model pro-
duced by Carbon Dioxide Information Analysis Center
(CDIAC) and the current model being developed by T.
J. Blasing and C. Broniak at the Oak Ridge National
Laboratory (ORNL). The University of North Dakota
(UND) method fits well temporally with the results of
the CDIAC and current ORNL research. To determine
the success of the spatial component, the individual
state results are compared to the annual state totals
calculated by ORNL. Using ordinary least squares re-
gression, the annual state totals of this method are
plotted against the ORNL data. This allows a direct
comparison of estimates in the form of ordered pairs
against a one-to-one ideal correspondence line, and al-
lows for easy detection of outliers in the results ob-
tained by this estimation method. Analyzing the resid-
uals of the linear regression model for each type of fuel
permits an improved understanding of the strengths
and shortcomings of the spatial component of this es-
timation technique. Spatially, the model is successful
when compared to the current ORNL research. The pri-
mary advantages of this method are its ease of imple-
mentation and universal applicability. In general, this
technique compares favorably to more labor-intensive
methods that rely on more detailed data. The more
detailed data is generally not available for most coun-
tries in the world. The methodology used here will be
applied to other nations in the world to better under-
stand their sub-annual cycle and sub-national spatial
distribution of carbon dioxide emissions from fossil fuel
consumption. Better understanding of the cycle will
lead to better models used for predicting and respond-
ing to global environmental changes currently observed
and anticipated.
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Modeling the CO2 and N2O Emissions
From Stover Removal for Biofuel
Production From Continuous Corn
Production in Iowa

Keith Paustian1 (970-491-1547;
keithp@nrel.colostate.edu)

Kendrick Killian1 (970-491-5799;
kendrick@nrel.colostate.edu)

John Brenner2 (970-491-5799;
jbrenner@nrel.colostate.edu)

1Colorado State University, Natural Resource Ecology
Laboratory, NESB, B248, Fort Collins, CO 80523-
1499, United States

2USDA-Natural Resources Conservation Service, Nat-
ural Resource Ecology Laboratory, NESB, A217,
Fort Collins, CO 80523-1499, United States

Corn stover, an agricultural residue, can be used as
feedstock for near term bioethanol production and is
available today at levels that can significantly impact
energy supply. We evaluated the environmental impact
of such a large-scale change in agricultural practices on
green house gas production, soil erosion and soil carbon
using the Century model. Estimates of soil C changes
and GHG emissions were performed for the 99 counties
in Iowa where previous environmental, management
and erosion data was available. We employed climate,
soil and historical management databases from a sepa-
rate USDA-funded project as input to Century. RUSLE
estimates of the residue requirements for acceptable soil
loss rates under continuous corn agriculture were avail-
able from a previous study done Dr. Richard Nelson
(Enersol Resources). Two mulch tillage and a no-till
systems, where erosion estimates were available, were
used as the basis for the simulations. Century simu-
lations of these systems were run under a variety of
stover removal rates. For each soil type within each
county the model was run for 15 years (1980-1995) un-
der continuous corn with convention tillage, and full
residue return. Model simulation of crop yields and
residue production were then calibrated to match those
used by the Polysys model team at Oak Ridge and
the simulation was repeated with the addition of the
three corn tillage regimes, and several residue removal
rates. County-average soil C changes (and net CO2
emissions) were calculated as area-weighted averages
of the individual soil types in each county. For this
study, we have utilized the IPCC approach to estimate
annual N2O emissions. At low or zero residue removal
rates, county-averaged soil C stocks were predicted to
increase (i.e. net CO2 emissions are negative). Where
the allowable residue removal rates (based on erosion
tolerance) for mulch-tillage are on the order of 40-50%
or more, the reduced input of C is such that the soils
no longer sequester C and become a net source of CO2.
Estimates of N2O emissions from soil ranged from 1.4

to 2.8 kg N2O-N ha−1 yr−1 across all counties, tillage
systems and residue removal rates. The magnitude of
these values is consistent with direct measurements of
N2O flux.
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Remote sensing for forest resource
assessment: applications to carbon
management

