a mechanistic approach. The biogeochemistry mod-
ule uses operator splitting to solve the coupled reac-
tion and transport equations for solutes, gases, and soil
components. Among the key questions we are examin-
ing is the appropriate level of complexity, e.g., which
nitrogen species, terminal electron acceptors, and bac-
terial populations, to incorporate into the rate laws for
microbial redox processes. The model is employed to
investigate the nitrate levels in groundwater entering
streams from different flowpath end-members and the
dependence of these levels on temporal variables such
as flow rate and season.

At the watershed scale, we are employing a data-
intensive, inverse approach to estimate nitrogen sources
and sinks using 20-year long water quality data records
from Illinois. Using a simple mechanistic model of ni-
trogen sinks within the NHD stream network and a dy-
namic nitrogen balance for the soil system, we are able
to accurately model the observations and generate es-
timates of denitrification in the streams. These esti-
mates, of course, depend on the rate laws for streambed
denitrification and assumptions about denitrification
in shallow groundwater that are employed. Parameter
collinearity makes it difficult to separately define the
absolute magnitudes of the nitrate inputs from miner-
alization of soil organic matter and sinks due to deni-
trification.

By combining insights from the two models, we aim
to 1) elucidate the spatial location of the predominant
denitrification sink at the watershed scale, 2) quantify
nitrogen sinks and sources at the watershed scale, and
3) provide insights into improved methods of modeling
this significant biogeochemical process.
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Plant-microbial interactions are thought to be an
important determinant of ecosystem processes, yet we
do not know whether impacts of plant species on soil
microbial community composition translate to impacts
on function. We established field plots in a Califor-
nia annual grassland of five plant monocultures for two
years to determine the effects of different plant species
on the composition of the bulk soil microbial commu-
nity and selected soil processes. Plant species were
associated with distinct ecosystem process rates such
as net nitrogen mineralization, nitrification, decompo-
sition and soil respiration. Bacterial community sub-
strate utilization profiles differed among different plant
species and were related to labile soil C. DNA-based
fingerprints of bacterial, ammonia oxidizer, and fungal
communities did not generally differ in soils planted to
different species; however, these microbial community
profiles did strongly correlate to rates of decomposi-
tion. Terminal Restriction Fragment Length Polymor-
phism (TRFLP) analysis of soil microbial communities
showed that the lupine community was distinct from
the other four plant-associated communities. Phos-
pholipid fatty acid (PLFA) patterns also failed to dis-
tinguish differences in the overall microbial communi-
ties associated with the five different moncultures. In-
terestingly, PLFA biomarker 16:1w5, indicative of AM
fungi, differed among plant species treatments. This
PLFA biomarker and bacterial TRFLP patterns were
related to decomposition rates of a common litter. In
summary, large functional differences were found be-
tween field plots with different plant species and the
composition of the microbial communities was closely
related to some of the functions assessed, independent
of plant species. Only small plant-induced changes in
microbial community composition were detected, yet
apparently these changes had significant impact on
function. Our analyses were not specifically targeted to
microsites with high activity (such as rhizosphere soil)
and our DNA and PLFA-based analyses included a po-
tentially huge dormant community of soil microorgan-
isms. While our analyses could detect little impact of
plant species on overall microbial community profiles, a
smaller active-fraction of the soil microbial community
may have been more significantly affected.
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A numerical simulation model of bacterial U(VI)
reduction in fractured subsurface sediments was de-
veloped and used to test the potential feasibility of
biomineralization at the fracture/matrix interface as
a mechanism for immobilization of uranium in struc-
tured subsurface media. The simulations depict flow
of anaerobic groundwater, with and without acetate
as an electron donor for stimulation of U(VI) reduc-
tion by dissimilatory metal-reducing bacteria (DMRB),
within mobile macropores along a 1l-dimensional flow
path. As the groundwater moves along the flow path,
U(VI) trapped in the immobile mesopore and micropore
domains (the sediment matrix) becomes desorbed and
transferred to the mobile macropores (fractures) via a
first-order exchange mechanism. By allowing bacterial
U(VI) reduction to occur in the mesopore domain (as-
sumed to account for 12 % of total sediment pore vol-
ume) according to experimentally-determined biomass-
dependent kinetic parameters and an assumed DMRB
abundance of 107 cells per cm3 bulk sediment, the con-
centration of U(VI) in the macropore domain was re-
duced ca. 10-fold compared that predicted in the ab-
sence of mesopore DMRB activity after a 6-month sim-
ulation period. Our results suggest that input of solu-
ble electron donors over a period of years could lead to
a major redistribution of subsurface uranium contam-
ination in fractured subsurface sediments, converting
potentially mobile sorbed U(VI) to an insoluble reduced
phase (i.e. uraninite, UO2(s)) in the mesopore domain
that is be expected to be permanently immobile under
sustained anaerobic conditions.
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Three series of flume experiments were conducted
to quantify relationships between entrainment of sur-
face layer gravels and displacement of benthic insect
larvae. One series (B) utilized a sediment mixture with
a median size 6.9 mm, maximum size 45 mm, and 10%
< 2mm. Two other series examined the effects of lo-
cally coarsening the bed surface (Bc) and increasing the
< 2mm fraction to 20% (S). Aquatic insect larvae were
collected in the field and placed in an upstream segment
of the flume bed. Flow rate, flume slope, and sediment
transport rate were varied systematically among exper-
iments. Displaced larvae were collected in a net at the
end of the flume. The distribution of larvae remain-
ing in the bed was obtained by sorting larvae from the
sediment in 25 channel segments.

