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UNFCC-SBSTA 38 Research Dialogue  	
-Developments in research activities relevant to the needs of the Convention- 	

4 June 2012, 15:00 - 18:00, Maritim Hotel, Bonn, Germany 
 

Plenary II:  Emerging scientific findings: Ecosystems and GHG emissions and removals 
from sources, sinks and reservoirs, including from terrestrial ecosystems 	



UNFCCC workshop on  
“Technical and scientific aspects of ecosystems with 
high-carbon reservoirs not covered by other agenda 
items under the Convention”  
24 to 25 October 2013, Bonn, Germany 
 
 
1) Peatlands/Wetlands 
2) Costal Ecosystem (Mangrove/Coral/Sea grass/Wetlands) 
3) Permafrost 	



Kalimantan　　
15.1Gt　　
（33.8）	

Sumatra　
18.3Gt　
（41.1）	

West 
Papua　
10.3Gt　
（23.0）	

Others 

1.51Gt　
（2.0）	

Indonesia　　　　
44.5Gt 

　(100）	

Indonesia　
44.5Gt　
(53.1) 

  Tropical 
area　  

83.8Gt  
(100) 

Other South-
east Asia　
13.6Gt    
(16.2) 

Other tropical 
area　25.7Gt    

(30.7) 

（From Maria Strack ed., 2008: Peatlands and Climate Change. International Peat Society, 223pp.）	

Amount of Carbon in Tropical Peat (GtC (%))	



Total amount of CO2 emission	
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Contribution to IPCC 
Wetlands Guideline	
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Three methodological TiersThree methodological Tiers

• IPCC Guidelines provide three methodological tiers varying in complexity to be chosen on 
the basis of national circumstances

• Tier1 : 
– Simple first order approach
– spatially coarse default data based on globally available data  
– large uncertainties 
– methods involving several simplifying assumptions. 
– default values of the parameters from the IPCC guidelines

• Tier 2: 
– A more accurate approach
– country or region specific values for the general defaults 
– more disaggregated activity data 
– relatively smaller uncertainties

• Tier 3: 
– Higher order methods
– detailed modeling and/or inventory measurement systems 
– data at a greater resolution 
– lower uncertainties than the previous two methods

• Higher Tier methods (Tier 2&3)are required for key source categories, source or sink 
categories that contribute substantially to the overall national inventory level, trend or 
uncertainty

• Higher tier methods will likely be used for REDD estimates especially for significant pools

From Nalin Srivastava: IPCC Guidelines and REDD Monitoring and Verification, IPCC National Greenhouse Gas Inventories Program 
Expert Consultation on National Forest Monitoring and Assessment (NFMA): Meeting Evolving Needs 26-28 November Rome 



COP15 at Copenhagen in 2009	

Amount of carbon dioxide 
emitted annually from the 
tropical peatland per 1 million ha.
(Indonesia has  20 times the size of 
this tropical peatland.) Amount of carbon 

dioxide emitted by 
microbial degradation 
(About 3 % of the total 
emission from Japan in 
1990.)

About 13% of 
the total emission 
from Japan in 1990.

Amount of carbon 
dioxide emitted by 
peat fire (About 10 % 
of the total emission 
from Japan in 1990.)

Amount of carbon dioxide 
emitted annually from the 
tropical peatland per 1 million ha.
(Indonesia has  20 times the size of 
this tropical peatland.) Amount of carbon 

dioxide emitted by 
microbial degradation 
(About 3 % of the total 
emission from Japan in 
1990.)

About 13% of 
the total emission 
from Japan in 1990.

Amount of carbon 
dioxide emitted by 
peat fire (About 10 % 
of the total emission 
from Japan in 1990.)