Scott J Goetz1 (508-540-9900; sgoetz@whrc.org)

Christine Conn2 ((410) 260-8694;
cconn@dnr.state.md.us)

John Wolf2 ((410) 260-8794; jwolf@dnr.state.md.us)
1Woods Hole Research Center, PO Box 296, Woods

Hole, MA 02543-0296, United States

2Maryland Department of Natural Resources, Water-
shed Management & Analysis Resource Assessment
Service, Annapolis, MD 21401, United States

The U.S. Forest Service and the State of Maryland’s
Department of Natural Resources have initiated an as-
sessment of forest resources in Maryland, and across
the Chesapeake Bay Watershed. This Strategic Forest
Lands Assessment (SFLA) uses remote sensing and ge-
ographic information systems analyses to conduct eco-
logical, socioeconomic and vulnerability assessments in
support of resource management activities and forest
product based economies. As part of this activity we
are modeling net primary productivity of the region,
and producing maps of land cover type - including the
proportion of subpixel tree cover from Landsat7 im-
agery. These map products are being used in several
programs to assess forest cover change, relationships
with standing carbon stocks, and to target lands for
a combination of ecological protection and economic
resource extraction, as well as carbon sequestration.
These efforts not only provide critical data sets and
derived products used as decision tools for forest con-
servation, restoration and enhancement, but also ad-
vance efforts to promote sustainable forestry activities.
The forest management efforts are designed to optimize

carbon sink strategies and reduce atmospheric carbon
pools. By using a combination of estimated, simulated
and measured biomass and productivity, and timber
removal estimates from Forest Inventory Analysis, we
can determine where carbon sequestration can be max-
imized and sustainable forestry activities can be en-
couraged. The effects of these forest management ac-
tivities, both past and present, and changes in forest
cover, can have substantial impacts on regional carbon
sequestration.

B42A-0939 1330h POSTER

Quantifying Contemporary Terrestrial
Carbon Sources and Sinks in the
Conterminous United States

Shuguang Liu1 (605-594-6168; sliu@usgs.gov)

Thomas Loveland2 (loveland@usgs.gov)
1SAIC, EROS Data Center, Sioux Falls, SD 57198,

United States
2U.S. Geological Survey, EROS Data Center, Sioux

Falls, SD 57198, United States

U.S. land likely accounts for a significant portion of
the unidentified global carbon sink, although the mag-
nitude is highly uncertain. The ultimate goal of this
study is to quantify the contemporary temporal and
spatial patterns of carbon sources and sinks in the con-
terminous United States from the early 1970s to 2000,
and to explain the mechanisms that cause the variabil-
ity and changes. Because of the difficulty and massive
cost for developing land cover change databases for the
conterminous United States, we adopt an ecoregion-
based sampling approach. Carbon dynamics within
thousands of 20 km by 20 km or 10 km by 10 km
sampling blocks, stratified by Omernik Level III ecore-
gions, are simulated using the General Ensemble Bio-
geochemical Modeling System at the spatial resolution
of 60 m by 60 m. The land use change data, provid-
ing unprecedented accuracy and consistency, are de-
rived from Landsat imagery for five time points (nom-
inally 1972, 1980, 1986, 1992, and 2000). Mechanisms
have been implemented to assimilate data from key na-
tional benchmark databases (including the USDA For-
est Service’s Forest Inventory and Analysis data and
the USDAs agricultural census data). The dynamics of
carbon stocks in vegetation, soil, and harvested wood
materials are quantified. Results from three ecore-
gions (i.e., Southeastern Plains, Piedmont, and North-
ern Piedmont) indicated that the carbon sink strength
has been decreasing from the 1970s to 2000. The rel-
ative contribution of biomass accumulation to the sink
decreased during this period, while those of soil organic
carbon and harvested wood materials increased.

