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Downwind Trace Gas Vertical Profiles in
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In association with the SAFARI 2000 Dry Sea-
son campaign in Africa, the Commonwealth Scientific
and Industrial Research Organization (CSIRO) division
of Atmospheric Research conducted aircraft measure-
ments downwind, over Australia. Five missions were
conducted using a Piper Navajo twin-engine aircraft to
measure trace gas vertical profiles from near surface
up to 7 km above Cape Grim (41◦S, 144◦E) and Mel-
bourne (38◦S, 145◦E) regions. Air collected in glass
flasks were analysed for CO2 and its stable isotopes
(d13C and d18O of CO2), CH4, CO, H2 and N2O. Air
collected in passivated canisters were analysed for C2
and C3 hydrocarbons. Ozone was monitored continu-
ously in four of these missions and ground-based LI-
DAR was also employed in the Melbourne region in
three occasions.

Previous study on trace gas vertical profiles above
Cape Grim between 1992 and 1997 had established us-
ing emission ratios that burning in Africa and S Amer-
ica are contributing to the enhanced mid-tropospheric
content of various trace gases in SE Australia. Now the
SAFARI 2000 in-situ data complemented with down-
wind observations in Australia provides the opportu-
nity to more closely link the observed mid-tropospheric
anomalies at Cape Grim to specific surface emissions
and atmospheric processes. Combined with our previ-
ous data, this investigation of biomass burning impacts
is extended for the whole period from 1992 to 2000. In
this respect, we plan to collaborate with groups mea-
suring the same trace gases in-situ during SAFARI 2000
(including ozone and VOCs) and compare the observa-
tions to simulated results from the UC Irvine chemistry
transport model.

Data requests for the vertical profile data could be
addressed to B.C. Pak or R.L. Langenfelds via email:
bpak@halo.ps.uci.edu, ray.langenfelds@dar.csiro.au
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Savanna ecosystems are water-limited, a character-
istic that can be exploited to estimate fractional cover
of trees, grass, and bare soil over large-scale areas from
synthesis of remote sensing and rainfall measurements.
A method is presented to estimate fractional cover com-
ponents along the Kalahari Transect (KT), an aridity
gradient in southern Africa, based upon the differing
ways in which grasses and trees respond to rainfall.
Mean wet season normalized difference vegetation in-
dex (NDVI) and the sensitivity of the NDVI to varia-
tion in wet season rainfall are used as input into a linear

unmixing model, and end-members for this analysis are
extracted on the basis of best fit to the observed data.
The end-members for the mixing analysis are consis-
tent with the qualitative characteristics of trees (high
NDVI, low sensitivity of NDVI to interannual varia-
tions in rainfall), bare soil (low NDVI, low sensitiv-
ity), and the transient grass/ bare soil area (moderate
NDVI, high sensitivity). Sensitivity of NDVI to rainfall
was based upon the relationship between NDVI and the
standardized anomalies, or z-score, of the wet season
precipitation, resulting in a 22% improvement in the
number of significant relationships (p<0.1) compared
with those found for NDVI and the raw precipitation.
The unmixing model yields a decrease in tree fractional
cover that corresponds to the north-south decrease in
mean wet season precipitation from 1600 mm to 300
mm along the KT. Potential grass cover area is limited
by the tree fractional cover on the wetter end of the
transect, peaks at approximately 450 mm of mean wet
season rainfall, and is limited by rainfall on the more
arid portion of the transect. With NDVI for grass in-
ferred from the data, predictions of yearly tree, grass,
and bare soil fractional cover can be derived. No cali-
bration or training sets were required for this unmixing
procedure, and an additional advantage of this method
over traditional unmixing approaches is that cover com-
ponents can be predicted for future rainfall scenarios.
This remote sensing-based model framework, together
with a tree/grass interaction submodel, could be used
to predict long-term migration of the cover components
along this gradient in response to climate variability.
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Measurements of spectral direct sun and direc-
tional sky radiances made with several AERONET net-
work Sun-sky radiometers in August-September 2000
in southern Africa are analyzed. Time series of spec-
tral aerosol optical depth in 7 wavelengths from 340
to 1020 nm and Angstrom derivatives are shown for
August September 2000. Column integrated radia-
tively effective aerosol volume size distributions (ra-
dius range 0.05 to 15 microns) from inversions of the
combined aerosol optical depth and almucantar sky ra-
diance data are presented as a function of aerosol op-
tical depth. Comparisons of aerosol size distributions
between sites in different regions are made, with an em-
phasis on events of high biomass burning aerosol load-
ing in early September 2000. Spectral aerosol single
scattering albedo retrievals at 440, 675, 870, and 1020
nm from the AERONET sun-sky radiometers are com-
pared to retrievals made with measurements of the frac-
tion of diffuse irradiance from shadowband radiome-
ter data in Zambia. The attenuation of irradiance
(PAR and Total shortwave) measured at the surface
by biomass burning aerosols is also investigated. Re-
trievals of aerosol single scattering albedo and size
distributions for sites in several different regions of
study in Zambia, Namibia, South Africa, Botswana and
Mozambique are compared. In addition to biomass
burning aerosols, some of these sites are influenced by
the presence of airborne soil dust, sea salt, or industrial
aerosol types.
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The Cloud Absorption Radiometer (CAR) was flown
aboard the University of Washington Convair CV-580
research aircraft and took measurements on 23 flights
between August 15 and September 16. On 12 of those
flights, BRF measurements were obtained over differ-
ent natural surfaces and ecosystem in southern Africa.
The BRF measurements were done to characterize sur-
face anisotropy in support of SAFARI 2000 science ob-
jectives principally to validate products from NASA’s
EOS satellites, and to parameterize and validate BRF
models. In this paper we present results of BRFs taken
over two EOS validation sites: Skukuza tower, South
Africa (25.0 ◦S, 31.5 ◦E) and Mongu tower, Zambia
(15.4 ◦S, 23.3 ◦E). Additional sites are also considered
and include, Maun tower, Botswana (20.0 ◦S, 23.5 ◦E),
Sowa Pan, Botswana (20.6 ◦S, 26.2 ◦E) and Etosha
Pan, Namibia (19.0 ◦S, 16.0 ◦E).

The CAR is capable of measuring scattered light in
fourteen spectral bands. The scan mirror, rotating at
100 rpm, directs the light into a Dall-Kirkham tele-
scope where the beam is split into nine paths. Eight
light beams pass through beam splitters, dichroics, and
lenses to individual detectors (0.34-1.27 µm), and fi-
nally are registered by eight data channels. They are
sampled simultaneously and continuously. The ninth
beam passes through a spinning filter wheel to an InSb
detector cooled by a Stirling cycle cooler. Signals reg-
istered by the ninth data channel are selected from
among six spectral channels (1.55-2.30 µm). The filter
wheel can either cycle through all six spectral bands
at a prescribed interval (usually changing filter every
fifth scan line), or lock onto any one of the six spectral
bands and sample it continuously.

