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Presentation Outline

 Recapitulation
 Forest cover classification:
 Data, methods, and justification

 Redefining the study area
 Progress on biomass estimation



Project Summary
Kyoto & Carbon Initiative (Phase 3)

TITLE: Aboveground Biomass and Carbon Stock Mapping and Changes
Monitoring in the Forest of Peninsular Malaysia Using L-Band 
ALOS Palsar and JERS-1

DURATION: Two years (April 2012 – March 2014)

EXEC. AGENCY: Forest Research Institute Malaysia (FRIM)

LOCATION: Peninsular Malaysia



19th Science Team meeting
Date: April 9 - 12, 2013
Venue: RESTEC, Tokyo

16th Science Team meeting
Date: October 17 - 21, 2011
Venue: JAXA, Tsukuba

18th Science Team meeting
Date: November 7 - 9, 2012
Venue: RESTEC, Tokyo



Objectives:
(i) to establish empirical relationship between aboveground biomass and L-

Band signals for tropical forest ecosystem, 

(ii) to determine aboveground biomass by using L-band SAR data, and 

(iii) to map the current status and identify changes of aboveground biomass 
and carbon stocks in the forest in Peninsular Malaysia. 

Project objectives and schedule

Deliverables:
(i) Forest cover in the study area (1995 & 2010)
(ii) Pattern of spatial distribution of above ground biomass & carbon stocks in

the forest (1995 & 2010)
(iii) Changes of biomass and carbon stocks from 1995 to 2010.



No. Key-milestone Date of completion

i Forest inventory data Jun 2012 ●
ii Maps of forest cover in the study area (1995 & 2010) September 2012 ●
iii Spatial distribution map of biomass and carbon stock 

(2010)
March 2013 ●

iv Spatial distribution map of biomass and carbon stock 
(1995)

Jun 2013 ●

v Spatial distribution map of biomass and carbon stock 
changes over 15 years (1995 - 2010)

Dec 2013 ●

vi Summary report March 2014 ●

Project milestones





Results

Forest Type
Extents

(ha)
Percentage 

(%)

Inland Forest* 5,690,815.57 93.3

Peat Swamp Forest** 290,038.47 4.8

Mangrove Forest*** 115,180.60 1.9

Total 6,096,034.64 100.0

*Including forest plantation.
**Including fresh water swamp and Melaleuca cajuputi forests.
***From Hamdan et al. (2012). 





A total of 318 plots sampling 
plots consisting biomass values 
were observed on ground 
covering lowland & hill 
dipterocarp forests. 

Sampling and modeling



Focus area of Phase 3

• Most land conversion occur only in stateland forest that reside on 
Lowland Dipterocarp regime.

• Production area (within forest reserve) also mostly reside on lowland 
and hill dipterocarp forests.

• No logging activity in the forest elevating >1000 m (m.s.l)
• Upper hill (750 – 1200m) and montane forest (>1200m) have different 

ecosystem and stands structure – cannot be included in estimation 
model (that focuses only on dipterocarp forest).

• Upper hill and montane occupied by rugged topography that affect the 
radar illumination – need to avoid.

• Biomass changes occur only within these regimes due to production. 

Lowland and Hill Dipterocarp forests:

Lowland dipterocarp forest : <300 m
Hill dipterocarp forest : 300 – 750 m



Forest Type Lowland 
Dipterocarp 

Forest
(ha)

Hill 
Dipterocarp 

Forest
(ha)

Total 
Area
(ha)

Extents (ha) 2,704,815.54 2,004,990.80 4,709,806.34

Percentage (%) 57.43 42.57 100

Hill Dipt. 

Lowland Dipt. 



Fieldwork
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Scatterplots of correlations between backscatter and AGB on (a) HV and (b) 
HH polarizations. The AGB from all sample plots were broken into intervals 
(1) < 200 Mg ha-1, (2) > 200 Mg ha-1, and (3) overall sample plots.



