


Emission reductions at 2030 : 15 Gt CO2 eq for a target of 
450 ppm
Today we could achieve 10-12 Gt CO2eq
It has been proposed that 5 Gt CO2 eq comes from the 
forest sector
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Region Emissions sources   

  Anthropogenic Agriculture LUCF 
Total 

emissions 
Removals Net emission 

 [Tg eq CO2] [Tg eq CO2] [Tg eq CO2] [Tg eq CO2] [Tg eq CO2] [Tg eq CO2] 

NA 235 51 25 312 25 287 

SSA* 338 375 1470 2145 2461 -312 

SA 364 39 0 403 19 384 

Total Africa 938 465 1495 2860 2505 359 

 Anthropogenic Agriculture LUCF 

Total 

emissions Removals Net emission 

Per-capita [Mg eq CO2] [Mg eq CO2] [Mg eq CO2] [Mg eq CO2] [Mg eq CO2] [Mg eq CO2] 

NA 1.7 0.4 0.2 2.2 0.2 2.0 

SSA* 0.5 0.6 2.3 3.4 3.9 -0.5 

SA 8.0 0.9 0.0 8.9 0.4 8.5 

Total Africa 1.1 0.6 1.8 3.5 3.1 0.4 

 



Full title: “Quantification understanding and predict ion of 

C-cycle and other GHGs in Sub-Saharan Africa”

European Commission, 6th Framework Programme

Priority 1.1.6.3: Global Change and Ecosystems 

STREP (Specific Targeted Research Project)

Proposal no. 037132 

Duration: 3.5 years (01/10/06 – 31/03/2010)

Funds: 2.8 M€

Coordinator: Prof. Riccardo Valentini, University of Tu scia (Italy)

Participant: currently 15 Institutions (11 European, 3 African, + FAO)

CARBOAFRICA



To expand and coordinate a first Carbon and GHGs terrestrial 
monitoring network of Sub-Saharan Africa, in order to:

- better quantify GHGs emissions in Sub-Saharan Africa 
(considering also fires and deforestation) 

- better understand the role of fire emissions on the African 
GHGs balance and its global implications

- better understand the Africa's role in the global climate system
- improve the assessment of the land use change and evaluate 

the potential for carbon sequestration (CDM) and the reduced 
emissions by avoiding deforestation (REDD)

- promote the integration of the environmental dimension in the 
African socio-economic context.

CARBOAFRICA
Main Objectives



CARBOAFRICA
Participant Organizations Acronym Country

Università degli Studi della Tuscia UNITUS Italy

Max-Planck-Institute of Biogeochemistry MPI-BGC Germany

Lunds universitet ULUND Sweden

Global Terrestrial Observing System, Food and Agriculture Organization of the United Nations FAO-GTOS Int.

Centre de Coopération Internationale en Recherche Agronomique pour le Développement CIRAD France

Natural Environment Research Council, Centre for Ecologyand Hydrology NERC UK 

Consiglio Nazionale delle Ricerche CNR-IBIMET Italy

Istituto Agronomico per l'Oltremare IAO Italy

Seconda Università di Napoli DSA-SUN Italy

Council for Scientific and Industrial Research CSIR South Africa

Unité de Recherche sur la Productivité des Plantations Industrielles UR2PI Congo 

Agricultural Research & Technology Corporation ARC Sudan 

Commissariat a l'Energie Atomique CEA France

King's College London KCL UK 

University of Leicester ULEICS UK 

Partnerships
currently 15 Institutions

(11 European, 3 African, + FAO)
soon CESBIO (Fr) will join the consortium

+
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Biodiversity, biomass and 
soil field campaigns

CARE Experiment 

Associated Sites in 
Burkina Faso  and 
Uganda

Further Soil Campaigns

CarboAfrica - THE NETWORK

Carbon Flux network :
19 stations (CarboAfrica
+ AMMA + 2 external)