To measure the BRF of the surface-atmosphere sys-
tem, the University of Washington CV-580 had to bank
at a comfortable roll angle of ∼20 ◦ and fly in a circle
about 3 km in diameter above the surface for roughly
two minutes. Replicated observations (multiple circu-
lar orbits) were acquired over selected surfaces so that
average BRF smooth out small-scale surface and atmo-
spheric inhomogeneities. At an altitude of 600 m above
the targeted surface area and with a 1 ◦ IFOV, the pixel
resolution is about 10 m at nadir and about 270 m at
an 80 ◦ viewing angle from the CAR.
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As part of the SAFARI-2000 campaign, addi-
tional launches of ozonesondes were made at Irene,
South Africa and at Lusaka, Zambia. These rep-
resent campaign augmentations to the SHADOZ
database described in this paper. This network
of 10 southern hemisphere tropical and subtropi-
cal stations, designated the Southern Hemisphere
ADditional OZonesondes (SHADOZ) project and
established from operational sites, provided over
1000 profiles from ozonesondes and radiosondes
during the period 1998-2000. (Since that time,
two more stations, one in southern Africa, have
joined SHADOZ). Archived data are available at:
<http://code916.gsfc.nasa.gov/Data services/shadoz>.
Uncertainties and accuracies within the SHADOZ ozone
data set are evaluated by analyzing: (1) imprecisions
in stratospheric ozone profiles and in methods of ex-
trapolating ozone above balloon burst; (2) comparisons
of column-integrated total ozone from sondes with to-
tal ozone from the Earth-Probe/TOMS (Total Ozone
Mapping Spectrometer) satellite and ground-based
instruments; (3) possible biases from station-to-station
due to variations in ozonesonde characteristics. The
key results are: (1) Ozonesonde precision is 5%; (2)
Integrated total ozone column amounts from the son-
des are in good agreement (2-10%) with independent
measurements from ground-based instruments at five
SHADOZ sites and with overpass measurements from
the TOMS satellite (version 7 data). (3) Systematic
variations in TOMS-sonde offsets and in ground-based-
sonde offsets from station to station reflect biases
in sonde technique as well as in satellite retrieval.
Discrepancies are present in both stratospheric and
tropospheric ozone. (4) There is evidence for a zonal
wave- one pattern in total and tropospheric ozone, but
not in stratospheric ozone.

URL: http://code916.gsfc.nasa.gov/Data services/
shadoz
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The Safari 2000 campaigns focused on land-
atmosphere processes and the impact of regional burn-
ing on aerosols and aerosol transport. An impor-
tant factor is estimating the extent and nature of the
biomass available. Multi-angle data, such as that ob-
tained from the Multi-angle Imaging SpectroRadiome-
ter (MISR) provide unique data sets towards discerning
surface properties from remote platforms. MISR oper-
ated during SAFARI 2000, in addition to in-situ mea-
surements such as those acquired from the PARABOLA
dual-hemispheric scanner. These data will be pre-
sented, and compared. Discussion as to how multi-
angle information can be used to retrieve surface bi-
directional reflectance (BRF) from a single observa-
tional position, and its relation to Leaf Area Index
(LAI) is presented with empirical results.

URL: http://www-misr.jpl.nasa.gov
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Two types of cascade impactors were used to col-
lect size-fractionated aerosol samples during August-
September 2001 at Skukuza, South Africa, as part of
the SAFARI 2000 final dry season campaign. The im-
pactors were a 10-stage microorifice uniform deposit
impactor (MOUDI), with cut-points down to 53 nm
equivalent aerodynamic diameter (EAD), and a 12-
stage small deposit area low pressure impactor (SDI),
with cut-points down to 45 nm EAD. Separate day and
night samples were collected, starting at about 7:00 and
at about 18:00 local time, respectively. The MOUDI
samples were analysed for the particulate mass (PM)
by weighing, and for organic carbon (OC) and elemen-
tal carbon (EC) by a thermal-optical transmission tech-
nique. The SDI samples were analysed for 28 elements
by particle-induced X-ray emission (PIXE). The total
concentrations (summed over all stages) varied quite
substantially during the campaign (up to a factor of
50 for certain elements), but no systematic day/night
difference pattern was observed. Also the size dis-
tributions were rather similar during day and night.
PM, OC, EC, S, K, Zn, As, Se, Br, Rb, and Pb had
most of their mass in the submicrometer size range,
with maximum typically at about 0.3 to 0.5 microme-
ter EAD. Several of those species and elements are good
indicators for biomass burning. Mass median aerody-
namic diameters (MMADs) were calculated for the var-
ious elements and compared with those obtained during
SAFARI-92. During this earlier campaign, which also
took place in the dry season, daily samples were taken
at Skukuza with a PIXE International cascade impactor
(PCI). For the crustal and sea-salt elements, fairly sim-
ilar MMADs were obtained in the two campaigns. For
the fine-mode elements, however, the MMADs were
substantially lower during SAFARI 2000 than during
SAFARI-92. During this earlier campaign, the MMADs
were most likely overestimated.
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Considerable convection occurs in regions of
biomass burning, resulting in vast quantities of reactive
species being transported high into the troposphere.
During this convective activity large amounts of water
vapour are also lifted out of the boundary layer. These
processes result in large perturbations to the normal
clean air chemistry which is dominated by methane and
carbon monoxide.

In situ measurements of a range of trace species
were made during a series of flights during SAFARI
2000 on the UKMO C-130 aircraft. Whole air sam-
ples were also collected for non-methane hydrocarbons
(NMHC) analysis. During one flight a polluted layer
was observed off the coast of Namibia, this layer showed
considerable enhancements in many species emitted
during biomass burning. During a subsequent flight a
large fire was encountered and studied for a consider-
able distance. Changes in ratios between species dur-
ing the fresh and aged plumes indicated considerable
photochemical activity during transport. In particu-
lar observations in aged plumes indicate a considerable
fraction of acetone present was produced photochemi-
cally following emission. Simple modelling studies have
been run and the results compared.
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A major feature of southern African savannas is the
co-dominance of grasses, and trees / shrubs with the C4
and C3 photosynthetic pathways respectively. Several
hypotheses try to explain this feature. Fires and graz-
ing are thought to limit tree growth, allowing grasses
to co-exist with trees. Niche differentiation regarding
water uptake could also explain the shared dominance,
with grasses taking water from the surface and trees
from deeper soil layers. Nutrients are not commonly
used to explain tree-grass interactions. In this study,
data is presented to support the hypothesis that nu-
trient dynamics affects C3 and C4 distribution. Fo-

liar P and δ15N, root profiles and abundances of C3

and C4 plants, soil δ13C, and gross N mineralization
and nitrification rates in soils under C3 and C4 plants
were analyzed along a precipitation gradient in south-

ern Africa. The δ15N and foliar P of both plant types
respond differently to precipitation. Plants with the C3

metabolism are more enriched in 15N with increasing
aridity, and this enrichment is associated with a higher