COP15 Poster	

Copenhagen Accord 
・REDD+ 
・MRV: Monitoring-Sensing	
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Integrated Monitoring-Sensing-
Modeling (MSM) system 



•  Central Kalimantan, Indonesia 
•  Peatland area in Mega Rice Project site  
　	

CO2 observation towers 
at  

UDF：(Un-drained Peat)  

DF：(Drained Peat )  

BC：(Burnet Peat) 

Various Study Topics: 
・GHG Flux (CO2, CH4, N2O) measuring 
・Fire Detection and Protection 
・Water Table Monitoring and  Management 
・Peatland Ecology 
・Soluble Carbon Monitoring 
・Peatland Subsidence Monitoring 
・etc. 
 

→Monitoring was started from 1997	

UD
F	

DF	

BC	

Main Project Sites	



(7)Peat subsidence 

(5) Water level, 
& Soil moisture 

(3) Forest degradation 
& Species mapping (1) CO2 Flux & 

Concentration 

CO2 Flux	

(6) Peat thickness  
& Peat dome detection 

(2) Wildfire detection 
& Hotspot 

(8)Water soluble 
organic carbon 

(4) Deforestation & 
Forest biomass 

change 

4. Below Ground Elements  
(Below Ground Carbon Stock)	

2.	  Above	  Ground	  
Elements	  	  

(Forest	  Biomass)	   3.Water	  Elements	  

Water	  
Gauge	Drilling 

1.	  Atmospheric	  
Elements	

Key elements for integrated Monitoring-Sensing-
Modeling (MSM) system of Carbon in peatland 

Peat (Carbon)	



PALSAR, AMSR-E 
(4), (5), (6), (7) 

GOSAT (1) 

Satellite 

Airborne 
/***UAV	

Ground	
Tower(1)	

Terra & Aqua   
MODIS (2)	

LiDAR (4), (6), (7) UAV*3(1), (3) 

ASTER, Hisui 
(3), (4), (8) 

(7)Peat subsidence 

(5)Water level, 
& Soil moisture 

(3) Forest degradation 
& Species mapping 

(1) CO2 Flux & 
Concentration 

FES-C*1 (1) 

*1:FES-C : Fiber Etalon Solar measurement of CO2 
*2:VHR : Very High Resolution Remote Sensing Data 
*3:UAV: Unmanned Aerial Vehicle 
*4:LCTF: Liquid Crystal  Tunable Filter 

Lateral CO2 Flux 

Vertical  CO2 Flux	

DGPS(7)	
DGPS(7)	

Chamber(1)	

Water 
Gauge(5)	(6)Peat dome detection 

& Peat thickness 

Drilling(6)	

(2) Wildfire detection 
& Hotspot 

(8)Water soluble 
organic carbon 

Red: Instrument 
Black: Target	

(4) Deforestation & 
Forest biomass 

change 

Landsat, SPOT, 
TerraSAR,  

AVNIR-2, VHR*2 
Sensors (3), (4) 

Key Elements of Tropical Peatland MSM System 

Micro-Satellite 
& LCTF*4 



Integrated Monitoring-Sensing-
Modeling (MSM) system: 

Carbon Stock 

Photo from Erianto Indra Putra (UNPAR) 
	



Shallow	  	  
peat	  
layer	  

Deep	  
peat	  
layer	  

DRY	  

DRY	  

Greater	  
GWL	  fluctua(on	  

Moderate	  
GWL	  fluctua(on	  

Permanently	  
Wet	  condi:on	  

Temporarily	  
High	  flood	  
condi:on	  

Hydroperiod	  

Vegeta:on	  

Response	  
Phenology	  

Classifica:on	  

(cf.	  Lugo	  et	  al.	  1990)	  

(Physiology)	  

Mineral	  Soil	  

WET	  

WET	  

Adjust	  

Mineral	  Soil	  

Seasonal	  fluctua:on	  of	  GWL	  is	  different;	  moderate	  at	  
deep	  peat,	  while	  greater	  at	  shallow	  peat.	

This	  might	  reflect	  the	  vegeta(on	  physiologically.	  	

Peat Thickness Estimation (Shimada Model)	

Hypothesis	



…
.	