1 Atmospheric CO 2 station

Carbo Africa Final Project Meeting
15-16 March 2010 – Pointe-Noire, Congo





Photoacustic analyser PAS 
and GC

N2O analysis
Simona Castaldi – Dipartimento di Scienze Ambientali - SUN 

CARBOAFRICA



Photoacustic analyser PAS 
and GC

N2O analysis

gas 
chromatography

CH4 fluxes
IRGA

CO2 fluxes

Simona Castaldi – Dipartimento di Scienze Ambientali - SUN 

CARBOAFRICA



GHG fluxes measured at 5 sites:

Ghana – tropical
forest

Congo Brazzaville grassland
savanna

Zambia – Miombo
woodland

South Africa – 2.  tree savanna

WP2: Process understanding of carbon fluxes of African ecosystems



CH4 annual production expressed
as kg CO2 equiv. ha-1 yr-1

Ghana – tropical
forest

Congo Brazzaville grassland
savanna

Zambia – Miombo
woodland

South Africa – 2.  tree savanna

WP2: Process understanding of carbon fluxes of African ecosystems

+114.9

+42

-17clay

-19sand

-61 127termites

761termites

127termites

0-?termites

56termites



N2O annual production expressed
as kg CO2 equiv. ha-1 yr-1

Ghana – tropical
forest

Congo Brazzaville grassland
savanna

Zambia – Miombo
woodland

South Africa – 2.  tree savanna

WP2: Process understanding of carbon fluxes of African ecosystems
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CARBOAFRICA

Simona Castaldi – Dipartimento di Scienze Ambientali - SUN 

AFRICA AND LAND USE CHANGE



Vegetation index 
(green) and fire 
dynamics in Africa 
in the year 2001 
seen from satellite. 

Source: NASA, 
http://landdb1.nascom.n
asa.gov/animation/image
s/Africa_Fire_NDVI_200
1.gif



Our estimate            van der Werf (2005)

NHA    274±37 627±75 [Tg C a-1]
SHA    448±75 576±72 [Tg C a-1]

High burned area 
ratios 
lead to low
accumulation of fuel 

Lehsten, V., Tansey, K., Balzter, H., Thonicke, K., Spessa, A., Weber, U., Smith, B. & Arneth, A. (2009) 
Estimating carbon emissions from African wildfires. Biogeosciences, 6, 349-360.

Deliverable 39:
Integration methodology and results of C emission by fire

>90% of all fires
in Africa are 

anthropogenic
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Potential vegetation according to 
Ramankutty and Foley (1999)
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0.23

0.640.53Total 

0.860.86Desert

0.110.12Open Shrubland

0.23Dense Shrubland

0.150.15Grassland / Steppe

0.710.46Savanna / tr deciduous forest

0.670.49Tropical rain forest

Biome Kappa    Kappa

Lehsten, V., Arneth, A., Thonicke, K. & Spessa, A. (2009) Tree-Grass Coexistence in Savannahs: Testing Two Mechanisms. in review



CARE – CarboAfrica Regional Experiment

B. Gioli, P. Toscano, A. Zaldei, G. Nicolini, P. Stefani, F. Miglietta

CNR IBIMET, Italy

University of Tuscia, Italy



Aircraft preparation (Nov 2009 – Jan 2010)



Aircraft instrumentation

pressure sphere
(3D winds)

Licor7500 (CO2 & H2O)

fast response T

GPS INS

PAR & Net 
radiometers

Raw data at 50Hz (approx 1.2 m spacing)

Eddy covariance fluxes on 2 – 5 km spatial windows



2. NORTH FLIGHT



Spatial patterns of interannual 
variability
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Spatial patterns of interannual 
variability
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WP6
C-Sequestration

Local scale (Ghana and Congo) : refining methods on  biomass, nutrient and 
water budget assessments

2007-2008-2009�� BoiBoi TanoTano forest reserve: the first forest reserve: the first allometricallometric equaitonequaiton for tropical humid for tropical humid 
forest in Africaforest in Africa

Henry, M. Besnard, A.Asante, W.A. Eshun, J. Adu-Bredu, S.Valentini, R Bernoux, M, 
Saint-André, L. 
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Modelisation of Wood density variations within and along the 
tree bole for 42 trees from 3 plant functional types. First 
allometric equations for tropical humid forests in Africa.