abundance of C4 plants. The δ15N of C4 plants is not

related to precipitation. Root profiles and soil δ13C in-
dicate that C4 roots dominate in mass and abundance
from the surface to >60 cm depth, under C3 and un-
der C4 plants. Gross N mineralization rates are sig-
nificantly higher under C3 plants. Our results suggest
that competition for N may be a factor in determining
the abundance of C3 and C4 plants in southern African
savannas, with grasses being stronger competitors.
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The effect of anthropogenic aerosols on cloud op-
tical properties is the greatest uncertainty in climatic
change predictions. Cloud condensation nuclei (CCN)
characteristics determine the degree to which aerosol
emissions affect cloud microphysical properties. In-
situ aerosol and CCN measurements have been col-
lected from an airborne platform over southern Africa
during the Aerosol Recirculation and Rainfall Experi-
ment (ARREX) and during the Southern African Re-
gional Science Initiative SAFARI 2000. Wet season
campaigns were conducted in January 1999 and March
2001, and a dry season campaign was conducted in
August/September 2000. Spatial variations in aerosol
properties are investigated by considering accumulation
mode aerosol concentration and size distribution in var-
ious air mass types. CCN concentrations and activity
spectra are analysed in a similar fashion. Seasonal vari-
ations in aerosol characteristics are examined, and the
aerosol-CCN relationship is explored. Differences in
aerosol emissions and atmospheric transport and resi-
dence times are possible factors controlling spatial and
seasonal differences in aerosol and CCN characteristics
over the subcontinent.
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Aerosols are an important component of the atmo-
sphere and are now known to be important to climatic
variations at a regional scale. Southern Africa is a large
source of both natural and anthropogenic aerosols.
Industrial emission are known to vary only slightly
through the year, whereas, biomass burning emissions
are concentrated at the end of the dry season, from
August to October. Since 1997 as part of the Aerosol
Recirculation and Rainfall Experiment (ARREX) and
the Southern African Regional Science Initiative (SA-
FARI 2000) in-situ measurements of aerosols have been
made during different seasons over large areas of the
subcontinent. The aim of the investigations was to
characterise the nature of the aerosols over the region
as well as to obtain an idea of the spatial distribution of
aerosols and how these vary seasonally. Real time mea-
surements of aerosols have been collected using PMS
Passive Cavity Aerosol Spectrometers, TSI-3011/3076
Condensation nuclei counters, a TSI-3563 Integrating
Nephelometer, a University of Wyoming Cloud Conden-
sation Nuclei counter and an Airborne Streaker Sam-
pler. Aerosol concentration gradients have been found
to exist along a north south axis. The highest concen-
trations occur towards northern southern Africa during
the biomass burning season. This reverses in the other
seasons with the main source of aerosols being the in-
dustrial complex of South Africa. Aerosols accumulate
in the atmosphere over southern Africa in response to
conditions associated with of a continental anticyclone
that dominates the regional circulation throughout the
year. This is most extreme during the winter (June
August). The stable atmospheric environment of south-
ern Africa also facilitates the formation of filaments of
elevated aerosol concentrations to form and persist in
the atmosphere in response to specific sources. In the
vertical aerosols are frequently layered as a result of
inversions or absolutely stable layers.
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Trajectories provide a useful and relatively simple
method of analysing possible three-dimensional trans-
portation paths of air, aerosols, trace gases and wa-
ter vapour with time. Wind trajectories advect a large
number of measurements, all made at different times,
backward or forward in time from the point at which
they were made using forecast (during the campaign)
and analysed (after the campaign) wind fields. These
fields change both spatially and temporally over time.

A Lagrangian kinematic trajectory analysis is em-
ployed. The trajectory model was driven by two sets of
data: forecast meteorological, real-time, 3-hourly in-
put data during the SAFARI2000 campaign, and anal-
ysed meteorological, 6-hourly input wind data after the
campaign. In both cases the resolution of the data over
Southern Africa was 0.5 degrees. Five-point trajectory
clusters (at 2.5 degree spacing) were run to and from
Maun, Mongu, Middleburg, Windhoek, Springbok and
Durban to roughly cover the whole Southern African
region at multiple levels from the lower to the upper-
troposphere. In total, 6163 trajectories were calculated
using forecast data.

The dominant transport modes during the South-
ern African Regional Science Initiative (SAFARI 2000)

are direct westerly and recirculated transport (predom-
inantly on a subcontinental scale). The frequencies at
which these transport modes occur vary with height
and location. The trajectory output data is useful first
and foremost to observe the dominant circulation pat-
terns over Southern Africa both spatially and tempo-
rally at different levels of the troposphere and at var-
ious scales of motion. Secondly, the data is useful for
anyone wishing to examine the sources of monitored
upper-air aerosols and / or trace gases, to discrimi-
nate, for instance, between oceanic, clean continental
and polluted continental air masses contributing to the
observed concentrations. Finally, the data can be used
to explain elevated or declined concentrations down-
wind within specified times.
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Aerosol samples were collected on the University of
Washington Convair-580 research aircraft over south-
ern Africa during the Safari 2000 Experiment. Individ-
ual aerosol particles were analyzed using transmission
electron microscopy (TEM) and field-emission scanning
electron microscopy (FESEM) with energy-dispersive
x-ray spectrometry (EDS). The objective of the study
is to characterize the major aerosol emissions from
biomass burning over southern Africa, with emphasis
on the sizes, shapes, compositions, mixing states, and
surface coatings of the aerosols. Aging and reaction
of smoke aerosols with plume transport were investi-
gated. Particulate emissions from combustion of dif-
ferent vegetation types and at different burning phases
were compared. Preliminary results show that aerosols
from biomass burning mainly consist of amorphous car-
bonaceous spherules (”tar balls”); soot; K salts includ-
ing KCl, K2SO4, and probably KNO3 mixed with or-
ganic particles; and Ca-bearing particles including Ca
carbonate, phosphate, and sulfate. Minor amounts of
sea salt and minerals such as quartz, mica, smectite,
and gypsum are also present. The relative concentra-
tions of tar balls increase with distance from the fires.
More KCl particles occur in fresh smoke plumes close
to fire sources, whereas more K2SO4 and KNO3 parti-
cles are present in aged smoke. This change indicates
that KCl forming from the fire was converted to K2SO4
and KNO3 through reactions with S- and N-bearing
species emitted from biomass burning. The conversion
of KCl resembles that of NaCl in sea salt particles, sug-
gesting similar reaction mechanisms with the aging of
smoke. More soot is present in smoke from flaming
grass fires than bush and wood fires, which is proba-
bly related to the high fraction of flaming combustion
of grass fires. The high abundance of organic particles
and soluble salt may affect the hygroscopic properties
of biomass burning aerosols and influence their role as
cloud condensation nuclei. Deposition of biomass burn-
ing aerosols and export from the source regions can in-
fluence local ecosystems and the biogeochemical cycles
of trace elements, such as K.
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The SAFARI 2000 campaign aims at validating
satellite-based estimates of photosynthesis and net pri-
mary productivity (NPP). The Skukuza site has two

vegetation types, a Combretum (broad-leafed) savanna
and an Acacia (fine-leafed) savanna. Since it is expected
that these two vegetation types may have markedly dif-
ferent responses to global climate change, it is an ideal
site for the Earth observing systems (EOS) validation
experiment. NPP estimates need to be explained and
supported using corresponding data on the N (nitrogen)
budgets for the site.

