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Research Questions

• Biomass from satellite data: 

1. Why? 

2. Does it work?
• Capabilities of the approach

• Limitations of the approach

3. How does our map perform in comparison

with existing maps?



Biomass... Why Biomass?
– Carbon cycle component

– Ecosystem service (e.g. fuelwood)

– Climate change effect (REDD)

• Carbon stock & dynamics
– at National scale
– in Tropical countries



Field data / 
Reference data

Mean Biomass stock/type
x

Type area
=

Tot Biomass/type

Land Cover based approach

“Vegetation Unit”
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1. Thematic issue:

Land Cover based approach: Limiting factors

Few Few classesclasses
MeanMean ValuesValues: are : are representativerepresentative??

High High VariabilityVariability withinwithin classesclasses

Mean Biomass x LC Class
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1. Thematic issue:

Land Cover based approach: Limiting factors

Few Few classesclasses
MeanMean ValuesValues: are : are representativerepresentative??

High High VariabilityVariability withinwithin classesclasses

2. Spatial issue: MMU = mixed land cover polygons

)*)* Propagation of LC Classification errors

Mean Biomass x LC Class
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High resolution
Quantitative input (DNs)

• Regression model

• Continuous estimates

Satellite data for Biomass estimation?
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Land Cover polygons Image segmentation



Case study: Uganda

2,17%Grassland - Closed to open

2,86%Trees - Closed

4,82%Trees - Closed to Open - Aquatic

4,94%Trees - Open to Very open

5,08%Herbaceous and sparse Trees/Shrubs - Aquatic

5,83%Shrub and Tree crops

7,30%Tree and shrub savannah

15,19%Water (natural and artificial)

19,17%Shrub - Closed to Open

31,12%Crops - Rainfed - small field

Area %Land Cover Class



1. Subset of the National Biomass Study of Uganda (NBS)

50% plots < 8 T/ha

90% plots < 40 T/ha

Biomass survey (1995 Biomass survey (1995 –– 2005)2005)
SystematicSystematic samplingssamplings at 5 x 10 Km at 5 x 10 Km gridgrid
~3,500 Field plots (50 x 50 m)~3,500 Field plots (50 x 50 m)

2. Field campaign (2008)

Budongo Forest Reserve, Uganda

114 plots, 0 - 624 T/ha

2 Field Datasets

Training data



Methodology
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Uganda Landsat Mosaic
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Regression models

A. Parametric models
B. Non-parametric models
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Random Forest



Model Results
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2734

N

12.60.81Landsat + LC

13.50.78Landsat

RMSE (T/ha)R²PREDICTORS

(N is the number of training segments)



Into model results
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R²: 0.81

RMSE: 12.6 T/ha

Uniform

Complete

Dataset

61.00.7444

13.90.851627

RMSER²N

MODEL 1 (+LC)

16%23%91%176%CV

-47.31.60.60.4Bias

27%29%92%91%RMSEr

88.841.510.212.6RMSE

142126992734N

200 - 475100 - 2000 - 1000 - 475

Biomass range (Mg ha -1)



Models comparison
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Landsat Band Contribution for Biomass
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Biomass Map (circa-2000)



Comparison with Lidar data

GLAS data: 

• Acquisition year 2003

• Data Screening

• Data Processing   
(HOME)

13,000+ GLAS 
“shots”

$ � �
� � � � �

� � � �
� ��� ,

r: 0.89 with 20 T/ha biomass classes

Analysis of A. Baccini (WHRC)



Conclusions (1.1)
• Satellite or Land Cover? 

Satellite + Land Cover = best

But.. High Quality Land Cover! (detailed, updated and accurate)

Legend

p172r60_Biomass_map
1.395197 - 10.000000

10.000001 - 30.000000

30.000001 - 50.000000

50.000001 - 80.000000

80.000001 - 100.000000

100.000001 - 135.000000

135.000001 - 200.000000

-	;4�	$
-	;4�	$�B
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Example of LC error propagation
for small scale deforestation



• Capabilities: It works! with unprecendent spatial resolution

• Key points:

• Field and satellite data selection

• Image pre-processing

• Non-parametrical Model 

• Limitations
• Saturation at high biomass (150 – 200 T/ha)

• Clouds: No multi-temporal input 

Conclusions (1.2)
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Not optimal for
countries with high-
biomass density and 
high cloud-coverage



Biomass maps comparison
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Biomass map comparison: Spatial detail

Legend (T/ha)

Value

High : 334

Low : 0
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Legend (T/ha)
High : 334

Low : 0
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Biomass maps comparison: Totals

����
���� �����
�""����(�����111

Map Comparison:   

• National LC > Global LC

• Forest Inventory > Biome Average (IPCC Tier 1)

• Reference data applicability: serious issue



Maps comparison: Spatial Difference (to NBS)

Legend

Value

High : 551

Low : -322

Nat. LC + BiomeMODIS

Global LC Global LC + IPCC Tier1

Landsat
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Future research

1. Compare accuracy of satellite and LC-based approaches

2. Understand compliance with UNFCCC requirements

3. Improvement at local scale:

A. Integration with Radar data 

B. Multi-temporal data



Thanks!
Merci beaucoup!

Website: www.carboafrica.net

Email: vale.avi@gmail.com
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