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Since early 1980s, water management for rice agri-
culture in China has substantially changed, with mid-
season drainage gradually replacing the traditional
practice, continuous flooding over this 20-year period.
This change provided an opportunity for us to estimate
how a management alternative could impact greenhouse
gas emissions at a large regional scale. To answer this
question, we developed a tool by integrating a process-
based model, DNDC, with a GIS database. With this
tool, we simulated carbon sequestration in and CH4
and N2O emissions from all of the rice paddies (about
30 million ha) in China based on 1990 climate and man-
agement conditions. Two water management scenar-
ios, continuous flooding and midseason drainage, were
applied in the simulations to quantify their effects on
emissions of the three greenhouse gases. The modeled
results indicated significant impacts of the change in
water management on both CH4 and N2O emissions al-
though CO2 fluxes were only slightly altered. Methane
emissions were reduced over the 20-year period by
about 40 percent, or by 5 Tg/yr, roughly 5-10 percent
of total global methane emissions from rice paddies.
The mitigating effect of midseason drainage on CH4
was highly uneven across the country with the highest
reduction rates (200-290 kg CH4-C/ha) for provinces
Hainan, Sichuan, Hubei and Guangdong where double-
or triple-cropping rice systems dominated with warm
weather and high-clay soils, and the lowest reduction
rates (less than 25 kg CH4-C/ha) for Tianjin, Hebei,
Ningxia, Liaoning and Gansu where there were only
single cropping systems with relatively cool weather
and low-clay soils. Shifting water management from
continuous flooding to midseason drainage increased
N2O emissions from Chinese rice paddies by 0.15 Tg
N per year, which offset a large fraction (65 percent)
of the greenhouse gas benefit gained by the decrease
in CH4 emissions. The midseason drainage-induced
N2O fluxes were high (higher than 8.0 kg N/ha) in
Jilin, Liaoning, Heilongjiang and Xinjiang where the
paddy soils contained relatively high organic matter.
In conclusion, the water management alternative (i.e.,
midseason drainage) has been predicted to have very
different effects on mitigation when it is implemented
across climatic zones, soil types, or cropping systems.
The maximum CH4 reductions and minimum N2O in-
creases can be obtained when the alternative manage-
ment is applied in the rice areas with warm weather,
high soil clay content, and low soil organic matter con-
tent. The provinces of Sichuan, Hubei, Hunan, Guang-
dong, Guangxi, Anhui and Jiangsu, which possess 60
percent of the rice paddies in China and produce 65
percent of China’s rice harvest, fall into the category.

URL: http://www.dndc.sr.unh.edu
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The changes of soil organic carbon depend not only
on biogeochemical and climatological processes, but
also on human activities and their interaction with car-
bon cycle. A long history of agricultural exploitation,
forest management practice, rapid change in land use,
forestry policies, and economic growth suggest that
Chinese terrestrial ecosystems play an important role
in the global carbon cycles. Using the data compiled
from China’s second national soil survey and an im-
proved method of soil carbon bulk density, we have es-
timated the changes of soil organic carbon due to land
use, and compared the spatial distribution and stor-
age of soil organic carbon (SOC) in cultivated soils and
non-cultivated soils in China. The results reveal that
57% of the cultivated soil subgroups ( 31% of the to-
tal soil surface) have experienced a significant carbon
loss, ranging from 40% to 10% relative to their non-
cultivated counterparts. The most significant carbon
loss is observed for the non-irrigated soils (dry farm-
land) within a semi-arid/semi-humid belt from north-
eastern to southwestern China, with the maximum loss
occurring in northeast China. Our results suggest that
total organic carbon storage in soils in China is esti-
mated to be about 70.31 Pg, representing 4.7% of the
world storage. The results also indicated that a soil
organic carbon loss of 7.1 Pg was primarily due to hu-
man activity, in which the loss in organic horizons has
contributed to 77%. This total loss of soil organic car-
bon in China induced by land use represents 9.5% of
the world’s soil organic carbon decrease.
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Since July 2002, a 3-year Canada-China joint
project was funded by the Canadian International De-
velopment Agency and the Chinese Academy of Sci-
ences to assess the current status of China’s forests and
the impacts of forestry activities on carbon sequestra-
tion. From1973 to 2001, China’s total forested area
increased from 122 Mha to 159 Mha, owing to large-
scale reforestations for the main purpose of soil erosion
control. In this project, four local forest sites in Chang-
baishan, Heihe, Liping and Xingguo in various regions
are chosen for intensive assessments of forest and soil
stocks. Ground-based measurements of leaf area index
(LAI), net primary productivity (NPP), soil texture,