Polarization
AGB 

interval
(Mg ha-1)

No. of 
sample 
plots
(n)

Model R2

Residual
(±Mg ha-1)

HV

< 200 32 y = 2.0847ln(x) - 24.261 0.7558 18.89

> 200 252 y = 0.475ln(x) - 14.558 0.0264 97.66

Overall 284 y = 1.5326ln(x) - 20.89 0.3553 109.82

HH

< 200 32 y = 2.3828ln(x) - 19.84 0.4335 26.71

> 200 252 y = 0.1096ln(x) - 7.7058 0.0011 98.42

Overall 284 y = 0.6757ln(x) - 11.083 0.0834 118.10

Correlation functions and R2 of HV and HV backscatter against the AGB in 
intervals



Image Stat. Biomass
(t ha-1)

Min 51.3

Max 579.6

Mean 275.5

Std. Dev. 252.8

Basic Statistic

Total AGB: 1,297,504,548.67 tons
1.3 Billion tons



Year Extents of 
lowland and hill 

dipterocarp
(ha)

Carbon stock
(Mg C ha-1)

2010 4,709,806.3 648,775,823.3

1995 5,073,375.2 698,857,439.3

Changes -363,568.9 -50,079,798.1

Changes/yr 24,237.9 ha 3,338,653.2 Mg

Changes of carbon stock



PALSAR response on Mangroves 



Biomass Allometric Functions

No
.

Source Allometric functions Application to type of 
forest

5 Komiyam
a et al. 
(2007)

Wt= 0.251ρD2.46

Wr=0.199ρ 0.899 D 2.22
Common equation 
applied to all trees in 
mangrove forest

6 Ong et al. 
(2004)

Log10(Wt)= 2.420 *log10(GBH) -1.832
Log10(Wr)= 2.611 *log10(GBH) – 3.454)

Specific equation 
Rhizophora apiculata



Polarizations manipulation



AGB 
interval
(Mg ha-1) Model

No. of 
sample 
(n) R R2

Adjusted 
R2

Residual 
error
(±Mg ha-1)

< 100 y = 1.3668 ln(x) - 21.495 154 0.790 0.624 0.621 14.17
100 – 150 y = 0.0082x - 16.208 78 0.175 0.030 0.018 16.21
> 150 y = -0.0014x - 15.07 88 0.105 0.011 0.000 40.27



Basic statistic (Mg ha-1)
Minimum Maximum Mean Mode

2.98 378.32 99.40 72.98



AGB interval
(Mg ha-1)

RMSE
(±Mg ha-1)

< 100 24.06
100 – 150 25.60
>150 54.29
Overall 33.90



Conclusion

- Study has successfully classified and quantified the 
forest extents using L-band Palsar data.

- Biomass in this region are relatively high exceeding 
the saturation levels.

- Study found that both HV and HH polarizations still to 
deal with the saturation issues on tropical forest.

- Different variable (e.g. gamma naught) should be 
examined.

- Limitation on direct estimation method need also to 
be addressed.



1. Published (PDF files are provided in K&C #21)

Deliverables –
Papers and reports
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No. Title Journal Status Expected
date of 
publication

1

Determining L-band saturation level 
for aboveground biomass 
assessment of dipterocarp forests in 
Peninsular Malaysia

Journal of 
Tropical 
Forest 
Science 

Under second 
review, 
submitted in 
July 2014

March 2015

2

Development of empirical models 
for estimating aboveground 
biomass in logged forest using L-
band SAR

Jurnal
Teknologi

Accepted in
December 
2014

January 2015

3
Estimating Biomass in Logged 
Tropical Forest Using L-Band SAR 
(PALSAR) Data and GIS

Sains
Malaysiana

Under review, 
submitted in 
July 2014

NA

4
Evaluation of L-Band SAR 
Capability in Estimating Tropical 
Forest Biomass

PhD Thesis
Dissertation

Finalization March 2015

2. Submitted/in preparation



1. Completed and Delivered to JAXA
• Ground truth data of the observed aboveground biomass in lowland and hill 

dipterocarp forests
• K&C Phase 3 Summary Report

2. Completed, but not yet delivered (delivered in K&C #21)

• Shapefile of Forest Cover in Peninsular Malaysia 2010
• Image of Aboveground Biomass Distribution 2010

Deliverables –
Data sets and Thematic products

(mosaics, classification maps etc.)
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Thank you
Terima kasih
ありがとうございます


