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Project Summary 
Kyoto & Carbon Initiative (Phase 4) 

TITLE:   Updating Forest Cover and Assessing Aboveground Biomass in Various  
  Tropical Forest Ecosystems from PALSAR-2 Polarizations 

 

DURATION:  2.5 years (October 2015 – March 2018) 
 

EXEC. AGENCY:  Forest Research Institute Malaysia (FRIM) 
 

STUDY AREA:  Peninsular Malaysia 

 



Objectives 

i.  To develop a robust method for monitoring forest cover in 
Peninsular Malaysia by using a single PALSAR sensor. This to 
make sure consistent reporting, which has opportunity to be 
promoted and employed in REDD+ implementation.  

ii.  To conduct a detailed study on the use of PALSAR (especially 
PALSAR-2) data for retrieving aboveground biomass in three key 
forest ecosystem in Malaysia, which are inland dipterocarp, peat 
swamp and mangrove forests.  

iii.  To develop methods for accurate assessment of aboveground 
biomass on these forest ecosystems.  



Deliverables 

The project is aiming at the following deliverables and will producing:  
i.  An updated forest cover map over the entire Peninsular 

Malaysia. 
ii.  Spatially distributed maps of aboveground biomass in lowland 

dipterocarp forests (virgin and logged-over). 
iii.  Maps of aboveground biomass on peat swamp and mangroves 

forests.  
iv.  Methods and models for estimating aboveground biomass on 

the lowland dipterocarp, peat swamp and mangroves forest 
ecosystems in Malaysia. 



Project Milestones  
No.  Key-milestone Date of 

completion 
(Proposal) 

Date of 
completion 
(Actual) 

i  Maps of forest cover in Peninsular Malaysia of year 
2015 

June 2015  January 2016 

ii  Forest inventory (i.e. ground truth) datasets September 2015  April 2016 
iii  Spatial distribution map of AGB over focus-study 

area A: CTFS research plot (Changed to Sungai 
Menyala Forest Reserve) 

December 2015  June 2016 

iv  Spatial distribution map of AGB over focus-study 
area B: Logged forest in Dungun Timber Complex. 

March 2016 Sept 2016 

v  Spatial distribution map of AGB over focus-study 
area C: Peat swamp forest in South East Pahang. 

June 2016  March 2017 

vi Spatial distribution map of AGB over focus-study 
area D: Kukup Island mangroves, Johor 

September 2016 June 2017 

vii Maps of AGB in Peninsular Malaysia of year 2015 June 2017 Sept 2017 
viii Project report  March 2018  March 2018 



Forest Types 



 
A

B

C

D

Focus Area K&C Phase 4 
 
A.  CTFS Research plot (Virgin lowland 

dipt.) 

B.  Dungun Timber Complex (production 
area lowland and hill dipt.)  

C.  Pekan Peat swamp forest 

D.  Kukup Island National Park 
(mangrove forest) 

Study Area 



Data sharing 
Types of 

forest	  
Natural Forest	   Total 

samples	  Sungai 
Menyala 
Forest 

Reserve	  

Dungun 
Timber 

Complex	  

Peat 
swamp 
forest	  

Kukup 
Island 

mangrove 
forest	  

No. of 
Sampling 

Points	  

50 
(50 ha)	  

60 
(108,000 

ha)	  

60 
(200,000 

ha)	  

60 
(500 ha)	  

  
230	  

Data will be collected on the ground and will be stored in digital 
shapefile (.shp) in point format. Each point will contain geographic 
location, forest types, basal area information, date of ground 
thruthing, and aboveground biomass. 
 
All maps produced from this project will be also delivered to JAXA. 



