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How to describe land use & land cover in 
the context of REDD+
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The foresters’ view of the world

>>

The holistic forest+tree view of the world

Source: Global tree cover inside and outside forest, according to the Global Land Cover 2000 
dataset, the FAO spatial data on farms versus forest, and the analysis by Zomer et al. (2009)

>



Published forest cover data and deforestation data 

have little consistency; reasons are: differences in 

remote sensing approach (source & procesing) and 

differences in forest definition



1. Undisturbed natural forest  
2. Undisturbed + sust. logged natural forest 
3. Closed canopy undisturbed + logged forest 
4A. as 3 + agroforest    
4B. as 3 + timber plantations  
4C. as 3 + agroforest + timber plant’s + estate crops 
4D as 4C + shrub 

Rainforest foundation

Conservation agency

Modis data

Ministry of Forestry

Forest ecologist

UNFCCC definition

Stakeholder:
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SPACE ≈ TIME ??

Sonya Dewi et al.

Unpublished results for 

Indonesia (ALLREDDI) 
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BATANG TORU
• Multifunctional landscape: forest-

agroforest- agriculture gradient



A. Stock - Difference
The difference between C-

stocks gives C emissions

B. Gain-Loss
C-emissions are calculated
from gain minus loss

C-gain
• Growth
• Enrichment

FOREST land
C-loss
•Timber harvests
•Fuelwood removals
•Charcoal production
•Fires
•Grazing





CO2

GPP  120

Gt C yr-1

Plant res-
piration



60 Gt C yr-1

Fire, distur-
bance
 9 Gt C yr -1

GPP = Gross Primary Productivity
NPP = Net Primary Productivity

NEP = Net Ecosystem Productivity
NBP = Net Biome Productivity 

Short
Term C
Uptake

Long
Term C
Storage

Medium
Term C
Storage

 60 NEP  10 NBP  1NPP

Gt C yr-1Gt C yr-1Gt C yr-1

Photosynthesis on land

Decompo
sition  50
Gt C yr -1









Hierarchical classification approach
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There 

are many 

types of 

satellite 

imagery.

How to 

choose?







Image 
processing

• Acquisition 

• Geometric and atmospheric correction

Classifi-

cation

• Segmentation and classification

• Draft map production

Post inter-
pretation

• Accuracy analysis

• Final map & change analysis

Image Segmentation Object



















In the 1990’s loss of 
natural cover increased 
the amount of ‘low C-
stock’ & low economic 
value land; tree (crop) 
planting was 28% of the 
loss of natural forest 
area

After 2000 planting of 
tree (crop)s equals 90% 
of concurrent loss of 
natural forest; the 
amount of low C-stock 
& low economic value 
land decreases



Aboveground C-stock 
maps of Indonesia in 1990, 

2000 & 2005

Results of ALLREDDI 
analysis

Net Emissions: 
0.6 Gt year-1

1990
2000

2005
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http://www.ecologyandsociety.org/vol16/iss1/resp1/

http://www.ecologyandsociety.org/vol16/iss1/resp1/


as analyzed by Eric Lambin c.s.



Batang Toru 1994-2009 L U Change probabilities
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Direct extrapolation of the Batang Toru (1994-2009) 

Land Use Change Matrix – is this realistic?



e.g. ADSB 
reports 
2007/8
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Opportunity cost at landcape scale

Rural income
(increasing)

Rural income 
(declining)

C stock
(increasing)

C stock
(decreasing)

Dynamic land use scenario model
Agents with 
variation in 
resource 
base, moti-
vation, live-
lihood stra-
tegies.
interacting
with rules 
& policies

Agent-based land use change model

e.g. ASB-II 
reports of 
1990’s

e.g. FALLOW 
scenarios
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Slides not used in main talk…









http://redd-i.org/index.php?option=com_content&view=article&id=205&Itemid=57

REDD pilot projects as exist per April 2011

http://redd-i.org/index.php?option=com_content&view=article&id=205&Itemid=57
http://redd-i.org/index.php?option=com_content&view=article&id=205&Itemid=57
http://redd-i.org/index.php?option=com_content&view=article&id=205&Itemid=57
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General criteria for a reference classi-
fication. It should be:

• comprehensive, scientifically sound and practically oriented;
• meet the needs of a variety of users (neither single-project oriented nor 

taking a sectoral approach); users can use just a sub-set of the classification and 
develop from there according to their own specific needs;

• potentially applicable as a common reference system, and facilitate 
comparisons between classes derived from different classifications;