Plants capable of nitrogen fixation usually had

higher % N and lower δ15N signatures than their non-
nitrogen-fixing counterparts. Most species had iso-
topically enriched signatures relative to the standard,
which was air. The mean enrichments for the legumes
varied from -1.76 to 3.32, while that of the non-legumes
ranged from 3.02 to 7.08. In the herbaceous layer, Sty-
losanthes fruticosa and Macrotyloma maranguense had the
highest fixation rates, with 84% and 41% being con-
tributed by each species respectively (4.9 - 6.8 kg N

ha−1 yr−1 is fixed in this layer). Since these species
occurred in dense patches at the broad-leafed site, it
was assumed that this was the contribution of N2 fixa-
tion to this savanna. The dominant N2 fixing tree was
Acacia nilotica, with 50 % of its N being fixed. Trees at

the fine-leafed site fixed between 2.9 - 5.5 kg N ha−1

yr−1, while herbaceous legumes contributed 4.9 - 6.8

kg N ha−1 yr−1.
Nitrogen mineralisation is seasonal, with particu-

larly high rates of mineralisation in spring. In win-

ter, NH4
+ dominates at the fine-leafed site, when it is

scarcely detectable at the broad-leafed site. On the
other hand, nitrate prevails in summer at the fine-
leafed site, while it is being immobilised at the broad-
leafed site. In contrast to another South African sa-
vanna, NH4

+ is detected in large quantities (0.85 µg N

g−1 dry soil day−1) at both sites during summer. The

nitrification rates are maintained at 0.10 µg NO3
− -

N g−1 dry soil per day throughout the summer period,
which is about a quarter of the rate previously reported
for a nutrient-poor savanna. Nitrification is as impor-
tant as ammonification in fertile savanna systems even
if the latter process may have rate-limiting effects on
the overall process of nitrogen mineralisation. These
results were much in keeping with our hypothesis that
the rate of mineralisation would vary seasonally due to
seasonal soil moisture and temperature variation.

In agreement with other studies in a South African
savanna the annual NO flux from the broad-leafed (8 kg

N ha−1 yr−1) savanna was not significantly lower than

that of the fine-leafed savanna (9 kg N ha−1 yr−1).
The seasonal pattern of NO emission from savanna soils
follows that of the rainfall. A large soil NO pulse, that
may contribute as much as 10% of the annual NO flux,
was observed after the first rains following a prolonged
dry spell. Labile organic residues could have accumu-
lated during litter fall in autumn and hence have con-
tributed to there being more substrate for microbial
decomposition once warmer temperatures are experi-
enced. This could stimulate faster rates of mineralisa-
tion, and nitrification resulting in large NO losses after
the first rainfall following a dry spell.
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The Southern African Regional Science Initiative
- SAFARI 2000 - is an international science initia-
tive aimed at developing a better understanding of
the Southern African earth-atmosphere-human system.
The goal of SAFARI 2000 is to identify and under-
stand the relationships between the physical, chemi-
cal, biological and anthropogenic processes that under-
lie the biogeophysical and biogeochemical systems of
Southern Africa. Particular emphasis has been placed
upon biogenic, pyrogenic and anthropogenic emissions,
their characterization and quantification, their trans-
port and transformations in the atmosphere, their in-
fluence on regional climate and meteorology, their even-
tual deposition, and the effects of this deposition on
ecosystems.

Tropical savannas are globally important biomes
with high potential for biogenic emissions. As biogenic
VOC emissions from foliage are very sensitive to leaf
temperature and light intensity (PAR), we developed a
detailed canopy microclimate model that can be used
to predict BVOC emission variations. Leaf temperature
and PAR are computed for multiple layers in a vegeta-
tion canopy. Leaf temperature is determined by energy
balance and a complex radiation transfer is used for
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computing PAR. Predicting biogenic VOC emissions at
regional and global scales requires characterization of
relatively broad vegetation types. In our model, seven
basic growth forms are considered. Biogenic volatile or-
ganic compounds (BVOC) emissions were measured in
January 2001 using relaxed eddy accumulation (REA)
at the Skukuza savanna flux tower in the Republic of
South Africa and the Maun flux tower in Botswana.
The measured hourly and daily variations in isoprene
and alpha-pinene fluxes at the two field sites are used
to evaluate the flux model. In addition, we present a
model sensitivity analysis.
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We present the first retrievals of tropospheric car-

bon monoxide (CO) from the Scanning High Resolution
Interferometer Sounder (SHIS) during SAFARI 2000
(S2K). With a multi-month lifetime and as a major
gaseous component of biomass burning, CO is an excel-
lent tracer of atmospheric motions and plays a critical
role as a precursor to tropospheric ozone production.
Flying on-board the ER-2 during S2K, SHIS accumu-
lated approximately 90 hours of data containing nearly
650,000 infrared spectra covering the spectral region

from 3.3 to 15 microns at a resolution of 1 cm−1 (1 cm
optical path difference). CO retrievals are performed
in the 4.67 micron band using an algorithm previously
utilized for the HIS airborne instrument for flights over
the United States in 1993 and 1995 and since adapted
for CO retrievals from ground-based FTIR instruments.
Sensitivity and validation studies show such CO re-
trievals from airborne spectra are indicative of the to-
tal CO column and/or the mean free tropospheric CO
mixing ratio. In this first look at the voluminous SHIS
dataset, particular attention is paid to the Timbavati
fire observed on September 7, 2000 and the flight over
the Okvanga Delta on August 27, 2000. Preliminary
comparisons to airborne in situ CO measurements and
retrievals from the MOPITT instrument in orbit on-
board the Terra satellite also will be presented. Our
primary goals for S2K SHIS CO research include val-
idation of MOPITT CO retrievals and process studies
such as transboundary pollution transport and regional
green-up.
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The main goal of this research is to improve the
reliability and accuracy of emission estimates from
vegetation fires in southern Africa by developing a
spatio-temporally explicit model for the 2000 fire sea-
son, SAPYRO. Accurate quantification of regional py-
rogenic emissions requires the assessment of the intra-
seasonal variability of several parameters, including

