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drawn and then updated. The analyst now has the
ability to view GOES, POES, and MODIS data in a
single loop. This allows the fire analyst the ability to
easily confirm a fire in three different data sets. The
upgraded HMS has faster satellite looping and gives
the analyst the ability to design a false color image
for a particular region. The GOES satellites provide
a relatively coarse 4 km infrared resolution at satel-
lite subpoint for thermal fire detection but provide the
advantage of a rapid update cycle. GOES imagery is
updated every 15 minutes utilizing both GOES-10 and
GOES-12. POES imagery from NOAA-15, NOAA-16
and NOAA-17 and MODIS from Terra and Aqua are
employed with each satellite providing twice per day
coverage (more frequent over Alaska). While the fre-
quency of imagery is much less than with GOES the
higher resolution of these satellites (1 km along the
suborbital track) allows for detection of smaller and/or
cooler burning fires. Each of the algorithms utilizes a
number of temporal, thermal and contextual filters in
an attempt to screen out false detects. However, false
detects do get processed by the algorithms to varying
degrees. Therefore, the automated fire detects from
each algorithm are quality controlled by an analyst who
scans the imagery and may either accept or delete fire
points. The analyst also has the ability to manually
add additional fire points based on the imagery. Smoke
is outlined by the analyst using visible imagery, primar-
ily GOES which provides 1 km resolution. Occasionally
a smoke plume seen in visible imagery is the only in-
dicator of a fire and would be manually added to the
fire detect file. The Hybrid Single-Particle Lagrangian
Integrated Trajectory (HYSPLIT) is a forecast model
that projects the trajectory and dispersion of a smoke
plume over a period of time. The HYSPLIT is run for
fires that are selected by the analyst that are seen to
be producing a significant smoke plume. The analyst
defines a smoke producing area commensurate with the
size of the fire and amount of smoke detected. The out-
put is hosted on an Air Resources Lab (ARL) web site
which can be accessed from the web site listed below.
All of the information is posted to the web page noted
below. Besides the interactive GIS presentation users
can view the product in graphical jpg format. The an-
alyst edited points as well as the unedited automated
fire detects are available for users to view directly on
the web page or to download. All of the data is also
archived and accessed via ftp.

URL: http://www.ssd.noaa.gov/PS/FIRE
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EXPERIMENTAL STUDIES OF THE
MICROPHYSICS OF CLOUD
CONDENSATION NUCLEI AS A
FUNCTION OF ORGANIC SOLUTE
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Biomass burning has played, and continues to play a
significant part in the lives of indigenous people across
the world. Biomass burning results from brushfires,
land clearing, and cloud-to-ground lightning strikes,
this is particularly true in the tropics. A unique fea-
ture about the biomass burning aerosols is that its
sources are overwhelmingly confined to the tropics de-
spite evidence that their effects may be global in ex-
tent. Recently, Rosenfeld has argued that the inclusion
of biomass aerosols into warm clouds can also inhibit
precipitation. However, several reported case studies in
the literature report precipitation enhancements due to
aerosol entrainment as well. Quantitative relationships
between the indirect forcing from clouds and anthro-
pogenic aerosol inclusions have not been developed to
a point where the resultant prediction of cloud optical
properties is reliable. The problem is the lack of un-
derstanding of the basic microphysical processes gov-
erning cloud droplet nucleation and evolution. This
level of understanding requires that the physical chem-
istry of the systems be well understood. Because such

a large fraction of anthropogenic aerosol and specifi-
cally biomass aerosol are organic in nature, we have
performed laboratory simulations of the nucleation of
aerosols with organic inclusions. In our study, homoge-
neous and heterogeneous nucleation effects were stud-
ied for several organic solutions; n-Hexane, benzene,
chlorobenzene, nitrobenzene, with and without crushed
graphite. We will report results of the analyses of
the size distribution characteristics, electrical mobility,
and number density characteristics.
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Inverse modeling of biomass smoke
emissions using the TOMS AI

Sophia Y Zhang! (yangz@umich.edu)
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Arbor, MI 48109, United States

QJCET, University of Maryland Baltimore County,
Baltimore, MD 20771, United States