Palsar-2 Ultrafine (3m) 
2015-2016 



Palsar Mosaic 2010 Palsar-2 Mosaic 2015 

Forest cover mapping & Deforestation detection 

Palsar Mosaic 2007 



Updated Forest Cover and 
Biomass Map (2015) 



Map	  showing	  spa,al	  
distribu,on	  of	  changes	  of	  
forest	  cover	  in	  Peninsular	  
Malaysia	  between	  years	  
2007	  and	  2015 



Nest Radius  
(m) 

Size Tree size, DBH 
(cm) 

2 Sapling  < 10 cm; ≥ 1.3 m 
4 Small ≥ 10 

12 Medium ≥ 20 
20 Large ≥ 40 

Sample	  plot	  design	  

      

4m 

  

0.5m
 

      

      

      

      

100m 

100m 

100m 

Subplot A 

Subplot B 

Subplot C 

Subplot D 

25m	  

25m	  

Living	  trees	  
Standing	  dead	  trees	   Non-‐tree	  veg.	  

Li5er	  
Soil	  

Lying	  deadwood	  



Forest	  type	   Allometric	  func=on	   Source	  
Inland	  forest	   AGB	  =	  [exp	  (-‐1.803	  –	  0.976E+0.976	  ln(ρ)	  +	  

2.673	  ln(D)	  –	  0.0299	  [ln(D)]2]	  
Chave	  et	  al.	  (2014)	  

	  
Peat	  swamp	  forest	   AGB	  =	  0.65*exp(-‐1.239	  +	  1.98*ln(D)+	  

0.207*	  ln(D)2	  -‐	  0.0281*ln(D)2	  
Chave	  et	  al.	  (2005)	  

	  
Mangrove	  forest	   AGB=	  0.251ρD2.46	   Komiyama	  et	  al.	  

(2007)	  

Stand	  level	  AGB	  es=ma=on	  



ABG	   BGB	   Deadwood	  	   NTV	  and	  
liZer	  	   Soils	  

Inland	  	   174.49	   35.22	   4.92	   1.29	   48.40	  
Peatswamp	   168.63	   35.95	   21.40	   2.19	   188.1	  
Mangrove	   135.45	   48.57	   22.12	   3.88	   46.02	  
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Carbon	  stock	  in	  all	  carbon	  pools	  
(Mg	  C	  ha-‐1)	  
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Propor=on	  of	  carbon	  pools	  

1)  Aboveground	  living	  
-‐	  Including	  Sapling	  &	  understory	  

2)	  Belowground	  living	  

3)	  Deadwood	  
-‐  Standing	  
-‐  Lying	  	  

4)	  Li5er	  

5)	  Soil	  

66% 
13% 

2% 

1% 
18% 

Carbon pools in Inland Forest 

ABG 

BGB 

Deadwood  

NTV and litter  

Soils 
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Carbon pools in Peatswamp Forest 
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Carbon pools in Mangrove Forest 
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NTV and litter  
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Fieldwork 
Lowland Dipterocarp Forest 



Fieldwork 
Peat Swamp Forest 



Fieldwork 
Mangrove Forest 



Forest	  type	  
Jenis	  hutan	  

Year	  
Tahun	  

Deforestation	  	  
Kehilangan	  

hutan	  
(ha)	  

Rate	  of	  deforestation	  
Kadar	  kehilangan	  hutan	  

2007	  
(ha)	  

2010	  	  
(ha)	  

2015	  
(ha)	   (ha	  yr-‐1)	   (%	  yr-‐1)	  

Inland	  
Darat	   5,720,317	   5,690,816	   5,525,034	   195,284	   24,410	   0.43	  

Peat	  swamp	  
Paya	  gambut	   298,763	   290,038	   264,578	   34,185	   4,273	   1.43	  

Mangrove	  
Paya	  laut	   118,636	   115,181	   106,198	   12,438	   1,555	   1.31	  

TOTAL	  
JUMLAH	   6,137,716	   6,096,035	   5,895,810	   241,906	   30,238	   0.49	  

 

Changes	  of	  forest	  cover	  and	  rate	  of	  deforesta,on	  between	  years	  
2007	  and	  2015 



Land	  use	  category	  
Kategori	  guna	  tanah	  

Area	  
Keluasan	  

(ha)	  

