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This study in a continuous permafrost region inves-

tigated the influence of cold temperatures on soil for-
mation, weathering, and solute transport by determi-
nation of radiogenic Sr and Nd isotopes in solid, la-
bile, and dissolved reservoirs in the soil-vegetation sys-
tem. The site is located in Caledonian belt of north-
east Greenland with soils developed on glacial and col-
luvial deposits of metamorphic rocks of the Paleopro-
terozoic basement complex. Soils are well-drained Arc-
tic Browns (Typic Haploturbels) characterized by an
overall higher content of fines in upper soil horizons
and accumulation of clay minerals in the B-horizon.

The Sr and Nd isotope ratios and element compo-
sition of bulk soil and grain size separates indicate en-
richment of biotite, amphibole, and the accessory min-
erals apatite, garnet, and zircon in fine fraction of up-
per soil horizons. The higher abundance of these min-
erals in dark striae of gneiss suggests a higher suscep-
tibility of mafic layers to physical break down that is
enhanced in upper soil layers. Accumulation of biotite
and its weathering products in the clay fraction of B-
horizons is documented in high Sr isotope ratios. Lower
Nd isotope ratios in B than A-horizons suggest that
clay accumulation is related to mechanical rather than
in situ weathering. The overall change in mineralogy
decouples the chemical evolution of upper soil layers
from lower soil layers.

To determine sources of dissolved materials and so-
lute transport we measured Sr isotope ratios in the ex-
changeable complex (ammonium-acetate) and soil wa-
ter collected with suction cups, and calculated the in-
tercept of regressing Sr isotopes ratios versus Al/Sr
ratios of bulk upper soil horizons. Exchangeable Sr
isotope ratios are uniform for each soil profile, higher
than in bulk soil, and match isotope ratios in vegeta-
tion. They document that solutes extracted with this
method give the composition of the plant available nu-
trient reservoir and indicates the strong influence of bi-
otite. In contrast, Sr isotope ratios calculated from re-
gression analyses are rather uniform and lower than ob-
served in soil/exchange solution. The agreement with
isotope composition of soil water indicates that this ap-
proach yields the longer-term Sr isotope signature of
solutes that are exported by percolating water.

The difference in the isotope composition in these
reservoirs point to different sources and limited ex-
change between both reservoirs. The accumulation of
clay enriched in biotite and its weathering products in
B-horizons may provide a preferential source for veg-
etation. A good correlation between organic carbon
content and cation exchange capacity indicates that
biomass cycling stabilizes the high Sr isotope signa-
ture. Lower Sr isotope ratios are observed in Na-rich
feldspar, amphibole, and apatite that are abundant in
sand and silt fraction of soils. Seeking these minerals
as primary sources for Sr isotope ratio in percolating
water suggest more rapid release of solutes to water.
The difference between Sr isotope ratios of both solute
reservoirs diminishes when soils are less well drained
providing longer time for isotope equilibration.
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Monitoring from 1997 to 2001 revealed that mean
annual soil temperatures varied widely within a moun-
tainous region in central Alaska, both at 5 cm below the
soil surface (-2.6 to 3.3°C) and at 100 cm depth (-4.0 to
2.7°C). This variation was due primarily to differences
in winter soil temperature among sites, which in turn
were attributed mainly to the effect of elevation on win-
ter air temperature. Thawing n-factors, which are ra-
tios of soil temperatures to air temperatures, were simi-
lar among most landscape units (combinations of phys-
iography and vegetation structure), in contrast, freez-
ing n-factors were substantially lower in upland areas
than in riverine or lowland areas. There was substantial
variability in freezing n-factors was among years, with

the lowest values occurring in winter 1999-2001, when
snow depths were greatest. Regression analyses indi-
cated that successional stage, elevation, drainage, and
snow depth all contributed to the variation in freezing
n-factors. A spatially explicit model to simulate deep
soil temperatures was developed based on regional cli-
mate, topography, vegetation, and soil properties. The
model used climatic factors (air temperatures, snow
cover) and n-factors to couple soil temperatures to at-
mospheric conditions, and thermal conductivity ratios
of frozen and unfrozen soils to calculate temperatures
at the base of the active layer. Model simulations in-
dicate that 32% of the area has permafrost. Field veri-
fication revealed the model was highly accurate (84%)
at predicting permafrost distribution and most (70%)
predicted mean annual temperatures were within 1°C
of measured temperatures.
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A two-dimensional finite difference model was de-
veloped to simulate the influence of climate and sea
level variations on the thermal regime of permafrost
and gas hydrate stability zone (GHSZ) dynamics within
the Alaskan Arctic Shelf. Unlike previous models, this
model takes into consideration latent heat associated
with formation (decomposition) not only permafrost
but also the hydrates of natural gases. It employs the
thermo-baric conditions where the hydrostatic pressure
changes with depth and sea level. As a first step, to as-
sess the importance of interaction between permafrost
and GHSZ, we compared our results of simulations with
previous model results, where latent heat associated
with gas hydrates was neglected.

Calculations were carried out for the last glaciation
- interglaciation cycle (120 Kyrs). Two sites were stud-
ied: Lonely and Prudhoe Bay. As upper boundary con-
ditions we took paleotemperature curve developed by
Romanovsky and Maximova and applied it with some
adjustments to our sites. Also in this model we took
into consideration sea level fluctuations during last 120
Kyrs. Temperature of water assumed to be constant
(-1.5 C). Properties of rocks assumed to be constant
along the entire cross section (one-layer structure) and
the values of thermal conductivity and heat capacity
were taken from literature. We assumed fine-grained
soil structure for Lonely site. For Prudhoe Bay we
took into account both possible cases: fine-grained and
coarse-grained soils.