Results of inverse modeling of biomass smoke emis-
sions using the TOMS AI and a three-dimensional
transport model are presented. The IMPACT model
with DAO meteorology data in 1997 are utilized
to obtain aerosol spatial and temporal distributions.
Two absorbing aerosol types are considered, includ-
ing biomass smoke and mineral dust. First, a radia-
tive transfer model is applied to generate the modeled
AI. Then a Bayesian inverse technique is applied to
optimize the difference between the modeled AI and
the EP TOMS AI in the same period by regulating
monthly a priori biomass smoke emissions, while the
dust emissions are fixed. The modeled AI with a pos-
teriori emissions generally is in better agreement with
the EP TOMS AI. The annual global a posteriori source
increases by about 13% for the year 1997 (6.31 Tg/yr
BC) in the base scenario, with a larger adjustment of
monthly regional emissions. Five sensitivity scenarios
are carried out, including sensitivity to the a priori un-
certainties, the height of the smoke layer, the cloud
screening criteria of the daily EP TOMS AI, the ad-
justment of emissions in a lumped region outside of the
major biomass burning regions, and the covariances be-
tween observations. Results suggest that a posteriori
annual global emissions in the sensitivity scenarios are
within 15% of that of the base scenario. However, the
difference of annual a posteriori emissions between the
sensitivity scenarios and the base scenario can be as
large as 50% on regional scale. We are also applying
the inverse model technique to the year 2000 to com-
pare with biomass emissions deduced from an analysis
based on burned areas.
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Space-Based Observations of the
Seasonal Variations in Biomass
Burning Emissions of NOx and VOCs
over Africa during 2000
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We use tropospheric NOg and HCHO columns from
the Global Ozone Monitoring Experiment (GOME)
satellite instrument to map the spatial and seasonal
variations of NOg and volatile organic compounds
(VOC) emissions over Africa during 2000. Our tro-
pospheric column retrievals include the local effects
of aerosols, clouds, as well as shape factors for NOg
and HCHO from the GEOS-CHEM global 3-D chem-
ical transport model. The GOME NOg columns dis-
play a very strong biomass burning signal with the
well-known seasonality: fire season in Northern (South-
ern) Africa between November and March (May and

