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with emphasizing the effect of fire disturbance and the
sensitivity of the carbon cycling to climate change.
Our experimental design covers total 108 combinations
with respects to four major landcover types (decid-
uous broadleaf, grass, wet and dry conifer), increas-
ing CO2, fire disturbance, incresed/decreased temper-
ature and precipitation. Based on the simulation, we
constructed potential vegetation maps of LAI, GPP,
and NPP, which were compared MODIS land prod-
ucts. Distinctly distinguishable patterns of regional
carbon cycling were identified depending on landcover
types. Elevated CO2 resulted in overall 15% increase
in NPP, when it was compared to NPP predicted with
pre-industrial CO2 concentration before 1861. Warmer
area was more sensitive to the elevated CO2 than cooler
area. Explicit fire-disturbance simulation produced
slightly lower NPP and distinctly scratched patterns
but did not alter significantly aerial means, compared
to constant fire-mortality simulation. Increased tem-
perature and precipitation were positively related with
the increased NPP. The model estimates of regional
carbon cycling were more sensitive to temperature than
precipitation. Our simulation experiments show the
BOREAS region is overall carbon sink but sensitive to
geographic location and vulnerable to fire disturbance
and future climate change.
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We characterized the directional effects on the ther-

mal infrared signal retrieved by the NOAA Advanced
Very High Resolution Radiometer (AVHRR). For that
purpose, day and night GAC data were processed using
the full swath width of the AVHRR/2. We developed
a methodology for normalizing the land surface tem-
perature to nadir observation and tested it over conti-
nental Africa. The methodology is based on ancillary
structural information of the surface as well as empir-
ical and modeled relationships between the scene end-
members. To assess the effectiveness of our method,
we apply it to one of the EOS and SAFARI 2000 core
sites: Skukuza, South Africa. The directional trends
of AVHRR estimates and modeled predictions are con-
sistent and suggest that this approach could be further
developed to help reduce the systematic bias in land
surface temperature from AVHRR. Our method is gen-
eral and applicable to other wide field of view sensors
such as MODIS.

B61B-0733 0830h POSTER

The MODIS Snow Products - an
integral part of the MODIS Land
Surface Products

Marilyn Kaminski1 (303-735-5408;
marilynk@nsidc.org); Greg Scharfen1

(303-492-6197; scharfen@nsidc.org); Dorothy K
Hall2 (301-614-5771; dhall@glacier.gsfc.nasa.gov);
Brad McLean1 (303-492-1160;
btmclean@nsidc.org); Siri Jodha Singh Khalsa3

(303-492-1445; sjsk@nsidc.org); Terry Haran1

(303-492-1847; tharan@nsidc.org); Jason Wolfe1

(303-492-1504; wolfe@nsidc.org)

1National Snow and Ice Data Center, University
of Colorado UCB 449, Boulder, CO 80309-0449,
United States

2Hydrological Sciences Branch, Code 974,
NASA/Goddard Space Flight Center, Greenbelt,
MD 20771, United States

3L-3 Communications Corporation, 1801 McCormick
Dr. Suite 170, Landover, MD 20774, United States

With Moderate Resolution Imaging Spectrora-
diometer (MODIS) instruments now operating on the
NASA Terra and Aqua satellites, a daily, global cov-
erage stream of high quality information about the
earth’s surface is being collected and made available
to the public. The MODIS archives at the NASA Dis-
tributed Active Archive Centers (DAACs) include a

range of data sets, from individual channel radiances to
geophysical parameters in swath and resampled gridded
formats. The MODIS snow products, produced by the
MODIS Science Team and distributed by the National
Snow and Ice Data Center DAAC, are a key part of the
land surface suite of products. The MODIS snow prod-
ucts are now providing fully automated, daily, global
maps of snow cover extent at a spatial resolution of
500-m. The MODIS data from Terra have been pro-
duced since October 2000. Ongoing work to improve
the performance and utility of the products includes
improvements to the use of the MODIS cloud mask,
algorithm enhancements to more accurately map snow
cover in dense forests, a Climate Modelers Grid, easy
to access browse, and plans for a snow albedo prod-
uct. This paper describes the characteristics, capabili-
ties and limitations of the MODIS snow products, their
accessibility from the NSIDC DAAC, and current user
support and tools.