As a result of our investigation we found that per-
mafrost thickness at Lonely in the model with gas hy-
drate latent heat included is at least 10% smaller than
in the model without this latent heat. The differences
in the gas hydrate stability zone (GHSZ) volume can be
even more (15%) with the thickness of the zone larger
in the model without hydrates. For Prudhoe Bay, we
obtained a difference of 9% in permafrost thickness and
GHSZ for coarse-grained soil and 14% for fine-grained
soil. Also, analysis of GHSZ dynamics during the last
120 Kyrs was carried out. It shows that the most sig-
nificant changes in GHSZ volume was related to the
largest sea transgression rates. The investigation also
shows the presence of a gas hydrate stability zone on
the continental slope underneath the seabed. The po-
tential presence of gas hydrates on the slope may help
to explain some slope processes that take place in this

region.
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Recent work has demonstrated the utility of USDA
Forest Service Forest Inventory and Analysis (FIA)
data in large-scale assessment of forest C cycling rates.
These FIA-based estimates have also been used to pro-
vide valuable large-scale comparison data for ecosys-
tem process model predictions. However, the inventory-
based techniques were not designed specifically to mea-
sure carbon stocks or NPP. Adaptation of FIA data is
based on allometric relationships that predict biomass
from tree dimensions such as height and diameter, and
ecosystem models that predict NPP and other ecosys-
tem carbon pools. The tree biomass component of for-
est C may be estimated with reasonable accuracy, but
estimates of biomass increment, other ecosystem car-
bon variables, and NPP require measurements that are
not made by FIA and may not be compatible with the
FIA sampling design.

We are developing new sampling and measurement
techniques for comprehensive monitoring of forest NPP
in the Delaware River Basin (DRB), USA. Our methods
for NPP estimation include development of an efficient
sampling design and protocol, techniques for short-
term measurement of tree diameter increment and lit-
terfall production, and application of new generalized
allometric equations for tree biomass that were de-
signed for application at the continental scale. In order
to estimate forest NEP, we will model coarse woody de-
bris (CWD) dynamics and develop an approach to mon-
itor soil CO2 flux over large areas. Since 2000, we have
installed 30 forest C monitoring plots at sites through-
out the DRB and 13 independent validation plots. Mea-
surement of C cycling rates is ongoing, though analysis
of preliminary data suggests that NPP at our plots is
consistent with expectations based on the literature.
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Leaf area index (LAI) is a widely used variable for
estimating a number of different processes associated
with vegetation canopies, including light and precip-
itation interception, photosynthetic capacity, transpi-
ration, and so on. LAI can be measured directly, but
the process is tedious, expensive, and impractical over
large areas. There are several methods for indirectly es-
timating LAI using methods that invert simple canopy
models based on measurements of canopy light inter-
ception. These methods are useful because they allow
efficient sampling of large areas, and relatively rapid
and inexpensive data collection. We studied boreal for-
est stands in interior Alaska, at a range of successional
stages, using two different instruments designed to es-
timate canopy LAI. A Decagon AccuPar Ceptometer
and a Li-Cor LAI-2000 Plant Canopy Analyzer were
used to provide unique measurements of canopy light
interception, and then applied using specific theoreti-
cal inversions to estimate LAI. We tested both instru-
ments’ sensitivity to measurement conditions, and were
able to estimate the uncertainty in the measurement
based on the range of conditions allowed within our
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measurement protocol. We also compared the instru-
ments’ estimates of LAI in matched measurement pairs
at the same location. We found low sensitivity to many
measurement conditions, and general comparability be-
tween the two instruments. The AccuPar instrument
produced slightly higher LAI estimates than those of
the LAT2000 ( 0.3 LAI), and this offset was consistent
under various measurement conditions and stand types.
Possible causes of the systematic offset are presented.
The results suggest, however, that the instruments can
be used interchangeably, provided specific conditions
are met, and properties of each instruments may make
one better suited than the other to various measure-
ment conditions (e.g., non-uniform illumination). Sim-
ilar sensitivity tests and comparisons should be con-
ducted in an even wider range of sites.
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Spatial heterogeneity in mass and energy fluxes in
the Southern Great Plains are controlled by a combi-
nation of driving variables (e.g. climate, topography
and soil, vegetation, and land use and management).
Accurate estimation of landscape-averaged ecosystem-
atmosphere exchange hence suggests the need for pre-
dictive models tested with extensive ground based mea-
surements and/or a measurement method with regional
coverage. This is particularly true for estimation of re-
gional responses of carbon and water cycles to changing
climate, land use, or management because of the poten-
tially strong interactions among the driving variables.

‘We report measurements of the spatial heterogene-
ity in land surface-atmosphere exchanges of carbon
dioxide, water, and energy observed in three winter
wheat fields and two mixed annual- perennial pastures
during the spring 2002 growing season. Eddy covari-
ance measurements of net ecosystem carbon exchange
(NEE) and heat fluxes were made in fields surrounding
the US-DOE Atmospheric Radiation Measurement Pro-
gram central facility near Lamont, Oklahoma (36.605
N, 97.485 W). Additional measurements included soil
microclimate; leaf area index; changes in plant biomass;
and plant and soil carbon and nitrogen. The differences
in time integrated NEE are approximately consistent
with measured differences in accumulated above ground
biomass. Initial consideration suggests that the differ-
ences in carbon uptake result from differing manage-
ment practices because the fields are closely spaced and
have very similar underlying soil properties and expe-
rienced similar micro-climate. A distinct inter-annual
climate variation was also observed in which an large
increase in early to mid summer precipitation and lower
air temperatures (2002 vs. 2001) lengthened the sum-
mer growing season and increased pasture production.
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As advances in earth science and terrestrial ecology
bring these fields closer together, the search for drivers
underlying forest processes is being succeeded by a need
to understand how these processes manifest themselves
over broader spatial domains. Because 60-80% of all
CO2 released into the atmosphere by forests emanates
from the soil surface, assessing global carbon cycles de-
mands an understanding of how forest soil respiration
is regulated not only at individual sites but also over
broad spatial scales.

