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The Kyoto Protocol has sharpened the focus on

the possible role of forests in contributing to or mit-
igating climate change. The understanding of car-
bon dynamics, and the prediction of future carbon
stock changes, rely on an analysis of the past forest
dynamics. Historical data may often be incomplete,
approximate, or strongly generalized. To circumvent
this problem, we have recently developed a method
for producing precise reconstructions of the forest’s
three-dimensional structure. A top-of-canopy digital
surface model (DSM) is created using stereo match-
ing techniques applied to scanned historical aerial pho-
tographs. The DSM is registered to a very accurate
below-canopy digital terrain model (DTM) generated
using scanning laser altimetry. The elevation differ-
ence between the top-of-canopy DSM and the below-
canopy DTM corresponds to canopy height, and consti-
tute a canopy height model (CHM). We can thus ret-
rospectively quantify the structural changes, including
growth, disturbances, and gaps, for at least the past 60
years, with good accuracy. Recent studies have shown
that reliable estimates of forest above ground biomass
can be derived from high resolution CHMs. By applying
such methods to retrospective CHMs, a detailed anal-
ysis of forest biomass and carbon stock changes for a
number of ecosystem types of the Canadian forest is
currently being performed.

URL: http://www.unites.uqam.ca/dgeo/biocap
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Gross primary production (GPP) of vegetation is
one of the key processes that determine net ecosys-
tem exchange (NEE) of CO2 between the atmosphere
and forest ecosystems. CO2 flux measurements at in-
dividual CO2 eddy flux sites provide valuable datasets
for parameterization and validation of satellite-based
diagnostic models. In this paper, we developed and
validated the satellite-based Vegetation Photosynthe-
sis Model (VPM) for modeling GPP, and applied it to
a temperate deciduous broadleaf forest in the north-
eastern United States. VPM model estimates GPP
of vegetation, using two improved vegetation indices
(Enhanced Vegetation Index, Land Surface Water In-
dex), temperature and photosynthetically active radia-
tion (PAR) data. Three sets of simulations of the VPM
model were conducted using input data from both the
VEGETATION (VGT) and Moderate Resolution Imag-
ing Spectroradiometer (MODIS) sensors. The first sim-
ulation used vegetation indices from 10-day compos-
ite VGT images and site-specific air temperature and
PAR data from 4/1998 to 12/2001. The second simu-
lation used vegetation indices from the 8-day MODIS
Surface Reflectance Product, site-specific air tempera-
ture and PAR data in 2001. The third simulation used
vegetation indices from the 8-day MODIS Surface Re-
flectance Product, land surface temperature from the
8-day MODIS Land Surface Temperature Product and
site-specific PAR data in 2001. Predicted GPP values

