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Analysis of ice-core [COg] and §13C indicates that
the terrestrial biosphere may be in part responsible
for variability in atmospheric composition over the
Holocene. We performed a series of experiments with a
dynamic global vegetation model (DGVM) to simulate
global terrestrial carbon storage, vegetation distribu-
tion, and carbon isotope composition for the last 21000
years. The DGVM experiments were driven by an at-
mospheric GCM climatology at 1000 year intervals, and
also interpolated through time to make a continuous
simulation. At the Last Glacial Maximum C, vegeta-
tion dominated tropical and subtropical latitudes and
terrestrial carbon storage was approximately 700 Gt
smaller than today. Terrestrial NPP was ca. 30% less
than present. The isotopic composition of global ter-
restrial carbon was enriched by ca. 1 per mil compared
to present because of increased aridity and greater Cy
plant cover. In the late Pleistocene and early Holocene,
vegetation expanded rapidly into formerly glaciated ar-
eas. Terrestrial NPP increased to near present levels,
sustaining a steady increase in terrestrial carbon stor-
age which persisted throughout the Holocene. The iso-
topic composition of carbon in tropics was most de-
pleted in 13C in the early Holocene (ca. 10 kya)
and later became slightly more enriched as C4 dom-
inated grasslands and savannas expanded in response
to climate changes. However northern hemisphere iso-
topic composition become more depleted throughout
the Holocene and global isotopic composition changed
little. These results cannot account for the Holocene
changes in atmospheric [COg] and C observed in
ice cores, which may instead be driven by very slow
changes in ocean chemistry.
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Changes in the spatial distribution of fires may con-
tribute to interannual variability in the atmospheric
budget 13¢ with subsequent impacts on land/ocean
carbon sink partitioning. We used Tropical Rain Mon-
itoring Mission satellite fire products and fractional
maps of C4 vegetation to identify regional scale changes
in the isotopic composition of fires in 1998, 1999, and
2000. A new version of the CASA model that included
fires and variable allocation to woody and herbaceous
vegetation was used to estimate aboveground biomass
and total C emissions. We find that tropical C emis-
sions in 1998 were substantially higher than in 1999 and
2000 and that fires in C3 areas had greater interannual
variability as compared with fires in C4 areas.
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Fluxes and concentrations of carbon dioxide and
its isotopes provide information on the partitioning
of CO2 among respiratory sources and photosynthetic
sinks. A classic way to interpret carbon isotope con-
centration measurements is via the Keeling plot. This
method is potentially problematic when applied over
forest canopies as it ignores the potential consequences
of counter-gradient transfer and intermittent turbu-
lence. In addition, 13CO2 measurements are labor in-
tensive, so available data sets on diurnal and seasonal
variations on 13CO2 concentration profiles and canopy-
atmosphere fluxes are scarce.

The biophysical model, CANOAK, couples algo-
rithms that predict photosynthesis and stomatal con-
ductance. These algorithms are driven by submodels
that produce information on the canopy microclimate
using theory that considers Lagrangian diffusion and
the radiative transfer of photons through the vegeta-
tion. The model has been validated with four years
of data, showing an ability to produce accurate fluxes
across a spectrum of time scales.