To assess soil CO2 efflux over the full range of west-
ern Oregons forest conditions, annual soil CO2 efflux,
and a suit of other physical and biological indices was

determined measured for 36 study plots arranged as
three independent replicates of four age classes blocked
by three climatically-distinct cover types. Forest ages
range from 10 to 300 years and were subjectively clas-
sified as either initiation, young, mature or old. The
three cover types spanned a 200 km transect and in-
cluded 1) wet coastal hemlock-Sitka spruce 2) montane
Douglas fir, and 3) rain shadow ponderosa pine. An-
nual soil CO2 efflux for the year 2001 was computed by
combining periodic chamber measurements with contin-
uous soil temperature measurements, which were used
along with site-specific temperature response curves to
interpolate daily soil C-efflux between dates of direct
measurement.

Results indicate significant cover type, age, and
cover type x age interaction effects on annual soil CO2
efflux. Average annual soil CO2 efflux was 1232, 1805,
and 666 g C m-2 yr-1 for the spruce, fir, and pine
sites respectively. At the pine site, where root biomass
averages 22% of belowground C, variation in annual
soil CO2 efflux among age classes is explained largely
by aboveground production rates, with the youngest
stands having the lowest rates and the mature stands
having the highest rates. At the spruce site, where root
biomass averages only 13% of belowground C, differ-
ences between age classes is related to soil C content,
with the oldest stands having higher soil C and efflux
rates than the other age classes. At the fir site, annual
soil CO2 efflux is highest at the youngest stands but
appears uncorrelated with either aboveground produc-
tion or soil C content.

Sensitivity analysis suggests that the regional vari-
ation in annual soil CO2 efflux is most dependent on
summer base rates (i.e. summer soil CO2 efflux nor-
malized to a common temperature) and much less de-
pendent on the temperature response curve (to which
annual rates are relatively insensitive) and soil degree-
days (which vary only 10% among sites).

Results from this study are consistent with a grow-
ing recognition that while the physical environment is
important in driving soil CO2 efflux at the plot level,
variation in soil COZ2 efflux at regional scales may be
more reliably coupled to biological indices.

B12B-0812 1330h POSTER

Effects of Stand age Structure on
Regional Carbon Budgets of Forest
Ecosystems

Conghe Song! (1-919-843-4764;
csong@email.unc.edu)

Curtis E. Woodcock? (curtis@crsa.bu.edu)

lUniversity of North Carolina at Chapel Hill, Depart-
ment of Geography CB 3220, 203 Saunders Hall,
Chapel Hill, NC 27599, United States

2Boston University, Department of Geography 675
Commonwealth Avenue, Boston, MA 02215, United
States

This study has developed a two-stage modeling
scheme to investigate the importance of age struc-
ture on regional carbon fluxes for the forests in the
Pacific Northwest of the United States. In the first
stage, an individual-based forest ecosystem carbon flux
model (IntCarb) at stand scale is developed. IntCarb
combines components from the ZELIG and CENTURY
models to simulate forest growth and development, and
heterotrophic respiration, respectively. Stand scale car-
bon fluxes simulated by IntCarb strongly depend on
stand age. Due to its high variablity over large ar-
eas, forest age structure has to be taken into account
for realistic estimation of carbon budgets. The Reg-
Carb model is developed to estimate regional scale car-
bon fluxes based on forest age structure and adjust-
ing for the nonrespiratory carbon losses, such as har-
vesting. Our initial estimate with RegCarb for the Pa-
cific Northwest of the United States found that this
region was a tremendous carbon source to the atmo-
sphere from 1890 to 1990 due to intensive logging of
old-growth forest, and is becoming a carbon sink since
the last decade. Projections for the role of forests in
this region in the global carbon cycle in the future
strongly depend on the amount of timber to be har-
vested, i.e. how the age structure of forests in this re-
gion is to be altered.
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The boreal forest covers ~10% of the world’s land
surface area and contains a disproportionately high
amount of global terrestrial carbon (C). However, it is
uncertain whether Canada’s boreal forest is currently
an annual net C sink or source and what role distur-
bance plays in determining this. The goal of this study
was to calculate C budgets for a chronosequence of har-
vested jack pine (Pinus banksiana Lamb.) sites (1-y-old,
5-7-y-old, 10-12-y-old, ~29-y-old) and a ~79-y-old site
established by wildfire. We measured total ecosystem
C content (TEC) and above- and belowground net pri-
mary productivity (NPP) for each site. Total annual
NPP (Mg C ha—! y=1 £ 1 8.D.) from May 1999-April
2000 was 0.9 4+ 0.3 at the 1-y-old site, 1.3 £ 0.1 at the
5-7-y-old site, 2.7 £ 0.6 at the 10-12-y-old site, 3.5 +
0.3 at the 29-y-old site, and 1.7 £ 0.4 at the 79-y-old
site. We measured soil surface COg fluxes (Rg) using
an IRGA with chamber and correlated these measure-
ments with soil temperature to estimate annual Rg.
To calculate net ecosystem productivity (NEP), we es-
timated heterotrophic respiration (Rpy) as 50% of to-
tal annual Rg, and summed NPP and Ry . NEP (Mg C
ha~ly~1 + 18.D.) from May 1999 through April 2000
was estimated to be -1.4 + 0.3 at the 1-y-old site, 0.1
+ 0.1 at the 5-7-y-old site, 1.1 4 0.7 at the 10-12-y-old
site, 0.6 £ 0.4 at the 29-y-old site, and 0.1 4+ 0.5 at the
79-y-old site. The 1-y-old clear-cut was a source of C to
the atmosphere; all other sites were either sinks or were
essentially C neutral. We also calculated long-term an-
nual NEP values based on the difference in TEC among
the five differently-aged sites. These figures agreed well
with the flux-based NEP estimates, except in the case
of the 1-y-old site, which we determined had been a
more productive site with greater forest floor carbon
prior to harvest.
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Fire is one of the most important disturbances in
boreal black spruce forests. As part of a large investi-
gation of carbon cycling of boreal black spruce forests,
we quantified the effect of time since fire on canopy
transpiration. Owur hypotheses were that (i) canopy
transpiration would be proportional to leaf area, and
(ii) across tree species (paper birch, trembling aspen,
jack pine, and black spruce) and tree sizes, the sensi-
tivity of canopy average stomatal conductance (Gs) to
vapor pressure deficit would be proportional to a refer-
ence value of Gs at low vapor pressure deficit. We mea-
sured sap flux using Granier and Kucera-type sensors
in 84 trees across five different stands and the four tree
species originating from fires in the years 1989, 1981,
1964, 1930, and 1870. We scaled the sap flux mea-
surements to the whole-tree and stand level using mea-
surements of radial and circumferential trends in sap
flux and allometrically derived estimates of sapwood
and leaf area. Leaf area index changed dramatically
across the five stands (0.4, 1.4, 2.1, 8.1, and 6.7 for the
1989, 1981, 1964, 1930, and 1870 stands respectively),
but stand transpiration was not proportional to leaf
area index (24, 97, 224, 332, 183 mm per year for the
1989, 1981, 1964, 1930, and 1870 stands respectively).
One explanation for the rejection of our first hypothe-
sis was that transpiration per unit leaf area was signifi-
cantly affected by tree species and thus by the changes
in species composition across the five stands. We also
rejected our second hypothesis because black spruce in
the 1930 and 1870 stands had much lower Gs sensitivity
to vapor pressure deficit compared to black spruce in
the 1989, 1981, and 1964 stands. The lower Gs sensi-
tivity in the largest and oldest black spruce trees (1930
and 1870 stands) is supported by tree hydraulic the-
ory and leaf water potential and whole tree hydraulic
conductance data. Our results show that models of fu-
ture boreal forest water cycling must account for suc-
cessional changes in response to fire.