B42A-0940 1330h POSTER

Soil Carbon Budget During
Establishment of Short Rotation
Woody Crops

Mark D Coleman (803-725-0513; mcoleman@ifx.net)

USDA Forest Service Southern Research Station,
USFS Savannah River PO Box 700, New Ellenton,
SC 29809, United States

Carbon budgets were monitored following forest
harvest and during re-establishment of short rotation
woody crops. Soil CO2 efflux was monitored using in-
fared gas analyzer methods, fine root production was
estimated with minirhizotrons, above ground litter in-
puts were trapped, coarse root inputs were estimated
with developed allometric relationships, and soil car-
bon pools were measured in loblolly pine and cotton-
wood plantations. Our carbon budget allows evaluation
of errors, as well as quantifying pools and fluxes in
developing stands during non-steady-state conditions.
Soil CO2 efflux was larger than the combined inputs
from aboveground litter fall and root production. Fine-
root production increased during stand development;
however, mortality was not yet equivalent to produc-
tion, showing the belowground carbon budget was not
yet in equilibrium and root carbon standing crop was
accruing. Belowground production was greater in cot-
tonwood than pine, but the level of pine soil CO2 efflux
was equal to or greater than that of cottonwood, in-
dicating heterotrophic respiration was higher for pine.
Comparison of unaccounted efflux with soil organic car-
bon changes provides verification of loss or accrual.

B42A-0941 1330h POSTER

Soil Quality as Affected by Biomass
Removal in Tallgrass Prairie

Charles W. Rice1 (785-532-7217; cwrice@ksu.edu)

Gail W.T. Wilson2 (785-532-2892; gwtw@ksu.edu)

John Blair2 (785-532-7065; jblair@ksu.edu)

Paul White1 (785-532-7106; pmwhite@ksu.edu)
1Department of Agronomy, Kansas State University

2004 Throckmorton Plant Sci Center, Manhattan,
KS 66506-5501, United States

2Division of Biology, Kansas State University Ackert
Hall, Manhattan, KS 66506, United States

Perennial grasses have been proposed as a source
for bioenergy. However, the impact of biomass removal
on long-term soil quality needs to be assessed. Soil C
and N storage and soil aggregate stability may be used
as indicators of soil quality. Long-term experimental
tallgrass prairie plots, located at Konza Prairie Bio-
logical Station in the flinthills of Eastern Kansas were
used to examine soil quality following 16 years of exper-
imental treatments. These plots use burning and mow-
ing for biomass removal, and include nitrogen addition
as an additional management practice. These sites are
dominated by warm-season C4 grasses (switchgrass, big
bluestem, and indian grass). Biomass removal by mow-
ing did not affect aboveground productivity of the dom-
inant grasses. However, annual burning and N addition
each increased productivity. In soil collected from 0-
5 cm depth, N fertilization increased both soil organic
C and N, and increased the proportion of macroaggre-
gates, with a concomitant decrease in microaggregates.
Higher organic C and N were observed in both macro-
and microaggregate fractions. Burning (annually, early
spring) had no effect on soil C in the surface 5 cm,
but decreased soil N and increased macroaggregate for-
mation, as compared to corresponding unburned plots.
Mowing (in late June), decreased soil C but did not
influence soil aggregate formation. Overall, a strong
correlation was observed between mycorrhizal hyphal
development and aggregate stability, indicating that
these fungi may play an important role in soil aggre-
gate formation. Proper management of prairie grasses
for bioenergy could sustain soil quality.