vegetation and soil carbon stocks are used to calibrate
models. High-resolution remote sensing images from
ASTER and ETM are used to map LAI and NPP of
these sites and for upscaling to the whole China based
on MODIS and VEGETATION images. Remote sensing
techniques and carbon cycle models (BEPS, InTEC) de-
veloped in Canada are being adapted to China’s ecosys-
tems. Preliminary results suggest that new reforested
areas since 1970 are now actively sequester carbon,
making the overall forested area as a carbon sink in
the last few decades. Efforts are being made to reduce
uncertainties in the estimation through incorporating
new nation-wide datasets of forest age, soil texture and
organic matter, nitrogen deposition, etc. At Chang-
baishan, Liping and Heihe, integrated assessments are
being conducted to investigate the impacts of reforesta-
tion (Grain-to-Green) programs on the social and eco-
nomic status of farmers as well as the ecological envi-
ronment and land use options to maximize carbon se-
questraton.

URL: http://www.utoronto.ca/cccs2002/index.html
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Information on spatial extent and seasonality of in-
undation and paddy rice fields are needed for water
resource management, trace gases emission, and food
security. In this study we reported an effort to use
images from Moderate Resolution Imaging Spectrora-
diometer (MODIS) sensor onboard NASA EOS Terra
satellite to map inundation and paddy rice fields in
southern China. Paddy rice fields are characterized
by a period of inundation and open canopy (a mix-
ture of surface water and rice crops). We developed a
temporal profile analysis procedure that uses time se-
ries data of improved vegetation indices to identify and
map inundation and paddy rice fields. The MODIS-
based algorithm uses both Enhanced Vegetation Index
(EVI) and Land Surface Water Index (LSWI), and ex-
cludes those pixels that are covered by cloud and snow
from the analysis. Permanent water body mask and
digital elevation model were also used in the analysis.
Using multi-temporal 8-day composite of MODIS im-
ages at 500-m spatial resolution in 2002, we generated
a map of inundation and paddy rice fields in southern
China. The MODIS-derived paddy rice map was com-
pared with the other datasets of paddy rice agriculture,
including the paddy rice map derived from analysis of
Landsat ETM+ images in 1999/2000. The results from
the comparison have indicated that the MODIS-based
algorithm could potentially be applied at large spatial
scale for mapping and monitoring of inundation and
paddy rice agriculture.
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In this paper we investigate the hydrology of a semi-
arid seasonal cloud forest in Dhofar (Oman, Arabian
Peninsula). Over the last 30 years the region has lost
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vegetation cover, where closed canopy forests have be-
come fragmented, presumably as a result of increased
browsing pressure from livestock. In this area the mean
annual temperature is 21 degree Celsius and the mean
annual precipitation is 250mm, most of which falls dur-
ing the 3 month long wet season. We use meteorolog-
ical and hydrological measurements in an intact forest
patch to investigate the hydrology of the forest in situ.
This investigation will help us study the potential con-
sequences for the removal of vegetation to the hydrol-
ogy of the region and the potential for re-growth of the
removed vegetation cover. Measured through-fall and
stem-flow are considerably higher than measured rain-
fall above the canopy during the wet season. This is
a result of additional water gained through interaction
between trees and clouds, called horizontal precipita-
tion. At the same time potential evaporation and sap
flow are suppressed during the wet season as the per-
manent cloud cover reduces incoming radiation. As a
result, soil moisture increases during the wet season
and decreases only when the clouds recede. After the
end of the wet season the trees continue to be produc-
tive and transpire for another three month, using water
stored in the lower soil horizons during the wet season.
We conclude that the combination of horizontal pre-
cipitation and low net radiation during the cloudy sea-
son is a key condition for replenishing deep soil water
storage, which promotes net primary productivity of
deeper rooted plants beyond the end of the wet season.
We speculate that the removal of trees may cause lower
amounts of horizontal precipitation, resulting in lower
deep soil water storage at the end of the wet season
and a shorter period of positive net primary productiv-
ity. The shortening of this productive period in turn
may inhibit re-vegetation of the degraded areas with
perennial plants, such as trees.
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Enhanced release of CO2 from soils due to in-
creased temperatures may lead to a positive feedback
between climate change and the carbon cycle, result-
ing in much higher CO2 levels and accelerated global
warming. However, the magnitude of this effect is un-
certain and critically dependent on the response of soil
respiration to changes in climate. Previous studies
with the Hadley Centre’s coupled climate-carbon cy-
cle GCM (HadCM3LC) have used a simple, single-pool
soil carbon model to simulate the response. Here we
present results from experiments which use the more
sophisticated “RothC” multi-pool soil carbon model
driven with the same climate data. The results show
strong similarities in the behaviour of the two mod-
els, although RothC tends to simulate slightly smaller
changes to global soil carbon amounts for the same forc-
ing. We conclude that the projection of a positive feed-
back between climate and carbon cycle is robust to us-
ing these very different representations of soil carbon
dynamics but the magnitude of the feedback is depen-
dent on the form of the soil carbon model.