October) with a north to south (northwest to south-
east) progession. In addition, a strong signal from bio-
genic NO, emissions is present throughout the wet sea-
son, with particularly high NOg columns in June over
North Africa. Elevated GOME HCHO columns are ob-
served over biomass burning areas, as well as over the
tropical forests of central Africa (indicating strong bio-
genic isoprene emissions). We derive a top-down NOg
emission inventory from the GOME column NOg ob-
servations through an inversion with the GEOS-CHEM
model. Our estimate of annual surface NOg emissions
is 8 Tg N yr— ! over Africa for 2000 (4.1 and 3.9 Tg N
yr71 for North and South Africa, respectively), which
is 50% larger than our bottom-up GEOS-CHEM emis-
sion inventory. Most of the difference is attributed to
stronger than expected biogenic NOg emissions from
soils, as well as to too low NOg emission factors used
in the GEOS-CHEM model for North African Savan-
nas. We will use space based observations of active
fires (ATSR, VIRS) and burned areas (GBA2000) to
separate biomass burning from biogenic emissions of
NOg; and VOCs, and examine their respective spa-
tial and temporal variability during 2000. In addition,
we will compare the GOME observations and GEOS-
CHEM model results to studies from the SAFARI 2000
field mission over Southern Africa.
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Cloud-Radiation Field Changes due to
the Direct Effect of Smoke Aerosols in
Southeast Mexico
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1Mexican Institute of Water
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In general, aerosols affect climate mainly by directly
absorbing and scattering input solar radiation and indi-
rectly through their rule as cloud condensation nuclei.
Smoke aerosols from biomass burning are considered to
be the second most important source of anthropogenic
particles (sulfate acrosols being the first) that are influ-
encing the climate. Numerical simulations are carried
on MMS5 (using the CCM2 radiative scheme) by intro-
ducing the smoke aerosol spectral optical properties in
the southeastern Mexican region. The neighborhood
of this region is the most important source of biomass
burning aerosols in Central America during the dry sea-
son (February-June). The particles are considered to
be homogeneous in composition and the optical prop-
erties are calculated using Mie theory and the Remer
et al. (1998) smoke model. Simulations are performed
for March 17-20 and April 18-20, 2003. These two peri-
ods resulted to be a relative maximum in the number of
fires detected in the studied region according to differ-
ent algorithms based on satellite imagery. GDAS data
are used to initialize the MM5 model. The goal is to
study the changes in the cloud-radiation field due to the
aerosol direct effect varying the smoke aerosol optical
properties, especially the optical depth. Preliminary
results support the argument that not only the aerosol
effect is important but also the cloud changes due to
the radiative differences caused by the aerosol direct
effect itself. These cloud effects followed very differ-
ent ways sometimes depending on atmospheric condi-
tions of course, but also on other characteristics such
as orography or land surface features. The simulations
indicate a wide range on the surface radiative forcing
varying from -40 W/m2 for smoke particles with an op-
tical depth of 0.2 (at 670 nm), to -140 W/lm2
ticles with an optical depth of 0.8.
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The Use of Aerosol Optical Depth in
Estimating Trace Gas Emissions from
Biomass Burning Plumes
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‘We have observed significant correlations between
aerosol optical depth (AOD) at 500 nm and column
amounts of a number of biomass burning indicators
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(carbon monoxide, hydrogen cyanide, formaldehyde
and ammonia) in bushfire smoke plumes over SE Aus-
tralia during the 2001/2002 and 2002/2003 fire sea-
sons from remote sensing measurements. The Depart-
ment of Chemistry, University of Wollongong, oper-
ates a high resolution Fourier Transform Spectrometer
(FTS), in the city of Wollongong, approximately 80 km
south of Sydney. During the recent bushfires we col-
lected over 1500 solar FTIR spectra directly through
the smoke over Wollongong. The total column amounts
of the biomass burning indicators were calculated us-
ing the profile retrieval software package SFIT2. Us-
ing the same solar beam, a small grating spectrometer
equipped with a 2048 pixel CCD detector array, was
used to calculate simultaneous aerosol optical depths.
This dataset is therefore unique in its temporal sam-
pling, location to active fires, and range of simultane-
ously measured constituents. There are several impor-
tant applications of the AOD to gas column correlation.
The estimation of global emissions from biomass burn-
ing currently has very large associated uncertainties.
The use of visible radiances measured by satellites, and
hence AOD, could significantly reduce these uncertain-
ties by giving a direct estimate of global emissions of
gases from biomass burning through application of the
AOD to gas correlation. On a more local level, satellite-
derived aerosol optical depth maps could be inverted to
infer approximate concentration levels of smoke-related
pollutants at the ground and in the lower troposphere,
and thus can be used to determine the nature of any
significant health impacts.
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Siberian Biomass Burning Plumes
Across the Pacific: Aircraft
Observations in the Pacific Northwest
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1 University of Washington Bothell, Interdisciplinary
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During the summer of 2003, we employed a small

research aircraft to collect vertical profiles of O3, CO,
and total aerosol scattering in the 0O to 6 km column
along the northwestern coastline of Washington State.
Surface observations were also made and are discussed
in the presentation by Jaffe et al. We conducted nine
research flights between May 27 and August 5 and fre-
quently observed airmasses with highly correlated en-
hancements of O3, CO, and aerosol scattering , espe-
cially the flights on June 2nd and August 5th. The
most polluted airmass was observed on June 2, when
absolute levels of O3, CO, and the aerosol scatter-
ing coefficient (green) exceeded 100 ppbv, 200 ppbv,
and 130 Mm-1, respectively. The Del(O3)/Del(CO)
and Del(scattering)/Del(CO) values (0.40 ppbv/ppbv
and 1.25 Mm-1/ ppbv, respectively) observed during
this episode are similar to our previous observations of
Asian boreal fire emissions transported to the North-
east Pacific during May 2002. Subsequent analyses
of back-trajectories (NOAA Hysplitd), aerosol fore-
casting models (NAAPS/NOGAPS), and satellite im-
ages (NASA’s TERRA MODIS/AQUA, TOMS) indi-
cate that the June 2nd and August 5th events were pri-
marily due to the long-range transport of Siberian bo-
real fire emissions. The summer of 2003 appears to be
exceptional in terms of the amount of Siberian biomass
burning. Our observations of the variability of back-
ground O3 in the 0-6 km column during the summer of
2003 are similar to O3-sonde data collected in Northern
California from 1995 through 2002. These results sug-
gest that transport of Siberian biomass burning emis-
sions is an important component of the background O3
variability during summer along the west coast of the
U.S.
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Correlating MOPITT CO Data With
ATSR Fire Count Data
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Biomass burning has long been recognized as a ma-
jor source of atmospheric carbon monoxide (CO). The
MOPITT instrument (Measurements Of Pollution In
The Troposphere) on board the Terra satellite is mak-
ing global observations of CO and therefore provides a
valuable dataset to assess CO emission from biomass
burning at the global scale. In this study, we corre-
late MOPITT CO data with fire count data from the
Along-Track Scanning Radiometer (ATSR) on board