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.



B12B-0815 1330h POSTER

Biological and physical controls over
carbon, water and energy exchange
along a boreal forest chronosequence

Marcy E. Litvak! (512-471-4462;
mlitvak@mail.utexas.edu)

Mike Goulden? (949-824-1983; mgoulden@uci.edu)

Scott Miller? (949-824-2314; sdmiller@uci.edu)

1University of Texas, 316 Bio Labs Integrative Biol-
ogy, Austin, TX 92697, United States

2University of California, Dept of Earth System Sci-
ence Campus Box 334, Irvine, CA 92697, United
States
Tower-based eddy covariance measurements were
used to quantify and explain patterns of whole ecosys-
tem exchange of CO2, water vapor and energy exchange
along a boreal forest age sequence near Thompson,
Manitoba. Diurnal patterns of net carbon, water va-
por and energy exchange in the four youngest stands
in the chronosequence (burns 11, 18, 35 and 70 years
in age) were made and compared directly to simultane-
ous measurements made in the oldest stand (150 year
old Northern Old Black Spruce). The daily course of
net CO2 exchange in the youngest, primarily deciduous
stands showed peaks early in the day, followed by af-
ternoon declines. The older primarily coniferous stands
started gaining C later in the morning and showed no
significant damping of net CO2 exchange later in the
day. Stomatal conductance, and latent heat flux were
highest in the youngest stands suggesting patterns may
be explained by stand age differences in sensititivity to
vapor pressure deficit, with the young deciduous stands
being the most sensitive. Below canopy fluxes mea-
sured for one month in the growing season in the 35
year old and 150 year old stands were used to deter-
mine stand age differences in relative contribution of
forest floor to whole canopy carbon, mass and energy
exchange
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Dynamic chamber flux measurements were observed
at representative sites of tundra and boreal forest along
a latitudinal Alaskan transect (148° W) during the
summers of 2000 and 2001. These observations were
conducted to estimate soil respiration and net respi-
ration rate by vegetations at surface soil, and to un-
derstand the effect of soil temperature determining soil
respiration and net respiration rates, and to make a
better spatial distributions of the contents of biomass,
carbon and nitrogen. Average regional soil respiration
rates in tundra and boreal forest stands were 0.027 =+
0.011 GtC/season and 0.056 £ 0.014 GtC/season for
light and dark chambers during the growing period,
respectively. Average regional net respiration rate by
aboveground surface vegetation along Alaskan transect
was 0.007 £ 0.005 GtC/season in tundra and 0.023
+0.015 GtC/season in boreal forests. These findings
suggest that soil respiration and net respiration are one
of the significant sources of atmospheric COg in Alaska
for the regional carbon budget. Soil respiration and
net respiration showed remarkable soil-temperature de-
pendence in the tundra and boreal forest soils during
summer. Qg values (1.00 to 2.96) derived from the
temperature at three soil depths (10, 20 and 30 cm)
indicated considerable differences, suggesting that this
results in the difference of soil physical characteristics.
Spatial variation of biomass, carbon and nitrogen con-
tents were remarkable in dry vegetations and soils of
tundra and boreal forest.
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In a warming climate, the temperature sensitivity of
organic matter decomposition will accelerate soil car-
bon loss via soil respiration from cold boreal soils. In-
creased decomposition may also increase nutrient avail-
ability, plant productivity, and organic inputs to soils.
‘We studied the relationship between decomposition
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and aboveground vascular increment, total soil respira-
tion and heterotrophic respiration near Fairbanks, AK.
Our sites consisted of three similarly structured black
spruce feathermoss forests that varied in aspect, ele-
vation, and depth to permafrost. These characteristics
drive complex differences in annual temperature at the
soil surface and through the soil profile. For exam-
ple the two ”"warmer” sites are warmer during the sum-
mer but are much colder during the winter, resulting
in permafrost aggradation to within 50 cm of the soil
surface. We hypothesized that ecosystem co? uptake
(aboveground increment) and loss (total soil respira-
tion and soil heterotrophic respiration) both increase
with decomposition rates of black spruce needles and
two litter proxies. Although both aboveground tree in-
crement (418-548 g CO2 m—