We recently adapted the CANOAK model to com-
pute concentration profiles and fluxes of 13CO2. Here
we demonstrate the ability of the CANOAK model to
simulate fluxes and concentration of 13CO2 using test
data from Bowling et al (1999). We then apply the
CANOAK model to investigate how fluxes and concen-
tration profiles of 13CO2 vary on diurnal and seasonal
time scales.
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The stable carbon isotope ratio (6130) of respired
COg9 has been used to partition soil respiration into
root and microbial components by exploiting the dif-
ferent 513C signals from Cg plants growing in a pre-
viously C4 dominated system (Rouchette, Angers and
Flanagan 1999). We extend this approach and present
data that attempts to partition ecosystem respiration
using 613C analyses of all of the ecosystem compart-
ments in a mixed Cgz annual grassland that has not
experienced recent Cy inputs. From December 2000 to
February 2001 we measured §13C-COgy respired from
leaves, roots and sieved soil collected from a winter-
active grassland near Ione, California. Two-source mix-
ing models were used to calculate the contribution of
each source to total system respiration by comparing
their isotope signals to those from whole ecosystem res-
piration and soil surface efflux. Isotope ratios were
measured on 10mL air samples in septum-capped vials
using a Finnigan MAT Delta PlusXL IRMS/Gas Bench
IT interfaced to an autosampler (after Tu et al. 2001).
The vials were filled with sample air in the field us-
ing a double-holed needle connected in a closed loop
to a LI-6200 IRGA and a bottle containing the iso-
lated samples (leaf, root, sieved soil, etc.). Leaves were
clipped at ground level and roots and soil were sepa-
rated by sieving soil cores. Sample 613002 signatures
were determined by plotting the change in s13¢ against
the inverse of COg concentration. On average, COqg
respired from sieved soil (-27.40/00+1.4) was slightly
more depleted than that from leaves (-27.20/00%40.5),
but much more depleted than the whole ecosystem (-
24.90/0040.6), the soil surface efflux (-23.80/00+0.9),
and plant roots (-20.50/0040.8). Based on these iso-
tope values, leaf respiration comprised 33% of ecosys-
tem respiration with 36% from roots and 31% from soil
microbial respiration. Thus, over two-thirds of ecosys-
tem respiration was autotrophic (plant-based) in ori-
gin with roughly one-third being heterotrophic. Be-
lowground respiration, comprised of both autotrophic

(root) and heterotrophic (microbial) components, ac-
counted for nearly two-thirds of total ecosystem res-
piration. Root and microbial respiration each con-
tributed to nearly half of total belowground respira-
tion (53% and 47%, respectively). Similarly, plant res-
piration was divided nearly equally between that from
roots (52%) and leaves (48%). Partitioning using nat-
ural abundance stable carbon isotope ratios was made
possible because of the relatively large differences in
513¢ values among the various sources in this entirely
C3 system. To our knowledge, such large isotopic dif-
ferences in respired COg among different plant tis-
sues and belowground components have not been doc-
umented before. Further research is needed to deter-
mine how such differences may arise and to establish if
similar differences exist in other ecosystems or at dif-
ferent times of the growing season. Our results also
imply that interpretation of above-canopy Keeling plot
intercepts may be complicated by both multiple (and
isotopically distinct) sources and by isotopic fraction-
ation that occurs either during the respiration process
itself or during the transfer of carbon compounds prior
to respiration.
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The carbon isotopic composition of ecosystem res-
piration (§13CR) reflects several biological and phys-
ical factors influencing ecosystem physiology. Recent
experiments in several Oregon coniferous forests have
shown a link between annual precipitation, short-term
atmospheric moisture deficit, air temperature, and
513CR. This link appears to be driven by changes in
photosynthetic discrimination associated with changes
in soil or atmospheric moisture deficit (or both), and
suggests there can be substantial variation in §
a time scale of days.

Our objective was to investigate the response of
ecosystem respiration to the passage of synoptic-scale
air masses and accompanying weather changes, to see
if such short-term changes occur. We examined the
carbon isotopic content of ecosystem respiration ev-
ery night for 13 consecutive nights (summer 2001), at
the Metolius AmeriFlux site, a 50-250 year old pon-
derosa pine forest in central Oregon, USA. Addition-
ally, the 13C contents of the soil and branch compo-
nents of the ecosystem respiration flux were measured
with soil chambers and branch bags.