IGBP product PFT product PFT and IGBP product

Altitude Soil Organic CarbonAboveground carbon

IGBP Legend

Barren or sparsely vegetated
Urban and built up

Croplands

Grasslands

Savannas
Woody savannas

Open shrubland
Closed shrubland

Mixed forests

Deciduous broadleaf forest
Deciduous needleaf forest

Evergreen broadleaf forest

Evergreen needleaf forest

Water

Mosaic cropland/ vegetation

Barren or sparse vegetation

Urban and built up

Broadleaf crop
Cereal crop

Grass
Shrub

Deciduous broadleaf
Deciduous needleaf trees
Evergreen broadleaf trees

Evergreen needleaf trees

Water

PFT Legend

Barren or sparsely vegetated

Unclassified

Urban and built-up

Cropland

Savannas
Grasslands
Shrublands

Degraded forest
Deciduous forest
Broadleaf forest

Water

IGBP and PFT Legend

125 - 223
70 - 125
20 - 70
2 - 20
0 - 2

High : 880

Low : 0

Altitude (m)

Aboveground C (Mg ha-1)

Belowground C (kg m-2)

5 -10
3 - 5
2 - 3
1 - 2
0 - 1

(A)

(B)

(C)

Ecoregions (Olson, 2001): A: Guinean and Central African mangroves, B: Eastern Guinean forests, 
C: Guinean forest-savanna mosaic, D: West Sudanian savanna
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WP6
C-Sequestration

National scale (Ghana): application of the selected  methods at local scale

2007-2008-
2009-2010

�� analysis o f potential for REDD and CDManalysis o f potential for REDD and CDM

M. Henry, M. Bernoux, D. Tutu, W. Asante, W.L. Kutsch, R. Valentini., L. Saint-André

Aboveground C stock in Ghana 
was found 1,158 Tg and 
most of it was in broadleaf 
forests (62%) and in the 
Eastern Guinean forest zone 
(81.56%).  

Soil C stock (SOC) was found to 
represent 40% of the total C 
stock when considering the 
0-30cm soil layer. Most of 
the SOC was found in the 
Eastern Guinean forest zone 
(39%) and in Luvisols (44%). 

Forest restoration was found to 
have the highest C 
sequestration potential (6.7 
Tg C yr-1) than the other 
forestry activities. 



� High level outreach 
with in the global 
scientific community 
of the project’s 
achievements;

� Contribution to 
sustainable 
development in sub-
Sahara through 
provision of relevant 
data and technical 
assistance;

� Education and 
training to help African 
countries participate to 
international debate on 
climate change;

� Education and 
training to EU students 
on opportunities in 
Africa and foster 
collaborative projects;

Objectives

Deliverable

Task 5.1 
Communication 

and 
Dissemination

� 5.4 Subregional
seminars at end of 
year 2 (Month 24).

Milestone

� D37 Sub-regional 
seminars in Africa 
(Month 24).

These activities cover also the Deliverable 38 (Months 24-36) - Trained and informed 
local experts in sustainable development and management, and the Milestone 5.6
(Month 29) – Local training workshops in carbon-related issues.

WP5
Communication &
Capacity Bulding

2nd YEAR
1st CarboAfrica Training Course
Ecosystem functioning, Biomass and carbon markets
Brazzaville (Congo), 10-14 December 2007
� Biomass assessments in natural ecosystems (forests, 

agro-forests, savannah, etc.)

� Organized by UR2PI, CIRAD, University Marien Ngouabi
(Brazzaville) with the support of FAO

� lectures + practical sessions (field and computer) in 
English and French

� (i) ecosystem functioning, (ii) carbon and other 
biogeochemical cycles, (iii) Carbon markets, what is 
required? (iv) Biomass assessment and methodologies.