B12A-02 1045h INVITED

The Terrestrial Carbon Cycle and the
Role of Historical Land Cover Change
in the UVic Earth System Climate
Model

H. Damon Matthews1 ((403) 290-1146;
damon@ocean.seos.uvic.ca)

Andrew J. Weaver1 ((250) 472-4006;
weaver@ocean.seos.uvic.ca)

Katrin J. Meissner1 ((250) 472-4060;
katrin@ocean.seos.uvic.ca)

1University of Victoria, School of Earth and Ocean
Sciences, Ian Stewart Complex, PO Box 3055 Stn
CSC, Victoria, BC V8W 3P6, Canada

The behaviour of the terrestrial carbon cycle un-
der historical and future climate change is examined
using the UVic Earth System Climate Model, which in-
cludes a dynamic terrestrial vegetation and global car-
bon cycle model. When the model is forced by his-
torical emissions of anthropogenic carbon dioxide the
UVic ESCM reproduces well the observed increase in
atmospheric CO2. When anthropogenic emissions are
separated into those from fossil fuel combustion and
those from land cover change, we find that historical
land cover change emissions contribute an additional 26
ppmv of atmospheric CO2 by the year 2000 and result
in an increase in simulated twentieth century warming
of 0.3 ◦C. This result is compared to a transient model
simulation forced solely by the land-surface changes
(such as surface albedo) that have resulted from his-
torical land cover change. This transient simulation re-
sults in a global cooling of –0.15 ◦C from 1850 to 2000,
and as a result, we conclude that the net effect of his-
torical land cover change has been to contribute 0.15◦C to anthropogenic climate warming. Carbon cycle
and climate simulations are extended into the future,
forced by six projections of anthropogenic CO2 emis-
sions from 2000 to 2100, taken from the Special Report
on Emission Scenarios (SRES). Under these future sce-
narios terrestrial and oceanic carbon sinks continue to
take up anthropogenic carbon, though there is evidence
that the terrestrial carbon sink weakens somewhat over
the 21st century. When plotted as a fraction of an-
thropogenic emissions, fractional terrestrial uptake de-
clines noticeably after the year 2000, leading to an in-
crease in the fraction of emissions remaining in the at-
mosphere. Analysis of the feedbacks that operate be-
tween the terrestrial biosphere and climate reveals that
the dominant effect is a negative feedback that results
from increased plant photosynthesis under elevated at-
mospheric CO2. A smaller positive feedback to climate
results from increased soil respiration in response to
climate warming.
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Australian land cover has been dramatically altered
since European settlement primarily for agricultural
utilization, with native vegetation widely replaced or
modified for cropping and intensive animal production.
While there have been numerous investigations into
the regional and near surface climate impacts of Aus-
tralian land cover change, these investigation have not
included the climate impacts of larger-scale changes
in atmospheric circulation and their associated feed-
backs, or the impacts of longer-term soil moisture feed-
backs. In this research the CSIRO General Circula-
tion Model (GCM) was used to investigate the climate
impacts of Australian land cover change, with larger-
scale and longer-term feedbacks. To avoid the common
problem of overstating the magnitude and spatial ex-
tent of changes in land surface conditions prescribed in
land cover change experiments, the current Australian
land surface properties were described from finer-scale,
satellite derived land cover datasets, with land surface
conditions extrapolating from remnant native vegeta-
tion to pre-clearing extents to recreate the pre-clearing
land surface properties. Aggregation rules were applied
to the fine-scale data to generate the land surface pa-
rameters of the GCM, ensuring the equivalent sub-grid
heterogeneity and land surface biogeophysics were cap-
tured in both the current and pre-clearing land sur-
face parameters. The differences in climate simulated
in the pre-clearing and current experiments were ana-
lyzed for changes in Australian continental and regional
climate to assess the modeled climate impacts of Aus-
tralian land cover change. The changes in modeled cli-
mate were compared to observed changes in Australian
precipitation over the last 50 and 100 years to assess
whether modeled results could be detected in the his-
torical record. The differences in climate simulation
also were analyzed at the global scale to assess the im-
pacts of local changes on larger scale circulation and
climate at distance from the land cover changes. The
Australian continental and regional analyses demon-
strated that Australian land cover change did have sta-
tistically significant impacts on air temperature and
precipitation simulated in the CSIRO GCM. While
none of the statistically significant trends in annual
precipitation were found to be statistically significant
in the climate modelling experiments, the modelled re-
ductions in annual precipitation for south east Queens-
land and eastern New South Wales corresponded with
the strong drying trends in those areas for 1950 - 1999.
Larger scale analysis of differences in climate suggested
the local changes in surface fluxes had strong impacts