Mean daytime atmospheric moisture deficit during
this period ranged from minimal to very dry (0.36 to
3.3 kPa), and minimum nocturnal air temperature var-
ied from 0.2 to 16.4 C. A single near-freezing event
was followed by enriched §13Cp for several days af-
terwards, moderating the expected humidity response.
613CR changed only marginally (-25.1 to 25.9 ©/45),
but the soil and branch fluxes showed larger night-to-
night variation (-23.8 to 25.3 and 23.5 to 26.4 ©/,,,
respectively). Based on preliminary analyses, both the
soil flux and branch flux were more enriched in 13C
than the whole-ecosystem flux, indicating an inconsis-
tency in terms of mass conservation. Possible reasons
for this contradiction will be discussed. These data
will be further evaluated relative to meteorological and
eddy flux data collected during the same time period.
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The oxygen-18 content of ecosystem respiration
(d18OR) was estimated using the Keeling plot approach
in 1996, 1997, 2000, and 2001 across a steep climatic
gradient in Oregon, USA. Six coniferous forests located
from the Pacific coastal region to the east side of the
Cascade Mountains were studied, with species domi-
nance by Picea sitchensis (two sites), Pseudotsuga men-
ziesii (two sites), Pinus ponderosa and Juniperus occi-
dentalis (one site each). Precipitation and leaf area
index ranged from 2760 mm per year and >10.0 m2
m-2 in a coastal Picea forest to 227 mm per year and
<1.0 m2 m-2 in the eastern Juniperus woodland. There
were pronounced differences in d180 of water pools and
respired carbon dioxide between the west and east side
of the Cascade Mountains. Stem water d180 showed
a continental pattern consistent with precipitation iso-
tope patterns, being most enriched on the coast and
most depleted on the east side of the Cascades. Bulk
soil water d180 (top 10 c¢cm) was depleted in the win-
ter and became enriched in the summer, with the de-
gree of enrichment greater on the east side than the
west side of the mountains. During summer drought,
d18OR was consistently more enriched on the east side
(1997 and 2000 mean of 33.87 ) than the west side of
the mountains (1997 and 2000 mean of 21.84 ); how-
ever, during the rainy period this pattern disappeared
(19.88 and 22.89 for the west and east sides, respec-
tively). The more enriched d180OR on the east side
during drought occurs despite the fact that annual pre-
cipitation is more negative on the east side, suggest-
ing that greater enrichment of leaf and soil water oc-
curs on the east side of the mountains. Indeed, for the
east side sites, d180OR was strongly correlated with the
daily average vapor pressure deficit summed (Sum-vpd)
since the last rainfall. There was no correlation be-
tween d18OR and Sum-vpd on the west side. Possible
explanations for the lack of Sum-vpd response on the
west side include 1) d180 variability in precipitation
may obscure the vpd-d18OR relationship, or 2) leaf-
respired d180, which is probably insensitive to Sum-
vpd over multiple days, is a much greater contributor
to ecosystem respiration on the west side than the east
side of the mountains. In an intensive experiment at
the Pinus forest, d18OR was positively correlated with
daily vpd and inversely related to soil water content for
the first five days after a precipitation event, and then
each stabilized for the following eight days. It appears
that precipitation control over d18OR is mediated by
vpd in hot, dry climates, while in moist, cool climates
d180OR may be much more coupled to the d180 of pre-
cipitation.
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Understanding the governing influences on the con-
centration of COg continues to be of importance for
climate change investigations. Attribution of atmo-
spheric COg signals to various source components is
also crucial for fully understanding the carbon cycle.
As the isotopic composition of atmospheric COgq is de-
pendent upon the processes active at the source region
there is the possibility of estimating the importance of
various conditions at the source region by examining
the isotopic signature. In particular, the stable isotope
CO!80 ratio of atmospheric COg reflects the isotopic
state of the soil water of the terrestrial biosphere and
the equilibrium and kinetic fractionation processes dur-
ing both soil respiration and leaf photosynthesis. To
better understand the impact of changes in the bio-
sphere on the global cols8o signal, physically based
modeling of the hydrologic and physiological processes
is employed. To this end, an atmospheric general circu-
lation model (GCM) is adapted to predict the concen-
tration of 180 in meteoric water vapor and the precip-
itation resulting from condensation. This is coupled to
a land surface model adapted to trace isotopic ratios of
precipitation entering the soil, uptake by the roots and
exchange of the heavy %0 with plant and soil COg
fluxes. As such, the isotopic ratio of the photosyn-
thetic uptake and respirational loss of COg from vari-
ous ecosystem types can be mechanistically simulated.
The resulting fluxes are fed back to the atmospheric
component at each model time step as a passive tracer.
In this manner, the isotopic concentration of the at-
mospheric COgq is eventually found prognostically from