B42A-0942 1330h POSTER

Total Carbon and Nitrogen Budget in
Pasture Soils After 10 Years of
Elevated CO2

Bas Boots1,2 (bas.boots@wur.nl); Johan WUA Six1

((530) 752-1212; jwsix@ucdavis.edu); NIco van
Breemen2 (Nico.vanBreemen@wur.nl); David
Harris3,4 (dharris@ucdavis.edu); Herbert Blum4

(herbert.blum@ipw.agrl.ethz.ch); Chris van
Kessel1 (cvankessel@ucdavis.edu)

1Department of Agronomy and Range Science, One
Shields Avenue University of California, Davis, CA
95616, United States

2Laboratory of Soil Science and Geology, Wangenin-
gen University P.O. Box 37, Wageningen 6700 AA,
Netherlands

3Stable Isotope Facility, One Shields Avenue Univer-
sity of California, Davis, CA 95616, United States

4Institute of Plant Science, Swiss Federal Institute of
Technology, Zurich CH-8092, Switzerland

The impact of elevated CO2 and N-fertilization on
soil C-cycling in Lolium perenne and Trifolium repens pas-
tures were investigated under Free Air Carbon dioxide
Enrichment (FACE) conditions. For ten years, swards
were exposed to ambient or elevated CO2 (35 and 60
Pa p CO2) and received a low and high rate of labeled

(15N) N fertilizers. The CO2 added in the FACE plots

was depleted in 13C compared to ambient (δ 13C -40
per mille) thus the C and N inputs could be quanti-
fied. The maximum amount of labile C in the T. repens

sward was estimated at 10.4±1.3 Mg ha−1 and 9.7±
Mg ha−1 in the L. perenne sward. Mean residence time
(MRT) for newly sequestered soil C was estimated at
3.5 years for T. repens and 4.2 years for L. perenne. An av-
erage of 34 % and 7 % of total soil C in the 0-10 and the
10-25 cm depth respectively in the T. repens sward and
30 % and 8 % respectively in the L. perenne sward was
derived from FACE after 10 years exposure. The major-
ity of the change in soil δ 13 occurred in the first three
years of the experiment. We found no treatment effect
on total soil C and FACE derived C was not detected in
the 50-75 cm depth layer. In the 0-10 cm depth, total
N is similar under L. perenne and T. repens swards, re-
gardless of CO2 treatment. Whereas total 15N under
T. repens is smaller than under L. perenne, due to symbi-
otic atmospheric 14N2 fixation in the legume T. repens.

Leached 15N was not observed in the 50-75 cm depth
layer of all treatments. Although the rate of C and N
cycling was affected by species, the soil in this inten-
sively managed grassland ecosystem did not become a
sink for additional C under elevated CO2 conditions.
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Land Use Land Cover Change in the
Albertine Region of Uganda

Nadine Laporte1 (508-540-9900; nlaporte@whrc.org)

Andy Plumptre2 (256 77509754;
aplumptre@wcs.org)

Scott J Goetz1 (508-540-9900; sgoetz@whrc.org)
1Woods Hole Research Center, PO Box 296, Woods

Hole, MA 02543-0296, United States

2Wildlife Conservation Society, Albertine Rift Pro-
gramme, Kampala 7487, Uganda

Monitoring threats to protected areas and species
is a major challenge for the conservation community.
The Albertine Rift region is a hot spot of biodiver-
sity with many endemic vertebrates and plant species.
Most of forests east of the Albertine (Uganda, Rwanda
and Burundi) are, however, highly fragmented and hu-
man population densities are some of the highest of
Africa. In this study, we used a series of Landsat im-
ages to provide a quantitative assessment of forest loss
between the 1980s to year 2000 for the protected ar-
eas in the Western Uganda. In this region, monitor-
ing forest conversion to agricultural land and modeling
future threats for the protected areas system are im-
portant to the maintenance of wildlife populations. By
combining remote sensing monitoring techniques with
traditional field surveys, it becomes easier to monitor
and manage extensive protected area systems. Most of
the forest loss (deforestation) was located outside the
official protected area limits, indicating that active de-
forestation during this period is mainly located on non
protected lands. The largest forest loss was located in
the north around Bugoma, Budonga and Kagombe For-
est Reserves and is associated with large scale farming
and mechanized logging.