burned area, biomass burned and emission factors. Pre-
vious regional emission calclulations have either been
based upon anecdotal estimates of these parameters
or on annual burned area estimates from remote sens-
ing and late dry season field measurements, thus in-
troducing large errors in the emission estimates. In
the described modeling approach the Moderate Res-
olution Imaging Spectroradiometer (MODIS) burned
area product is used to estimate the burned area on a
monthly basis. A dynamic fuel load model that models
Net Primary Productivity (NPP) and uses field-derived
relationships to allocate fuel load types is also used at a
monthly time scale. The seasonality of emission factors
for trace gases and aerosols is modeled to account for
the vegetation moisture content variations during the
fire season and the resulting effects on the type and
amounts of the produced emissions. In addition, for
some atmospheric species, emission factors have been
found to depend on the type of ecosystem where the
burning takes place, grassland or woodland. Combus-
tion factors also vary within the fire season and are
related to the fuel mixture. Conclusions are made con-
cerning which aspects of this modeling approach require
further research. This study will contribute to meeting
one of the main SAFARI-2000 project research objec-
tives.
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Observed variability in savanna vegetation structure
is used as the basis for model estimates of the range
of annual productivity between landscape patches at
10 sites along a moisture gradient in southern Africa
ranging from 1000 mm to 250 mm mean annual rain-
fall. Variability in vegetation structure leads to ranges
of simulated productivity within sites that are greater
than the total range in mean productivity across all
sites. In addition the changing relationships between
simulated tree and grass productivity across the sites
exhibit strong dependence on patch-scale vegetation
structural properties. The results of this study indi-
cate that life-form interactions have a significant role in
controlling vegetation productivity across the rainfall
gradient. The importance of considering heterogene-
ity rather than mean structure when modeling produc-
tivity in heterogeneous landscapes is emphasized. The
implication of these considerations on the coupled dy-
namics of vegetation-atmosphere systems is discussed.
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The SAFARI 2000 Dry Season Campaign was car-
ried out across southern Africa in August and Septem-
ber, 2000. The campaign had as goals: (1) study
of aerosol sources, transport, modification, and de-
position, (2) the impact of atmospheric constituents
on African ecosystems, (3) the field measurement of
surface reflectance and atmospheric aerosol proper-
ties, and (4) measurement of atmospheric and surface
properties from MISR and other instruments aboard
TERRA. The validation of space platform measure-
ments would permit extension in space and time of
the platform measurements. An integral component
was making coordinated observations by surface and
aircraft measurements. The present work focussed on

validation of bidirectional reflectance factor (BRF) by
the Multiangle Imaging SpectroRadiometer (MISR, the
TERRA Platform), the Cloud Absorption Radiometer
(CAR, GSFC, CV-580 Aircraft, University of Washing-
ton), and AirMISR (ER-2, NASA DFRC, JPL). Numer-
ous sorties were flown by both the ER-2 (20 km alti-
tude) and CV-580 (altitude 1 km). A single coinci-
dent flight covering miombo woodland was achieved at
Mongu Tower (-15.438 deg lat, 23.253 deg long) on Sept
06, 2000 under cloud-free but hazy conditions. BRF
intrcomparisons are under development between MISR
(Sept 10, 2000 overpass) AirMISR and CAR. The value
of CAR is that a bidirectional reflectance is measured
rapidly over all azimuths and can be used to compare
BRF at other azimuths of observation such as those of
AirMISR and MISR. Twenty three BRF recoveries from
MISR have subsequently been made covering the inter-
val Sept. 06, 2000 - July 25, 2001. These are under
screening for residual clouds to seek seasonal or other
reflectance variations present. Such MISR time series
provide basis for study of system impacts on a multi-
year basis, a principal goal of the SAFARI 2000 exper-
iment.
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Soil emissions are the major source of biogenic NOx
emissions, contributing as much as 40% to the global
budget. Savannas in southern Africa have been esti-

mated to produce approximately 1 Tg N yr−1, however
this estimate was obtained by scaling up field fluxes on
an area basis. Tropical and subtropical savanna emis-
sions have been shown to exhibit spatial and temporal
variability. The main reason for this is the change in
soil temperature, moisture and nutrient content, the
major controlling factors of soil NO emissions, across
a region. Furthermore, emission factors differ between
the various land-use types. In this study the biogenic
NO emission for southern Africa were estimated us-
ing field data and mechanistic models. Soil, vegetation
and land-use maps were used to divide southern Africa
(south of the equator) into various land-use classes.
NO emission factors (NO production and consumption
rates, as well as soil temperature and moisture relation-
ship factors) assigned to these classes were obtained ei-
ther from field and laboratory measurements, or from
the literature. Monthly soil temperature and moisture
were modeled for southern Africa for the year 2000 us-
ing climate, soil, biomass, and geographic data. Exist-
ing moisture and temperature dependant NO emission
algorithms were combined with the modeled soil tem-
perature and moisture data to produce monthly soil NO
emissions for southern Africa during SAFARI 2000.
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During the SAFARI-2000 field campaign, 14 aerosol
samples were collected from an aircraft in plumes from
biomass fires (under both flaming and smoldering con-
ditions), at various distances from the fire source. Also
collected were 36 aerosol samples in haze layers rang-
ing from the surface to 16,000 feet, some of which
could be associated with specific fires. The samples
were collected on teflon membrane filters (lower size
limit of about 30nm in diameter) which were analyzed
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for total aerosol mass loading and chemical composi-
tion using several analytical techniques. Particular ef-
fort was made to speciate the water-soluble portion of
the aerosol organics. Seven organic acids and seven
carbohydrate species (and their possible stereoisomers)
were identified and quantified, along with three inor-
ganic anions and five inorganic cations. The identified
organic species accounted for up to 32% of the total
aerosol mass; compared with concurrent total carbon
and organic carbon measurements, the identified or-
ganics constituted at least 5% to 30% of the mass of
the total aerosol organics. A number of conspicuous
spatial distribution patterns were observed for these
species. For instance, using K+ to correct for dilu-
tion, it was found that gluconate, oxalate, succinate,
and glutarate, along with sulfate and nitrate, all in-
creased significantly in mass concentration from the
fire source going downwind. This suggests secondary
formation of these species during aerosol aging. On
the other hand, formate and acetate showed decreas-
ing trends downwind, probably due to the loss of these
volatile species to the gas phase. Another striking pat-
tern is that anhydrosugars (e.g. levoglucosan) had the
highest aerosol mass fraction near smoldering fires but
a very low fraction in the haze layers, whereas, dicar-
boxylic acids showed an almost opposite trend. This
implies possible chemical reaction processes converting
intermediate organic products, such as levoglucosan, to
smaller products like diacids, during aerosol upward
transport and aging. It was also found that smolder-
ing fires produced much more anhydrosugars and other
tarry material than flaming fires. These results provide
support for some earlier laboratory studies of biomass
burning, but also pose new questions as to the com-
plicated chemical reactions involved. Furthermore, it
is evident that besides chemical reactions, fire types,
meteorological conditions, and the properties of the
reaction products, such as volatility, all play impor-
tant and interconnected roles in aerosol formation in
smokes. Implications of these results for the CCN ac-
tivity of aerosols from biomass burning will be dis-
cussed briefly.
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Fatty acids of total suspended particulate aerosol
samples, collected in Mongu, Zambia during the South-
ern African Regional Science Initiative (SAFARI 2000)
field campaign, were analyzed to characterize emissions
from an important source of aerosols in the southern
African region. The sample site was chosen specifically
so as to decrease the influence of industrial emissions
and to focus primarily on the emissions from biomass
burning, of which fatty acids are a significant compo-
nent. Previous investigations in southern Africa have
identified emissions from biomass burning as a signifi-
cant contributor to the haze layer prevalent across the
subcontinent. In order to better understand the origins
of the materials within the haze layer, characteristic
compounds of different source materials were identified
in the aerosols. This characterization may clarify the
contributions to total aerosol loads from other sources,
including marine aerosols or mineral dust. By deter-
mining the distributions and concentrations of distinct
organic components, this study enables future investi-
gations to quantify the contribution of emissions from
biomass burning at specific geographic locations.
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Micropulse Lidar Network (MPL-Net) was created
at NASA/GSFC to establish long-term cloud and
aerosol monitoring sites around the world, while par-
ticipating in similarly motivated short-term field cam-
paigns. During the SAFARI-2000 Dry Season field
initiative, the MPL-Net project deployed two MPL
systems to southern Africa. One was placed at the
Skukuza Airport in northeastern South Africa, and the
other at the meteorological complex in Mongu, Zam-
bia. The MPL instrument is a single-channel (523 nm),
elastic backscatter lidar able to profile nearly all sig-
nificant tropospheric cloud and aerosol to the limit of
transmitted pulse attenuation. These instruments are
eye-safe and autonomously operated in a continuous,
full-time mode. Measurements were made at both field
sites for nearly the entire length of the experiment from
17 August to 22 September 2000.