the time integration of the model. The importance of
variations in land use on the 180 of COgq is explored
with this isotopic GCM. With this approach, simula-
tions reflecting pre-industrial, modern, and future land
use conditions are compared to provide a physical ba-
sis for interpretation the potential impacts of biosphere

changes on the 180 signal in the observational record.
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Elevated atmospheric CO2 generally stimulates
plant growth if other nutrients are not limiting, but
its influence on soil C dynamics is more complex. On
the shortgrass steppe in northeastern Colorado, above-
ground and belowground biomass production were en-
hanced by 15 to 35 percent under elevated CO2, with
greater response seen in drier years. We investigated
the influence of enhanced C inputs on soil C cycling us-
ing long-term laboratory incubations on soils exposed
to elevated CO2 for 1 to 3 years. Microbial respiration
rates were fit to a negative exponential model to calcu-
late the sizes and turnover rates of the active and slow
C pools. On average, the active pool size was roughly
doubled under elevated CO2, but the turnover rate of
the active pool was not changed. The slow pool size was
not changed under elevated CO2, but turnover rates of
slow C were 10-15 percent faster. This finding is con-
sistent with field evidence showing enhanced decompo-
sition of SOM under elevated CO2.

Stable isotopic partitioning allowed us to follow
“new” inputs of C into soil pools and to estimate
turnover rates on all treatments because of a disequi-
librium of 13C between currently growing plants and
existing soil organic matter. As with total soil C,
turnover rates of “new” C in the active pool were not
altered by elevated CO2, and turnover rates of “new”
C in the slow pool were 10 percent faster under el-
evated CO2. High C:N ratios of particulate organic
matter found under elevated CO2 may shift the bal-
ance of microbial decomposition toward utilization of
older SOM in these low-nutrient soils. Over the course
of these nearly year-long incubations, changes in the
d13C of respired CO2 were observed. These were likely
caused mainly by changes in the proportion of fresh,
13C-depleted organic matter used by microbes. How-
ever, fractionation during decomposition, and/or the
use of different compounds such as lignin at the end of
the experiment, cannot be ruled out.
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The carbon source for phytogenc isoprene is an issue
with important ramifications for both atmospheric and
biological science because of its impact on the isotopic
signature of isoprene and its oxidation products and
because it lends insight into the function that isoprene
serves within leaves. Although recently assimilated car-
bon is believed to be the primary carbon source for
isoprene production in plants, variation in diurnal and
seasonal isoprene fluxes that cannot be explained by
temperature, light, and leaf development have led to
the suggestion that alternative carbon sources may con-
tribute. Stable isotopes of carbon can be used to iden-
tify changes in carbon partitioning into isoprene syn-
thesis, and mixing models can assess the relative im-
portance of each source. In preliminary studies, we
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document an additional 8-10 ©/,discrimination in iso-
prene emitted in the absence of photosynthesis. This
change in signature suggests that the carbon source
is switched from recently obtained photosynthate to
a source more depleted in 3C. We propose that in-
termediates from carbohydrate degradation and/or re-
fixation of COg from mitichondrial respiration and
photorespiration can contribute to isoprene production.
In addition, we expect alternative carbon sources to be
most important when photosynthate is limiting (e.g.
during water stress events). Photosynthesis, respira-
tion, and isoprene emission measurements are used to
calculate the isotopic signatures of the three poten-
tial carbon pools: photosynthate derived from ambient
COg, photosynthate derived from respired COg, and
carbohydrate-derived intermediates.
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High resolution records of various atmospheric con-
stituents have recently been constructed from measure-
ments of the composition of air trapped in the inter-
stitial spaces of snowpack on large ice sheets (better
known as firn air). The firn air is reasonably well
mixed in the upper 2-5m by wind and atmospheric pres-
sure changes. Below 5m, the air mixes soley by dif-
fusion. Atmospheric compositional changes are propa-
gated down into the firn with a timescale that scales
with the diffusion of the atmospheric constituent in
question. At Pole, the average age of the air just above
the bubble close-off region is ~90 years. As you move
up the firn column, the age of the air decreases rapidly
between 123 and 115m and then more slowly from 115m
to the surface. The composition of the air at any depth
in the firn is therefore dependent on the atmospheric
history and the diffusion processes that control the
movement of each constituent down into the firn [Battle
et al., 1996].

