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Abstract Terrestrial ecosystem plays the important role as carbon sink in the global carbon
cycle. Understanding of interactions of terrestrial carbon cycle with climate is important for
better prediction of future climate change. In this paper, terrestrial carbon cycle is investigated
by Hadley Centre Global Environmental Model, version 2, Carbon Cycle (HadGEM2-CC) that
considers vegetation dynamics and an interactive carbon cycle with climate. The simulation for
future projection is based on the three (8.5/4.5/2.6) representative concentration pathways
(RCPs) from 2006 to 2100 and compared with historical land carbon uptake from 1979 to
2005. Projected changes in ecological features such as production, respiration, net ecosystem
exchange and climate condition show similar pattern in three RCPs, while the response ampli-
tude in each RCPs are different. For all RCP scenarios, temperature and precipitation increase
with rising of the atmospheric CO,. Such climate conditions are favorable for vegetation
growth and extension, causing future increase of terrestrial carbon uptakes in all RCPs. At the
end of 21st century, the global average of gross and net primary productions and respiration
increase in all RCPs and terrestrial ecosystem remains as carbon sink. This enhancement of
land CO, uptake is attributed by the vegetated area expansion, increasing LAI, and early onset
of growing season. After mid-21st century, temperature rising leads to excessive increase of
soil respiration than net primary production and thus the terrestrial carbon uptake begins to fall
since that time. Regionally the NEE average value of East-Asia (90°E-140°E, 20°N~60°N)
area is bigger than that of the same latitude band. In the end-21* the NEE mean values in East-
Asia area are —2.09 PgC yr™', —1.12 PgC yr!, —0.47 PgC yr™' and zonal mean NEEs of the
same latitude region are —1.12 PgC yr™', —0.55 PgC yr™!, =0.17 PgC yr™' for RCP 8.5, 4.5, 2.6.
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Fig. 1. Atmospheric CO, concentration (ppm) used in this
study.
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Fig. 2. Fractional coverage of global land surface devoted to
agriculture in this study.
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Fig. 3. Global mean temperature ("C) changes and precipitation changes (%) over the period of 2075~2099 minus 1981~2005.

Black line is standard deviation of annual mean values.
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Fig. 4. Changes in the land surface fraction of broadleaf tree (BDF), needleleaf tree (NDF), C3 grass (C3), C4 grass (C4), shrub

(SRB) and bare soil (SOIL) for three RCPs.
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Table 1. Changes (%) of land cover fraction for broadleaf
tree (BDF), needleleaf tree (NDF), C3 grass (C3), C4 grass
(C4), shrub (SRB) and soil between the period of 2075~
2099 from 1981~2005.

Variables
RCPs -
BDF NDF C3 C4 SRB  Soil
RCP8.5 0% 7% 58% 7% 16% -23%
RCP4.5 13% 0% 7% -15% 36% -16%
RCP2.6 4% 9%  29% 2% 9% -9%
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Fig. 5. Latitude-time plots of change in fractional coverage of Soil, C3, C4, BDF, NDF and SRB relative to the 1981 year mean

for (a) RCP8.5, (b) RCP4.5.
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Fig. 7. Annual Net Ecosystem Exchange (NEE, GtC yr™") for RCPs. A negative sign (y-axis) indicates land carbon uptake from

the atmosphere. Thick solid line is 10-year moving average.
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Fig. 8. Changes in NEE (gC m™ yr') at the end of 21st
century (2075~2099) for RCPs relative to the period of
1981~2005. A negative sign (x-axis) means land carbon
uptake from the atmosphere, positive sign (x-axis) means
land carbon emission to the atmosphere. Red, green, blue
lines mean RCP8.5, 4.5 and 2.6 repectively.
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Fig. 9. Future changes in (a) temperature (°C), (b)
precipitation (mm day™), (c) NEE (gC m™> yr') for the
zonal mean from 20°N to 60°N and East Asia (90°E~140°E,
20°N~60°N) from RCPs over the period of 2075~2099
minus 1981~2005. Dashed line is zonal (20°N~60°N) mean
and thick solid line is East Asia (90°E~140°E, 20°N~60°N)
mean. (c) A negative sign (y-axis) means land carbon uptake
from the atmosphere.
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between the periods (2075 to 2099) - (1981 to 2005).
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Fig. 11. Changes in Rp (Plant Respiration, gC m™ yr') and Rs (Soil Respiration, gC m™ yr™'") for RCPs between the periods

(2075 to 2099) - (1981 to 2005).
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Table 2. Changes (%) of GPP (Gross Primary :qProduction),
NPP (Net Primary Production), Rp (Plant Respiration), Rs
(Soil Respiration) between the period of 2075~2099 from
1981~2005.

Variables
GPP NPP Rp Rs

RCP8.5 60% 59% 51% 58%
RCP4.5 27% 26% 29% 27%
RCP2.6 14% 15% 13% 18%
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Fig. 12. (a) Global monthly mean LAI (index) change of BDF, NDF, C3, C4 and SRB for RCPs between the periods (2075 to
2099) - (1981 to 2005). (b) Latitude-time plot of NEE (gC m ™ yr'') mean of BDF for historical and RCP8.5 simulations. A
negative sign (blue) means land carbon uptake from the atmosphere.
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