Percentage	  area	  
Peratusan	  keluasan	  

(%)	  
Water	  body	  
Badan	  air	   8,745	   3.6	  

Oil	  palm	  plantation	  
Ladang	  kelapa	  sawit	   142,790	   59.0	  

Rubber	  plantation	  
Ladang	  getah	   34,936	   14.4	  

Agricultural	  land	  
Kawasan	  pertanian	   22,095	   9.1	  

Urban	  areas	  
Kawasan	  bandar	   14,858	   6.1	  

Others	  
Lain-‐lain	   18,481	   7.6	  

TOTAL	  
JUMLAH	   241,907	   100	  

 

Categories	  of	  land	  uses	  that	  have	  been	  converted	  from	  the	  
forested	  areas	  from	  2007	  to	  2015



Land	  use	  category	  
Kategori	  guna	  tanah	  

Carbon	  loss	  
	  Kehilangan	  karbon	  

(Mg	  C)	  

CO2	  emission	  
Pelepasan	  CO2	  

(Mg	  CO2)	  

Percentage	  
Peratusan	  

(%)	  

Rate	  of	  emission	  
Kadar	  pelepasan	  
(Mg	  CO2	  yr-‐1)	  

Water	  body	  
Badan	  air	   230,454	   844,998	   3.6	   105,625	  

Oil	  palm	  plantation	  
Ladang	  kelapa	  sawit	   3,097,950	   11,359,150	   48.6	   1,419,894	  

Rubber	  plantation	  
Ladang	  getah	   883,840	   3,240,747	   13.9	   405,093	  

Agricultural	  land	  
Kawasan	  pertanian	   537,900	   1,972,300	   8.4	   246,538	  

Urban	  areas	  
Kawasan	  bandar	   509,255	   1,867,268	   8.0	   233,409	  

Others	  
Lain-‐lain	   1,109,490	   4,068,130	   17.4	   508,516	  

TOTAL	  
JUMLAH	   6,368,889	   23,352,593	   100.0	   2,919,074	  

 

Summary	  of	  carbon	  loss	  and	  emission	  of	  CO2	  resul,ng	  
from	  deforesta,on	  from	  2007	  to	  2015 



Calcula=on	  of	  net	  emission	  

Carbon	  emission	  (Mg	  CO2)	  =	  Carbon	  Loss	  (Mg	  C)	  *	  (44/12)	  

Ct	  =	  ∑	  (AD	  ×	  EF)	  	  

Ct  = carbon loss in time t (Mg C) 
AD  = area undergoing a specific type of land use 
change (ha)  
EF  = emission factor, (Mg C ha-1) 



Land	  use	  classes	   Carbon	  stock	  
(Mg	  C	  ha-‐1)	  

Conversion	  of	  
forest	  to	  

Emission	  factor	  
(Mg	  C	  ha-‐1)	  

Forest	   186	   Forest	   0	  
Oil	  palm	   36	   Oil	  palm	   150	  
Rubber	   58	   Rubber	   128	  
Urban	  area	   7	   Urban	  area	   179	  
Agriculture	   54	   Agriculture	   132	  
Water	  body	   0	   Water	  body	   186	  
Mine	  and	  quarry	   0	   Mine	  and	  quarry	   186	  
Grassland	   3	   	  Grassland	   183	  
Animal	  Husbandry	   3	   Animal	  Husbandry	   183	  
Cleared	  land	   0	   Cleared	  land	   186	  
Source:	  Agus,	  F.,	  Henson,	  E.	  I.,	  Sahardjo,	  H.	  B.,	  Harris,	  N.,	  Noordwijk,	  V.M.,	  Killeen,	  J.	  T.	  (2014).	  Review	  of	  emission	  factors	  
for	  assessment	  of	  CO2	  emission	  from	  land	  use	  change	  to	  oil	  palm	  in	  Southeast	  Asia.	  Report	  from	  the	  technical	  panels	  of	  
the	  2nd	  Greenhouse	  Gas	  Working	  Group	  of	  the	  Roundtable	  on	  Sustainable	  Palm	  Oil	  (RSPO)	  

Emission	  Factor	  (EF)	  



Carbon	  loss	  and	  emission	  of	  CO2	  resulted	  from	  deforesta=on	  in	  years	  
2007,	  2010	  and	  2015	  

Landuse	  	  
Category	  

Changes	  2007-‐2010	  	  
(ha)	  