URL: http://nsidc.org/modis
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New Tool for MODIS Multiple Data
Ordering: A Case Study Over Lake
Michigan
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The Goddard Earth Sciences Distributed Archive
Center (GES DAAC) has served as an intermediary be-
tween MODISi Data and the user community. This
has given us the unique opportunity to communicate
with the users and explore better options for access-
ing and ordering MODIS Data. The MODIS Data Sup-
port Team at GES DAAC has developed a much needed
tool to aid users to simultaneously order multiple data
products, set temporal and spatial search criteria, find
appopriate satellite overpass, cloud cover of the scene,
and more, all in one interface. The enhanced tool serves
as a portal to the GES DAAC Web-based Hierarchi-
cal Ordering Mechanism(WHOM), removing, however,
some of the drawbacks of WHOM. One of the strengths
of the tool is to provide long time series of multiple
MODIS Level 1 and Ocean and Atmosphere Level 2
products: something not available from WHOM but so
much needed for regional studies.

This presentation will demonstrate the features
of the tool using as an example a case study of
Ocean Color and Surface Temperature over Lake Michi-
gan.Readers will be guided through the whole process
of selecing the relevant data, the spatial and tempo-
ral region, submitting order, and finally visualizing the
MODIS products. Plans for further developments will
be presented as well.

B61C MCC: Hall C Saturday
0830h

High Spatial and Spectral Resolution
Remote Sensing of Urban Ecology:
New Results From NASA EOS
Satellite and Airborne Sensors
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State University; J Grove, USDA
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Small watershed research is a hallmark of the LTER
network, with catchments subject to different treat-
ments used to develop input-output budgets of water,

nutrients and carbon, as well as an understanding of
the relations of energy and material cycling to ecolog-
ical communities and trophic systems. In the Balti-
more Ecosystem Study (BES), this approach empha-
sizes the role of human society as part of the ecosys-
tem such that individual and institutional activity are
defined as important aspects of ecological community
and trophic system dynamics. We have been adapting
a spatial hydroecological modeling approach to operate
across the urban-rural gradient, incorporating an ex-
plicit description of the drainage sequence, as well as
human sources of irrigation water and fertilizer. As hu-
man activity tends to produce sharp gradients in land
cover and topographic structure (e.g. property lines,
drainage infrastructure), the behavior of human dom-
inated ecosystems may require higher resolution infor-
mation to adequately characterize system structure and
function. We hypothesize that our spatial analysis and
modeling methods will show greater sensitivity to to-
pographic and land cover information in the suburban
sites than in the agricultural or forested ecosystems.

In this paper we concentrate on three of the head-
water catchments, including a fully forested catchment
(Pond Branch), a suburban catchment (Glyndon) and
an agricultural catchment (McDonogh). Continuous
discharge gauging by the USGS at each of the three
catchments and weekly sampling for stream chemistry
have been carried out for all three catchments. Soil
moisture has been sampled weekly at a set of sites
along a topographic wetness gradient using portable
soil moisture meters. Topographically defined flow-
path networks were extracted from high resolution dig-
ital elevation models (DEMs) at 30m resolution, 5m
resolution from photogrammetric sources and at 0.5m
from LIDAR. Land cover at these resolutions are also
extracted from high resolution airborne imagery and
ETM scenes. One of the key features of the catch-
ments we concentrate on is the ecological patch struc-
ture along topographic flowpaths and the nature of the
land cover and topographic drainage right around the
stream channel as these features often have an impor-
tant role in modifying streamflow generation and water
chemistry. Using measured soil moisture and stream-
flow discharge and chemistry, we test the impact of
source data resolutions used to generate topographic
and land cover information on our ability to model the
measured soil moisture, streamflow and chemistry from
these catchments.
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Scientists studying the rapid growth of urban areas
around the globe often must combine a variety remote
sensing sources to get data that meets their needs. De-
pending on research questions, these needs may include
observations at specific points in time or with sufficient
spatial resolution. Though not widely used for urban
studies, astronaut photography can uniquely fill some
data gaps. Early photographs taken during the Gemini
and Apollo programs in the 1960s represent the oldest
remotely sensed records for a number of world cities.
The archive of astronaut photography of Earth is main-
tained in a single location, offers valuable information
on urban boundaries over the last 40 years, and can
fill gaps in time series studies. Although working with
digitized photographs differs from satellite data, such
images can be used as 3-band data, georeferenced, and
used with image analysis techniques such as supervised
classification and texture analysis. The results of sim-
ple land cover classifications can approximate results
that would be obtained from Landsat. Using digital
cameras from the International Space Station, astro-
nauts are now routinely acquiring photographs of urban
areas with 6 m or better spatial resolution. These im-
ages serve as valuable sources of information that can
be analyzed directly or used to verify analyses of other
sensor data. Astronaut photographs of cities are avail-
able for public searching on the web at NASA Johnson
Space Centers The Gateway to Astronaut Photography
of Earth. The site includes tools for searching the over
400,000 photographs taken to date as well as a special
collection, Cities from Space, of outstanding city pho-
tographs.