Flow rate and mean boundary shear stress varied
among runs by factors of 1.2 and 2.4 respectively. Pro-
portional entrainment of >11mm surface grains ranged
from <0.05 to >0.90. Displacement of insect larvae
increased in a regular and consistent manner with in-
creasing flow strength and surface sediment entrain-
ment. Significant displacement occurred for some types
of larvae (Ephemerellid mayflies) over a relatively low
range of shear stress and bed surface entrainment.
Other larvae (Atheriz sp.) were displaced only at the
highest levels of bed surface entrainment. Displace-
ment was lower from coarsened bed surfaces in series
Bc, and higher from sandier sediments in series S ex-
periments. The differential effects of bed surface en-
trainment upon various types of larvae are consistent
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with anatomical and behavioral differences that influ-
ence exposure to near-bed flow and bedload transport.
These results suggest that spatial patterns of sediment
mobilization are important for understanding patterns
of dispersal and disturbance of streambed communities.
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The potential influence of earthworms on the mobil-
ity of soil inorganic constituents was experimentally in-
vestigated. Six 20 cm long and 15 cm i.d. columns were
packed with soil (loamy material, Paris basin, France).
Three earthworm specimens - Lombricus terrestris -
were introduced into 3 of the 6 columns (earthworm
treatment or ET), the remaing 3 being used to study
changes in water composition and solute fluxes without
earthworms (control treatment or CT). The 6 columns
were operated for 8 weeks and were subjected to 100
ml addition of distilled water at 1, 8, 15, 22, 29, 36,
43 and 50 days. Effluents were collected weekly, fil-
tered and analysed for their Dissolved Organic Carbon
(DOC) as well as Si, Na, K, Mg, Ca, Fe, Mn, Al, Sr,
Ba, Cu, Zn, Cr, Cd, REE and U concentrations. Repli-
cates yielded extremely consistent results, with stan-
dard deviations generally lower than 10%. Effluent vol-
umes were greatest during ET simulations (28% differ-
ence on a cumulative basis), which can be attributed
to the construction by Lombricus terrestris of perma-
nent vertical burrows into the soil columns. Different
temporal chemical trends were observed depending on
whether earthworms were present or not. During ET
simulations, a washout phenomenon occurred for DOC,
Ca, Mg, Fe, Ba, Sr, Cu and U during the startup out-
flow period (week 2). This washout was followed by
a period of apparent equilibrium with concentrations
in ET effluents remaining roughly constant for all so-
lutes except REE, Zn and to a lesser extent Mn. No
such washout nor equilibrium period was observed dur-
ing CT simulations. Instead, concentrations in Ca, Mg,
Fe, Ba, Sr, Cr and Cu decreased from week 2 to week
8, while those in other solutes increased from week 2
to week 5, then declining untill week 8. For many el-
ements (not all), final (equilibrium?) concentrations
(8 weeks simulation) were highest in ET effluents (e.g.
17% higher for Ca and Na; 30% higher for Zn), de-
spite the enhanced infiltration rate (and thus the likely
shorter soil-water interaction time). Although prelim-
inary, these results suggest that earthworm activities
can potentialy increase the leaching of a wide variety of
inorganic elements in soils. This increase could occur
through the ability of earthworms to change the bio-
geochemical conditions in the soil along their burrows
(so-called drilosphere).
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Biodiversity is modulated by the local exogenous
disturbance regime, and in turn is itself instrumental in
determining regional physiography. Disturbances may
take on many forms including fluvial erosion, whose
nature depends upon physiography and climate. This
leads to a complex feedback between the biotic and abi-
otic landscapes. Two issues are addressed here. One is
the effect climate change has on biodiversity, as medi-
ated by fluvial erosion. The second is the geomorphic
response to changes in biodiversity. These themes are
explored using a regional ecogeomorphic landscape evo-
lution model. The results are relevant to the study of
long term climate change as well as to the understand-
ing of the impact of short term natural and man-made
perturbations on the landscape.
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Compound disturbances have the potential to fun-
damentally alter an ecosystem structure and func-
tion. This study examines the effects of a natural
disturbance and a compounded natural and anthro-
pogenic disturbance on soil properties, biogeochemi-
cal cycles, and ecosystem reorganization in a wind-
blown and salvage-logged ecosystem in northwestern
Colorado. Areas of intact forest are used as a control
to compare the disturbance effects. Results indicate
that soils in the salvage-logged areas are significantly
drier, warmer, denser, and contain less organic mat-
ter than soils in blowdown or control areas. Signifi-
cant amounts of erosion occurred in the salvage-logged
areas to produce these results. Furthermore, net ni-
trogen mineralization rates are negative in soils from
salvage-logged areas, indicating that immobilization of
ammonium and nitrate is taking place. By contrast, net
nitrogen mineralization rates are significantly higher in
blowdown areas than in control areas. Seedling density,
herbaceous cover, and plant species diversity are great-
est in blowdown areas, and least in salvaged-logged ar-
eas. The results of this four-year study indicate that
the mitigation effects of salvage logging significantly
alter ecosystem functions and retard the rate of recov-
ery when compared to unlogged blowdown areas.
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A multi-year, multidisciplinary study was con-
ducted to improve our understanding of the carbon
and water exchange from a dominant, riparian mesquite
(Prosopis velutina) ecosystem. Accordingly, we have
used a variety of measurements including above and
below-canopy eddy covariance, sap flow, soil/plant res-
piration, stable isotopes, soil moisture, and water table
height to monitor key ecosystem processes and forc-
ing. Groundwater table fluctuations and tree function-
ing (phenology, carbon uptake, transpiration) were well
correlated suggesting that the trees rely principally on
this 11 m deep, stable water source. The functioning
of the understory plants and soil microbes, however,
were dependent on recent precipitation. This bifurca-
tion of water sources between overstory and understory
resulted in interesting and unusual ecosystem fluxes.
The tree water use was nearly constant before and after
the arrival of the summer monsoon whereas the under-
story functioning changed dramatically. The apparent
increase in total ecosystem photosynthesis during the
rainy season, however, did not lead to a rise in net
ecosystem carbon exchange. Rather, the net uptake
of carbon decreased due to the substantial increase in
respiration, which was fueled by precipitation, warm
nighttime temperatures and an abundant source of de-
posited tree litter.
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Globally, the loss of molecular nitrogen (Ng) result-
ing from fires has been estimated to be 10-50 Tg N /yr,
or 5-50% of global biological nitrogen fixation (BNF).
Here we discuss spatial patterns of pyrodenitrification
based on biomass burned and the ratio of Ng loss to
COg loss. COg emissions due to fires were calculated
with a variety of fire input sources together with the
CASA carbon cycle model, and we utilized these re-
sults to identify regions where pyrodenitrification could
be an important process in the nitrogen cycle. The
frequent burning in tropical woodlands and savannas
generated an No loss of 15-40 kg N/ha/yr. Extratropi-
cal pyrodenitrification (north and south of 20 degrees)
was much lower, 5-10 kg N/ha/yr, resulting from the
longer fire return interval. Comparisons with maps of
BNF revealed that pyrodenitrification was a substantial
fraction of BNF (>60%) in tropical woodlands and sa-
vannas, and in many of these locations exceeded BNF.

