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Carbon-water simulator for wild fire emission estimation in Asia 

with bio-geophysical model and remote sensing 

(JICA-JST SATREPS and MEXT project) 



Tropical peat forests 
Amazon 

Central Africa Southeast Asia 

Boreal forested wetlands 

North America 

Siberia 

Carbon sequestration in peatlands 

as a source of CO2 and CH4 

Rice paddy in Asia 



Forest fires from MODIS 

Land use map from MODIS 





Global biomass in forest and agricultural land 

Tropical forest: 150-300 (tC/ha), Boreal forest: 50-70 (tC/ha) 

Savanna: 20-30 (tC/ha), Agcitultural land: 2-10 (tC/ha) 

grassland: 0.5 (tC/ha) 



• Latitude, longitude  and altitude  

• Wind speed  

• Air temperature  

• Soil temperature  

• Relative air humidity  

• Volumetric Water Content (VWC)  

• The main species of the plant  

In-situ biomass measurement at sample 

plot 



DTM, biomass and plant phenology via UAV 

 

5cm ground resolution 



Biomass loss rate with FRP 

[Wooster, 2005] 



Annual carbon emissions (as g C/m2/yr) 

averaged over 2002-2015 

Above ground biomass 

2.92±0.28 PgC/yr 
[Takeuchi, in preparation] 



Carbon emissions in 2015 from wild fires hit the highest records in the last 15 years 

[Takeuchi, 2016] 

110GtC in 2015 121GtC in 2006 
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cf. 40GtC in 2015 from Japan in fossil fuel emission, 5th in the world 

125GtC in 2015 336GtC in 2012 







GFED3.1 (NASA) 

76.8±96.8 TgC/yr 

Soil organic carbon 

(SOC) by peat fire 

34.2±27.0 TgC/yr 

Above ground 

biomass (AGB) 

0.5±0.4 TgC/yr 

Annual carbon emissions 

averaged over 2002-2010 

[W. Takeuchi, T. Hirano and O. Roswintiarti, 2011] 



Borneo island 

Peat forest 

Plantation/Cropland 

Mangrove 

Montane forest 

Degraded forest 

Lowland forest 

Water 



Landsat ETM 742 (Jul. 16, 

2000) 
30km 

Kahayan 

river 

Sebangau river 

UDF (Un-drained 

forest) 

2.32S, 113.90E 
DF (Drained forest) 

2.35S, 114.00E 

DBF (Drained burnt forest) 

2.34S, 114.03E 

Drainage 

Flux measurement in central Kalimantan 



UDF (Un-drained 

forest) 

2.32S, 113.90E 

DF (Drained forest) 

2.35S, 114.00E 

DBF (Drained burnt forest) 

2.34S, 114.03E 

[Hirano, 2008] 

Evapotranspiration 4mm/day 

Precipitation 2000mm/yr 



Combustion process of peat fire 

[Takahashi, 2008] 

Ground water level is a governing factor in peat fire 

propagation   

GWT < 60cm 

http://webmodis.iis.u-tokyo.ac.jp/FIRE/
http://webmodis.iis.u-tokyo.ac.jp/FIRE/
http://webmodis.iis.u-tokyo.ac.jp/FIRE/
http://webmodis.iis.u-tokyo.ac.jp/FIRE/
http://webmodis.iis.u-tokyo.ac.jp/FIRE/


Water-carbon-simulator (WCS) 

Water table estimates 

Above ground biomass 

Peat fires and 

decomposition 

AHI8 

B13 and 14 

[Takeuchi, in press] 



Lower ground water table of peatland in Indonesia are 

prone to firesand large carbon emission sources 

[Takeuchi, 2015] 

[Takeuchi, 2012] 

2007          2008          2009          2010          2011          2012          2013           2014          2015

Year

La Nina El Nino La Nina El Nino

DF (Drained forest) 2.35S, 114.00E

RMSE=12.8cm
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Comprehensive evaluation of carbon budget at peatland in 

Indonesia 

C Source 

C Sink 
[Park, in review] 



Near-real time fire detection and 

meteorological information 

dissemination  

to support fire fighters activity 

JICA-JST SATREPS (2009-

2013) 



Mangrove and seagrass biomass mapping in Asia 

(JAXA SAFE project under APRSAF) 



Global mangroves in coastal ecosystems 

A total of 15.2 million hectares of mangroves are exist 

worldwide and their main distribution is in the tropical areas. 

(USGS, 2009) 

About one third of the world’s mangroves are found in Asia 

(39%), followed by Africa (21%) and North and Central 

America (15%) (FAO, 2007). 



(Conservation international, 2011) 

(Blue carbon) 



Mangrove above ground biomass estimation 

ALOS PALSAR 

HH and HV 

SPOT4/5 

Landsat 

ALOS AVNIR2 

Allometric equation 

Biomass = f(DBH) 

Mangrove forest 

classification map 

Sample plot biomass with mangrove types 

DBH with GPS locations 

Remote sensing Literature survey Field survey 

Biomass map 

Final product 

Biomass map 

Biomass with GPS locations 

Biomass = f(HH, HV) 

Biomass for each 

mangrove types 

Approach A 

Approach B 

ALOS/PRISM 

SRTM3 

ICESat/GLAS 
Tree height 
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Above ground biomass in mangrove 

forest 
JAXA PALSAR/PALSAR2 mosaic 

dataset 
42 field measurement site in Asia 



Year 1990 2000 2010 

Area (i
n ha) 

28876 21506 23283 

1:100,000 



Mangrove change by Landsat from 1997 to 2013 Segara Anakan in 

Indonesia 



[Soni, Journal of Sensors, 2015] 