We have measured 32 flasks of air that were filled
from 18 different depths in two 123m holes located
20m apart. Surface values averaged 8.340.4°/,, and
44.140.3%/40 for the §1°Ny,;; and 61804, mea-

surements respectively. Both 619Ny, ;1 and 150y,
values increased with depth with the highest values
(9.9°/00 and 45.4°/,4) observed in the deepest sam-
ples just above the bubble close-off region.

We utilized 25 measurements of §'9Ny,;; and
5180y, from shallow ice samples from the GISP
II ice core with gas ages ranging from 1785 A.D.
to 1990 A.D. for boundary conditions for model-
ing the firn air profiles. Results of five preanthro-
pogenic ice samples with gas ages between 1785 and
1819A.D. provided él‘r’Nbul(;c and 5180bulk values of
9.94+0.5% /50 and 47.2+1.0°/,, respectively. Model
results of the 515Nbulk and slsobulk results vs
depth are in good agreement with the measured val-
ues. Our best-fit atmospheric histories suggest at-
mospheric §1°Ny ;0 and 6180y, values have de-
creased by 1.6°/,0 and 3.12/,, respectively over the
past 200 years. These results are in good agree-
ment with [Rahn and Wahlen, 2000] who predicted at-
mospheric d15Nbulk and d18Obulk changes (1.9°/00
and 2.4°/,0) using characteristic isotope signatures for
each of the major NoO sources and the most recent es-
timate of the changes in the major emissions over the
past 200 years. Our results are therefore consistent
with a substantial increase in agricultural NoO emis-
sions which currently make up ~30% of global emis-
sions.

References

Battle, M., M. Bender, T. Sowers, P. Tans, J. But-
ler, J.E. Elkins, J. T., T. Conway, N. Zhang, P. Lang,
and A.D. Clarke, Histories of atmospheric gases from
the firn at South Pole, Nature, 383, 231-235, 1996.
Rahn, T., and M. Wahlen, A reassessment of the global
isotopic budget of atmospheric nitrous oxide, Global
Biogeochemical Cycles, 14 (No. 2), 537-543, 2000.

URL: http://www.geosc.psu.edu/ sowers/index.html

Cite abstracts as: Fos. Trans. AGU, 82(47), Fall Meet. Suppl., Abstract #####-#4, 2001.




F156

B11A-11 1120h

2001 Fall Meeting

Observations of Concentration and §D
of Atmospheric Hs in an Alaskan
Boreal Forest

Thom Rahn! (626-395-2383; trahn@gps.caltech.edu)
Nami Kitchen! (nkitchen@gps.caltech.edu)
Julianna Fessenden?! (fessenden@gps.caltech.edu)
James T Randerson? (jimr@gps.caltech.edu)

John M Eiler! (eiler@gps.caltech.edu)

1 California Institute of Technology, Geological and
Planetary Sciences mail code 150-21, Pasadena, CA
91125, United States