B21A-0706 0830h POSTER

Trace Gas Emissions from Extensive
Aquaculture Systems in the Red
River Delta, Vietnam

J. Michael Beman! (1-650-724-1535;
beman@stanford.edu)

Karen C. Setol2 (kseto@stanford.edu)

1Department of Geological and Environmental Sci-
ences, Stanford University, Stanford, CA 94305-
2115, United States

2Center for Environmental Science and Policy, Stan-
ford University, Stanford, CA 94305, United States

The Red River Delta of Vietnam is an area under-
going rapid land use change. Aquaculture development
is among the most significant of these transformations,
with important economic, social and environmental ef-
fects. We explored the potential for managed mangrove
and converted paddy aquaculture systems in the Delta
to produce and/or consume greenhouse gasses. We
measured dissolved concentrations of the radiatively-
important trace gasses methane (CH4) and nitrous ox-
ide (N20), as well as associated parameters. All ponds
were super-saturated with CH4, with concentrations
ranging from 132-1203 nM, (mean 561 nM) in man-
aged mangrove, and 28-521 nM (mean 110 nM) in con-
verted paddy. Surprisingly, none of the ponds was mea-
surably supersaturated with N20. Methane fluxes were
calculated for all ponds using five well-accepted mod-
els of gas flux based on wind speed. Mean flux values
ranged from 1.04 to 17.09 mg CH4 m-2 d-1 for man-
aged mangrove, falling somewhere between fluxes re-
ported for natural systems and those receiving sewage
inputs. Further measurements should be made in more
intensive systems to better understand the potential
for trace gas productionparticularly N2Oin aquaculture
systems.
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Mesquite has been rapidly increasing over the past
100 years resulting in documented changes to the
biophysical and biogeochemical structure of savanna

ecosystems world-wide. Some of these changes include
increases in plant and soil C and N stores and cycling
rates as well as isotopic shifts in these pools (Archer et
al. 2001, Boutton et al. 1998, Hibbard et al.2001).
However, there is no information about the impacts
of woody encroachment on soil N oxides emissions.
The objective of this study is to determine that re-
motely sensed variables of vegetation, soil type, and cli-
mate alone can be used to estimate N oxide emissions.
N oxide fluxes and related parameters were measured
at nine study sites across a range of woody canopy
cover on two soil types. Spatially, woody canopy cover
was the best predictor of NO emissions while tempo-
rally temperature was the dominant control given ade-
quate soil moisture. Through linking these biogeochem-
ical relationships with spatially explicit data derived
from remote sensing data it is possible to extend these
plot-scale measurements to the landscape and regional
scales. This method allows better determination of the
spatial distribution of N oxide emissions and associated
variability.
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Ecosystem scientists have yet to develop a proven
methodology to monitor and understand major distur-
bance events and their historical regimes at a global
scale. This study was conducted to evaluate patterns in
an 18-year record of global satellite observations of veg-
etation phenology from the Advanced Very High Reso-
lution Radiometer (AVHRR) as a means to character-
ize major ecosystem disturbance events and regimes.
The fraction absorbed of photosynthetically active ra-
diation (FPAR) by vegetation canopies worldwide has
been computed at a monthly time interval from 1982
to 1999 and gridded at a spatial resolution of 0.5 de-
gree latitude/longitude. Potential disturbance events
(greater than 0.5 Mha) were identified in the FPAR
time series by locating anomalously low values (FPAR-
LO) that lasted longer than 12 consecutive months at
any 0.5 degree pixel. We find that nearly 400 Mha of
the global land surface could be identified with at least
one FPAR-LO event over the 18-year time series. The
majority of these potential disturbance events occurred
in tropical savanna and shrublands or in boreal for-
est ecosystem classes. Verification of potential distur-
bance events from our FPAR-LO analysis was carried
out using documented records of the timing of large-
scale wildfires at locations throughout the world. Dis-
turbance regimes were further characterized by associa-
tion analysis with historical climate anomalies. Assum-
ing accuracy of the FPAR satellite record to character-
ize major ecosystem disturbance events, we estimate
that nearly 9 Pg of carbon could have been lost from
the terrestrial biosphere to the atmosphere as a result
of large-scale ecosystem disturbance over this 18-year
time series.