respiration from trenched plots (122-137 g CO2 m

y~1) and heterotrophic
—2

y~1) were significantly correlated to the decomposi-
tion indices, total soil respiration was not. These re-
sults imply either that black spruce at the warmer sites
allocates less carbon belowground or that the warmer
soils sequester more. Which of these processes domi-
nates will determine whether black spruce forest soils
alter their soil carbon balance in a warmer climate.
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Two recent developments, one in remote sensing
technology, the other in ecosystem modeling, are com-
bined and evaluated for their potential to improve
carbon stock and flux estimates. The first is air-
borne lidar remote sensing, which is capable of mea-
suring fine-scale heterogeneity in the vertical structure
of vegetation. The second is a new height-structured
terrestrial ecosystem model (the Ecosystem Demogra-
phy model, ED), which is capable of calculating the
consequences of fine-scale heterogeneity in vegetation
structure in larger-scale analyses carbon stocks and
fluxes. Used together, reliable model estimates of
above-ground biomass are shown to be produced at
several study sites. In addition, lidar data are shown
to provide substantial constraints on model estimates
of above-ground carbon fluxes. The continued devel-
opment and combination of these two technologies is
shown to be a promising approach for improving large-
scale carbon stock and flux estimates.
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We employ daily surface Radar backscatter data
from the SeaWinds Ku-band Scatterometer onboard
Quikscat to estimate landscape freeze-thaw state and
associated length of the seasonal non-frozen period as
a surrogate for determining the annual growing season
across boreal and subalpine regions of North America
for 2000 and 2001. We compare these results with esti-
mates of growing season length derived from a network
of surface stations, utilizing BIOME-BGC stand-level
ecosystem process model simulations, site sap flow and
tower eddy flux net CO2 exchange measurements for a
network of mature evergreen coniferous forest stands.
Remote sensing based estimates of spatial patterns in
the timing of seasonal freeze-thaw vary by more than
8 weeks, while associated estimates of growing sea-
son length span more than 14 weeks across the region.
Inter-annual variability between 2000 and 2001 is found
to be on the order of 1-4 weeks. Remote sensing esti-
mates of growing season initiation and length are found
to be well correlated with both site measurements and
model simulations. Remote sensing measurements of
the end of the seasonal non-frozen period are also found
to be consistent with site based temperature measure-
ments, but not with site based estimates of growing
season termination. These findings are attributed to a
relatively strong dependence of the onset of the growing
season to snowmelt and associated soil thaw in spring
and the relative importance of additional factors such
as light availability and day length in controlling grow-
ing season termination.

This work was performed at the University of Mon-
tana, and at the Jet Propulsion Laboratory, California
Institute of Technology, under contract with the Na-
tional Aeronautics and Space Administration.
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We investigate radar backscatter characteristics as
measured by ERS (C-band, VV polarization, 200m res-
olution) and JERS-1 (L-band, HH polarization, 100m
resolution) Synthetic Aperture Radars (SARs) during
spring thaw transitions in boreal landscapes for three
regions in Alaska and Canada. We perform multi-
scale analyses to assess trade-offs in spatial and tem-
poral resolution between these SARs and spaceborne
scatterometer measurements from Quikscat (Ku-band,
25km spatial resolution). We compare the time series
SAR and scatterometer data series for available con-
temporary data. ERS and JERS SAR backscatter char-
acteristics observed during seasonal transitions are ex-
amined with respect to landscape complexity, exploring
areas of varying landscape and topographic character.
An assessment of sub-25 km variability is explored, ex-
amining the dynamics in the spring thaw transition oc-
curring at high spatial variability which may not be
observable with the lower resolution scatterometer.

We classify the time series radar imagery accord-
ing to landscape freeze-thaw state, employing a tem-
poral change discriminator based on seasonal differ-
ences in backscatter relative to wintertime frozen and
summertime thawed conditions. Scaling assessments
of the relationship between the SAR and SeaWinds
backscatter and derived freeze/thaw state maps provide
a means for determining sub-grid spatial variability in
land cover, terrain and spring thaw processes, based on
semi-variogram analyses.

Results show that JERS and ERS backscatter are
sensitive to the spring thaw transitions. However,
JERS exhibits a larger transitional dynamic range than
does ERS and is more sensitive to varying land cover
classes. These findings demonstrate the importance of
landscape heterogeneity when considering development
of remote sensing techniques for monitoring phenologi-
cal processes in boreal ecosystems.

This work was performed at the Jet Propulsion Lab-
oratory, California Institute of Technology, under a
contract with the National Aeronautics and Space Ad-
ministration.

AGU, 83(47), Fall Meet. Suppl., Abstract ##H#H#H#-#F#, 2002.




F268

B12B-0821 1330h POSTER

2002 Fall Meeting

Monitoring Boreal Ecosystem Phenology
with Integrated Active/Passive
Microwave Remote Sensing

Kyle C McDonald! (818-354-3263;
kyle.mcdonald@jpl.nasa.gov); Eni Njoku1
(818-354-3693; Eni.Njoku@jpl.nasa.gov); John S
Kimball? (406-982-3301; johnk@ntsg.umt.edu);
Steven W Running? (406-243-6311;

swr@ntsg.umt.edu); Charles Thompson?!
(818-354-9602; charles.thompson@jpl.nasa.gov);
Jason Leel! (kwoklee@its.caltech.edu)

1jet Propulsion Lab, Califonia Institute of Technol-
ogy, 4800 Oak Grove Drive, Pasadena, CA 91109,
United States

2School of Forestry, University of Montana, Missoula,
MT 59810, United States

The important role of the high latitudes in the func-
tioning of global processes is becoming well established.
The size and remoteness of arctic and boreal ecosys-
tems, however, pose a challenge to quantification of
both terrestrial ecosystem processes and their feed-
backs to regional and global climate conditions. Bo-
real and arctic regions form a complex land cover mo-
saic where vegetation structure, condition and distri-
bution are strongly regulated by environmental factors
such as moisture availability, permafrost, growing sea-
son length, disturbance and soil nutrients. The tim-
ing of spring thaw in particular, can influence boreal
carbon uptake dramatically. With boreal forests accu-
mulating 1% of their annual total accumulated carbon
each day of the growing season, variability in timing of
spring thaw can trigger total interannual variability in
carbon uptake on the order of 30%.

