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Carbon Cycle Net Ecosystem Production NEPNet Ecosystem Production, NEP 
= Photosynthesis (or GPP) 

- Plant & Soil Respiration

Plants & Soils (=Ecosystem)
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Net Ecosystem Exchange,
NEE NEPPlants & Soils (=Ecosystem)

If NEP>0 carbon uptake by the ecosystem

NEE = - NEP

If NEP>0, carbon uptake by the ecosystem
If NEP<0, carbon emission by the ecosystem



Global Carbon Budget (Gt C yr-1), 1990-1999 (1 Gt=109t)
(based on the IPCC Assessment Report 4, 2007)
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Net Ecosystem Production under global warming
predicted by various modelsp y

(from Cramer et al. 2001)
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• Models predict that terrestrial ecosystems under global 
warming will absorb more carbon until 2050-2100 and then 
carbon uptake will reduce.p

• However, the quantitative results are different among the 
models.



Carbon uptake or emission
by terrestrial ecosystemsby terrestrial ecosystems

• Models predict that terrestrial ecosystems under global p y g
warming will absorb more carbon until 2050-2100 and then 
carbon uptake will reduce.
H th tit ti lt diff t th• However, the quantitative results are different among the 
models.

Many uncertain components are involved in the• Many uncertain components are involved in the 
present models – the subject of this session.

• More careful studies are needed to estimate 
terrestrial NEP under global warming.

How to overcome the uncertainties? - Discussion



Part of the reason for
the uncertainties in NEP prediction modelsthe uncertainties in NEP prediction models

under global warming …
difficulties in developing mechanistic models 

for several important ecophysiological processes
(empirical modelling is possible)(empirical modelling is possible)

● root biomass, soil respiration

the hidden half of terrestrial ecosystems
not so many data available, we need more data

● plant adaptation, acclimation, plasticity

have hardly been dealt with explicitly in prediction models.
how should we deal with these processes? 



An Example of Plant Adaptation to Drought Stress 
(f T b t t l 2008)

10e
Betula ermanii (birch)

(from Tabata et al. 2008)
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1st year: well irrigated
2nd year: well irrigated

1st year: drought stressed
2nd year: drought stressed

1st year: well irrigated
2nd year: drought stressed2nd year: well irrigated 2nd year: drought stressed

(many fine roots produced)
2nd year: drought stressed

plant adaptation seems to take place quickly; in other species also?plant adaptation seems to take place quickly; in other species also?

long-term study for various species is needed (several years for trees)



Land Use Change
50-year-old Larix (larch) forest 

after a forest fire (Kamchatka, Russia)
50-year-old Picea (spruce)-Abies (fir) forest

after a big typhoon (Hokkaido, Japan)

In boreal regions, it takes a long time for a forest to develop after disturbance

Effects of land use change (deforestation, forest fire, etc)
on terrestrial NEP differ among regions

how and to what extent? – uncertainties; we need more data
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12 sites in 6 regions
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According to Prof. Maximov,

total Russian NEP = 1.9 Gt C yr-1 (!?)

ca. 75% of the global terrestrial NEP, 2.6 Gt C yr-1,

estimated by the IPCC 2007 

energy-water-carbon flux measurements 
at 12 plot-scale sites in Russia

→ estimate of total Russian NEP

spatial variations and uncertainties must be involved!