Analysis of the normalized MPL signal yields
macrophysical properties of the incident atmosphere
(i.e. particulate layer boundary heights) and optical
characteristics of clouds and aerosols. In this presenta-
tion we discuss processed MPL data products charac-
terizing elevated and boundary layer-embedded smoke
optical properties as measured during SAFARI-2000.
The vertical/temporal distribution of the particulate
extinction cross-section and corresponding layer-mean
extinction-to-backscatter ratio for significant smoke
events is examined, as is the corresponding variabil-
ity of the column integrated aerosol optical depth as
compared to less contaminated conditions. Prelimi-
nary inquires into the radiative forcing occurring dur-
ing these events are described through comparisons
of observed surface flux measurements to model cal-
culations. Cross-validation efforts are also discussed
involving corresponding measurements made by the
NASA ER-2 Cloud Physics Lidar, NASA Ames Air-
borne Tracking 14-channel Sunphotometer and NASA
AERONET CIMEL sunphotometers.

URL: http://virl.gsfc.nasa.gov/mpl-net/
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Fuel load has been modeled for southern hemisphere
Africa for the 1991-92 and 1999-2000 growing seasons.

The 1991-92 year was generally dry due to a strong
El Nino event in contrast to the particularly wet year
of 1999-2000. The method integrates site-level process
modeling with 15 day AVHRR NDVI data. The site
model was used to simulate landscape light-use effi-
ciency (LUE) at a series of sites in the Kalahari region
ranging from evergreen woodland to arid shrubland.
This site-level LUE is extrapolated over the southern
African region with gridded tree cover data and gridded
rainfall. The predicted net primary production (NPP)
is allocated into the different fuel types (grass, litter,
twigs) using empirical based relationships. The model
results are compared with field measurements of fuel
load at a number of sites. The results will be used for
modeling of biomass burning emissions.
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Atmospheric Vertical Structure at
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Data obtained during the 1999 and 2000 SAFARI
Dry-Season campaigns are used to document and detail
the atmospheric vertical structure at Skukuza, South
Africa. The vertical structure is investigated using
on-site radiosonde, ground-based Micro-pulse Lidar,
and AERONET sun photometer data obtained at the
Skukuza site in Kruger National Park. Data obtained
from the Cloud Physics Lidar on board the NASA ER-
2 and the satellite-based TOMS Aerosol Index are also
used. Special attention is focused upon the boundary
layer and its dynamics and the multiple stable layers
throughout the atmospheric column. In addition to de-
scribing the vertical structure during both campaigns,
both intra-seasonal for different weather regimes and
inter-seasonal for 1999 compared to 2000, differences
are investigated and evaluated.
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Change Model for the Southern
Africa Region
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A land use change model covering the Miombo re-
gion of Southern Africa region is presented. The model
includes a structure that recognizes the scales at which
land use change decisions are made in the region,
namely the traditional authority for subsistence agri-
cultural land use, and includes social-economic and
biophysical constraints to land use at multiple levels.
Land cover information for the 1990’s based on maps
derived from Landsat Thematic Mapper data are used
to initiative the model. The model, called MELT, can
be used to examine impacts of land use change on car-
bon pools, emissions from land use change (slash and
burn agriculture or as a result of soil carbon changes),
and spatial patterning of land cover. MELT provides
a suitable representation of the process of land use in
this region, and will be essential in providing the cor-
rect context for observed fire and emissions across the
region of the SAFARI 2000 initiative. MELT is imple-
mented using an object-oriented approach, and allows
easy linkage with impacts models.
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Southern Africa has recently been the focus of in-
tensive subcontinental level study, particularly with re-
gard to atmospheric aerosols and regional atmospheric
transport. Results from these analyses have shown that
emissions from extensive, often anthropogenic, biomass
burning in southern Africa affects biogeochemical cy-
cling in the region, and that emitted trace gases and
aerosols as well as industrial emissions, marine aerosols
and mineral dust tend to accumulate and recirculate
in the well defined anticyclonic atmospheric gyre that
persists for long time periods over southern Africa. The
long-range transport of these materials is an important
component of biogeochemical dynamics in this nutri-
ent limited region. A recent field campaign, the South-
ern African Regional Science Initiative (SAFARI 2000),
was conducted in part to investigate the impacts of
this large-scale transport and deposition of aerosols on
southern African biogeochemical cycling. As a part of
the SAFARI 2000 initiative, we present data illustrat-
ing that compound specific stable isotope analysis of
individual molecular components is a useful tool for the
evaluation of the origins of aerosols and their generat-
ing processes. This study specifically examines fatty
acids extracted from aerosols to more precisely charac-
terize emissions produced in the high intensity biomass
burning region of western Zambia, the slightly less in-
tense biomass burning region of northeastern South
Africa and a site downwind of these two regions within
the gyre circulation at Sua Pan, Botswana. This dis-
crete characterization of fatty acids contained within
the organic fraction of collected aerosols establishes a
means to trace biomass burning products as they are
transported within the gyre and subsequently deposited
on the subcontinent.
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Surface emission inventories are required as input
into atmospheric transport models and other investi-
gations forming part of SAFARI 2000. We have gen-
erated an anthropogenic emissions inventory for conti-
nental Africa south of the equator. It covers the period
1999 to 2001 with a monthly temporal resolution and a
20km spatial resolution. The anthropogenic inventory
covers emissions of CH4, CO2, CO, SO2, VOC (volatile
organic carbons), NOx and N2O from the energy sec-
tor, mines, transport, industries and other major emit-
ting sectors, in all major emitting countries south of
the equator. The baseline country total emissions data
were taken from the 1990 IPCC Greenhouse Gas Inven-
tory Country Summaries. Emissions reported for 1990
were extrapolated to the SAFARI 2000 study period,
temporally distributed by month and spatially disag-
gregated according to sector-specific driver surfaces.
This anthropogenic emissions inventory together with
others developed during SAFARI 2000, namely those
for soil, vegetation, domestic biomass combustion and
fire constitute a comprehensive new emissions inven-
tory.
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As part of SAFARI 2000, biofuels (savanna grasses,
shrubs, woody plants, litter, agricultural waste, and
charcoal) were sampled during late summer and early
autumn in the savannah of Kruger National Park, the
Kalahari of Etosha National Park, and the Miombo
woodlands in Zambia and Malawi. Sixty subsamples
were experimentally burned under semi-controlled con-
ditions at the Max Planck Institute for Chemistry in
Mainz, Germany. Emissions were sampled with tandem
mist chambers to quantify HCl, CH3COOH, HCOOH,
NH3, and SO2 and with a high-volume filter pack to
quantify volatile inorganic Cl, Br, and I. The elemental
compositions of the fuel and ash from each burn were
also analyzed. Molar emission ratios of these species
relative to CO, CO2, and the elemental composition of
the fuel will be calculated and used to estimate regional
emissions from biomass burning over southern Africa.
The relative contributions of each species to elemental
mass balances during burns will also be assessed.

