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Global Soil Organic Carbon (SOC) Stock

Global SOC pools (0-100cm) = 1550 Gt C
(Batjes 2014, EJSS)

Doubled the atmospheric carbon

Trebled the global vegetation biomass
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Soil Respiration

Root 

respiration

Heterotrophic 

respiration

Larch forest in Hokkaido

Liang et al. Biogeosciences, 2004
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Global Soil Respiration

Ta = monthly mean air temperature (C),

W =monthly mean precipitation (cm)
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Global Soil Respiration = 80 Gt C y-1

Raich & Potter 1995 (GBC)

➢Important role of soil respiration in global carbon cycle

CASA model

Global Heterotrophic Re  = 57 Gt C y-1

9 times of fossil fuel emission (6.4 GtC y-1)

57 times of land sink (1.0 GtC y-1)

Potter & Klooster 1998 (GBC); IPCC2001-2007
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Nature, 464: 579-582 (25 March 2010)

Global Rs = 98  12 Gt C in 2008

Increased at 0.1 Gt C  y-1

between 1989-2008

Global Rh = 69.6 Gt C  y-1
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Feedback of SOC Decomposition to Global Warming  
(IPCC AR4, AR5)

1.1~6.4C
Vicious 
cycle

0.1~1.5C

Convert sink to

source

Additional increase 

in CO2 of 20~224ppm

by 2100

Positive 

feedback

6.2% C-1

(4.0~8.1%)

Asia Japan
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Global Soil respiration in Last 3 Decades

(IPCC 1995 (AR2))

(IPCC 2017 (AR5))

All processes have 

changed a lot

But not soil 

carbon?
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Asian Terrestrial Ecosystems

Boreal

Cool-temperate

Temperate

Subtropical

Tropical

You know Asia 

You understand the World

25 July 2019 16th USCCC, Hulunbuir



9

梁乃申

Open Questions

➢ With global warming, will Asian (monsoon) 

terrestrial ecosystems continuous be carbon 

sink?

➢ or potentially convert to carbon source?
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青藏高原操的生態系統NEE
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Liangber Network in Big-China
25 July 2019 16th USCCC, Hulunbuir
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Soil efflux

(Rs)

Heterotrophic

respiration (Rh)
Soil efflux +

Photosynthesis

Multichannel

gas sampler

Partitioning Forest Understory Carbon Budget
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Teramoto et al. 2017

Liang et al. prep

Takahashi et al. 2007Takahashi et al. 2007, 2008

Stable 
isotope
13C/18O
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Funded by the Ministry of the Environment (2017~2020)
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Teramoto et al. 2017, 2019 (AFM)

Takagi et al. 2009 (GCB)

Liang et al. 2004 (AFM), 2010 (BG)
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Soil temperature response of soil CO2 flux in Asia monsoon forests

The influence of soil temperature is relatively strong

Q10 = 2.60

Q10 = 2.94

Q10 = 2.71

Q10 = 2.95

Q10 = 4.25

Q10 = 2.13
Q10 = 2.21

Q10 = 2.70

Q10 = 3.77

Q10 = 2.56

Q10 = 2.45

Q10 = ?
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Soil moisture response of soil CO2 flux in Asia monsoon forests

The influence of soil moisture is relatively weak
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Impacts of climate change on carbon cycle

Soil CO2 efflux fluctuated 

about 24% per C of 

MAT.

Teramoto et al. 2017, AFM

Teramoto et al. 2019, AFM

Increased understory 

photosynthesis balanced 

the increased respiration 

as well as the decreased 

canopy photosynthesis.

25 July 2019 16th USCCC, Hulunbuir
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Effect of Land-use Change on Soil CO2 Efflux 
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Effect of Land-use Change on Soil CO2 Efflux 

Deforestation or land-use change 
caused soil degradation in tropics.