URL: http://www.ahpcre.umn.edu/nasa-umn/
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Emission inventories of biogenic volatile organic

compounds (BVOC) require an accurate spatial de-
scription of plant species or plant communities. Be-
cause it is species-specific, the Gap Analysis Program
(GAP) geographic information system database may be
a valuable resource for developing a statewide BVOC
emission inventory for California. However, it is impor-
tant to conduct field validations of GAP to assess its
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accuracy and overall utility for biogenic emissions mod-
eling. Nine polygons were selected in BVOC ”hotspots”
(in terms of model output) by California Air Resources
Board staff for assessment. These ”"hotspots” occurred
in naturally vegetated areas dominated mostly by oaks,
ranging from Ventura County in southern California
to Mendocino County in northern California. Quan-
titative vegetation composition data gathered through
field surveys were compared to the species listings in
GAP database. The species listed in GAP for these
polygons accounted from zero to 94% of the relative
cover found. About one-third of the 44 species listed
in GAP were found in high enough proportions in the
field surveys to justify their placement, and another
39 species, including eight oak species, were found in
sufficient abundance to be considered as additional co-
dominants. In recent years, similar field surveys were
conducted in San Diego County, the Central Valley and
Sierra Nevada foothills, and 35 polygons have now been
quantitatively assessed. Considering the range of accu-
racy found, the GAP database may be a useful source
of species composition and dominance information for
BVOC inventories for California, provided supplemen-
tary data for leaf mass density or leaf area index can
be obtained from other sources.
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Analysis of hyperspectral data is a particularly
novel approach to investigation of the relation be-
tween anthropogenic and natural disturbances, geo-
morphic responses, and ecosystem patterns at the wa-
tershed scale. During July 2000, hyperspectral im-
agery was collected for the Navarro basin (820km2) us-
ing the Airborne Visible/Infrared Imaging Spectrom-
eter (AVIRIS). This NASA sensor covers the spectral
wavelength range from 400nm - 2500nm, with spectral
sampling of 10nm in 224 contiguous channels, and spa-
tial resolution of 5m. These data are being analyzed
for a variety of applications; however, their use for de-
tecting patterns of disturbance within the watershed is
intriguing, especially for the identification and delin-
eation of mass wasting sites that deliver sediment to
salmon bearing streams.

Mass wasting sites were extracted from AVIRIS im-
agery using image processing techniques such as Mini-
mum Noise Fraction and Tasseled Cap transformations,
image segmentation and masking. These geospatial and
spectral data were analyzed for the North Fork of the
Navarro River, a sub-basin where spawning habitat for
threatened coho salmon is effected by accelerated sedi-
ment delivery. Additionally, fieldwork verified the spa-
tial position and dimensions of mass-wasting sites iden-
tified from aerial photography. A subset of 1066 iden-
tified sites was used for assessing feature extraction
error from the AVIRIS imagery; the remaining sites
were used for model verification. Augmenting these
data within GIS, a multivariate analysis incorporated:
proximity to salmon bearing streams; hillslope gradi-
ent; landslide position; and timber harvesting to iden-
tify patterns of disturbance. Preliminary results indi-
cate that AVIRIS imagery can be segmented to iden-
tify exposed soil; furthermore, these identified areas are
typically lower elevation, moderately steep hillslopes in
constricted river valleys and correspond with mapped
delivery sites.

Hyperspectral data provide a means for the detec-
tion of sediment sources over large areas; however, the
geometric and atmospheric corrections required to ef-
fectively process these data can be onerous. The cur-
rent work is part of an interdisciplinary study at UC
Davis intended to assist land use managers in devel-
opment of TMDL guidelines in coastal watersheds in
northern California. Our research in the North Fork
indicates that similar approaches can be used for both
inventorying and monitoring of disturbance patterns at
the watershed scale.
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The effects of global environmental change on veg-
etation health and vigor are proposed to be manifested
at the landscape scale. Recognizing affected ecosys-
tems is challenging on such a broad scale, but remotely
sensed data offer the opportunity to test for changes
in vegetation. While this method has been applied to
tropical and temperate systems, less effort has been di-
rected toward arid and semi-arid regions (with the ex-
ception of the African Sahel). Here we present results
from the Great Basin, US in which we use AVHRR 1-
km, biweekly composite NDVI data acquired from 1989-
1999 to characterize vegetation phenology and identify
anomalous response patterns.

To begin, we created a l-year average phenology for
each pixel using the 11l-year NDVI dataset. We then
subtracted the annual average from the full time series
to create a residual difference NDVI. We fit a line to
the residual for each pixel to determine the slope and
root mean square (RMS) difference. The slope records
the change in vegetation (in NDVI/yr) outside of the
average phenology. RMS shows the variability in the
residual over the 1l-year period. The average slope for
the entire Great Basin (700,000 sq. km) is 0.60 + /- 0.23
NDVI/yr. We assume that this amount of increase is
due to systematic errors from the AVHRR instrument
and the change from NOAA-11 to NOAA-14 satellites
in 1995 (e.g. Gutman, 1999). Against this systematic
increase, we can then target regions whose slopes ex-
ceed one standard deviation of the mean.