Molecular hydrogen is the second most abundant
reduced gas in the atmosphere with a seasonally de-
pendent mixing ratio averaging ~ 0.5 ppmv; the bud-
get is thought to be controlled by sources from photo-
oxidation of hydrocarbons, biomass burning and an-
thropogenic emissions and sinks dominated by soil up-
take and oxidation by OH radicals. We are examining
the isotopic signatures of these processes using a new
method of Hg recovery and mass spectrometry on sub-
liter-sized air samples (i.e., < 20 nmoles Hy). Our work
is motivated by the need to characterize and monitor
the global Hg cycle before and during the anticipated
rise in anthropogenic emissions associated with a de-
veloping hydrogen fuel cell economy. In addition, since
soil uptake is the principal sink of Hg and since soil
conditions are dependent on climatic influences, par-
ticularly in mid to high latitudes, observations of Hg
and 8D of Hg hold the potential to serve as proxies for
observing global climate change. We report here the
results of a study of the stable isotope systematics of
Hyo in east central Alaskan boreal forests during July
and August of 2001.

Flask samples were collected during nighttime in-
versions in both mature spruce forest and in young
mixed forest; concurrent sampling of COg concentra-
tion was performed in the field with a LiCor 6200 IR
analyzer. An additional series of samples was collected
over a period of 24 hours at a tower site in a 14 year old
mixed forest; samples were collected at 4 hour intervals
at ground level (0.8 m) and above canopy (10 m).

Samples collected during nighttime inversions ex-
hibited vigorous Hg uptake and were negatively cor-
related with respiring COg (-0.8 to -1.2 ppb Hgo/ppm
COg). Decreases in Hg concentration are correlated
with increases in 6D, indicating that one or more
steps in the process of hydrogen consumption (pre-
sumably either diffusion into the soil or microbial
utilization) is isotopically fractionating. Based on
these data, we derive a fractionation factor, a =
D/H,esidual/P/Heonsumed = 0.960.01. This value
is within the range of previous flux-chamber experi-
ments [Gerst and Quay, 2001]. Data from the 24 hour
time series yielded a similar nighttime draw down of Ho
and elevated COg (observable even above canopy) and
comparable fractionation factors for D/H. Unexpect-
edly, samples collected during daylight hours when the
canopy was well flushed (evidenced by background COg
levels) exhibited a modest positive correlation between
hydrogen concentration and its deuterium content. We
speculate that these enrichments may be the first ob-
servational verification of photochemically induced en-
richment during oxidation of methane and non-methane
hydrocarbons such as that proposed by Gerst and Quay
[2001].

Gerst, S. and P. Quay, J. Geophys. Res., 106, 5021-
5031, 2001.
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The triple isotopic composition of atmospheric O2
is controlled by different signatures of biological and
stratospheric processes. Ultraviolet induced interac-
tions in the stratosphere cause an equal depletion of
170 and 180 of atmospheric O2 (mass-independent
fractionation). This equal lowering is in contrast to
biological processes, and most terrestrial processes, in
which the discrimination against 170 is about half of
the discrimination against 180 relative to 160 (mass-
dependent fractionation). Thus, O2 that was produced