‘We utilize active and passive microwave remote
sensing measurements from spaceborne scatterometers
and radiometers to examine interannual variability
and multi-year trends in seasonal freeze/thaw cycles
across the pan-boreal landscape. Ku-band backscat-
ter data are available from the SeaWinds scatterom-
eter on Quikscat for June 1999 to the present, and
from the NASA scatterometer (NSCAT) from late 1996
through June 1997. Contemporary brightness temper-
ature measurements are available from SSM/I, while
SMMR brightness temperature measurements extend
from the late 1970s. These data allow investigation of
the synergistic use of active/passive microwave mea-
surements, as well as longer-term assessments of the
timing of spring thaw and associated growing season
initiation in the boreal high latitudes. We extend our
on-going work in applying spaceborne radars for mon-
itoring boreal growing season dynamics to include ap-
plication of contemporary and historic brightness tem-
perature measurements from SSM/I and SMMR. We in-
vestigate the synergistic use of the active/passive mea-
surement suite and we assess interannual variability
Providing a
useful measure for estimates of growing season timing,

in growing season initiation and length.

these data sets enable examination of historical spatial
and temporal patterns in boreal growing season.

This work was carried out at the Jet Propulsion
Laboratory, California Institute of Technology, under
contract to the National Aeronautics and Space Ad-
ministration
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Climate change, carbon sequestration policies and
wood industry are three principal motivations for quan-
tifying the magnitude and rates of change of the car-
bon content of forests. Globally, forests cover approx-
imately 3870 million hectares and contain about 350
giga tons of carbon in their wood. Any activity that
changes the amount of forest biomass has the potential
to sequester carbon from, or release carbon to, the at-
mosphere. Ground measurements of biomass are expen-
sive, limited to small areas, time consuming, prone to
error and difficult to repeat. Remote sensing estimates
of biomass have the advantages of high spatial resolu-
tion, temporal consistency, mapping remote areas and
known uncertainty. Large footprint waveform recording
laser altimeters (lidars) have demonstrated a potential

for accurate remote sensing of forest biomass and struc-
Presently, the lidar-based methods of biomass
estimation require intensive ground measurements to
develop relationships between the amount of biomass
and the specific indices extracted from lidar waveforms,
such as quadratic mean canopy height. These methods
are useful only for forest stands where the density of
stems and foliage and the content of species are approx-
imately the same over large areas. Moreover, they are
based on the simplifying assumption that only single
scattering contributes to the return signal, which can
lead to large errors at near-infrared wavelengths. A new
method based on the combination of time-dependent
radiative transfer theory and probability approach used
in cloud remote sensing, has been developed to retrieve
crown radius, gap probability and foliage density from
lidar waveforms without corresponding ground mea-
surements. The method describes multiple scattering
events and allows for realistic representation of forest
structure including forest clumping and gaps. It was
tested with SLICER data collected over deciduous and
coniferous forest stands. The retrieved parameters were
compared with those measured on the ground. This is a
fundamental research in support of lidar remote sensing
of forest structure and biomass, and can underlie phys-
ically based algorithms for biomass estimation from fu-
ture space-based sensors.