the ERS-2 satellite. ATSR offers a surrogate for fire
data and is one of a few global fire datasets available.
As ATSR detects fires at night, nighttime CO is ex-
tracted and analyzed. For the first year operation of
MOPITT from March 2000 to February 2001, CO emis-
sion from the biomass burning could be easily detected
in many places around the world. Seasonal variations
of CO emission from biomass burning for the differ-
ent regions will be presented and the limitations of this
analysis will be discussed.
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Biomass burning is known to inject considerable
quantities of trace gases into the atmosphere. Recent
laboratory, field, and modeling studies have shown that
significant atmospheric transformations occur within
the vicinity of fire events before these emissions are re-
leased into the regional atmosphere. Understanding the
local-scale transformations is an important parameter
for inclusion into larger, global tropospheric models.
An inter-model comparison was carried out between
two independently developed zero-dimensional, gas-
phase tropospheric models used to describe the pho-
tochemical evolution of young biomass burning smoke
plumes. One of these models was developed and op-
erated at the Max Planck Institute in Mainz, Ger-
many; the second was constructed at the University of
Montana- Missoula and is currently run at SUNY Fre-
donia. Identical initial parameters used in both models
were taken from field measurements of biomass burn-
ing events under very different fire conditions (African
savanna and Alaskan forest/shrub/bog mixture). The
Fredonia model predicts slightly different chemistry
than the Mainz model, which results in higher radi-
cal concentrations and lower PAN production when the
same initial conditions are applied. Differences in the
simulated results may be attributed to subtle differ-
ences in the calculation of photolytic rate constants and
the modeled tropospheric chemistry. We survey the dif-
ferences in model construction and the outcomes.
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Elucidation of the role of prescribed and wild fires
in North and Central America in influencing visibility
in the western U.S. is an important component of re-
gional haze issues. A field study was undertaken in
Yosemite National Park in summer 2002 to characterize
the physical, chemical and optical properties of ambi-
ent aerosols, including days that were heavily impacted
by smoke. Observations indicate that the most likely
sources of this smoke were the large fires in Oregon
and Sequoia National Park that were burning during
the study period, contributing to regional haze in some
areas of the western U.S. Smoke-impacted periods, as
indicated by multiple chemical tracers, featured shifts
to larger mean particle diameters, increased fine aerosol
mass fractions of organic carbon, and lower aerosol
hygroscopicity, relative to non-smoke-impacted days.
PM2.5 dry light scattering coefficients (530 nm) were
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quite high during smoke impacted periods, often ex-
ceeding 100 Mm ™~ 1. We compare the optical charac-
teristics of the smoke-impacted aerosols (mean size, re-
fractive index, and hygroscopicity) with prior measure-
ments of biomass-burning aerosols in Africa and South
America.
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The Impact of North American Fires on
Aerosol in the U.S.
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Biomass burning, including forest fires, is a major

global source for CO, aerosols and other pollutants.
Much focus has been given to biomass burning in the
tropics, but recent events have drawn attention to the
role of wildfires in North and Central America in in-
fluencing aerosol concentrations in the U.S. In this
study, we examined IMPROVE aerosol data from na-
tional parks in the southeastern U.S. to look for im-
pacts from long-range transport of smoke. Our anal-
yses show that smoke from fires in Canada and Cen-
tral America, in addition to smoke from U.S. fires, can
be detected in about 10% of the aerosol samples from
spring and summer over the last decade, with higher
contributions in some years. The methodology is being
extended to parks in the western U.S., and preliminary
results from these analyses will also be presented.
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Characterization of biomass burning
particles: chemical composition and
processing

Paula K Hudson!>2 (303-497-4328;
phudson@al.noaa.gov); Daniel M. Murphy;
Daniel J. Cziczol'2% David S. Thomson''2% Joost
deGouw!'% Carsten Warnekel>2

