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Outline 

1. What (is soil respiratio (Rs)) 
2. Why (study on Rs) 
3. How (chamber network) 
4. Find (results) 
5. Future (plan) 
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Soil Ecosystem 

Cunninghum & Caigo, 1999. Environmental Science: A Global Concern, 5e 

Soil Ecosystem
includes roots and numerous consumer organisms

Cunninghum & Caigo, 1999. Environmental Science: A Global Concern, 5e Cunninghum & Caigo, 1999. Environmental Science: A Global Concern, 5e 

Soil Ecosystem
includes roots and numerous consumer organisms
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Soil Respiration (Rs) 

Autotrophic (Root) 
 respiration (Rr) 

Heterotrophic 
respiration (Rh) 
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Nature, 464: 579-582 (25 March 2010)  

Global Rs = 98 ± 12 Gt C in 2008 

Interannual variation = 1.5 Gt C 

Increased at 0.1 Gt C  / yr 
between 1989-2008 
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Global Heterotrophic Respiration (Rh) 

Plays a key role in global carbon cycle 
 

by CASA model 
Global Rh  = 71% of Rs (69.6 Gt C y-1) 

10 times of fossil fuel emission (7.2 GtC y-1) 
30 times of land C sink (2.6 GtC y-1) 

Potter & Klooster 1998 (GBC); IPCC2007 
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Global Carbon Balance 

IPCC2007 
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Global Carbon Balance 

IPCC2007 

Rh  = 70 
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Feedback of Heterotrophic Respiration to Global Warming   
(Friedlingstein et al. 2006; IPCC 2007) 

IPCC2007(1.1~6.4°C) 

Heterotrophic respiration 

Q10=1.1~2.2 

Vicious 
cycle 

0.1~1.5°C 

Convert sink to 
source 

Additional increase 
in CO2 of 20~224ppm 
by 2100 

Positive 
feedback 
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Feedback of Heterotrophic Respiration to Global Warming  

Heterotrophic respiration (GtC yr-1)

Global heterotrophic respiration
in 1990s (57.1 GtC yr-1)
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Open Questions 

With global warming, will Asian 
terrestrial ecosystems continuous be 
carbon sink? 

 or potentially convert to carbon source? 



Naishen Liang 17 Oct. 2014 YNCenter_Video_Conference 

Eddy Covariance for Soil Respiration 

Bare soil site 
13 
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Eddy Covariance 

Daytime: underestimation 
Nighttime: overestimation 

14 
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Chamber Methods 

Alkali
Soda lime

Syringe

Static
Chamber

Open-top Closed-top

Steady
state

Commodity

Non-steady
state

Dynamic
Chamber

Chamber Methods

15 
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Static Chamber Technique 

Alkali Absorption Method 
16 
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Science Camp for High School Students 

July 27-29, 2004 in Tomakomai 
17 
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Eddy 
site Chamber site 

桃源 

老
山 

ChinaFlux 

18 
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Manual static chamber-GC method 

 Gas chromatography 

Sampling frequency: once a week  
Time:  9:00-12:00 

Gas sampling 

19 
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Commercial Available Equipment 
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Soil CO2 Gradient Technique 

Probe 
Transmitter 

NDIR Gas Analyzer 

GMT222 

21 



Naishen Liang 17 Oct. 2014 YNCenter_Video_Conference 

Sensor Test 

Water 

High humidity environment 

22 
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Soil CO2 Gradient Technique 

X
CDRs ∂
∂

−=



Naishen Liang 17 Oct. 2014 YNCenter_Video_Conference 

24 

Automated Chambers for AsiaFlux 
1997 model 2002 model 

CO2 CO2 CO2 
Soil efflux 

Chamber 

Analyzer 

P 

Closure time (s) 

Analyzer 

P2 

P1 

Q1 

Q2 

CO2_in 

CO2_out 

CO2 CO2 CO2 
Soil efflux 

Chamber 
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JapanFlux Sites 
(since 2000) 

Teshio 

Mt. Fuji 

Tomakomai 
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Summer Autumn 

Winter Spring 

Tomakomai Flux Site Before 
Tyhoon Disturbance (2000-2004) 
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Rh=5.4 tC ha-1 
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High temporal & Spatial Variations 
Automated 