URL: http://jurgenlobert.org/projects/mpi safari/and
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MODIS observation of aerosols over
Southern Africa during SAFARI 2000:
data, validation, and estimation of
aerosol radiative forcing.
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Aerosol properties, including optical thickness and
size parameters, are retrieved operationally from the
MODIS sensor onboard the Terra satellite launched
on 18 December 1999. The predominant aerosol type
over the Southern African region is smoke, which is
generated from biomass burning on land and trans-
ported over the southern Atlantic Ocean. The SAFARI-
2000 period experienced smoke aerosol emissions from
the regular biomass burning activities as well as from
the prescribed burns administered on the auspices of
the experiment. The MODIS Aerosol Science Team
(MAST) formulates and implements strategies for the
retrieval of aerosol products from MODIS, as well as
for validating and analyzing them in order to esti-
mate aerosol effects in the radiative forcing of climate
as accurately as possible. These activities are car-
ried out not only from a global perspective, but also
with a focus on specific regions identified as having
interesting characteristics, such as the biomass burn-
ing phenomenon in southern Africa and the associated
smoke aerosol, particulate, and trace gas emissions. In-
deed, the SAFARI-2000 aerosol measurements from the
ground and from aircraft, along with MODIS, provide
excellent data sources for a more intensive validation
and a closer study of the aerosol characteristics over
Southern Africa. The SAFARI-2000 ground-based mea-
surements of aerosol optical thickness (AOT) from both
the automatic Aerosol Robotic Network (AERONET)
and handheld Sun photometers have been used to vali-
date MODIS retrievals, based on a sophisticated spatio-
temporal technique. The average global monthly distri-
bution of aerosol from MODIS has been combined with
other data to calculate the southern African aerosol
daily averaged (24 hr) radiative forcing over the ocean
for September 2000. It is estimated that on the aver-
age, for cloud free conditions over an area of 9 million
square km, this predominantly smoke aerosol exerts a
forcing of 30 W/m2 close to the terrestrial surface and
10 W/m2 at the top of the atmosphere (TOA). While
cooling the surface and Earth system, the difference of
20W/m2 is energy that heats the atmosphere.
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Land surface emissivities were retrieved for different
African biome regions using the Interferometric Moni-
tor for Greenhouse Gases (IMG) data set. IMG mea-
sured upwelling infrared radiance measurements over
the Southern African Regional Science Initiative (SA-
FARI 2000) region of study from November 1996 to
June 1997. Three years later during the SAFARI cam-
paign, the airborne Scanning High-Resolution Interfer-
ometer Sounder (S-HIS) measured upwelling radiance
data over the SAFARI region. In spite of the lack of
temporal overlap between the IMG and S-HIS SAFARI
data, the S-HIS retrievals of land-surface emissivity can
be compared to those from the IMG instrument over a
similar geographic region that spans different African
biomes. This is possible because of the high spectral
resolution of both instruments. In addition, some IMG
measurements were measured during the same seasonal
time period (February-March) in which the SAFARI
”wet” campaign occurred three years later. The S-HIS
SAFARI data validate some of the seasonally averaged
IMG land surface emissivity observations.
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The Southern African Regional Science Initiative
(SAFARI 2000) field campaign provided an opportu-
nity to study various infrared land surface emission
characteristics. High spectral resolution upwelling ra-
diance measurements were acquired by the Scanning
High-resolution Interferometer Sounder (S-HIS). Re-
sults will be shown from flights over the Okavango
Delta in Northern Botswana on 27 Aug 2000. A series
of 6 parallel flight lines were flown which were able to
map the entire delta region. S-HIS derived land surface
emissivities will be compared to a database of AERI
ground measurements to best determine surface char-
acteristics.

The S-HIS measures upwelling emission spectra in
continuous spectral coverage from 3.3 to 16.7 microns
at 0.5 wavenumber resolution. This coverage is divided
into three bands with separate detectors (two photo-
conductive HgCdTe and one InSb) to achieve the re-
quired noise performance. The bands use a common
field stop to ensure accurate spatial co-alignment. S-
HIS measurements occur at 0.5 second dwell times,
which allow imaging with 2-3 km surface resolution dur-
ing cross-track scanning, from a nominal ER-2 altitude
of 18 km. Ambient and hot reference blackbodies are
viewed as part of each cross-track scan, providing up-
dated calibration information every 20 to 30 seconds.
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Some of the goals of the Southern African Regional
Science Initiative (SAFARI) 2000 field campaign were
to characterize and quantify the emission from biomass
burning, its transport and evolution and its effects on
the local climate. To accomplish these goals measure-
ments such as surface properties, aerosols, clouds and
radiation were obtained from the surface, from air-
craft and from satellites. The NASA Langley Atmo-
spheric Sciences Data Center distributes several data
sets that support the goals of SAFARI 2000. These data
include Clouds and the Earth’s Radiant Energy Sys-
tem (CERES), Multi-angle Imaging SpectroRadiometer
(MISR) and AirMISR.

The CERES instrument on board the Terra space-
craft measures Earth’s radiation budget and at-
mospheric radiation from the top-of-the-atmosphere
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(TOA) using a broadband scanning radiometer. The
Multi-angle Imaging SpectroRadiometer (MISR) in-
strument also on board the Terra spacecraft measures
TOA, cloud and surface angular reflectance functions,
aerosols, and vegetation properties using four spectral
bands in each of nine imaging cameras oriented at dif-
ferent angles along-track. The AirMISR instrument on
board the NASA ER-2 aircraft obtains multi-angle im-
agery similar to that of the satellite-borne MISR in-
strument.