Idea	  of	  Peat	  Depth	  Classifica:on	

In	  Tropical	  Peat	  Swamp	  Forest,	  type	  of	  
forest	  stand	  and	  its	  phenology	  are	  

corresponded	  to	  Peat	  Depth,	  in	  terms	  of	  
seasonal	  groundwater	  level	  fluctua:ons.	  

Its	  difference	  produce	  
spa(al	  trends	  of	  plant	  ac(vity	  	  in	  each	  

season.	  
To	  detect	  these,	  

	  Supervised	  classifica(on	  were	  conducted	  
using	  mul(-‐temporal	  satellite	  scene	  with	  
Peat	  Depth	  Database	  as	  training	  data.	  

Index	  of	  Plant	  Ac:vity:	  NDVI	  
Target	  Period	  :	  Early	  90’s	  

Rela:vely	  Undisturbed	  Condi:on	  
	  (Before	  Mega	  Rice	  Project)	  	  

	  
	  

	  
	

Distance from river (km)	

E
le

va
tio

n 
(m

)	

Peat 
Surface	

Mineral 
ground	

Tall Interior  
Forest	

Low Pole  
Forest	

Marginal Mixed  
Swamp Forest	

RedNIR
RedNIRNDVI

+

−
=

…
.	

Multi-temporal 
satellite scene 
(NDVI)  
were assembled	

Shepherd et al. (1997) 
 with partial 
modification 

A month NDVI 
B month NDVI 
C month NDVI 
D month NDVI 



Root Mean Square Error 
(RMSE) 

= 1.64 m 

Es:mated	  Map	  of	  Peat	  Thickness	  
0 

2 

4 

Peat 
thickness 

(m) 

N 

Ground-truth peat 
thickness (m) Distribution Map  

of C-density 
 (Shimada et al. 2001) 

× 

0 

100 

200 

C density 
(kg m-2) 

300 < 

N 

C-pool 
= 4.2 Gt 

1.4 Gt Mha-1 

3.1 Mha 



Integrated Monitoring-Sensing-
Modeling (MSM) system: 

Carbon Flux 

Photo from Erianto Indra Putra (UNPAR) 
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Seasonal	  varia:on	  in	  net	  CO2	  exchange	  (NEE)	

Large increases were found in the dry seasons of 2002, 2004 and 2006, 
El Niño years, because of shading by dense smoke and the enhancement 
of oxidative peat decomposition due to low GWL.	

NEE = RE - GPP	



Annual	  NEE	  vs.	  annually	  mean	  GWL	

A negative linear relationship for each site 
→  Enhancement of oxidative peat decomposition under low GWL 

Slope: UF > DF > DB → Undisturbed peatland is more sensitive. 

Annually mean GWL is a robust indicator to assess annual CO2 
balance. 
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Hirano et al., 2012	



By Wataru Takeuchi, University of Tokyo, Japan	

Tuning	

Modeling	
Algorism	

Satellite Sensing 	

Coefficiency between Water 
Table Level and  
1) CO2 emission by Oxidation 
2) CO2 emission by Fire Factors 
	

Input	

Water Table Mapping	

Output	

Mapping of 
1) CO2 emission by Oxidation 
2) CO2 emission by Fire Factors 
	

Water Table Mapping	



CO2	  balance	  (NEE,	  tC	  m-‐2	  month-‐1)	  of	  peatland	  
	  in	  Central	  Kalimantan	  in	  2011 

	

By Park and Takeuchi, University of Tokyo	 2



Integrated Monitoring-Sensing-
Modeling (MSM) system: 

Verification of Carbon Flux 
Models 

Photo from Erianto Indra Putra (UNPAR) 
	



Simulator: SimCycle-Visit for East Asia 

Column averaged dry air mole fraction distribution of carbon dioxide for 
the month of September, 2009, obtained from IBUKI observation data 
(unvalidated)  By JAXA 
 

Satellite GOSAT “IBUKI” Senescing: CO2 Top-down 
• satellite 
• airplane 
• inverse model 