URL: http://eol.jsc.nasa.gov
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As part of a validation project for EO-1 satellite
data, a large number of data sets were analyzed to map
the urban environment of the city of Venice. Satel-
lite data included 30-m EO-1 Advanced Land Imager
(ALI) data with 9 broad bands in the 0.43-2.35 mi-
cron region; 30-m EO-1 Hyperion hyperspectral scan-
ner data with 192 bands in the 0.45-2.35 micron re-
gion; 30-m Landsat Thematic Mapper data; 15 and 30-
m ASTER data with 9 bands in the 0.52 to 2.4 mi-
cron region; 8-m MIVIS hyperspectral aircraft scanner
data with 102 bands in the 0.4 to 12 micron region;
and 4-m Ikonos data with 4 bands in the VNIR. The
data were analyzed to isolate different instrument fac-
tors: spatial resolution and spectral bands. The mate-
rials looked for were: old tile roofs, new tile roofs, zinc
roofs, asphalt pavement, trachyte pavement, limestone
pavement, grass and trees. In the 30-m data, all pix-
els were spectrally mixed, so materials that were iden-
tifiable were not pure classes. New roofs, old roofs,
grass, and trees form large enough areas to be sepa-
rable, though materials were mixed with shadows and
other materials. Increased spatial resolution improved
classification accuracy, and allowed more different ma-
terials to be identified. Similarly, more spectral bands
improved classification accuracy. The best results were
obtained with MIVIS 102-channel, 8-m data, that al-
lowed all types of materials to be mapped both spa-
tially and spectrally. EO-1 ALI data were better than
Landsat TM due to the improved signal-to-noise, and
the additional spectral bands. Hyperion data suffered
from low signal-to-noise, and so the full advantage of
hyperspectral data was not available for this site. Op-
erational multispectral satellites generally do not have
sufficient spatial resolution to be extremely effective
for mapping urban areas. The data are good for sep-
arating general classes of materials, useful for runoff
models. Higher spatial resolution (<10 m) is necessary
to spatially separate urban materials. Most classes can
be separated with Ikonos, for example, with 4-m pix-
els. But the limited number of spectral bands prevents
separation of subtle differences, such as the presence of
limestone.
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Recent developments of remote sensing technologies
allow the acquisition of data with a high spectral and
spatial resolution. The high information content of hy-
perspectral data enables the detailed analysis urban
surface materials. This yields the potential for an au-
tomated identification of urban surface materials based
on their spectral shape. The base for such an analysis
is a detailed knowledge about spectral characteristics
of urban surface materials.