Impact of topography and tidal effect to mangrove biomass 

mapping 



Above ground biomass (AGB) estimation based on ALOS PALSAR 

considering impact of topography and tidal height  

[Soni, Journal of Sensors, 2015] 



1 

2 

3 

Tang Ken Bay, Phuket, Thailand 



 

1. Seagrass/Seaweed bed 



 

3. Spectral signature sampling by ADS handheld 2 

1 2 3 
4 5 6 7 

8. Sand 

1. Sponge 

2. Turbinaria-ornata 

3. Sargassum 

4.N/A 

5. Laurencia 

6. Cymodocea-rotundata 

7. Thalassia-hemprichii 



Spectral signatures of seagrass and seaweed 





Use of UAV and satellite remote sensing for extensive area 

mapping 



[Kakuta, 2016] 



Wataru Takeuchi, Ph. D. @ Institute of Industrial Science, University of Tokyo, Japan 

Concluding remarks 

 Backscatter value of mangrove forest on HH value around -11 

dB to - 6 dB and on HV value around -21 dB to -16 dB.  

 Higher AGB of mangrove forest (average more than 80 ton/ha) 

- Meinmahla Kyun-Irrawaddy delta, Myanmar 

- Preak Piphot River, Cambodia 

- Sorong Papua, Indonesia 

 Lower AGB of mangrove forest (average less than 5 ton/ha) 

- Sarikei Serawak, Malaysia  

- Langsa Aceh, Indonesia  

- Subang West Java, Indonesia 

 In the future, we will try to improve the algorithm with included  

environmental conditions (i.e. moisture conditions, and 

weather dynamics) also topography and tidal height condition 

and more collecting ground survey data and information of 

AGB of mangrove forest in Southeast Asia for validation our 

result.  
41 



CH4 emission observation from rice paddy field in Asia 

with remote sensing and in-situ measurements  

(UTokyo-VAST-JAXA initiative) 
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Rice paddy for food and CH4 

90 % of paddy fields in the world are in Asian countries and they are 

important as a staple food source and a source of atmospheric 

methane CH4 [Wessmann, 2003]. 

 Important variable for modeling of regional biochemical cycle and 
climate [Dickinson, 1995]. 

The improved understanding of paddy field distribution over large 
spatial scale has increased the interest in the above mentioned 
issues. 



CH4 

Column average in the 

atmosphere 

(Top down) 

Satellite remote sensing 

(GOSAT, SCIAMACHY) 

Surface emission 

(Bottom up) 

Fixed point observation CH4 

Top-down and bottom-up approach in CH4 measurements 

Other sources 

Convection 



Wataru Takeuchi, Ph. D. @ Institute of Industrial Science, University of Tokyo, Japan 

Global rice mapping and CH4 estimation flow 

1. Preparing the dataset from MODIS, AMSR-E, and GOSAT data 

2. Creating the new water index with LSWC and V-S-W by unmixing method 

3. Assuming the sprouting season of rice by applying Fourier Transform to NDVI time 

series. 

Detecting rice cropping phenology where NDVI comes to its peak 60 days after the 

new water index rise and making the global rice paddy field mapping 

4. Estimating methane emission from each rice crops by utilizing the map, the new 

water index. 



MODIS+MTSAT+AMSR-E 

Rice plant phenology and water regime are measured from space 

Completely cloud-free vegetation and water indices 

from satellite remote sensing and image processing 



MODIS VCI and AMSR-E LSWC captures 

rice cropping patterns in Sukhothai 

MODIS VCI 

AMSR-E LSWC Transplant 

Maximum tiller 

120days 120days 110days 100days 



MODIS VCI and AMSR-E LSWC captures 

rice cropping patterns in Suphanburi 

MODIS VCI 

AMSR-E LSWC 
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Fourier transform analysis of NDVI 
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Time series of NDVI in paddy field 

0 
1 
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Extracted waves by Fourier transform 

0 
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Result of Fourier transform analysis 

45 180 330 

By compositing waves of lower cycles, 

we can detect the day of year when 

NDVI comes to its peak. 

[Jonai, 2014, IGARSS] 



1km rice paddy and crop calendar 

map from 2001 to 2015 



Rice field in Thailand 

(Oct. 8, 2011 to Nov. 8, 2011) 



Water coverage change timing delay 

to ground water level changes 

(b) Ground based water level measurements 

(a) AMSR-E land surface water coverage measurements 

[Takeuchi 2011, ISRS] 



[Arai, 2017] 



CH4 flux measurement 



Weather 

measurement station 
• CH4 by laser meteorology 

• Solar radiation (PYR) 

• Soil mosture (EC-5) 

• Air temperature and relative 

humidity (VP-3) 

• Rainfall (ECRN-100) 

• Wind speed and direction 

(Decagon) 

• Data logger (Em50) 

• Solar power supply and 

battery charger 

• Data transfer via SIM 

• Real-time data visualization 

at web 





CH4 emission compared with column average 

by GOSAT and SCIAMACHY in Sichuan 



Top 20 CH4 emitting country from rice paddy field 

[Jonai, 2014] 





Wataru Takeuchi, Ph. D. @ Institute of Industrial Science, University of Tokyo, Japan 

Concluding remarks 

 Vegetation and water condition mapping of rice 

paddy field from remote sensing is demonstrated 

and global rice paddy and crop calendar mapping 

was carried out with 1km grid scale 

 CH4 emission were estimated with remote 

sensing and emission factors by IPCC guideline 

2006. They were compared with column average 

CH4 concentration and similar patterns were 

found in time-series of behaviors. 

 CH4 emission were compiled in country level and 

compared with EDGAR database in good 

agreement. 
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Thank you  