URL: http://cybele.bu.edu/download/ms.html

ture.
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Obtaining accurate measures of biomass and for-
est structure in the primary temperate rainforests of
southeast Alaska from traditional remotely sensed data
has been hampered by the complex stand structure of
these productive rainforests and variability of canopy
illumination in steep topography that occurs at high
latitudes. We evaluated the utility of lidar (LIght De-
tection and Ranging) in estimating biomass and for-
est structure at High Island, southeast Alaska. Forest
structure attributes were measured for 12 plots 0.12 -
0.78 ha in size, representing a range of naturally occur-
ring seral stages and structural attributes. High den-
sity (>2 pts per m2) lidar data was then collected us-
ing a second generation airborne multi-return digital
airborne topographic imaging system scanner (DATIS
2). Variables which could be used to predict forest
structure attributes were then developed from the li-
dar data within pixels of varying resolution. Back-
ward stepwise multiple regression was then used to de-
velop a statistical relationship between lidar-derived
variables and field-observed stand attributes such as
aboveground biomass, basal area, stem diameter and
stand density. The influence of sampling effort (li-
dar point density) on prediction was evaluated by ran-
domly removing data (to produce a lower point den-
sity) and constructing regression equations each time.
The relationship between observed and lidar predicted
forest structure attributes were significant (>0.7 R2,
P<0.01). The three-dimensional aspects of the canopy
measured by the lidar sensor were able to accurately
estimate complex aspects of the diameter distribution,
such as the standard deviation of diameter at breast
height. We conclude that multi-return lidar can be used
to accurately predict biomass and other forest struc-
ture attributes over large areas in coastal temperate
rainforests, although problems associated with dense
understory and complex topography still present dif-
ficulties for lower intensity sampling efforts.
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Remotely sensed data acquired using the Airborne
Visible/Infrared Imaging Spectrometer (AVIRIS) at
two irrigated hybrid poplar plantation sites located in
Oregon and Washington States were used to assess the
feasibility of using AVIRIS retrieved column water va-
por as a measure of forest evapotranspiration (ET).
AVIRIS data collected on four different days in the
summers of 1996, 1997 and 1998, were used to derive
column water vapor over the sites. To relate column
water vapor to poplar ET, we developed a hypothesis,
which was used to infer the relationship between the
two variables. The approach tested consisted of de-
lineating homogenous vegetated patches and averaging
the column water vapor to determine the down-wind
spatial distribution pattern (trend) in the water vapor
signal. The results indicate that the poplars were tran-
spiring at rates characteristic of vegetation under un-
limited soil moisture conditions and that the vertical
distribution of water vapor was chiefly driven by forced
convection. The concentration and the observed trends
in the column of water vapor over the vegetated patches
were related to the moisture condition of the land cover
up-wind of their location, and the trends were best de-
scribed by linear or quadratic functions. To give an
idea of the strength of moisture flux in the AVIRIS
vapor signal, latent heat fluxes were estimated, based
on the slope of the trends. Comparison of the AVIRIS
values with flux estimates at the Boardman site lend
credence to the potential for AVIRIS retrieved column
water vapor in fields such as ecology, hydrology, agri-
culture and meteorology.
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We have inferred regional biospheric and oceanic ex-
changes of CO2 with the atmosphere by an inverse cal-
culation from measurements of the concentration and
C13/C12 isotopic ratio of atmospheric CO2. Over the
last 20 years, tropical biospheric fluxes have been pri-
marily responsible for El Nino scale variations in atmo-
spheric CO2. The magnitude We have inferred regional
biospheric and oceanic exchanges of CO2 with the at-
mosphere by an inverse calculation from measurements
of the concentration and C13/C12 isotopic ratio of at-
mospheric CO2. Over the last 20 years, tropical bio-
spheric fluxes have been primarily responsible for EIl
Nino scale variations in atmospheric CO2. The mag-
nitude and timing of biospheric fluxes from our inver-
sion are only broadly consistent with results from ter-
restrial biospheric process models. However, in order
to reliably predict future changes in atmospheric CO2,
we must accurately characterize the role of biological
processes which requires agreement between the atmo-
spheric inverse calculation and biospheric models. We
will present results from a biological model and an ex-
amination of the the spatial and temporal patterns of
primary climate drivers and of new time series of the
satellite greenness index, NDVI, as a step towards re-
solving current discrepancies between the ”"top-down”
and "bottom-up” estimates of biological CO2 fluxes.
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Knowledge of the magnitude and seasonality of
photosynthetic capacity (Amax) is essential to under-
standing and modeling the dynamics of ecosystem-
atmosphere CO2 exchange. Typical methods of pre-
scribing Amax on the basis of biome type are limited
by the accuracy of ecosystem classifications, variability
within ecosystem types, and the assumption that pho-
tosynthetic capacity does not change during the grow-
ing season. Alternative methods for assessing Amax
that can be incorporated into global models and remote
sensing applications are needed, particularly those that
rely on readily available plant measures (e.g. LAI,
FPAR, NDVI) and standard meteorological variables
(e.g. temperature, radiation, humidity).

Cite abstracts as: Eos. Trans. AGU, 83(47), Fall Meet. Suppl., Abstract #####-#F, 2002.



From an ecophysiological perspective, canopy Amax
should scale with absorbed radiation and this relation-
ship should be conservative because of the conserva-
tive variation in the quantum yield of photosynthesis.
That is, the magnitude and seasonality of canopy Amax
can be explained by acclimation to growth irradiance,
temperature and moisture. Specifically, Amax can be
modeled using the functional constraint of co-limitation
between light-limited (electron transport) and light-
saturated (carboxylation) rates of photosynthesis. In
contrast to optimality approaches, this allows for re-
source use efficiency rather than carbon gain to be max-
imized in a given environment. Further, this constraint
is functionally more realistic, consistent with observa-
tions, and testable at leaf to landscape scales.

Based on eddy flux data in arctic, boreal, temper-
ate, and tropical ecosystems, the magnitude and sea-
sonality of canopy Amax is consistent with acclima-
tion to absorbed radiation in a wide range of ecosys-
tems as predicted by the functional constraint of co-
limitation by electron transport and carboxylation. A
unique aspect of the approach is the use of a recursive
filter for calculating photosynthetic acclimation based
on the temporal integration of environmental condi-
tions. Owverall, the model provides a process-based link
between canopy physiological status and canopy bio-
physics (e.g. FPAR). As such, the model can be applied
at canopy to global scales using remote sensing obser-
vations of absorbed photosynthetically active radiation
(APAR).
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Incoming solar radiation (insolation) is the major
source of energy at the earth’s surface, and is a pri-
mary driver of water flux. In particular, insolation
directly affects local temperature, which in turn af-
fects evapotranspiration rates. Three components of
topography determine local insolation: 1) elevation,
with greater insolation at higher elevations; 2) surface
orientation, with decreased insolation at larger angles
of incidence; and 3) surrounding obstruction, with de-
creased insolation when sky obstruction increases. We
are using GIS-based approaches to evaluate landscape
patterns of insolation, microclimate, and water bal-
ance for the Los Alamos National Environmental Re-
search Park and surrounding lands. Using an upward-
looking viewshed insolation model (the Solar Analyst),
which requires a digital elevation model (DEM) and es-
timates of transmittivity for input, we calculated vari-
ation in direct and diffuse insolation as a function of
landscape position and time of year. Then we used
an insolation-modified adiabatic model, calibrated with
ground-based meteorologic measurements, to calculate
climatic surfaces (temperature, precipitation, potential
evapotranspiration, and actual evapotranspiration) for
the study site. In keeping with findings for other topo-
graphically diverse sites, topography has a strong and
predictable influence on evapotranspiration through its
effect on insolation.