This study aims at investigating the spectral char-
acteristics of urban surface materials throughout the
reflective wavelength range. For this purpose urban
surface materials have been systematically measured
with a field spectrometer. Furthermore the measure-
ments have been analyzed and stored in a spectral li-
brary. For the systematic assessment of materials the
urban surface is categorized in regard to its degree of
surface sealing resulting in urban surface cover types.
The resulting categories form the thematic frame for
the assessment of urban surface materials. Sealed sur-
faces are analyzed in terms of variations in material
and color. Non-sealed surfaces, such as soil and veg-
etation are investigated in regard to their special ur-
ban properties. The obtained spectral library is used
to explore the spectral information content of airborne
hyperspectral HyMap data, which have been aquired
for the study area of Dresden, Germany. In the re-
sult 79 spectral classes could be distinguished based on

these data. They represent spectrally different materi-
als (e.g. zinc and asphalt). They also contain spectral
variations of the same material, which are caused by
different roof geometries, color and other coating, age
and intensity of use.

The results of this investigation show the high spec-
tral variability of urban surface materials in the field
measurements and in the hyperspectral data. This high
information content yields the potential for area-wide
automated assessment of urban surface materials.
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The role of humans as an integral part of the en-
vironment and ecosystem processes has only recently
been accepted into mainstream ecological thought. The
realization that virtually all ecosystems on Earth have
experienced some degree of human alteration or impact
has highlighted the need to incorporate humans (and
their environmental effects) into ecosystem models. A
logical starting point for investigation of human ecosys-
tem dynamics is examination of the land cover charac-
teristics of large urban centers. Land cover and land
use changes associated with urbanization are impor-
tant drivers of local geological, hydrological, ecological,
and climatic change. Quantification and monitoring of
urban land cover/land use change is part of the pri-
mary mission of the ASTER instrument on board the
NASA Terra satellite, and comprises the fundamental
research objective of the Urban Environmental Mon-
itoring (UEM) Program at Arizona State University.
The UEM program seeks to acquire day/night, visible
through thermal infrared data twice per year for 100
global urban centers (with an emphasis on semi-arid
cities) over the nominal six-year life of the Terra mis-
sion. Data have been acquired for the majority of the
target urban centers and are used to compare landscape
fragmentation patterns on the basis of land cover clas-
sifications.

Land cover classifications of urban centers are ob-
tained using visible through mid-infrared reflectance
and emittance spectra together with calculated vege-
tation index and spatial variance texture information
(all derived from raw ASTER data). This information
is combined within a classification matrix, using an ex-
pert system framework, to obtain final pixel classifi-
cations. Landscape fragmentation is calculated using
a pixel per unit area metric for comparison between 55
urban centers with varying geographic and climatic set-
tings including North America, South America, Europe,
central and eastern Asia, and Australia. Temporal vari-
ations in land cover and landscape fragmentation are
assessed for 9 urban centers (Albuquerque, New Mex-
ico, USA; Baghdad, Iraq; Las Vegas, Nevada, USA;
Lisbon, Portugal; Madrid, Spain; San Francisco, Cali-
fornia, USA; Tokyo, Japan; and Vancouver, Canada).
These data provide a useful baseline for comparison
of human-dominated ecosystem land cover and associ-
ated regional landscape fragmentation. Continued col-
lection of ASTER data throughout the duration of the
Terra mission will enable further investigation of urban
ecosystem trends.
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The number of forest fires has increased dramat-

ically over the past five years in the western United
States, due to both human and natural causes. These
fires commonly expand rapidly as a function of vege-
tation, climate as well as past and present fire fight-
ing practices. Many urban areas, such as Phoenix, AZ
have experienced extreme population growth rates over
the past 50 years. A majority of the development now

occurring is in desert areas that have once burned, or
are currently threatened by the potential of brush fires.
These regions northeast of the city of Phoenix have ex-
perienced numerous fires over the past two decades that
have been expensive to fight, and caused a considerable
amount of property damage. This region is also cur-
rently targeted as one of the prime suburban growth
corridors in a metropolitan area. As people expand
into these environments there is an increased risk of
fire, and the potential of subsequent flooding focused
within the scars. Therefore, the ability to predict and
control fires is increasingly important in these rapidly
growing areas. Remote sensing together with detailed
field data has been used to characterize areas scarred
by past fires with the goal of assessing the risk for burn-
ing in the future.