Bottom-up 
• field survey 
• flux obs. 
• process model	

Integrated,  
practical carbon 

budget map 

 
・Carbon Emission by Fire 

・Carbon Loss through Water 
・Carbon Emission by Microorganisms  

Degradation 
・Tree Growth/Mortality 

・Pest subsidence	
	

	
 	

Carbon-Water Simulation	

126

127

128

129

130

131

132

225

226

227

228

229

3/17 4/6 4/26 5/16 6/5 6/25
Fig. B  Relationship between ground water level (blue) 

and peat surface level (red)�
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(5) Laser distance meter�

Presented by Kawasaki (2013)�

Subsidence Model	



 
Inovation on 

Monitoring-Sensing-Modeling  
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Hyperspectral Sensing by LCTF / HISUI	
HISUI (2016～) 

30 m Spatial resolution 
@ 10-12.5 nm, 185 bands	

LCTF (2014～) 
5 m resolution 

@ 420~1050 nm, 630 band	

Biodiversity Mapping 
(one tree mapping) 
(Y. Takahashi et al)  

Forest Degradation 
Mapping (JSS & JAXA) 

3. Biomass Mapping �

���

0� 300�200�
[t/ha]�

Result�
Biomass Estimation 
Map 

[t/
ha

] 

Forest 
Classification Map 

Biomass 
Estimation 

Model 

�����
�����
�Tumih�

Large Trees 
Small Trees 
Tumi Trees�

! The,biomass,es2ma2on,model,was,developed,for,each,
quadrat,by,LASSO regression using reflectance,data,(86,
bands,),and,texture,data,(GLCM:,Gley,Level,CoJoccurrence,
Matrics)., 

Leaf Water Potential 
Mapping (JSS & 

JAXA) 	

4. Water Potential Mapping �

���

Results 
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! Relationship between leaf spectra and water potential and/or 
water contents 

" Higher water content and water potential showed higher water index (wet). 
" Water content and water potential both indicated strong correlation with WBI and 
NMDI, allowing the modeling using spectral data. 
" The most accurate model for estimating water content and water potential was 
derived from LASSO regression using reflectance data. 

5. Color Dissolved Organic Carbon (CDOC) 
Mapping�

���

Dissolved Organic Carbon (DOC)�

DOC Map in Sebangau Riverm, Central Kalimantan�
Dissolved Organic Carbon 

(DOC) Mapping (JSS & JAXA) 

6. Growth Stage Mapping of crops 

Various growth stages at the same time within the targeted area 

Vegetative phase 

Reproductive 
phase 

Ripening phase 
(early) 

Ripening phase 
(late) 

 

Vegetative early 
Vegetative mid 
Vegetative late 
Reproductive early 
Reproductive mid 
Reproductive late 
Ripening early 
Ripening mid 
Ripening late�

By hyperspectral data of 
one-time acquisition�

By MODIS data of multi-
time acquisitions�

Indramayu 
Subang 

By using hyperspectral 
data, only one-time 
acquisition is enough to 
classify rice growing 
stage.� 11 Crop Growth Stage 

Mapping (JSS & JAXA) 

7. Rice yield Mapping 

Hyperspectral Image�

Yield Estimation Map�
500g/m2 

750g/m2 

Crude Protein(CP) Estimation Map�
5％ 

8％ 

R:ch35, G:ch18, B:ch5 

    Yield=Σ(ak*Rk)+b� CP=20.93*(R460/R510)+5.63�
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Crop Yield  Mapping 
(JSS & JAXA) 

Disease Mapping 
 (Early detection of rice blast) 

(JSS & JAXA) 

Micro 
Satellite	

Biomass Mapping (JSS & 
JAXA) 	

3. Biomass Mapping �

���

0� 300�200�
[t/ha]�

Result�
Biomass Estimation 
Map 

[t/
ha

] 

Forest 
Classification Map 

Biomass 
Estimation 

Model 

�����
�����
�Tumih�

Large Trees 
Small Trees 
Tumi Trees�

! The,biomass,es2ma2on,model,was,developed,for,each,
quadrat,by,LASSO regression using reflectance,data,(86,
bands,),and,texture,data,(GLCM:,Gley,Level,CoJoccurrence,
Matrics)., 