Our initial analyses have focused on areas of anoma-
lous NDVT increase. One particular area of interest is
located in northwest Nevada between 39.5-41N, 117-
119W. The increase is limited to the valley floors in
an elevation range of 1200-1400 m and does not extend
to mountaintops or high valley slopes. Valley floors
are contiguous and cover an area of 2000 sq km. The
average slope increase of these regions is 1.29 +/- 0.30
NDVI/yr, three standard deviations above the mean for
the Great Basin as a whole. Attempts to correlate the
anomalous NDVT increase to rainfall are inconclusive to
date. The high rainfall from El Nino in 1998 undoubt-
edly affected vegetation abundance, however this event
occurred throughout the Great Basin and cannot suffi-
ciently explain local anomalies. The region displays a
variety of increase patterns. Some areas show a contin-
uous rise over the 11 years, others have one or two years
of anomalous increase. In several instances the NDVI
increase is much more prominent in summer months rel-
ative to the rest of the year.

These results indicate that multiple processes are
likely affecting the semi-arid ecosystems of the Great
Basin. As yet it is unclear whether these changes
are caused by geophysical and/or climatological dis-
turbances, by invasion of non-indigenous species or by
some other environmental factors. Future work will
scale down this investigation to anomalous increases
within the spatial extent of a Landsat scene.

Gutman, G.G., J. Geophys. Res. (D6), 104, 1999
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Hailstreak Occurrence and Persistence
Observed With AVHRR NDVI Image
Time Series
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Hail is a major cause of crop loss and property dam-
age in the United States. Hailstreaks are columns of
hail that have swept the ground. The abrupt devege-
tation of the land surface by hailstreaks can have sig-
nificant biogeophysical consequences. Changes in the
surface energy balance and local wind fields can give
rise to ’inland sea-breeze’ phenomenon that may serve
to trigger convection. We investigated the relation-
ship between hail occurrences and the appearance and
persistence of hailstreaks in composited image time se-
ries. Due to abrupt changes in vegetation density, hail-
streaks can be identified in Normalized Difference Veg-
etation Index (NDVI) imagery. To enhance detection
of hailstreaks, ANDVI images were generated from a
standard set of biweekly maximum AVHRR NDVI com-
posites for the conterminous US produced by the USGS
EROS Data Center. These data have a nominal spatial
resolution of 1 km. Overlaying the digitized point lo-
cations of the National Weather Service reports of hail
onto the ANDVI imagery, hailstreaks were identified
as dark areas coincident with or proximate to hail re-
ports. From 1990-1999, 112 events of significant hail-
streaks were observed. Hailstreaks appear mostly in
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the Great Plains states of Nebraska, Kansas, and the
Dakotas, with significant clusters in Minnesota, Iowa,
and Texas. The hailstreaks ranged in length from 9
to 367 km (median=66 km; mean=82 km) and in area
from 21 to 8443 sq km (median=408 sq km; mean=707
sq km). A total of 79,227 sq km of vegetation were im-
pacted by hailstreaks during the 1990s; however, this
estimate is a lower bound due to the compositing pro-
cess that selects for maximum NDVI. The seasonality
of hailstreaks peaked in summer (69%), with 58% ap-
pearing in June or July. More hailstreaks appeared in
the spring (26%) than in autumn (5%). Observed hail-
streak persistence ranged from 9 to 95 d (median=34 d;
mean=37 d; mode=28 d). Hailstreak persistence was a
complex function of seasonal timing of the event, veg-
etation type and phenology, and event severity.
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The recent availability of quasi-simultaneous mul-
tispectral and multidirectional measurements from
space, as provided by the Multiangle Imaging Spectro-
Radiometer (MISR) on board the Terra platform, of-
fers new and unique opportunities to document the
anisotropy of land surfaces at critical solar wave-
lengths.  This contribution outlines simple physi-
cal principles supporting the interpretation of the
anisotropy of spectral radiances exiting terrestrial sur-
faces in terms of a signature of surface heterogene-
ity. The shape of the anisotropy function is repre-
sented with two model parameter values which may
be mapped and interpreted in their own right. Be-
yond the information about the heterogeneity of the
surface, the value of one of these parameters also per-
mits identifying geophysical conditions where the sur-
face heterogeneity becomes significant. Structure func-
tions and singularity measures can be employed to de-
scribe the non-stationary and intermittent behaviour
of geophysical fields. This approach is applied on syn-
thetic height field measurements of a large variety of
vegetation canopies. The joint analysis of the shape of
the anisotropy function together with the height fields
yields remarkable patterns of organization: It is possi-
ble for multiangular instruments, like MISR, to deliver
information about the type of surface heterogeneity at
the subpixel scale, that is in agreement with canopy
structure characterizations obtained by other means.
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Many natural disasters involving landslides, vol-
canic eruptions, fires, or floods entail terrain resurfac-
ing, followed by subsequent recovery. Modern satel-
lite and airborne remote sensing technologies, which
combine broad spatial coverage and high spatial res-
olution with time-sequential site revisit capability, can
provide important information on the extent and du-
ration of major landscape disturbance. In humid cli-
mate settings, these hazards temporarily remove or re-
place a natural vegetation cover and in doing so, mod-
ify the physical properties of the land surface. In opti-
cal remote sensing, removal of vegetation alters surface
albedo in the visible — near infrared (V-NIR) waveband,
particularly the high reflectance from vegetation in the
NIR. For SAR remote sensing, removal of vegetation
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cover causes a change in dominant microwave scatter-
ing mechanism for the areas affected. SAR has opera-
tional advantages over optical sensors for rapid disaster
assessment because of its day/night acquisition capabil-
ity, the ability to “see through” smoke, clouds and dust,
and the side-looking viewing geometry, which is an ad-
vantage whenever data collection directly above the site
would prove dangerous. We show how multifrequency,
fully-polarimetric airborne SAR data can be “inverted”
for parameters that reflect scattering mechanism sig-
natures diagnostic of different surface cover types. We
apply a uniform approach to map landslides resulting
from the 1999 My, 7.6 Chi-Chi earthquake in Taiwan,
volcanic flows from the major 1996 eruption of Manam
volcano in Papua New Guinea, and the extent of dam-
age from the summer 2002 Rodeo — Chediski wildfire
in Arizona. In addition, earlier work has shown that
multifrequency SAR polarimetric backscatter is sensi-
tive to total above-ground biomass. This attribute can
be exploited to calculate vegetation loss during a disas-
ter and for assessment of regrowth during the recovery
phase.
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Cold-Water Coral Ecosystem
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The NE Atlantic continental margins between Nor-
way and North Africa contain widespread provinces of
cold-water carbonate mounds comprising an aphotic
ecosystem as diverse in faunal composition as warm
water tropical reefs. In each province the mounds oc-
cur in clusters or as dispersed individuals within single
populations of up to several hundred mounds, some of
which can be up to 300 m high. The main framework
constructors of these ’cold-water-reefs’ are the aher-
matypic corals species Lophelia pertusa and Madrepora oc-
culata. One such population is present west of Ireland
along the eastern margin of the Rockall Trough in water
depths of 700 - 900 m. The circular to elliptical bio-
herms, comprising the population, are developed within
the transition region between the glaciated and non-
glaciated (Pleistocene) parts of the margin and strong
NE flowing contour currents flowing at up to 1 m/s
appear to streamline their shape. Deep towed sides-
can images of the population were used to build a sta-
tistical distribution for the sizes of up to 140 imaged
mounds. The main characteristics of the distribution
can be accounted for with an ecosystem development
model in which mound growth and substrate coloniza-
tion rates are simply coupled to changes in bottom cur-
rent regime. This development model allows an age
structure for the population to be determined using bi-
ological growth rate estimates for the main framework
species. It also indicates that the form of the popula-
tion distribution is likely to be highly correlated with
climatic change, slope instability and related change in
global ocean circulation patterns during the late Pleis-
tocene and Holocene.
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Drought stress affects plant photosynthesis and
transpiration, as well as soil respiration and evapo-
ration. In a coupled plant and soil system, drought
can strongly impact the exchange of 180 in CO2 be-
tween the ecosystem and atmosphere. In this study
we present diurnally resolved measurements of §180
values in ecosystem water pools in a sorghum field in
the ARMCART SGP region (Oklahoma, USA). Over a
4-day period we measured continuous ecosystem COg
and HoO fluxes using eddy correlation; soil moisture
and temperature; §180 value of soil water in 4 soil
layers, leaves, and stems 4 times per day; and 80 in
HoO at 2 heights above the plant canopy. Ecosystem
COg fluxes reflect the impact of midday water stress.
Measured soil water 5180 values showed strong diur-
nal patterns reflecting soil-surface evaporation during
the day and recharge from deeper soil layers at night.
Diurnal soil water 6180 values in the top soil layers
varied by up to 6°/55. The 5180 values of stemwater
also varied over the course of the day, but to a smaller
Leaf water §°°O wvalues increased by up to
109/40 over the day. To interpret these data and to es-