on atmospheric circulation. The largest changes were
in austral summer (DJF) circulation where monsoon
flow into northern Australia was reduced, correspond-
ing with increased monsoon flow into the South Pacific
Convergence Zone and increased south easterly wind
flow into eastern Queensland. These changes in circu-
lation influenced DJF moisture flux into northern and
eastern Australia, which intensified the direct warming
and drying impact caused by the reduced transpiration
from land cover change.

B12A-04 1115h

A Protocol for Identifying and
Evaluating Key Feedbacks in Coupled
Terrestrial Carbon Cycle-Climate
Models

Anthony W. King1 (865-576-3436; kingaw@ornl.gov);

Marcia Branstetter2 (branstetterm@ornl.gov);
David J. Erickson2 (ericksondj@ornl.gov);
Lianhong Gu1 (lianhong-gu@ornl.gov); Feifei
Pan1 (panf@ornl.gov); Wilfred M. Post1

(postwmiii@ornl.gov)

1Environmental Sciences Division, Oak Ridge Na-
tional Laboratory, P.O. Box 2008, Oak Ridge, TN
37831-6335, United States

2Computer Science and Mathematics Division, Oak
Ridge National Laboratory, P.O. Box 2008, Oak
Ridge, TN 37831-6016, United States
Land and ocean carbon cycling are greatly influ-

enced by climate and atmospheric CO2. In turn, atmo-
spheric CO2 is influenced in the short-term and long-
term by terrestrial and oceanic carbon cycle processes.
Carbon cycle-climate feedbacks play a key role in how
fast the Earth warms due to greenhouse gas release.
The difficulty of including and evaluating feedback pro-
cesses in global climate models stems from both cli-
mate science and computational science considerations.
The scientific challenge for computational climate sci-
ence is identification and suitable representation of sig-
nificant carbon cycle feedbacks in the climate system,
particularly ones that will change over the next sev-
eral decades. We outline methods to identify terrestrial
carbon cycle and hydrological feedbacks that are large
enough to demand increased attention in the continuing
development of climate system models. This is accom-
plished by employing local, site-scale terrestrial carbon
and/or hydrologic cycle models that contains process
representation of photosynthesis, respiration, decompo-
sition, disturbance, hydrology and vegetation change.
These simulations provide insight into mechanisms and
complex interactions and secondary effects. A quanti-
tative method involving “off-line” or decoupled global
biosphere models is derived to compare the response
of each of these processes, at a global scale, to global
changes anticipated to occur over the next century.
This method can expose unforeseen processes that are
significant for carbon cycle-climate simulations. We
provide a detailed example of the potential impact of
temperature acclimation on heterotrophic respiration
and positive climate-carbon feedback at high tempera-
tures. Temperature acclimation itself does not signifi-
cantly reduce the gain in carbon cycle-climate feedback.
However, the response of the specific temperature func-
tion in the range of 15 to 35 ◦C and the readjustment
of the relative magnitudes of the various soil carbon
pools are significant. Accordingly these are the ecosys-
tem processes that should receive priority consideration
in evolving coupled climate-carbon models.

B12A-05 1130h

A Simple Approach to Estimating
Temporal Changes in Global
Vegetation for Use in a Coupled
Terrestrial Ecosystem-Atmosphere
Model

Audrey Wang1 (1-780-435-7296;
awang@nrcan.gc.ca)

David T. Price1 (1-780-435-7249;
dprice@nrcan.gc.ca)

Vivek Arora2 (1-250-363-8246; vivek.arora@ec.gc.ca)
1Dept. Renewable Resources, U Alberta, Northern

Forestry Centre, 5320-122 Street, EDMONTON, AB
T6H 3S5, Canada

2Canadian Centre for Climate Modelling and Analy-
sis, PO BOX 1700, STN CSC, VICTORIA, BC V8W
2Y2, Canada
Human-caused conversion of natural ecosystems to

agricultural land is thought to have significant impacts
on the global carbon cycle and climate. Hence, cap-
turing such effects in global terrestrial ecosystem mod-
els is an important requirement when accounting for
land-use change effects in coupled carbon-climate mod-
els. In this study, changes in area fractions of 10 Plant
Functional Types (PFT) were estimated for the period
1850-2100, from changes in global cropland area ob-
tained from the Ramankutty & Foley dataset (R&F).