in the three simulations of VPM model agreed reason-
ably well with observed GPP of deciduous broadleaf
forest in Harvard Forest, Massachusetts. This study
highlighted the biophysical performance of improved
vegetation indices in the context of GPP and demon-
strated the potential of the VPM model for estimating
GPP of deciduous broadleaf forests.
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The Sahel belt of north Africa has been flagged as
a hotspot for land cover change. For the period 1982-
1999, Eklundh and Olsson (2003) identify large areas of
strong, positive trends in NOAA AVHRR-derived NDVI
(Normalized Difference Vegetation Index). This discov-
ery implies that the Sahel may play a significant role
in the tropical carbon cycle. The NDVI is a quantita-
tive indicator of relative vegetation amount, and has
traditionally been used as a surrogate measure of NPP
(Net Primary Production), often expressed in terms
of carbon content. It cannot, however, quantify ab-
solute NPP amounts. The goal of our work is to es-
timate the magnitude of the increase in carbon stor-
age in the vegetation of the Sahel for the period 1982-
1999 using a light-use efficiency model. A light-use
efficiency model encapsulates the essence of the plant
growth process at an aggregate level; solar radiation is
absorbed by plants to provide energy for photosynthe-
sis, while soil moisture controls the efficiency of light
usage. Our model runs at a monthly time-step (the hy-
drological component has a quasi-daily time-step), and
is driven by data from the NOAA AVHRR (Seaquist et
al., 2003). The model has undergone sensitivity testing,
and various sub-components of the model have been
validated. After implementation, monthly NPP sur-
faces were summed to yield total growing season (May
to October) amounts, expressed as carbon content, for
the 17-year period. Trends were estimated by fitting
linear functions to the data on a pixel-by-pixel basis
using ordinary least squares regression. Only those
trends that were statistically significant at the 95%
confidence interval were mapped. The results show a
conspicuous band of moderate to strong increase (25-
75%) in NPP across the Sahel belt, especially through-
out Mali, Burkina Faso, northern Nigeria, and into
Central Chad. The trends become weaker further east,
before they intensify through central and southern Su-
dan. Our calculations show that the average rate of
increase in vegetative carbon storage has been 8 gCm-
2yr-1 for the Sahel, while certain areas sequestered sub-
stantially more, up to 20 gCm-2yr-1. For the Sudano-
Sahel region as a whole (from 8 to 20 degrees north lati-
tude) this equals a total increase of approximately 0.06
GtCyr-1. Schimel et al. (2001) point out that for the
tropics (30 degrees south latitude to 30 degrees north
latitude), terrestrial ecosystems sequester carbon at a
rate of about 2.0 GtCyr-1, offsetting the emissions of
about 1.6 GtCyr-1 due to tropical deforestation. Our
results imply that the Sahel may be part of this sink.
Increasing rainfall over the last few years is certainly
one reason for the trend, but does not fully explain the
change. Other factors, such as land use change and
migration may also contribute. Our work takes a sig-
nificant first step toward contextualizing the role of the
Sahel in the tropical carbon budget, but a complete car-
bon modelling exercise considering below-ground com-
ponents will be required to support the sink hypothe-
sis. Eklundh, L., and Olsson, L. 2003. Vegetation in-
dex trends for the African Sahel 1982-1999. Geophys.
Res. Lett. 30(8): 1430, doi:10.1029/2002GL016772.
Schimel, D. S., House, J.I., et al. 2001. Recent pat-
terns and mechanisms of carbon exchange by terrestrial
ecosystems. Nature 414, 169-172. Seaquist, J.W., Ols-
son, L., and Ardö, J. 2003. A remote sensing-based
primary production model for grassland biomes. Ecol.
Mod., 161, 131-155.
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The Boreal Ecosystem Research and Monitor-