1NOAA-Aeronomy Lab, 325 Broadway R/AL 6, Boul-
der, CO 80305, United States

2CIRES, University of Colorado, Boulder, CO 80309,

United States

During the Intercontinental Transport and Chemi-
cal Transformation (ITCT) mission in April and May
of 2002, a forest fire plume was intercepted over Utah
on May 19. Gas phase species acetonitrile (CH3CN)
(a biomass burning tracer) and carbon monoxide (CO)
measured greater than five fold enhancements over
background concentrations during this plume crossing.
In the 100 sec plume crossing, the Particle Analysis
by Laser Mass Spectrometry (PALMS) instrument ac-
quired 202 positive mass spectra of biomass burning
particles. Many of these particles contained potassium
in addition to organics, carbon, and NOJr (which is a
signature for any nitrogen containing compound such
as ammonium or nitrate). From characterization of
the particle mass spectra obtained during the plume
crossing, a qualitative signature has been determined
for identifying biomass burning particles. By apply-
ing this analysis to the entire ITCT mission, several
transport events of smoke plumes have been identified
and were confirmed by gas phase measurements. Addi-
tional species, such as sulfate, found in the mass spec-
tra of the transported particles indicated processing or
aging of the biomass burning particles that had taken
place. The analysis has been extended to other field
missions (Crystal-Face, ACCENT, and WAM) to iden-
tify biomass burning particles without the added ben-
efit of gas phase measurements.

A22C-1085 1330h POSTER

Use of MODIS-derived Fire Radiative
Energy to Estimate Smoke Aerosol
Emissions over Different Ecosystems
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Biomass burning is the main source of smoke
aerosols and certain trace gases in the atmosphere.
However, estimates of the rates of biomass consumption
and emission of aerosols and trace gases from fires have
not attained adequate reliability thus far. Traditional
methods for deriving emission rates employ the use of
emission factors Ex (in g of species x per kg of biomass
burned), which are difficult to measure from satellites.
The era of continuous environmental monitoring from
space was ushered in a few decades ago. Nevertheless,
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fire characterization was not a major consideration in
the design of the early satellite-borne remote sensing
instruments, such as AVHRR. Therefore, although they
are able to provide fire location information, they are
not adequately sensitive to variations in fire strength or
size, because their thermal bands used for fire detection
saturate at the lower end of fire radiative temperature
range. As such, hitherto, satellite-based emission esti-
mates employ proxy techniques using satellite derived
fire pixel counts (which do not express the fire strength
or rate of biomass consumption) or burned areas (which
can only be obtained after the fire is over). The MODIS
sensors, recently launched into orbit aboard EOS Terra
(1999) and Aqua (2002) satellites, have a much higher
saturation level and, not only detect the fire locations
4 times daily, but also use their 4 micron channel tem-
peratures to measure the at-satellite fire radiative en-
ergy (which is a measure of the fire strength). Also,
MODIS measures the optical thickness of smoke and
other aerosols. Preliminary analysis shows appreciable
correlation between the MODIS-derived rates of emis-
sion of fire radiative energy and smoke over different re-
gions across the globe. These relationships hold great
promise for deriving emission coefficients, which can
be used for estimating smoke aerosol emissions from
MODIS active fire products. This procedure has the
potential to provide more accurate emission estimates
in near real-time, thereby broadening opportunities for
various active fire disaster management applications
such as alerts, evacuation and, smoke dispersion fore-
casting.
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The highest surface measurements of northern mid
and high latitude CO in the past 15 years were recorded
in the summer and fall of 1998. These high values have
been linked with anomalously large boreal forest fires
associated with El Nino conditions. To study the im-
pact of these forest fires on oxidant chemistry in the
global troposphere, we use the GEOS-CHEM global 3-
D model driven by biomass burning emissions of trace
gases derived from AVHRR firecount data. We com-
pare model results for CO using two independently de-
rived fire products with column data and with concen-
tration measurements at CMDL monitoring sites. To
probe the effects of the increased fire activity on OH
and ozone, we study the differences between model runs
using emissions specific to 1998 and using annual mean
biomass burning emissions.
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As a part of the SAFARI 2000 validation effort, a
series of research flights were coordinated with Terra
and TOMS satellite overpasses. Many flights were con-
ducted in regions profoundly affected by biomass burn-
ing plumes. This paper explores the relationship be-
tween remotely sensed aerosol products from Terra and
in-situ aircraft observations made within these pyro-
genically impacted areas. In-situ aircraft point data