Carbon	  loss	  2007-‐2010	  	  
(Mg	  C)	  

CO2	  emission	  2007-‐2010	  	  
(Mg	  CO2)	  

WATER	  BODY	   1,239	   230,454	   844,998	  
OIL	  PALM	   20,653	   3,097,950	   11,359,150	  
RUBBER	   6,905	   883,840	   3,240,747	  
AGRICULTURE	   4,075	   537,900	   1,972,300	  
URBAN	   2,845	   509,255	   1,867,268	  
OTHERS	  	   5,965	   1,109,490	   4,068,130	  
Total	   41,682	   6,368,889	   23,352,593	  

Total	  (Mg	  CO2)	   23,352,593	  

Rate	  of	  emission	  (MgCO2	  yr-‐1)	   7,784,198	  

Landuse	  	  
Category	  

Changes	  2010-‐2015	  
(ha)	  

Carbon	  loss	  2010-‐2015	  	  
(Mg	  C)	  

CO2	  emission	  2010-‐2015	  	  
(Mg	  CO2)	  

WATER	  BODY	   7,506	   1,396,116	   5,119,092	  
OIL	  PALM	   122,137	   18,320,555	   67,175,367	  
RUBBER	   28,031	   3,588,026	   13,156,094	  
AGRICULTURE	   18,020	   2,378,669	   8,721,785	  
URBAN	   12,013	   2,150,413	   7,884,846	  
OTHERS	  	   12,516	   2,328,062	   8,536,228	  
Total	   200,225	   30,161,840	   110,593,412	  

Total	  (Mg	  CO2)	   110,593,412	  

Rate	  of	  emission	  (MgCO2	  yr-‐1)	   22,118,682	  



Forest	  Reference	  Emission	  Level	  (FREL)	  
in	  Peninsular	  Malaysia	  



Emission	  of	  CO2	  resulted	  from	  
deforesta=on	  between	  2010	  and	  2015	  

4% 

61% 

12% 

8% 

7% 

8% 

CO2 
Emision 

WATER BODY 

OIL PALM 

RUBBER 

AGRICULTURE 

URBAN 

OTHERS  







Palsar-2 + Optical SPOT-6 for biomass estimation on 
Peat Swamp Forest 

§  Peat swamp forest and its ecosystem play a significant role in the 
climate change because they serve as sinks of carbon and store 
carbon more compared to other forests.  

§  Malaysia has about 1.3 million ha of peat swamp forest and is keep 
depleting over years.  

§  Rapidly increasing need on carbon stocks (and CO2) information at 
a national level in line with international initiatives – e.g. REDD+. 

§  However, the question of HOW? to measure and produce reliable 
information on carbon stock in this forest as well as carbon 
emissions resulted from the deforestation are crucial and should be 
answered before the REDD+ can be implemented. 



MALAY BORNEO 
 
About 1.06 million ha  
Mainly in Sarawak 

PENINSULAR 
MALAYSIA 
 
About 300,000 ha 
Mainly in Pahang, 
Selangor and Johor 

84% 

16% 

Peat Swamp 
Forest in Malaysia 

107,000 ha 

75,900 ha 

3,800 ha 

6,900 ha 



§  The south-east Pahang peat swamp 
forest (SEPPSF), located at Pahang 
state is the largest peat swamp forest 
complex in Peninsular Malaysia  

§  It covers an area of 107,203 ha and 
comprises four Forest Reserves, namely 
Pekan, Kedondong, Nenasi and Resak.  

§  It harbors unique flora and fauna, 
provides benefits and services of 
national interest and supports the 
livelihood of the aborigines (Orang Asli) 
communities.  