Red：Dead trees 
Green-Yellow：Water stressed trees 6. Growth Stage Mapping of crops 

Various growth stages at the same time within the targeted area 

Vegetative phase 

Reproductive 
phase 

Ripening phase 
(early) 

Ripening phase 
(late) 

 

Vegetative early 
Vegetative mid 
Vegetative late 
Reproductive early 
Reproductive mid 
Reproductive late 
Ripening early 
Ripening mid 
Ripening late�

By hyperspectral data of 
one-time acquisition�

By MODIS data of multi-
time acquisitions�

Indramayu 
Subang 

By using hyperspectral 
data, only one-time 
acquisition is enough to 
classify rice growing 
stage.� 11 

Degree of Risk	 High	Low	



Toward global sustainability research – Future Earth	

2014/03/10 11:20Future Earth — ICSU

1/1 ページhttp://www.icsu.org/future-earth

Share

Global Site
Africa
Asia & Pacific
Latin America & Caribbean

Future Earth
Future Earth is a new 10-year international research initiative that will develop the knowledge for responding effectively to the risks and opportunities of
global environmental change and for supporting transformation towards global sustainability in the coming decades. Future Earth will mobilize
thousands of scientists while strengthening partnerships with policy-makers and other stakeholders to provide sustainability options and solutions in the
wake of Rio+20.

Future Earth Blog launched

Future Earth has launched a new online presence at http://www.futureearth.info. Intended to be a home for innovative new ideas and essential reading for everyone engaged in
global sustainability, this online magazine will be a showcase and discussion forum for the latest ideas and developments in research in this area, both in the projects that form part of
Future Earth's network and beyond.

Future Earth will be a global platform to deliver:

Solution-orientated research for sustainability, linking environmental change and development challenges to satisfy human needs for food, water, energy, health;
Effective interdisciplinary collaboration across natural and social sciences, humanities, economics, and technology development, to find the best scientific solutions to
multi-faceted problems;
Timely information for policy-makers by  generating the knowledge that will support existing and new global and regional integrated assessments;
Participation of policy-makers, funders, academics, business and industry, and other sectors of civil society in co-designing and co-producing research agendas and
knowledge;
Increased capacity building in science, technology and innovation, especially in developing countries and engagement of a new generation of scientists.

Integrating existing endeavours

Future Earth will build on the success of existing global environmental change programmes (Diversitas, IGBP, IHDP, WCRP and ESSP), to help develop a stronger and broader
community.

Contact

The Future Earth Interim Secretariat can be reached at contact@futureearth.info

More

Thanks for your attention! 



Field Campaign using High-Precision Telescope  
AMI (Airborne Multispectral Imager) 

LCTF (liquid crystal tunable filter-system) 

Courtesy: Junichi Kurihara, HU 



20 micro-satellites in 
equatorial orbits enables 5-

min interval monitoring	

Smart Remote Sensing with Super-Constellation	

Short Term (Dynamic): Fire, Tsunami, 
Deforestation, Weather  [20 micro-satellites] 
 
Medium Term: Forest Degradation, 
Biodiversity Changing, Plant Growth, Water 
Pollution, LULUCF, GHGs Flux, Water 
Cycling  [Modeling and Simulation][Several 
micro-satellites] 
 
Long Term (Stable):  Mineral Exploration, 
Biomass, Biodiversity, Village Mapping [Few 
micro-satellites]	 by Yukihiro Takahashi	

Micro-satellite  
with LCTF (420-1050 nm: 630 band)  

in May, 2014  



Land	  Monitoring:	  Informa(on	  Collec(on	  using	  data	  
transfer	  network	  of	  mobile	  phone	  

User	  1	  	  	  PC	

User	  2	  	  	  PC	

User	  3	  	  	  PC	

User	  4	  	  	  PC	

User	  n	  	  	  PC	

Japan	

Indonesia	APN:	  Access	  Point	  Name	  	  
By Midori Kougaku 	