• be a flexible system, which can be used at different scales and at different 
levels of detail allowing cross-reference of local and regional with continental and 
global maps without loss of information;

• able to describe the complete range of land cover features (e.g., forest 
and cultivated areas as well as ice and bare land, etc.), with clear class boundary 
definition that are unambiguous and unique;

• adapted to fully describe the whole variety of land cover types with 
the minimal set of classifiers necessary (the less classifiers used in the 
definition, the less the error expected and the less time and resources necessary 
for field validation); and

• based on a clear and systematic description of the class, where the 
diagnostic criteria used to define a class must be clearly defined, with pure land 
cover criteria distinct from environmental criteria (e.g., climate, floristic and 
altitude), as the latter influence land cover but are not inherent features.









Object-based classification

• Segmentation spectral properties (band 
properties, band combination), spatial 
properties (smoothness, shape)

• Multi layer  utilising auxiliary layers (DEM, 
accessibility maps)

 Hence “hierarchical object-based classification” approach



Land cover changes and trajectories of 
changes   

• Time series analyses of areas of changes  area 
calculation | time-step

• Trajectories analysis for each change-step matrix 
of changes | change-step

LUT T1 (ha) T2 (ha)

Forest

Agroforest

Crops

1990 2000 Forest Agroforest Crops

Forest

Agroforest

Crops



Applying ALUCT – LC mapping  and 
LCC analyses @national level



Applying ALUCT @site 

Mineral soil area

Peat area

National
Park

Forest    - Rubber, OP    - Oil palm - Oil palm, Forest plantation  - coffee-coconut AF  - Mangrove

Mineral - peat
Coastal

Oil palm 

REALU Site of 
Tanjung Jabung 
Barat, Jambi,     
Indonesia



Land use change & 
Trajectory analyses 

(ALUCT)

Land use 
profitability 

analyses

C- stock 
appraisal
(RACSA)

Livelihood 
options

Key question:  Is it worthwhile to pursue a project to reduce net emissions from land use (incl. forest) 
for this area, or will it be too complex, too costly or low in co-benefit returns? 

If it is worthwhile, what directions can best be pursued in project design?

** REDD+/REALU Site Feasibility Appraisal

Abatement 
cost of land 
use changes

Scenario 
building for 

LEDs

Institutional 
Assessments 

(RISNA)

Enabling 
conditions for 
REDD+/REALU

Drivers of land 
use changes 

(DriLUC)

Assessments of 
Emissions from 
LUC  (AsEmLU)

Tradeoff Analyses-
incl. additionality 

and leakage 

Land tenure 
assessments 

(RATA)

Methods



Results – LC mapping @ site 

Next steps: 
- land cover change & 

trajectories
- landscape carbon stocks
- emissions calculation



DriLUC in the field – Example



DriLUC in the field – Example

Downstream ‘peat’ area Upstream area

1970s - C: Forest degradation
- D: Large scale logging 
concessions co.

- C: Forest degradation; old rubber 
stays from 1930s
- D: Large scale logging concessions

1980s - C: Conversion into cultivated 
lands, coconut –pinang farming
- D: Govt. intervention for cash-
crops; market price of coconut & 
pinang

- C: (old villages) Shifting cultivation,
rubber on fallow lands–
- D: Large scale OP co.
- D: PIR Transmigration settlement 
(govt program) –OP labour

1990s - C: Conversion of farms into OP
- D: Oil palm co. into the area

- C: Expansion of OP
- D: Attraction of OP profitability

2000s - C: Growth of small-holder OP
- D: Attraction of OP profitability

- C: Growth of small-holder OP –more 
advanced than downstream
- D: Attraction of OP profitability

Identification of drivers





http://www.glcn.org/dat_6_en.jsp

http://www.glcn.org/dat_6_en.jsp


Mosaic landscape 
with agroforestry, 
plantations, crop 
fields, woodlots

Core   Logged Secondary&
forest   over     Agro-forest

forest

Annual  Grass
crops     land
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Components of C stock
• Biomass: tree, understorey

(+ seedling), roots ( sh:rt = 4:1)

• Necromass: dead wood, fallen tree, trunk, 
surface litter

• Soil organic matter



Measuring Carbon Stocks
Across Land Use Systems:

A Manual 

Kurniatun Hairiah, Sonya Dewi, Fahmuddin Agus, 
Meine van Noordwijk, Sandra Velarde and Subekti Rahayu



Social capital and 
cooperation is 

needed to reach 
beyond the lowest 

hanging fruit



1990

2000

2005

Meine van Noordwijk & Beria Leimona, 2010