extent.

timate C1800 ecosystem fluxes we applied a mechanis-
tic model, called ISOLSM, that simulates Ho 80 and
cl800 ecosystem stocks and fluxes between ecosys-
tems and the atmosphere. ISOLSM includes modules
to compute canopy vapor, leaf water, and vertically re-
solved soil water Hyl80 content; leaf photosynthetic
and retro-diffusive fluxes of C1800; root and micro-
bial production of COgq; soil diffusive fluxes of COg
and C1®00 and equilibration of COg with 180 in soil
water; and abiotic soil exchanges of c1800. The model
has been tested in a C4 dominated tallgrass prairie site
close to the field studied here. Drought stress strongly
affected the variability of the %O content of near-
surface soil water. The low soil moisture levels im-
pacted the soil-surface CO'80 fluxes via interactions
with the soil-gas diffusion coefficient, microbial and
root COg production, and the heavy near-surface soil
water. Drought stress also impacted stomatal conduc-
tance, which in turn affected transpiration, the canopy
air space vapor and vapor 180 content, and leaf cl800
exchange. Finally, we present a sensitivity analysis of
the ecosystem cl8o0 exchange to the method used to
quantify the impacts of plant water stress.
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Coastal Plain forested wetlands are unique ecosys-
tems where fluvial geomorphic processes control sedi-
ment retention and vegetation patterns, which are in-
timately connected to each other. Yet, these inter-
disciplinary associations are typically lacking in tra-
ditional ecologic or geomorphic research within these
ecosystems. Floodplain sedimentation rates and pat-
terns, suspended sediment concentrations, substrate
characteristics, vegetation and fluvial geomorphology
were measured in field studies in eight 1-ha sites along
three tributaries of the Chesapeake Bay to determine
the dominant physical processes controlling deposition,
substrate, and vegetation patterns in forested wetlands.
Annual deposition was measured at 104 locations with
feldspar clay pads. Sedimentation rates across the
floodplain sites are highly variable, ranging from 0.5
mm/yr to 26.6 mm/yr. Multiple regression analyses
suggest that the spatial patterns in net-annual and
long-term deposition and substrate properties (grain
sizes, sand:clay, and sorting) are controlled by the fre-
quency and duration of inundation events and the total
number of inundated days per year, the manner that
sediment is distributed through the floodplain (dom-
inant flow paths and/or the presence of slough net-
works, for example), and the potential for deposition of
suspended sediments. Similarly, floodplain community
diversity is significantly related to fluvial geomorphic
processes (annual net deposition rates, percent inunda-
tion per year, and inundation duration per event). The
results of this study provide valuable information on
the development and evolution of Coastal Plain flood-
plains in the context of vegetation diversity patterns
that have significant implications for the restoration
and conservation of these systems.
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Climate change is a long-term ecosystem distur-
bance having drastic impacts on species patterns and
distributions. Mountain ranges in particular provide
extensive evidence of past shifts in species distribu-
tions driven by climate change, and promise to be sensi-
tive to future climate change. Complex environmental
gradients in the White Mountains in eastern Califor-
nia produce striking variation in vegetation composi-
tion over short distances, dominated by the effects of
elevation on temperature and precipitation, but more
locally modified by gradients in potential insolation,
slope, topographic position, and diverse geologic sub-
strates including carbonate, metaclastic, and granitic
rocks. This study examines the effects of changing tem-
peratures on species distributions and patterns in an
arid mountain range.