ing Sites (BERMS) program is a multi-year, inter-
disciplinary study of the carbon, water and energy cy-
cles of the southern Canadian boreal forest in relation
to inter-annual climate variability, ecosystem type, and
stand age following disturbance by fire and harvest.
The three primary BERM sites (Old Aspen, Old Black
Spruce, and Old Jack Pine) were established in 1993-
4 as part of the Boreal Ecosystem-Atmosphere Study
(BOREAS) and have continued since 1997 as part of
BERMS. In addition, six satellite sites have been es-
tablished in young forest stands following disturbance
by fire and harvest. The BERM sites are the flagship
tower flux sites of the new national Fluxnet-Canada
Research Network. The BERMS region has become a
“super-site” for collaborative research by others, as the
tower network and auxiliary observations provide a re-
search data base suitable for many other environmental
studies. We report a synthesis of flux and climate data
from 1994-2003. Two climatic features dominate the
1994-2003 time series: the contrasting warm springs of
1998 and 2001 and cool springs of 1996 and 2002, and
the extended drought of 2001-2003. The synthesis will
include: an evaluation of inter-annual climate variabil-
ity and its effects on the carbon and water budgets of a
boreal aspen forest; a comparison of three contrasting
boreal forest ecosystems (aspen, black spruce and jack
pine); and a comparison of forest stands of different
ages following disturbance by fire and harvest.
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Methane (CH4) fluxes were measured at a wide
range of wetland and upland sites with a static cham-
ber technique during two years with different climate
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patterns as part of the BOReal Ecosystem Atmosphere
Study (BOREAS), near Thompson, Manitoba. June-
September 1994 and 1996 were both drier and warmer
than normal, but summer 1996 received 50 mm more
precipitation than 1994 and had a mean daily tem-
perature of 1oC greater than in 1994. Seasonal av-
erage methane emissions in the wetlands ranged from
30 to 250 mg CH4 m−2 d−1 across a diverse mosaic
of bogs, fens and permafrost collapse scars (pH 3.9-
7.2) and increased an average of 60% during the wetter
and warmer 1996 growing season (ranging from 15% to
100% increase depending on initial moisture status).
CH4 fluxes in the uplands (jack pine, black spruce)
ranged from a small sink to a small source, and were
not significantly different between years. Extrapolat-
ing across the Northern Study Area (NSA), based on
relative percent cover of different wetland and upland
ecosystems, we calculated the percent change in CH4
fluxes between years. Although wetlands cover less
than 10% of the landscape in the NSA, they dominate
the increase in CH4 emission between 1994 and 1996.
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We studied how temperature and moisture affect
soil respiration and potential sources (roots and mi-
crobial) along a chronosequence of six forest stands
ranging from 0 to 150 years following fire. Study sites
are located in the BOREAS Northern Study Area in
Canada (55N, 98W). The vegetation is dominated by
black spruce (Picea mariana) and mosses on clay soils
with underlying permafrost. At all sites we measured
soil respiration with dynamic chambers and root respi-
ration by field incubations. We determined microbial
respiration using laboratory incubations at 0, 73, and
150 years since fire at three temperature and two mois-
ture levels. We determined the radiocarbon (∆14C)
signature of individual respiration sources with AMS.
Shortly after fire soil respiration was dominated by root
respiration. The fraction of microbial respiration in-
creased with increasing stand age. 15-40 years after
fire carbon in the lower organic layer and mineral soil
was the source of microbial respiration. In older stands
carbon in the upper organic layer was the dominant
source. CO2 respired from black spruce roots was on
average 3 to 4 years older than ambient air and thus re-
cent photosynthates. To determine the carbon source of
root respiration we measured the ∆14C values of nee-
dle and root soluble carbohydrates and starch. Micro-
bial respiration increased with increasing temperature
and moisture, with no significant changes in the ∆14C
values of the respired CO2. Total fluxes and moisture
response of upper organic layers were higher than of
lower organic layers.
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Soil C reflects long-term net ecosystem production
(NEP); therefore, spatial patterns of soil C storage lend
insight into broad, lasting variations in NEP. Boreal
forests are unique in that many soils retain enough or-
ganic matter to develop a chronology of C accumula-
tion, which is related to both fire cycles and permafrost
cycles: Accumulation of organic matter in the pres-
ence of permafrost or shallow water tables has allowed
carbon to become buried into wet, cold environments