Pekan FR 

Kedondong FR 

Nenasi FR 

ResakFR 

The study area  



COSV AB 

Sample Plots C 

Methodology 
PALSAR-2 SPOT-6 B A 

DN - TOA A1 DN - NRCS B1 

• HH + HV 
• Noise reduction 
• Topographic 
normalization 

B2 
NDVI 
NDWI 
MVWI 

A2 

Correlation ABC 

AGB Estimation D 



SAR Data 

Satellite Advance Land Observing 
Satellite (ALOS-2)  

Sensor Phased Array type L-band 
Synthetic Aperture Radar 
(PALSAR-2) 

Wavelength 23.62 cm (1270 MHz) 

Image Res. 6 m 
Date of acq. 16 Oct 2015 

Optical Data 

Satellite SPOT-6 

Sensor High Resolution Geometric 
(HRG) 

Band Band 1; 0.50 – 0.59 µm, G  
Band 2; 0.61 – 0.68 µm, R  
Band 3; 0.79 – 0.89 µm, NIR 
Band 4; 1.58 – 1.75 µm, SWIR 

Image Res. 5 m 
Date of acq. 10 June 2015 

Satellites images 



Image 
Variables 

Formula Description Source 

NDVI  
NIR−R/NIR

+R  

Normalized Difference Vegetation Index. 
Related to changes in amount of green 
biomass, pigment content and concentration 
and leaf water stress etc. 

Huete (1988) 

NDWI  NIR−SWIR/
NIR+SWIR  

Normalized Difference Water Index is a remote 
sensing based indicator sensitive to the change 
in the water content of leaves. 

Gao (1996) 

HV PALSAR-2 HV HV backscatter of PALSAR-2 sensor in sigma-
naught values (dB). 

- 

MVWI NDVI × NDWI Enhancement of normalized vegetation and 
water indices to extract plant component of peat 
swamp forest. 

This study 

COSV e(HV*MVWI) Combination of indices derived from optical 
data with PALSAR-2 HV polarization to 
enhance forest height and biomass of peat 
swamp forest. 

This study 

Summary of image variables used in the AGB predictions 



Image variables Model coefficient R2 
  

RMSE 
(Mg ha-1) a b 

NDVI 0.11211  - 0.2536 0.1429 98.76 
NDWI 0.11811  - 0.4123 0.1233 93.21 
MVWI 0.07261  - 0.3117 0.1552 71.42 

HV 4.29740 - 39.015 0.2257 62.70 
COSV   0.14561  - 0.7136 0.3653 51.94 

The model was generally written in logarithmic form as  
y=a×ln(x)+b 

  
 where  y = AGB (Mg ha-1) 
  x = image variables 



Correlation Analysis 

Scatterplots of the 
correlations 
between AGB and 

images variables.   

NDVI NDWI HV 

MVWI COSV 



HV Pol MVW I COSV 02 01 03 

The enhancement technique has produced an image with more 
pixel variations that were able to explain various conditions of 
vegetation composition on the ground 

Image variables that were used for AGB prediction 



 
It was found that the AGB in the 
study area ranged from 68 to 583 
Mg ha-1 with an average of 
352.47±51.94 Mg ha-1.  
 Spatially 

distributed 
map of AGB  
estimated in 
the study area 

68 to 583 Mg ha-1  

 
From these figures, it was 
estimated that the total AGB stored 
in the study area was about 
37,785,841 Mg.  
 

352.47±51.94 Mg ha-1  

Spatially distributed 
map of AGB 





Tip of SEA 
was here 

before 2016 

55.67 m
 

Impact of erosion: 
Replacement of SEA Tip monument 



Aboveground biomass assessment using Palsar-2 

ALOS-2 PALSAR-2, HV Pol 2015 

Mangrove area Extent (ha) 
Biomass (Mg ha-1) Total  

(Mg) Minimum Maximum Average 
Sg. Pulai & Kukup 
Island, Johor 8,636 28.48 484.17 39.29 1,792,032.90 



1

2

1

2

Data Acquisition using UAV 



What’s Next? 

§  Validation of Biomass in the project sites by using Palsar-2 FBD 
(6m) and Ultrafine (3m) – 2015-2016 

§  Updating forest cover 2017 – Waiting for Mosaic product 
§  Integration of Palsar-2 with Sentinel-1A, Optical images & Lidar 
§  Publications* 

*Journal of Applied Science: Special Issues on SAR Polarization, deadline 30 April 2017 



Thank you 
Terima kasih 
ありがとうございます  
 


