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Ecosystem Carbon Budget
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[ Net ecosystem CO, budget is
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*Photosynthesis = f(PAR, T, SW, CO,,
leaf mass, [N, P])
*Respiration = f(T, biomass)
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Response to warming: physiology
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Response to warming: physiology

Drastic change?

sink to source
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Difficulties

® Heterogeneity and temporal change in warming
® Uncertainty in warming prediction [AOGCM / ESM]
® Heterogeneity in physiological responsiveness
® Other factors
e Land-use change: deforestation & afforestation
» Wild fire and biomass burning
* Biome shift (poleward forests, encroach shrubs)

« CH,, N5O, and other trace gases
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Current Modeling
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Current Modeling
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Current Modeling

Dynamic vegetation Disturbance

impacts

(DGVM)
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Other factors Blomass

CO2 burning?
fertilization
effect?

CH, and N,O
emission?
(permafrost?)
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Model uncertainty

W SO Cramer et al. (1999)
‘& % e 17 model NPP estimations:
P vt 30-80GtC/yr

NEF (10" g Cyr")

Cramer et al. (2001)
6 DGVMSs:
different NEP & biome shift

5 o0 .~ Fnedlingstein et al. (2006)
s 11 climate-carbon cycle models:
R different carbon feedbacks
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Physiological Response
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Physiological Response
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Effects of CH, and N,O

Biogeochemical exchange of non-CO, greenhouse gases (CH,
and N,O) is potentially important. The total budget of Global
Warming Potential (GWP) can be different from NEP.
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Disturbance: local but drastic

disturbance
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Ecological Risk Assessment

Probabillistic evaluation based on multiple scenarios.

2°C<T<3°C
o ;'_=::." . t h-- ¢
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Scholze et al. (2006): Using LPJ model, ecological risks under climate change
were investigated: high risk of river floods, carbon source, and biome shift.
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Integrated Research

Intimate linkage between observation and modeling

Global Warming
Atmospheric Composition Climate System
Environmental o Biotic
Impact Feedback Long-term Change

Integration & Scaling-up

T N
g Land-cover / Sim-C vc LE
Phenology f- ==y—w}
Flux fr o ‘ v

Remote Sensing Ecophysiology

wildfire

o =
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Time (yearsh
' / Global Mapping
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Results :

Monitoring

[ R
low high

Human Management of Carbon Budget (cf. Kyoto Protocol) \Y-J
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Earth Observations

Flux measurement — bottom-up Satellite observation — top-down

e global coverage (over 500 sites) e global coverage

e site scale (km?) e global scale (108 km?)

e long-term continuous (max. 15 years) e long-term continuous (max. 25 years)
e NEE (GPP / Re) e NDVI, LAI, fAPAR, NPP, land cover etc.

NETWORK
AmeriFlux
AsiaFlux
CarboEurope IP
ChinaFLUX
Fluxnet-Canada
Inactive
KoFlux
LBA
Other

AT
OzFlux FLUXNET &: 1
Unaffiliated April 2007 Rl
Byl

MOD12Q1 Version 4 IGBP Landuse
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Observed CO, Budget
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Observed CO, Budget

Annual NEE

Trend in annual NEE

0S¢2-—~00¢-

00Z-~0S1-

0SL-—~00L-

Increase
of sink?
0.0468

o

0S+~00L+

00L+~0SL+

1
w 0 (e} < o o

006-~008-

008-~004-

002-~009-

p < 0.000]1

009-~005-

net sink

00S-~00t-

00¥-~00¢-

00€-~00¢-

(gCm-2yr-1)

002-~00L-

(@)
.
o
o
Q.
©
0p)
(e0)
o
o
N
Q
c
>
kP
<
)
<
(Q\]



Observed CO, Budget
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Trend in annual NEE
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Key Vulnerabllities & Gaps

Permafrost
melting and CH,,
release

Arctic sea-ice
melting (e.g.,
polar bear)

Severer droughts

Policy (e.g.,
CDM, biofuel)

More biomass
purning

Islands and coasts
and sea-level rise

Severer land-use
change
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Stronger tropical
cyclones (e.g.,
Katrina) - floods

Stronger ENSO
and Amazon




Concluding Remarks

B Because of CO, fertilization and climatic warming, terrestrial
ecosystems would act as a net carbon sink (negative feedback) by
ca. 2050, but turn to a net source by the end of 215t century.

B There remain large uncertainties in responsiveness to elevated
CO,, temperature, and precipitation change.

B Additional processes such as CH, and N,O exchange, land-use
change, and biomass burning may not be negligible but can
strongly affect net response (feedback) to global warming.

B Further studies, especially Earth Observations, are required to
understand ecosystem dynamics under global change, improve
models, and make more reliable predictions.
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