Primary forest: 33.1 tC ha-1 y-1 （100%）

Secondary forest: 19.9 tC ha-1 y-1 （60%）

4-12 year old oil palm: 19.9 tC ha-1 y-1 （60%）

4-12 year old rubber: 17.4 tC ha-1 y-1 （53%）

Dramatical climate change occurs in 
Southeast Asia.

25 July 2019 16th USCCC, Hulunbuir
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Soil CH4 Flux of Japaneses Larch Forest (Mt. Fuji)

25 July 2019 16th USCCC, Hulunbuir

23



24

梁乃申

Seasonal soil CO2/CH4 flux at Pasoh Tropical Forest

25 July 2019 16th USCCC, Hulunbuir



25

梁乃申

Soil Warming Experiment Network

Taiwan

HK
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Large Warming Effect on Asia Monsoon Forest Soil Decomposition

Drought peatland

Hight SOC stock

Low temperature (5.5ºC)

Subtropical mountain

High SOC stock

Easy decomposition

Cold-temperate climate

High SOC stock

Humid soil (>2400mm)

25 July 2019 16th USCCC, Hulunbuir

27



28

梁乃申

Large Warming Effect on Asia Monsoon Forest Soil Decomposition

Luo et al. 2001 (Nature)

+0.1% ℃-1

Mellilo et al. 2002 (Science)+5.6% ℃-1

Mellilo et al. 2017 (Science)

Long-term & high warming effect may have strong feedback on global warming

25 July 2019 16th USCCC, Hulunbuir
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Difference in microbial biomass
Amount of microbes

Species composition
Although significant increase of specific 

microbial groups was observed in secondary 

forests and planted forest, the increase ratio is 

relatively small. 

Such increase was not observed in primary 

forests with high diversity keeping from 

human disturbances.

There were no significant differences in 

the amount of microbes between control 

and warming Ch in any region.

Thus, warming effect on the amount of 

microbe is limited.

It was concluded that the low levels of deceleration of Rh observed in Asian 

forests were originated from stability of microbial community against global 

warming  brought by the high levels of biodiversity !!

25 July 2019 16th USCCC, Hulunbuir
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Soil 14C Measurement Protocol

Soil Δ14C sampling

SOC decomposition under 

warming environment
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From Soil to Graphite

25 July 2019 16th USCCC, Hulunbuir
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Two Accelerator Mass Spectrometers (AMS) in NIES
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Compact Accelerator Mass Spectrometer (CAMS)
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POC & 14C Profiles in Top 20cm Soil

Decomposition

Top 3cm: leaf

and fine root litter

(new C).

3~8cm: decades
old C.

Evergreen Oak Forest in Hiroshima

Disturbance

in the top soil

Pine Forest in Tsukuba

25 July 2019 16th USCCC, Hulunbuir
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NIES Adaptation Program (2018~2020)
25 July 2019 16th USCCC, Hulunbuir
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Establishing Pasoh Facilities as an Observational Base 

for Studies on Tropical Forest Ecosystems (2012~)

Mission:
To bring together the NIES and 

Malaysian leading scientists for 

understanding climate-related 

carbon cycle and biodiversity of 

tropical forests by strengthening 

Pasoh facilities as an overseas 

observational base.

International coordination Holding the 

steering committee 

meeting for

strengthening 

NIES-FRIM-UPM 

MoU

International symposium & field campaign
(knowledge exchange & capacity building)

Meteorology tower

Canopy walkway

NIES cabin

Pasoh facility 

setup & 

maintenance

Effect of high CO2 on 

forest floor regeneration

Preliminary study 

on regeneration & 

decomposition 

related biodiversity.

Biodiversity

Processing study on tropical 

forest carbon cycle

Emission of 

methy halides 

from tropical 

forest
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Conclusions

1. High-diversities in ecosystems

2. Global significance

3. Variations of climates

4. Extreme climate events

5. Network research

25 July 2019 16th USCCC, Hulunbuir