Space and airborne data from ASTER, Landsat
ETM, SIR-C, TIMS and balloon-based cameras have
been combined within a GIS model to characterize ex-
isting fire scars northeast of Phoenix, AZ. These data
sets were used to quantify the relationship of fire scar
age to vegetative recovery, and to determine the con-
trol of local topography on fire behavior. In addition,
detailed field topographic surveys were combined with
sediment trap data to contrast erosion rates in several
burned and unburned catchments. Initial results imply
a slightly higher erosion rate in the scars and therefore
increased flooding risks. The combination of remote
sensing data analyses with a GIS database, constrained
by careful geomorphic and sedimentological investiga-
tions, may permit city officials and urban planners to
better calculate potential risks for both future fire and
flood hazards within the region. By examining the spa-
tial variability of numerous scars in one location, and
given the potential to evaluate their relative ages au-
tomatically, it should be possible to establish fire re-
currence intervals around any urban area. This can
be compared with lightning frequency, climate, vegeta-
tion, and terrain characteristics to vastly improve the
characterization of hazards associated with semi-arid
environment brush fires.
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Hyperspectral remotely sensed imagery is promis-
ing technology for coastal marine science. High-
resolution snapshots from airborne platforms reveal de-
tailed ocean structure, from which information on the
processes that shape the coastal marine environment
can be derived. The Airborne Visible/Infrared Imag-
ing Spectrometer (AVIRIS) sensor was flown aboard
the ER-2 aircraft over Monterey Bay on October 13,
2000. Upwelling radiance and downwelling irradiance
were measured just above the surface of the water dur-
ing the overflight. CTD casts, inherent optical property
(absorption and attenuation) measurements at CTD
stations, and continuous underway sea surface tempera-
ture, salinity, fluorescence, attenuation and absorption
measurements were also taken. The 5 AVIRIS flight
lines, consisting of 33 scenes, were mosaicked into a
composite image of Monterey Bay and the adjacent
ocean. The image was radiometrically corrected and
transformed into map space. FLAASH, a commercial
release software, was used for atmospheric correction
and optimized for use over water. Spectra in the at-
mospherically corrected image were compared with in
situ measurements. Surface chlorophyll estimates, de-
rived from reflectance values of the composite image,
reveal fine scale coastal ocean structure. The imagery,
combined with in situ data, illustrate the dynamic pro-
cesses that shape the coastal marine environment of
Monterey Bay. Future considerations in adapting hy-
perspectral imagery to ocean process studies are also
addressed.
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The sea surface concentration of chlorophyll in the
northern Gulf of Mexico was derived from satellite re-
mote sensing for the period of July 2001 to June of
2002. High resolution (L1A data, with 1 km spatial res-
olution) Sea-viewing Wide Field of view Sensors (Sea-
WiFS) data were used to calculate chlorophyll with the
OC4 algorithm for all the clear and partly cloudy days.
The chlorophyll pattern shows strong seasonal varia-
tion. In offshore areas, a single annual phytoplank-
ton bloom was observed with chlorophyll concentration
increasing in fall and winter to reach a maximum of
0.35 mg m−3 in February, and decreasing in spring
and summer to a minimum of 0.1 mg m−3 in July.
In coastal regions from the Texas shelf through Mis-
sissippi Sound, phytoplankton blooms were observed
in February and July. During the bloom in summer,
patches of high chlorophyll surface waters were injected
into offshore waters. The chlorophyll concentration de-
creased from ∼10 mg m−3 near the mouth of the Mis-
sissippi River and on the Louisiana shelf to ∼5 mg m−3

on the Texas shelf and the Mississippi Sound. The
temporal and spatial distribution of the phytoplank-
ton bloom in summer coincides with reported annual
hypoxia events.
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Mass Independent Isotope Effects and
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It has been nearly 20 years since the discovery of
a chemically produced mass independent isotope effect
by Thiemens and Heidenreich. Subsequent to that time
there has been a great deal of progress in developing a
physical chemical theory to account for the effect. In
particular, recent work by R. Marcus and colleagues
has advanced understanding of the effect considerably.