URL: http://gislab.lanl.gov
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Denitrification is a major flux of nitrogen in Chesa-
peake Bay, an estuary with a long residence time and
high organic and inorganic nutrient inputs from the
large surrounding watershed. The estuarine system
spans a complex gradient of salinity and many corre-
lated chemical constituents, from its upper bay and
river freshwater end members to its nearly full strength
seawater lower Bay. Denitrification rates in sediments,
computed from net nitrogen fluxes in simulated in situ
core incubations, show distinct reproducible patterns
along the Bay. Highest rates are observed in sediments
from the low salinity, high nitrate upper stations in the
Bay and Choptank River. Lower rates occur in the low
nitrate, oxygen depleted mid bay sediments and in the
metabolically less active south Bay sediments. Gene se-
quences for nitrite reductase, the key enzyme in denitri-
fication, show very high diversity in Bay and River sed-
iments. On the basis of clone library sequences alone,
however, there are distinct clades and patterns indi-
cating highest diversity in the upper Bay and River
sediments and lower diversity in the lower Bay sedi-
ments. Using a DNA microarray containing many indi-
vidual nitrite reductase sequences, we investigated the
population structure of denitrification genes along the
estuarine gradient. Evaluation of gene expression pat-
terns, in addition to presence/absence or abundance of
individual genes, will allow a direct assessment of the
links between diversity and biogeochemical transforma-
tion rates for particular functional guilds. The rate
of denitrification and its regulation by environmental
variables may be reflected in patterns of guild compo-
sition and activity.
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In a series of column and batch experiments, we are
investigating mineral phase transformations during mi-
crobially mediated reduction of the iron oxide ferrihy-
drite. Quantification of the solid phase over time, using
XAS and HRTEM, indicates that the primary sinks dur-
ing iron oxide reduction, for both Fe (II) and Fe (III),
are the secondary iron phases goethite and magnetite.
‘While goethite is the dominant secondary phase when
dissolved Fe (II) concentrations are low, magnetite is
the dominant sink at higher concentrations. The spe-
cific secondary mineral phase assemblage changes with
time and is very sensitive to initial conditions. Reactive
transport modeling using MIN3P has been an essential
tool in our interpretation of the experimental data and
has assisted in developing and testing of our conceptual
model of this system. Early simulations highlighted the
potential importance of dissolved Fe (III) (a parameter
often ignored in aqueous systems at near neutral pH)
and helped to guide later experimental design. In par-
ticular, simulations illustrated the necessity of rapid
aqueous mass transfer of dissolved Fe (III) from ferri-
hydrite to goethite, despite very low dissolved Fe (III)
concentrations. These observations have implications
for mechanisms of microbial iron reduction, secondary
phase formation, the availability of ferric iron to re-
duction, and the sequestration of metals and nutrients.
The modeling results were realized prior to achieving
simulations that closely matched the laboratory data,
emphasizing the utility of reactive transport modeling
as a research tool.
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The deep-sea bed, acting as the ultimate sink for
organic material derived from the upper oceans pri-
mary production, is now assumed to play a key role
in biogeochemical cycling of organic matter on global
scale. Early diagenesis of organic matter in marine sed-
iments is dependent upon biological processes (largely
mediated by bacterial activity) and by molecular diffu-
sion. Organic matter reaching the sea floor by sedimen-
tation is subjected to complex biogeochemical trans-
formations that make organic matter largely unsuit-
able for direct utilization by benthic heterotrophs.
Extracellular enzymatic activities in the sediment is
generally recognized as the key step in the degrada-
tion and utilization of organic polymers by bacteria
and a key role in biopolymeric carbon mobilization is
played by aminopeptidase, alkaline phosphatase and
glucosidase activities. In the present study we inves-
tigated bacterial density, bacterial C production and
exo-enzymatic activities (aminopeptidase, glucosidase
and phosphatase activity) in deep-sea sediments of the
Pacific Ocean in relation with the biochemical compo-
sition of sediment organic matter (proteins, carbohy-
drates and lipids), in order to gather information on
organic matter cycling and diagenesis. Benthic viral
abundance was also measured to investigate the poten-
tial role of viruses on microbial loop functioning. Sed-
iment samples were collected at eight stations (depth
ranging from 2070-3100 m) along two transects located
at the opposite side (north and south) of ocean seismic
ridge Juan Fernandez (along latitudes 33° 20’ - 33°
40’), constituted by the submerged vulcanoes, which
connects the Chilean coasts to Rapa Nui Island. Since
the northern and southern sides of this ridge apparently
displayed small but significant differences in deep-sea
temperature (related to the general ocean circulation),
this sampling strategy allowed also investigating the
role of different temperature constraints on bacterial
activity and biogeochemical processes and to define
possible scenarios dealing with climate induced changes
in deep-sea conditions.
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The largest zone of anthropogenic bottom water
hypoxia in the Western Hemisphere occurs seasonally
in the northern Gulf of Mexico. This hypoxic zone
reaches its greatest extent in the summer months and
is a consequence of seasonal stratification of the wa-
ter column combined with the decomposition of organic
matter derived from accelerated rates of primary pro-
duction. The enhanced primary production is driven
by inorganic nitrogen input from the Mississippi River
and these conditions would seem ideal for supporting
high levels of denitrification. Yet sediment denitrifica-
tion exhibited a wide range, even at the height of the
seasonal hypoxia. Therefore, we compared benthic den-
itrifier abundances and denitrifier diversity at several
stations over two seasons exhibiting extremes in deni-
trification to evaluate the relationship between abun-
dances, diversity and denitrification levels. Sediment
denitrification ranged from 20 to 100 umol m-2 h-1,
with rates in July, 2000 approximately half that ob-
served in July, 2001. The highest rates were generally
observed at stations with bottom water DO concentra-
tions between 1 and 3 mg I-1. Relative denitrifier abun-
dances, using nirS and nirK as proxies for denitrifiers,
suggested a direct relationship between abundances and
denitrification while denitrifier diversity, measured by
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