Participants
� 40 to 61 persons, including 16 students from Congo, 

Rwanda, Sudan, Burina Faso, Cameroon, France
� Universities, Ministry of Forestry, Ministry of Research, 

NGOz, Research Institutes. 

Final Project
Meeting

15-16 March 2010
Pointe-Noire, Congo



� High level outreach 
with in the global 
scientific community 
of the project’s 
achievements;

� Contribution to 
sustainable 
development in sub-
Sahara through 
provision of relevant 
data and technical 
assistance;

� Education and 
training to help African 
countries participate to 
international debate on 
climate change;

� Education and 
training to EU students 
on opportunities in 
Africa and foster 
collaborative projects;

Objectives

Deliverable

Task 5.1 
Communication 

and 
Dissemination

� 5.4 Subregional
seminars at end of 
year 2 (Month 24).

Milestone

� D37 Sub-regional 
seminars in Africa 
(Month 24).

These activities cover also the Deliverable 38 (Months 24-36) - Trained and informed 
local experts in sustainable development and management, and the Milestone 5.6
(Month 29) – Local training workshops in carbon-related issues.

WP5
Communication &
Capacity Bulding

2nd YEAR
1st CarboAfrica Training Course
Ecosystem functioning, Biomass and carbon markets
Brazzaville (Congo), 10-14 December 2007
� Biomass assessments in natural ecosystems (forests, 

agro-forests, savannah, etc.)

� Organized by UR2PI, CIRAD, University Marien Ngouabi
(Brazzaville) with the support of FAO

� lectures + practical sessions (field and computer) in 
English and French

� (i) ecosystem functioning, (ii) carbon and other 
biogeochemical cycles, (iii) Carbon markets, what is 
required? (iv) Biomass assessment and methodologies.

Participants
� 40 to 61 persons, including 16 students from Congo, 

Rwanda, Sudan, Burina Faso, Cameroon, France
� Universities, Ministry of Forestry, Ministry of Research, 

NGOz, Research Institutes. 

Final Project
Meeting

15-16 March 2010
Pointe-Noire, Congo



� a regional network of public 
and private organizations, 
agencies and individuals 
interested in terrestrial 
carbon, sharing data, 
information and experience.

� a Web portal (point of 
access and sharing for 
data; information and 
knowledge products and 
applications; electronic 
forum; newsletter).

� a list server of lists and 
contacts to promote the 
collection and structuring in 
electronic archives (list 
servers) of valuable 
information.

� a four-monthly electronic 
newsletter, brochures and 
leaflets.

� High level outreach 
with in the global 
scientific community 
of the project’s 
achievements;

� Contribution to 
sustainable 
development in sub-
Sahara through 
provision of relevant 
data and technical 
assistance;

� Education and 
training to help African 
countries participate to 
international debate on 
climate change;

� Education and 
training to EU students 
on opportunities in 
Africa and foster 
collaborative projects;

Objectiveswww.carboafrica.net/
Activities

Task 5.1 
Communication 

and 
Dissemination

Deliverable 8 (month 6): Web Portal

WP5
Communication &
Capacity Bulding

Final Project
Meeting

15-16 March 2010
Pointe-Noire, Congo

FAO will maintain the
Webdomain for at least 

2 years more



CarboAfrica, jointly with GCP, has coordinated the publication
of a special issue on: 

"Carbon cycling in Sub-Saharan Africa"
Eds. R. Valentini, J. Canadell, and A. Bombelli

BioGeoScience
5
Authors are scientist from Africa, Europe and other countries, mostly belonging 
to the CarboAfrica consortium.

Carbo Africa Final Project Meeting
15-16 March 2010 – Pointe-Noire, Congo



CarboAfrica Conference 
“Africa and Carbon Cycle”
Accra, 25-27 Nov2008

Published in the Natural Resources 
and Land - World Soil Resources 
Reports of FAO

B/W proof  for final check is available

Carbo Africa Final Project Meeting
15-16 March 2010 – Pointe-Noire, Congo