There are now many know examples of mass inde-
pendent isotopic compositions in nature, in fact, with
the exception of water, all atmospheric molecules pos-
sess mass independent oxygen isotopic compositions.
This includes O2, O3, CO2, H2O2, N2O, CO, and at-
mospheric aerosol sulfate and nitrate. In addition, sul-
fur in aerosol sulfate is mass independently fraction-
ated and it is now known that the anomalies are pre-
served in Miocene Volcanic samples, Namibian desert
sulfate, Pre-Cambrium sulfate and sulfide (sulfur iso-
topes), and sulfates from the Antarctic dry valleys. Po-
lar ice samples are also known to preserve the mass in-
dependent isotopic anomalies. In addition, secondary
minerals from the SNC Martian meteorites possess both
sulfur and oxygen isotopic anomalies which are used
to understand atmospheric-regolithic coupling. In all
cases where mass independent isotopic compositions
have been observed, understanding of the particular cy-
cle has been advanced.
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Solids in the Solar System
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States
The main concepts in a theory are described for the

mass-independent isotope effect in ozone formation dis-
covered by Thiemens. They include (1) the relative
lifetimes of the symmetric (OQO*, OOO*) and asym-
metric (OOQ*) vibrationally excited ozone intermedi-
ates, Q is 17 O or 18 O, (2) the differences in zero-
point energy in the two exit channels of a dissociating

OOQ* molecule, and (3) ”weak” deactivating collisions.
The first plays a major role under the usual (”scram-
bled”) conditions and causes the mass-independent iso-
tope effect. The second produces large and unusual
mass-dependent isotopic effects observed by Mauers-
berger under ”unscrambled conditions,” but cancels ex-
actly under the scrambled conditions. Their theoretical
basis is described. The third plays a role under both
sets of conditions. We also discuss whether analogous
concepts, particularly the first, are applicable to the
formation of the earliest processed solids in the solar
system, the calcium-aluminum-rich inclusions in mete-
orites, for which a mass-independent isotope effect was
first observed by Clayton.

URL: http://chemistry.caltech.edu/faculty/marcus/
index.html
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The formation of ozone by the well known Chapman
reaction O + O2 + M → O3 + M shows a large and un-
usual isotope effect. Laboratory predictions of oxygen
fractionation in ozone molecules containing singly sub-
stituted 17O or 18O match well with both tropospheric
and stratospheric observations. Quantitative modelling
and understanding of isotope transfer from ozone into
other atmospheric species (CO2, N2O, etc.), however,
remains difficult or even impossible, since the posi-
tional fractionation in atmospheric ozone either is not
accurately known (for 16O16O17O vs. 16O17O16O)
or, when accurate measurements exist, published values
obtained by different techniques seem to be in striking
difference (for 16O16O18O vs. 16O18O16O).

Here we present mass spectrometric measurements
of a temperature study of ozone forming rate co-
efficient ratios and oxygen fractionation values in
50O3, 52O3 and 54O3. The results are combined
with the findings of earlier symmetry specific diode
laser absorption spectroscopic (TDLAS) measurements
in order to predict the temperature dependence of
[16O16O18O]/[16O18O16O]. By numerical simulation
of the isotope kinetics of ozone sample preparation
in other symmetry resolving studies employing fourier
transform far infrared (FTFIR) spectroscopy it is
demonstrated that the seemingly differences in depen-
dence of [16O16O18O]/[16O18O16O] between TDLAS
experiments in the mid IR and the FT experiments in
the far IR are not caused by experimental artefacts, but
are rather due to the different temperature conditions
in the two sets of experiments.