B42A-0944 1330h POSTER

Preliminary Net Carbon Exchange
Measurements in the Nebraska Sand
Hills

Tim Arkebauer1 (tja@unl.edu)

Dave Billesbach2 (dbillesbach1@unl.edu)
1University of Nebraska-Lincoln, Dept. of Agronomy

and Horticulture, Lincoln, NE 68583-0817, United
States

2University of Nebraska-Lincoln, Dept. of Biologi-
cal Systems Engineering, Lincoln, NE 68583-0726,
United States

The Nebraska Sand Hills are the largest stabilized
dune field in the world; they cover more than 50,000
square kilometers. The native vegetation is classified
as a mixed grass prairie and the most common land
use is cattle grazing. The proximity of the High Plains
Aquifer to the land surface in this area gives rise to ar-
eas of abundant soil moisture in the generally semi-arid
climate. This leads to an uncoupling of vegetation dy-
namics (including net carbon exchange) and recent pre-
cipitation in much of the region. We will present pre-
liminary results of net ecosystem carbon exchange from
eddy covariance measurements and soil surface carbon
dioxide fluxes determined using a chamber technique.
Fluxes will be examined in terms of relevant environ-
mental and biological paramenters.

B42A-0945 1330h POSTER

Process Based Belowground Carbon
Dioxide Modeling in a Desert
Ecosystem

John M Zobitz1 (zobitz@math.utah.edu)

Dave R. Bowling2 (bowling@biology.utah.edu)
1University of Utah, Department of Mathematics, 155

South 1400 East, Salt Lake City, UT 84112-0090,
United States

2University of Utah, Department of Biology, 257
South 1400 E, Salt Lake City, UT 84112-0840,
United States

We describe a study to integrate and assess biolog-
ical and physical processes that govern belowground
carbon dioxide levels at a semi-arid grassland near
Canyonlands National Park. Carbon dioxide concen-
trations were measured every 30 minutes at 5 and 15
cm depth within the rooting zones of the two domi-
nant grass species, Stipa hymenoides and Hilaria jame-
sii, as well as the interspace between the two. For Stipa
hymenoides at 5 cm, a rain event caused belowground
carbon dioxide levels to rise from 600 ppm to 2000 ppm
with a response time of 8 hours, with a gradual return
to quasi-steady state levels in subsequent days. A simi-
lar response was observed for H. jamesii. We developed
and simulated a one-dimensional diffusion model with

a production term for various types of CO2 produc-
tion from the literature (either constant with increas-
ing depth or a process based source). The process based
production considered microbial and root respiration as
well as the temperature dependence of soil respiration.
Model inputs included volumetric soil water content,
temperature and bulk density. Incorporating a process
based production term led to high correlation between
measured and modeled CO2 concentrations (r2 as high
as 0.92). Our results indicate that carbon dioxide lev-
els increased during rain events due to physical (not
biological) processes as the soil saturated with water,
and CO2 molecules diffused more slowly from the soil.

B42A-0946 1330h POSTER

Quantifying the Uncertainties in the
Carbon Content of the Terrestrial
Biosphere
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According to the IPCC (2001), the 1980s estimates

for all major terms in the global carbon budget are sub-
ject to uncertainties. However, uncertainties in land
use changes and terrestrial sinks are the largest, up to
200%. Here, we quantify the uncertainties in regional
land use emissions as well as net terrestrial flux over the
period 1765-2000. Using the terrestrial carbon cycle
component of the Integrated Science Assessment Model
(ISAM) coupled with observed atmospheric CO2, tem-
perature and precipitation data, the effects of differ-
ent land cover data sets on the response of plant and
soil carbon stocks are assessed. This geographically-
explicit implementation of ISAM simulates the carbon
fluxes to and from different compartments of the ter-
restrial biosphere with 0.5-by-0.5 degree spatial resolu-
tion. Each grid cell contains at least one of the thir-
teen land coverage classifications, which represent both
highly managed land uses and less managed biomes.
Changes in the areal extent of land cover classifications
are driven by shifts in land use related to agriculture,
afforestation, deforestation, and reforestation. Within
each grid cell and land-coverage classification, the mod-
eled carbon cycle includes feedback processes such as
CO2 fertilization and temperature effects on photosyn-
thesis, and respiration. ISAM model simulations indi-
cate that uncertainties in net terrestrial fluxes during
the 1980s is mainly due to the large uncertainties in
land cover change data for tropical Africa and south
and south east Asia.
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The atmospheric boundary layer (ABL) is a distinct
air mass separated from the free troposphere by a den-
sity inversion. The exchanges of sensible heat, water
vapor and trace gases which occur at the land surface