were scaled up to the size of MODIS data pixels. Sev-
eral correlations were found between aircraft measure-
ments of trace gases and aerosols and the MODIS de-
rived aerosol measurements. Results of comparisons
with MISR and TOMS data are also presented. Column
averages obtained during aircraft vertical profiles as
well as averages stratified by altitude are presented and
illustrate the importance of understanding the vertical
structure of the atmosphere for proper data interpre-
tation. As a result, the in-situ aircraft measurements
and the remotely-sensed data are linked to meteoro-
logical parameters including the location of absolutely
stable layers and synoptic conditions in an effort to bet-
ter understand atmospheric controls on these plumes.
Overall these comparisons provide a more robust un-
derstanding of column aerosol measurements and the
factors that control the vertical distribution of pyro-
genic products.
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A new data set on area burned in eastern Russia
developed from satellite observations has allowed us to
develop estimates of trace gas emissions from boreal
forest fires for the period of 1995 to 2002. This data
set contains information on emissions on a 1 by 1 degree
grid at weekly time steps and therefore can be used as
a source term for specific fire events in the boreal forest
region. During the study period, an average of 9.8 mil-
lion ha (Mha)/year burned, ranging between 3.0 Mha
and 15.6 Mha. In this paper, we will present the re-
sults of an approach developed to estimate emissions
by merging area burned information with data sets de-
picting the spatial distribution of fuels and using mod-
els of combustion efficiency based on expected fire type
(crown, surface, ground) that varied during the grow-
ing season. We estimate that an average of 209 Tg of
carbon/year (range of 51 to 371 Tg) were released by
boreal fires, including 68 Tg/year of CO (range of 50
to 122 Tg). Most of the emissions (80%) are from fires
in Russi There are also clear seasonal patterns to
the emissions signature. During low fire years, there is
a bi-modal seasonal distribution, with 25% of seasonal
emissions occurring in both May and July. During large
fire years, while the early season peak still occurs, the
majority of seasonal emissions (40%) occur during large
fires in August.
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We present spectrally resolved backscatter and ex-
tinction coefficients, particle optical depths, Angstrom
exponents, extinction—to—backscatter ratios, and depo-
larization ratios of strongly enhanced particle loading
in the free troposphere. The observations were made
with Raman lidar at 355 and 532 nm wavelength at
Leipzig (51.3° N, 12.4° E), Germany. Particle extinc-
tion coefficients were 5-30 Mm™ ! in the free tropo-
sphere from May to July, 2003. These numbers result
in particle optical depths of 0.03-0.12 at the ultraviolet
and visible wavelengths. In May and early June distinct
aerosol layers could be observed above the boundary

layer, which typically was between 3 and 7-km height.
By the end of June and in July the aerosol distribution
became vertically more homogeneous and reached up to
the tropopause. On the basis of satellite imagery and
backward trajectory analysis it is most likely that se-
vere forest fires in Siberia in early spring 2003 caused
this enhanced free tropospheric background. Addi-
tional significant sources of the observed aerosols may
have been strong forest fires in western Canada in the
summer 2003.
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Formaldehyde (HCHO) columns measured from
space using solar UV backscatter allow mapping of
reactive hydrocarbon emissions.Our study focuses on
North America,where isoprene provides the dominant
contribution to HCHO during summer months. Using
seven years (1995-2001) of HCHO column data from the
GOME satellite instrument we show that the seasonal
and interannual variability of HCHO over North Amer-
ica is consistent with known factors that drive regional-
scale isoprene emissions. Our previous work has high-
lighted discrepancies between isoprene emissions de-
rived from GOME and current inventories. These dis-
crepancies are addressed by performing a detailed sim-
ulation of oxidant chemistry using the GEOS-CHEM
global 3-D model, driven by a new-generation bio-
genic emission inventory. The contributions from other
VOCs, in particular the terpenes, to the GOME HCHO
data is also examined. An emission inventory of iso-
prene calculated from GOME HCHO data is presented
with its estimated uncertainties. We evaluate these
emissions using in situ measurements of isoprene flux
and HCHO concentrations.
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A number of key biogenic emissions are
temperature-sensitive. Thus, future climate and tem-
perature changes may lead to changes in the emissions

Cite abstracts as: Fos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-#7, 2003.