Therefore, the temperature dependence of end mem-
ber enrichment of atmospheric 50O3 seems now to be
well characterized for the first time and it can be used
in quantitative modelling of isotope transfer from ozone
into other atmospheric molecules.
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An increasing amount of information is presently
becoming available about the anomalous oxygen iso-
topic composition of atmospheric ozone. Due to its
active role in atmospheric chemistry, the ozone isotope
anomaly is transferred to a number of atmospheric con-
stituents. The well established transfer to CO2 via

O(1D) is responsible for the strong 17O and 18O en-
richments of CO2 in the stratosphere. However, in

stratospheric CO2 the 17O enrichment is considerably

larger than the 18O enrichment, opposite to the situa-
tion for ozone, which implies a preferential transfer of
17O. New laboratory experiments are being carried out
to study this transfer, which may involve an additional
anomalous fractionation process. At the same time, de-
tailed position resolved investigations of the ozone iso-
topic composition also provide new information about

the isotope transfer, which primarily involves the ter-
minal oxygen atom. In light of these new data we evalu-
ate various possible scenarios for the CO2 - O3 isotopic
exchange.
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A number of studies have suggested that the oxy-
gen isotope anomaly in stratospheric CO2 (defined as

∆17O = δ17O - 0.516 * δ18O) can be used as a
tracer of integrated chemistry and transport in the
stratosphere,1 of stratosphere-troposphere exchange,2

of gross carbon exchanges between the terrestrial bio-
sphere and atmosphere, 3 and, through the impact
of anomalously fractionated CO2 on the O2 reser-
voir, of gross global primary productivity on millen-
nial timescales through ice core measurements of O2.4

Bringing these applications to fruition, however, re-
quires a more fundamental understanding of the source
and mechanism(s) of the anomalous fractionation in
CO2 than is currently available. Several new suites
of laboratory and field measurements that address the
source(s) of the oxygen isotope anomaly in CO2 will be

presented. Measurements of ∆17O of CO2 from whole
air samples collected from the NASA ER-2 aircraft and
their correlation with trace gases measured in situ while
the samples were being collected, such as N2O and O3,
provide important new information as to the source
and mechanism(s) of the anomalous enrichment in the
stratosphere. Laboratory investigations of the reaction
CO2 + O(1D) in a crossed molecular beam, of photo-
chemical kinetics and isotope measurements in irradi-
ated CO2 / O2 mixtures, and of isotope effects in the
photolysis of CO2 at different wavelengths are provid-
ing additional information. These new laboratory and
field data will be discussed and compared with previous
studies.

References: (1) K. Boering, et al., Eos Trans. AGU,
79(45), A42F-06, 1998; (2) M. Thiemens, et al., Science
270, 969, 1995; Y. Yung, et al., JGR 102, 10857, 1997;
(3) K. Hoag, et al., Eos Trans. AGU, 82(47), B12A-
0109, 2001; (4) B. Luz, et al., Nature 400, 547, 1999.
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The isotopic composition of atmospheric oxygen is
controlled by biological mechanisms, the hydrological
cycle and stratospheric photochemistry. The biologi-
cal mechanisms include photosynthetic oxygen produc-
tion of identical isotopic composition as the substrate
water and oxygen uptake by various mechanisms with
mass dependent fractionation. Fractionation in the hy-
drological cycle is also mass dependent. In contrast,
stratospheric photochemistry also removes oxygen, but
fractionates the isotopic composition of the remain-
ing gas in a mass-independent way. As a result at-
mospheric oxygen becomes anomalous (O-17 depleted)
with respect to oxygen of the global atmosphere that
would have been produced in the absence of strato-
spheric photochemistry. For estimating the magnitude
of this anomaly, it is necessary to know the triple iso-
tope fractionations of the relevant global processes.
In the present research we carried out experiments in
order to determine the ratio between the discrimina-
tions against O-17 and O-18 in dark respiration and in
photorespiration. The obtained values are 0.518 and
0.506 respectively, and are different than in meteoric
water fractionation (0.525). Assuming that the latter
value applies to leaf-water (the substrate of all terres-
trial photosynthesis), we estimate the magnitude of the
anomaly as 258 permeg. This figure is significantly
larger than 117 permeg estimated from stratospheric
mass balance. Alternatively, by talking the 117 per-
meg value as representative of the anomaly, we calcu-
late the ratio between the discriminations against O-17
and O-18 in leaf water as 0.511. Clearly, if we are to
correctly estimate the atmospheric anomaly, careful de-
termination of the triple isotope composition of global
leaf-water is a prerequisite.