influence the properties of ABL air. While most stud-
ies of the ABL have focused on the dynamics of the
diurnal cycle of ABL depth and on changes in trace gas
concentration that occur over this time frame, it should
be noted that the ABL can persist as a coherent struc-
ture over several days. Betts and Ridgeway (1989) and
Betts (2000) proposed that the ABL during a sequence
of fair weather days can be viewed as a steady-state
structure forced on the one hand by surface exchanges
and on the other by atmospheric subsidence coupled
to the large-scale energy balance of the troposphere.
Surface modified air in the ABL is replaced by air de-
scending from areas of subsidence or high pressure, and
this flow diverges to areas with storm activity. Given
sufficient time, an equilibrium may establish such that
the transport of flux by divergent flow balances the sur-
face exchange fluxes. Under these conditions the flux
of any trace gas, Fx is, Fx = −∆ X × W where ∆
X is the change in mixing ratio of X in the ABL rela-
tive to the free troposphere and W is the mean vertical
velocity through the top of the ABL. We are specifi-
cally interested in using this relationship to calculate
net carbon dioxide flux over the area of integration of
the ABL from measurements of carbon dioxide mixing
ratio made from a tall towers (that sample the ABL)
and aircraft measurements (that sample the free tro-
posphere). We describe two independent methods for
resolving W at these temporal and spatial scales and
show how these estimates, along with measurements of
carbon dioxide gradients, can be used to estimate ABL-
scale net carbon dioxide flux. Our estimates agree well
with eddy-covariance based estimates of regional flux
over monthly to annual periods.
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Inverse studies of CO2 mixing ratio are tradition-
ally conducted at coarse spatial and temporal resolu-
tion. This limits our ability to evaluate efforts to up-
scale chamber and stand level CO2 flux measurements
to regional scales, where coherent climate and ecosys-
tem mechanisms govern the carbon cycle. We present
an effort to implement atmospheric budget or inversion
methodology on a regional scale. A first step towards
this end is the evaluation of a network of six relatively
inexpensive CO2 mixing ratio measurement systems de-
ployed on towers in northern Wisconsin as part of the
Chequamegon Ecosystem-Atmosphere Study. Five sys-
tems are distributed on a circle of roughly 150-km ra-
dius, while one system is centrally located. All mea-
surements are taken at a height of 76 m. The sys-
tems use LiCor-820 infrared CO2 analyzers and are
calibrated every two hours using four samples known
to within ± 0.05 ppm CO2. Field tests prior to de-
ployment in which the six systems sampled the same
air indicate agreement of the systems to within 0.5–
1.0 ppm from the mean during relatively quiescent pe-
riods. Tests using tanks containing known CO2 con-
centrations exhibit standard deviations of 1.0 ppm or
less. If network precision and accuracy prove to be suf-
ficiently high, these data will detect horizontal gradi-
ents in CO2 mixing ratios caused by net ecosystem-
atmosphere exchange. These horizontal gradients will
be the basis for using atmospheric budget methods to
derive regional fluxes with spatial and temporal resolu-
tion fine enough to warrant comparison to the ChEAS
regional flux tower network. Results from the deploy-
ment (July–October 2003) are presented.