Size = 90*90 cm 

Open-top 

D = 30 cm 

LI6400-09 

D = 9.5 cm 
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Chamber size: 90L×90W×50H cm 
 113 times of LI-6400-09 
 25.8 times of LI-8100 
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Control Unit 
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Inter-annual Variation of Soil Efflux at Tomakomai 
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9.60~11.60 tC ha-1 yr-1 
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苫小牧の台風跡地 



Naishen Liang 17 Oct. 2014 YNCenter_Video_Conference 

34 
Sasa 

Larch 

Soil 

Teshio CC-Lag Site 
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Takagi et al. 2008. Global Change Biology 

2001-2002 2003-2004 2005~ 

Teshio CC-Lag 

http://192.168.1.30/photo/020826カンババイオマス/バイオマス/DSCF0022.JPG
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Hypothesis:  
Q10 vs. Temperature 

Mixed 
(5.6°C) 

Oak 
(8.3°C) 

Beech 
(7.7°C) Pine 

(13.5°C) Evergreen oak 
(13.2°C) 

Evergreen 
(17.2°C) 

Temperature sensitivity of soil respiration (Q10) would 
decrease with increase in geographic temperature. 
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Mixed 

Beech 
Evergreen 
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15~24 chambers (90×90 × 50 cm) 

10 trench plots 5 warming plots 

5 heterotrophic plots 

Experiment Designing 
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Cool-temperate 
mixed forest in 

northern Hokkaido 
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39 

Warming:  
3.0ºC Tsoil at 5-cm 

Effect:  
Rh    20% per ºC 
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Japanese Forest Map Mixed: 20%/ºC 
(Q10=2.89) 

Oak : 8.5%/ºC 
(Q10=3.4) 

Beech : 6.8%/ºC 
(Q10=3.11) Pine : 4.0%/ºC 

(Q10=3.29) Evergreen oak : 5.2%/ºC 
(Q10=2.97) 

Evergreen : 11%/ºC 
(Q10=3.12) 
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On-going Project 

針広混交林 

常緑カシ林 
アカマツ林 

ブナ林 

ミズナラ林 

常緑シイ林 

Warming Experiments 

Tomakomai: 
Disturbed by typhoon 

Teshio: clear-cut 
& reforested 

50-year-old plantation 

Evaluation of effects by short-term climate change, natural 
disturbance and human disturbance 



Naishen Liang 17 Oct. 2014 YNCenter_Video_Conference 

43 

On-going Technology 
NIES-AMS 

Answering questions: 
Carbon sink? 

source? 

Understanding 
mechanisms 
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Sampling for Soil 14C 
17 Oct. 2014 YNCenter_Video_Conference 
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Profiles of POC & Δ14C of Japanese Forest Soil 
17 Oct. 2014 YNCenter_Video_Conference 
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Older SOC seems more sensitive to temperature than that of new SOC 

深さ5cm 
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Ecosystems (Biomes) in Asia 



Naishen Liang Automated Chamber Networks 

Miyazaki 

Mt. Iwakis 

Mt. Naeba 

Tsukuba 

Mt. Naeba 

Tomakomai 

Mt. Fuji 

Teshio Laoshan 

Daegwallyeong 

Hiroshima Tak 

Mt. Ailao 

Pasoh 

Taiwan 

Alaska 
Siberia 
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Continuous Measurement Rs at Malaysian 
Tropical Rainforests 

http://www.nies.go.jp/biology/pasoh/English/index.html 
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Seasonal Changes in Soil Efflus at Pasoh Tropical Forest 
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Soil Moisture Response of Auto- & Heterotrophic Respiration 
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Soil Respiration vs. Land Use Change 



Naishen Liang 

Soil Respiration at Different Land Use Types 
17 Oct. 2014 YNCenter_Video_Conference 
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Land use changes 
caused soil 
degradation (土壤
退質（劣化） 
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Monitor & control by mobile phone 

Logging site 
Decomposition of harvest residue 
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With 30% of logging intensive (low-impact logging): 
 T2 = 23.5ºC + 1.5ºC (soil temperature increase) 
 C = 38 tC/ha (harvest residue: AG=21, BG=17) 
 d = 13%  (decomposition ratio of CWD) 
 $ = 15 US$/tC 