Digital elevation models, geologic maps and 650
ground control points were used to map current species
distributions over 6200 km2 (620,000 ha) of the cen-
tral and southern White Mts. Species-environment
relationships of 89 plant species were modeled using
Canonical Correspondence Analysis (CCA). CCA quan-
titatively describes species “envelopes” in multidimen-
sional environmental space that were projected across
entire landscapes at a scale of 18-50 m using a GIS.
CCA models were calibrated from 434 field plots, and
evaluated in the 216 remaining plots using kappa statis-
tics.

We then modeled potential distributions under a
3°C warming scenario by dropping all elevations 500
meters (i.e. 2500 m becomes 2000 m), keeping all
other factors constant. Species ranges contracted sub-
stantially (ranging from 95% - 30% reduction in area)
as they moved upslope. Species with broad eleva-
tional ranges had substantial overlap in current and
new ranges; others with narrow ranges had little over-
lap. High alpine species contracted to small popula-
tions around the tallest peak (4340 m) and its north-
facing slopes. Several alpine species were predicted to
go extinct. Ranges of mid-elevations species tended to
fragment, while ranges of many desert species merged
across a major pass. Local geologic barriers were iden-
tified at several areas: bristlecone pine, for example, is
predicted to have difficulty ascending the south side of
the granitic Barcroft Pluton from its favored dolomitic
sites just below. These predictions provide a detailed
set of hypotheses on the structure of current species
ranges and their ability to persist through rapid cli-
mate change.
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We simulated the response of vegetation distribu-
tion, carbon, and fire under two constrasting scenar-
ios of future climate change in California. The simula-
tions were generated by MC1, a vegetation model that
simulates vegetation succession at large spatial extents
through time while estimating variability in the car-
bon budget and responses to episodic events such as
drought and fire. The results for the historical climate
compared favorably to independent estimates of vege-
tation distribution, carbon density, and the fire regime.
However, validating the historical simulation was com-
plicated by the lack of land use effects in the model.
The results under the future climate scenarios showed
ecosystem sensitivities and interactions likely to be fea-
tures of the response of natural and semi-natural sys-
tems to a rise in temperature and changes in precipi-
tation. The response to increases in temperature was
characterized by shifts in the relative dominance of tree
lifeforms, and by changes in the productivity of trees.
The response to changes in precipitation was more com-
plex, involving direct effects on vegetation productiv-
ity associated with changes in available soil moisture,
but also changes in tree-grass competition that were
mediated by fire. The persistence of a Mediterranean
climate with dry summers was a key feature of the mod-
eled response. The summer months were warmer and
persistently dry under both scenarios, so differences in
the modeled fire behavior and effects were primarily a
response to differences in simulated fuels.
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We use data from two satellites and a terrestrial car-
bon model to quantify the impact of urbanization on
net primary productivity (NPP) and its consequences
on carbon balance and food production. Our results
show that urbanization is taking place on the most
fertile lands and hence has a disproportionately large
overall negative impact on NPP. Urban land transfor-
mation in the US has reduced the annual NPP by 0.04
Pg C or 1.6 percent of its pre-urban value. The re-
duction is enough to offset the 1.8 percent gain made
by the conversion of land to agricultural use, a strik-
ing fact given that urbanization covers an area less than
3percent of the land surface in the US while agricultural
lands approach 29 percent of the total land area. At lo-
cal and regional scales, urbanization increases NPP in
resource-limited regions, and through localized warm-
ing urban heat contributes to the extension of the grow-
ing season in cold regions. In terms of biologically
available energy, the loss of NPP due to urbanization of
agricultural lands alone is equal to the caloric require-
ment of 16.5 million people, or about 6 percent of the
US population annually.
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While urban areas are generally thought to reduce
the photosynthetic capacity of the land, little research
has been devoted to quantifying the net effect of ur-
banization on net primary productivity (NPP). The
southeastern United States has undergone one of the
highest rates of landscape change and urban sprawl in
the country, representing an ideal study area in which
to develop a remote sensing based methodology for
a regional assessment of the impact or urbanization
on ecosystem productivity. We used a combination of
MODIS and nighttime Defense Meteorological Satellite
Program / Operational Linescan System (DMSP/OLS)
data to estimate the extent of recent urban sprawl and
its impact on regional NPP in the southeastern United
States. The analysis based on the nighttime data in-
dicated that in 1992/93 urban areas amount to 4.5 %
of the total surface in the region. In the year 2000,
the nighttime data revealed an increase in urban de-
veloped land by 1.9 %. Estimates derived from the
MODIS data indicated that land cover changes due to
urban development that took place during the analyzed
period reduced annual NPP of the southeastern United
States by 0.4 %. Results from this study indicated that
the combination of MODIS products such as NPP with
nighttime data could provide rapid assessment of ur-
ban land cover changes and their impact on ecosystem
productivity.
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Ecological systems are sensitive to the spatial
and temporal distribution of environmental variability.
They respond to changes in variability with changes
in population processes, species interactions, and, ul-
timately, species persistence. The distribution of en-
vironmental conditions available to species across a re-
gion is a function of interactions between ecological tol-
erances and the spatial and temporal distribution of
climate and habitat. This study explored the impact
of interactions between changes in the geographic dis-
tribution of habitat and climate for rain-fed ephemeral
depressional wetlands (vernal pools) in the Central Val-
ley of California. The study used simulation modeling
to (1) evaluate hydrologic regimes under historic cli-
mates, (2) modify hydrologic regimes based on regional
climate predictions, and (3) evaluate land-use and cli-
mate change interactions. A stochastic weather gener-
ator was used to create synthetic historical time series
and downscale predicted changes in regional climate for
cool and dry and warm and wet conditions. Modeling
results suggest that vernal pool hydrologic regimes ex-
hibit non-linear changes over geographic space and re-
flect more intense changes in ecologically-relevant con-
ditions than might be suggested by the gradient in pre-
cipitation alone. Consideration of climate change im-
pacts in the absence of land-use change (i.e., habitat
loss) indicates that vernal pools could experience ei-
ther a small reduction in annual hydroperiod (cool and
dry condition) or, more likely, a significant increase in
the annual duration of flooding (warm and wet con-
ditions). However, these region-wide responses change
significantly when potential land-use change and asso-
ciated habitat loss are considered. A bias in the distri-
bution of reserve lands toward drier areas in the Cen-
tral Valley results in a net shift toward drier, shorter-
lasting, and less predictable vernal pools even under
wetter climatic conditions. This research demonstrates
that interactions between land-use and climate change
can result in significant differences in the magnitude
and direction of impacts compared to those predicted
for either variable alone.
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The Community Land Model (CLM) is a component
of the Community Climate System model (CCSM). Be-
cause the water, energy and momentum exchange be-
tween the terrestrial ecosystem and the atmosphere are
closely related to the plant-atmosphere CO2 exchange
and the vegetation physiological situations, it’s neces-
sary to include the physiological response of terrestrial
vegetation to the climate variation. This poster shows
the incorporation of an interactive canopy model in the
new land model, CLM2, as derived from an earlier one
in BATS. The nitrogen controls on evaportranspiration
proposed by Dickinson et al. in 2001 are also included.
The leaf stomatal resistance is switched to the scheme
in BATS to be consistent with its physiological param-
eters. Newly introduced parameters are evaluated for
the Plant Function Type composition in the CLM2.
The simulated energy fluxes are compared with the sim-
ulation of the CLM2; and the simulated ecophysiolog-
ical fluxes and state variables are listed and some of
them are compared with values from other sources.
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The Nicaraguan-Costa Rican region in Central
America exhibits the typical pattern of complex defor-
estation now seen throughout the tropics. The region
is a mixture of lowland, mostly converted to agricul-
ture, and mountainous regions, where pristine forests
still persist. At present the northern fertile plains of
Costa Rica are mostly utilized for agriculture. However
in the adjacent regions of southern Nicaragua lowland
forests are relatively intact. The extensive agricultural
areas of northern Costa Rica is a region of discontinu-
ity in the proposed Mesoamerican Biological Corridor
which would connect the montane forests in Costa Rica
to the lowland forests in Nicaragua.