that were inaccessible to subsequent fire and decom-
position. Aggradation of permafrost has allowed re-
peated fire and regrowth cycles to become buried in
accreting peats, particularly peat plateaus. Most up-
lands, by contrast lost their carbon by efficient de-
composition and fire events. Based on large carbon
stocks of northern soils, we hypothesized that recent
occurrences of wildfires should reflect a similar spatial
pattern in which poorly drained soils sustain propor-
tionately less burned area than well drained soils. Sur-
prisingly, we found that in Alaska and western Canada
over the past 50 years, burning did not occur preferen-
tially in drier, upland areas. Moreover, in Alaska, wet-
ter areas sustained a disproportionately greater burn
area than drier areas relative to the statewide distri-
bution of wetter to drier landscapes. This suggests
to us that the long-term patterns of NEP are out of
phase with recent decades. Recent measurements of
climate and carbon accumulation rates also allude to
modern systems being out of phase with long-term av-
erages. For instance, at the northern old black spruce
site in Manitoba (NOBS), organic matter has accumu-
lated over the past 6500 years and yet NEP data from
the past 10 years indicates that the net accumulation
is zero. Furthermore, our NEP reconstructions based
on current temperature and decomposition responses
over repeated fire and regrowth cycles suggest that ei-
ther colder temperatures and/or more stable forms of
carbon may be responsible for the large C stocks that
reside beneath the wetter black spruce/sphagnum sys-
tems, which comprise about 50% of the NOBS foot-
print. Last, in many sites at NOBS, moss and tree in-
dications of recent permafrost have not been supported
by the presence of frost in late summer, which appears
most sensitive to summer rain than to summer temper-
ature. These systems are sensitive to complex interac-
tions among local temperature, precipitation, and veg-
etation shifts yet we raise the question as to whether
there is converging evidence that boreal forests are un-
dergoing a marked shift in disturbance patterns, re-
duced NEP, and permafrost degradation that is un-
precedented for the millennial timescale in which these
northern soils have formed.
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Forest fire is a natural part of forest ecosystems and
plays an important role in fuel load reduction, tree
growth and mortality, and carbon/nitrogen cycling.
Over the past century, the changes in land use and land
management activities have changed the regime of for-
est fires. To better understand the effects of forest fires
on forests as well as the interactions between human ac-
tivities and forest fire regime, a fire module has been
developed and incorporated into the TRIPLEX forest
ecosystem model (TRIPLEX-Fire). TRIPLEX-Fire can
be divided into three parts: fire ignition, fire intensity,
and fire effects. Fire ignition is simulated as a spatially
stochastic process under specific conditions of climate,
fuel loadings and fuel moisture. Combustible areas,
fireline intensity, and scorch height are major variables
for simulating fire intensity. Fire-induced tree mortal-
ity, fuel load reduction, carbon emissions to the at-
mosphere, and soil carbon/nitrogen transformation are
simulated and incorporated with post-fire regeneration
as a part of fire effects. Observations from two sites in
BOREAS study areas were used to calibrate and verify
the TRIPLEX-Fire model. Simulations were performed
under different scenarios of land use and management
to investigate the possible impacts of fire disturbances
on the Canadian boreal forest.
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Understanding the biogeochemistry of greenhouse
gas (GHG) production in boreal upland reservoirs is
one objective of the FLooded Upland Dynamics EX-
periment (FLUDEX) at the Experimental Lakes Area
(ELA). The decomposition of flooded organic mat-
ter produces dissolved inorganic carbon (DIC) and
methane (CH4), and consumes oxygen (O2). To de-
termine the magnitude of biological processes (com-
munity respiration, primary production, CH4 produc-
tion, and CH4 oxidation), isotopic ratio mass budgets

of 13C/12C in DIC and CH4, and 18O/16O in O2 were
constructed for the 5 years of FLUDEX. Analysis of
18O/16O in O2 by continuous flow is a relatively new
technique an can be used to separate O2 consumed by
decomposition from O2 produced by primary produc-

tion because each process affects the 18O/16O in O2
at a different magnitude and in opposite direction. Iso-
topic ratio analyses show that up to 40% of DIC pro-
duced by community respiration is removed by primary
production and that O2 evolution by primary produc-
ers is an important source of O2 to keep the water
column fully oxygenated for fish survival. O2 produc-
tion by benthic primary producers also facilitated in-
creased CH4 oxidation across the sediment-water inter-
face. In addition to the important role O2 played in
GHG biogeochemistry, diurnal and seasonal dynamics
of 18O/16O in O2 were used to constrain GHG emis-
sions.
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A dynamic global vegetation model is being devel-
oped at the NASA Goddard Institute for Space Stud-
ies (GISS) suitable for decadal to century long simu-
lations and for full coupling with atmospheric general
circulation models (AGCMs). The model uses compu-
tationally efficient, process-based algorithms to predict