Soil CO2 Efflux vs. REDD Credit 

REDD credit = 247 - 135 = 112 US$ / ha 

Total carbon lost at the first year after the logging: 

haUS /$13515)70.532.3($ =×+=∑
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Low Power Consumption 
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Chamber Network in China 
17 Oct. 2014 
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YNCenter_Video_Conference 

哀牢山（张一平） 

塞罕坝（朴世龙） 

多伦（李胜功） 
海北（贺金生） 

尖峰岭（方精云） 

麗江（张一平？） 

疏勒河高原冻土
（秦大河） 
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Subtropical Broadleaf Forest at Mt. Ailao 
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Continuous Automated Chamber 
(CAC) with Picarro G1301 
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Seasonal Variation of Soil Temperature and CH4 Flux 
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Inner-Mongolian Grassland 

A3 Foresight Program 

17 Oct. 2014 YNCenter_Video_Conference 

60 



Naishen Liang 

Seasonal Change in NEP & Rs at Duolun Grassland Ecosystem

Month of 2012
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塞罕坝落叶松林生态系统 
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尖峰岭热带季雨林生态系统 
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27º14’ N, 100º23’ E; 3200m asl. 
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麗江高山針葉林生態系統土壤呼吸增溫實驗 
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Seasonal Permafrost meadow, 4100m, Tibet Plateau 
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疏勒河上游高原凍土草甸生態系統 
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Soil Respiration of Subtropical Forests 
Xitou Flux Site 

Pingdong Flux Site 
Pingdong Flux Site 
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Seasonal Changes in Soil CO2 Efflux at Xitou Flux Site
A

ir 
te

m
pe

ra
tu

re

0

5

10

15

20

25

30

Air temperature

V
ol

um
et

ric
 s

oi
l m

oi
st

ur
e 

(%
)

0

20

40

60

80

100

Soil moisture

Time of 2011 (yy/mm/dd)

11/9/5  11/9/19  11/10/3  11/10/17  11/10/31  11/11/14  11/11/28  11/12/12  

S
oi

l C
O

2 e
ffl

ux
 ( 

m
ol

 m
-2

 s
-1

)

0

1

2

3

4

5

Soil efflux

S
oi

l t
em

pe
ra

tu
re

10

12

14

16

18

20

22

24

Soil temperature

17 Oct. 2014 YNCenter_Video_Conference 

67 



Naishen Liang 

Is soil respiration regulated by surface soil water content? 
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Following rainfall, soil respiration increased immediately to a 
high value. However, the rate had returned to the general lower 
level by the next day. 

Rain Rain 

Rain 
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Wood Respiration 
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24 Automated Branch Chambers 

Weight：< 200g 
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Stem efflux Soil efflux 
Multichannel 

sampler 

Photosynthesis 

Multichannel Automated Chamber Systems 
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Eddy Covariance (NEP) = 200~550 tC ha-1 y-1 
Larch Forest Carbon Balance 

Wood efflux (0.75) 

Photosynthesis (-12.75) 

Foliage respiration (Rl) 
(1.15) 

GPP 
(13.49 tC ha-1) 

Foliage (8.1%) 

Wood (5.6%) 

Root (30.6%) 

Heterotrophic (40.5%) 

＝
 

(4.13) 
Root respiration (Rr) 

Undergrowth CO2 
exchange (-0.39) 

(5.47) 
Heterotrophic 
respiration (Rh) 

72 
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Chamber Network Publications 
Liang et al. 2003. Tree Physiol. 
Liang et al. 2004. Agr. For. Meteorol. 
Liang et al. 2005. Phyton 
Liang et al. 2005. J. Agr. Meteorol. 
Takahashi & Liang. 2007. Geochem. J. 
Takahashi, Liang et al. 2008. JGR. 
Takagi et al. 2008, GCB 
Sano, Hirano, Liang et al. 2010. FEM 
Liang, Hirano et al. 2010. BG 
Aguilos et al. 2011, BD 
Yao et al. 2012, JFR 
Tan et al. 2013, JGR 
Yu et al. 2013, EP 
Aguilos et al. 2013, Tellus B 
東 ら. 2013,北海道の農業気象 
Wang et al. 2013, Jan J For Environ 
Aguilos et al. 2014, AFM 
阿部 ら. 2014, 関東森林研究 
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