Information about all of the available data products
and how to obtain them can be found at the NASA
Langley Atmospheric Sciences Data Center web site,
http://eosweb.larc.nasa.gov.

URL: http://eosweb.larc.nasa.gov
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The nearly homogeneous substrate of the Kalahari
Transect allowed examination of changes in nutrient
concentrations along a climatic gradient and two land
use gradients. We anticipated finding soil nutrient
changes that were consistent with vegetation shifts to-
ward reduced proportional abundance of trees and over-
all litterfall with decreasing mean annual precipitation.
Changes along land use gradients also were expected to
reflect the diminished inputs consistent with the form
of harvesting taking place.

Total organic C and N concentrations were mea-
sured for soil samples taken beneath and outside the
plant canopy of three representatives of four vegeta-
tion types. Along the rainfall gradient, SOC decreased
significantly (p<0.05) at the two drier sites, concur-
rent with a reduction in woody vegetation abundance.
SON was significantly lower only at the driest site. C:N
ratio was higher than expected at the driest site, due
to the low SON. At land use sites, SON differences
were not significant, but reflected the loss of inputs
due to herbivory and wood collection. Significant dif-
ferences in SON occurred between land use sites and
primary research sites that shared similar MAP. Am-
monium and nitrate were significantly greater only the

wettest of five sites sampled (MAP 1000 mm yr−1).

Higher NH4
+ and NO3

− concentrations beneath spe-
cific tree canopies suggested nitrogen fixation, but this

was contradicted by 15N-isotope analysis. These con-
centrations may be consistent with greater litter fall.
Significantly higher SOC and SON levels were found
exclusively beneath woody vegetation at only the dri-
est site on the rainfall gradient. SOC and SON were
higher outside the herbaceous canopy at all sites along
the rainfall gradient. SOC was significantly higher be-
neath grasses at two land use sites.

Vegetation changed as expected along the rainfall
gradient and reflected the type of harvesting that oc-
curred at land use sites. SOC was affected by vegeta-
tion changes at different precipitation levels, but the
volume of tissue loss may have obscured trends along
land use gradients. SON changes were not faithful to
variations in vegetation or precipitation, but were con-
sistent with the loss of nutrients from herbivory. The
lack of fit between predictions about SON and vege-
tation change suggest that nitrogen dynamics may be
key to understanding this system better and develop-
ing better predictive power in a landscape that is vul-
nerable to increased land use intensity and impacts of
climate change.
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We present an analysis of water balance and plant
water stress along the Kalahari precipitation gradient,
using the probabilistic model of soil moisture proposed
in a series of papers by Rodriguez-Iturbe et al. (1999a),
Laio et al. (2001a), and Porporato et al. (2001). The
rainfall statistical characteristics, obtained from daily
data of four stations along the transect, show that the
rainfall gradient is mostly due to a decrease in the mean
rate of storm arrivals rather than to a change in the
mean storm depth. Using this information and typical
vegetation and soil parameters, the analysis relates the
vegetation properties along the transect with those of
climate and soil, including the possibility of tree-grass
coexistence in the central sector of the Kalahari.
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Recent regional transect studies have shown a sig-

nificant negative relationship between the δ15N value

of vegetation and the mean annual precipitation. δ15N
values provide an indication of the source nitrogen uti-
lized by the plant owing to differential fractionations
from biological and chemical processes. The fact that
such a relationship exists across a variety of systems is
surprising given the abundance of global plant species
and the complexity of the nitrogen cycle. This observed
pattern suggests that there may be some biological con-
trols on plant utilization of nitrogen that are linked to
available water. After observing this relationship in
samples collected as a part of the Southern African Re-
gional Science Initiative (SAFARI 2000), we have found
that this relationship holds on a global scale for pub-

lished values of δ15N. The critical question remains;
is this relationship a result of shared characteristics of
related species, or more broadly is there an evolution-

ary reason for this relationship? Since the δ15N val-
ues varied with rainfall, we hypothesize that the pho-
tosynthetic pathway utilized by plants play a role in
this pattern. For example, plants that have evolved C4
metabolism, in other words, plants that have evolved
mechanisms to allow for utilization of nutrients in a
way more independent of available water than their C3
metabolizing counterparts, may exhibit different δ15N
with respect to our original relationship. The data col-
lected in conjunction with SAFARI 2000 confirms this
hypothesis and as a result we have used modern phy-
logenetic techniques (using taxonomic information as
a surrogate for true phylogenetic relationships between
the included plant species) to test whether evolutionary

history has played a role in the δ15N pattern. We an-
ticipate that by using multidisciplinary tools this study
will greatly advance ongoing research in the areas of
nitrogen dynamics and vegetative biogeochemical cy-
cling.
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This study presents a new technique for the re-
trieval of CO and CH4 column amounts from high spec-
tral resolution Fourier Transform Spectrometer (FTS)
data. Results are presented from aircraft flights of
the Scanning-High-resolution Interferometer Sounder
(S-HIS). Case study results are presented from ER-
2 underflights of the Terra satellite over controlled
fires during the NASA SAFARI experiment in South
Africa.
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Polar Surface Chemistry: The ISCAT
2000 Campaign
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For the first time, continuous HCHO and H2O2
mixing ratio gradients were measured in the lowest me-
ter above the snowpack at South Pole Station. The re-
sults indicate a net HCHO and H2O2 release from the
top snow layers at South Pole in summer, consistent
with elevated atmospheric mixing ratios. Using the
measured gradients, corresponding fluxes were calcu-
lated and compared with independent estimates based
on simultaneous changes in surface snow composition
on the one hand and measured gas phase mixing ra-
tios in the interstitial air in the top snow layers on the
other hand. In order to separate physical from pho-
tochemical processes the findings were compared with
physically based air-snow transfer modeling. Results
were validated with shading experiments in which the
impact of shading and un-shading of the snowpack on
HCHO and H2O2 mixing ratios in the interstitial air
was investigated. The current measurements and ex-
periments were consistent with previous results from
Summit, Greenland, and suggests that temperature-
driven (re)cycling of HCHO and H2O2 between snow
and air has important implications for the interpreta-
tion of ice-core records as well as for boundary-layer
photochemistry in polar regions and in the vicinity of
snowpacks in general.
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We measured HNO3, HONO, HCOOH and
CH3COOH in the atmosphere and the firn pore air
at South Pole with the mist chamber/ion chromatog-
raphy (MC/IC) technique 13-27 December. Two MC
samplers were operated simultaneously, one was always
85 cm above the snow surface, the other was used
to sample at various heights between 30 cm below
the surface up to 85 cm above. On 8 of the MC/IC
sampling days we measured HNO3 and HO2NO2 10
m above the snow with a CIMS technique. Average
concentrations of the soluble acids 85 cm above the