The present study is part of a larger study which
investigates the effects of continuing lowland deforesta-
tion and associated regional climate change in Cen-
tral America on the stability of the entire proposed
Mesoamerican Biological Corridor. The present work
focuses on the effects of land use on the formation of
cloudiness, cloud properties and rainfall in the forested
regions of southern Nicaragua and the deforested re-
gions of northern Costa Rica.

Land surface and cloud properties are retrieved us-
ing the Moderate Resolution Imaging Spectroradiome-
ter (MODIS) and the Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER) satel-
lite data and products. The land surface properties re-
trieved are land surface temperature, albedo, Normal-
ized Difference Vegetation Index (NDVTI), Available Soil
Moisture fraction and surface energy fluxes. The cloud
properties retrieved are cloud optical thickness and ef-
fective radii. In addition, the frequency of cumulus
cloudiness on hourly basis are derived from the Geosta-
tionary Operational Environmental Satellite (GOES)
and rainfall is studied using Tropical Rainfall Measur-
ing Mission (TRMM) satellite products. The correla-
tions between the surface properties, cloud properties,
cumulus cloudiness and rainfall as a function of ecosys-
tem and topography is examined. Previous modeling
work has shown that in this region the lowlands and
highlands are highly coupled. Preliminary results from
numerical modeling studies illustrating the impacts of
deforestation on the regional climate will also be pre-
sented.
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The focus of this study is the effect of land use char-
acteristics and surface properties on the preferential
formation of cloudiness, especially cumulus cloudiness
over Haiti and Dominican Republic for the year 2001.
A combination of satellite imagery and numerical mod-
eling is used in this study.

Satellite data and products from the Moderate Res-
olution Imaging Spectroradiometer (MODIS) satellite
are used to retrieve surface properties such as land sur-
face temperature, albedo, and Normalized Difference
Vegetation Index (NDVI). The satellite data is then
used to retrieve available soil moisture fraction and
surface energy fluxes using the Soil Vegetation Atmo-
spheric Transfer (SVAT) model. Cloud properties such
as cloud optical thickness and effective radii are also
retrieved over this region. In addition, the frequency
of cumulus cloudiness on hourly basis is derived from
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