by photosynthesis and was affected only by biological
consumption will have excess 170 relatively to atmo-
spheric O2 with the same delta 180. In previous in-
terpretations of changes in the triple isotopic compo-
sition, it was assumed that the ratio of discrimination
against 170 to the discrimination against 180 is identi-
cal for all biological processes. In the present study, we
evaluated this ratio, for the first time, for some of the
most important oxygen consumption processes: The cy-
tochrome and alternative pathways of dark respiration,
and photorespiration. The value for the dark respira-
tion processes was evaluated in dark incubation exper-
iments, and inhibitors were used to separate the two
pathways. The value for photorespiration was evalu-
ated from experiments in airtight terrarium containing
soil, plant and water. We have found similar discrim-
ination ratio for the cytochrome and alternative path-
ways, but considerably lower ratio for photorespiration.
One important conclusion derived from this finding is
that much of the change in the atmospheric 170 de-
pletion during the LGM can be related to an increase
in the global rate of photorespiration. The increased
rate of photorespiration during the LGM was the re-
sult of lower atmospheric CO2 concentrations. Previ-
ous interpretations of the 170 depletion change in the
LGM attributed it only to changes in global productiv-
ity, and in stratospheric processes. Another important
conclusion is that the current global rate of photores-
piration can be evaluated from the parameters we pro-
vide, and from published data about the rate of mass-
independent processes in the stratosphere.
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Measurements of the isotopic composition of at-
mospheric carbon dioxide have become a critical tool
for understanding the role of terrestrial ecosystem
processes in the carbon cycle. Photosynthesis and
respiration impart distinct isotopic signatures to the
atmosphere that may be used to constrain carbon
source/sink estimates and partition ecosystem fluxes.
These applications require an understanding of the pro-
cesses that influence isotopic discrimination of whole
canopies and ecosystems. The ”"Keeling plot” method
is a common approach used in determining the iso-
topic composition of ecosystem fluxes and estimating
ecosystem discrimination. An increasing amount of in-
formation is becoming available from numerous ecosys-
tems around the world on the isotopic composition
of ecosystem respiration (d13CR) over short and long
time scales. In this presentation we synthesize emer-
gent patterns in d13CR by analyzing 146 Keeling plots
constructed at numerous sites across North and South
America as part of the Biosphere-Atmosphere Stable
Isotope Network (BASIN). We calculated d13CR uni-
formly for all sites in order to analyze the environmen-
tal controls on d13CR temporally and across the land-
scape. We did not find differences in mean d13CR be-
tween tropical, temperate broadleaf, temperate conif-
erous, and boreal forest biomes, indicating that fac-

tors other than species/functional type and tempera-
ture were driving canopy discrimination. Rather, we
found that precipitation was a major driver of both
temporal and spatial variability of d13CR, illustrating
the importance of water availability as a key control of
ecosystem function. These results highlight the poten-
tial of d13CR as a useful tool for integrating environ-
mental effects on dynamic canopy processes.
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We describe a mechanistic model that simulates
H2180 and CO'80 fluxes between ecosystems and the
atmosphere. The model is integrated into the land sur-
face model LSM, which in turn is coupled to a version of
the CCM3 GCM that simulates H21 O in precipitation
and water vapor to allow transient simulations of veg-
etation, soil, and atmospheric mechanisms important
in ecosystem isotope fluxes. The land surface isotope
model comprises modules to compute canopy vapor,
leaf water, and vertically resolved soil water HZISO
content; leaf photosynthetic and retro-diffusive fluxes
of COISO; root and microbial production of COg; soil
diffusive fluxes of COg and CO'80 and equilibration of
COq with 180 in soil water; and abiotic soil exchanges
of CO80. Off-line model testing in a C4 dominated
tallgrass prairie in Oklahoma will be presented. We
then apply the model to better understand the impact
on ecosystem CO80 fluxes of the (a) soil abiotic flux;
(b) carbonic anhydrase distribution within the soil; (c)
C3 versus C4 mixtures and variations in carbonic anhy-
drase activity within each photosynthetic type; and (d)
method used to compute surface H2180 fluxes. Sensi-
tivity analyses of ecosystem HZISO and CO180 fluxes
to model parameters will also be presented. Prelim-
inary results indicate that the near-surface soil mois-
ture isotopic composition is strongly dependent on the
Ho 180 surface flux method used; the opposite is true
for deeper soil layers. The resulting ecosystem col8o
flux is less dependent on the method of computing the
Ho180 surface flux. The carbonic anhydrase concen-
tration in the soil also impacts the isotopic composition
of the evolved COg flux. Finally, we present simulation
results for selected ecosystem types from the coupled
GCM and isotope model and a method to simplify the
CO'80 surface flux calculation.
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