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AFRICA CARBON BUDGET



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

+



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

1.better quantify GHGs emissions in Sub-Saharan Afri ca 
(considering also fires and deforestation) 

2.better understand the role of fire emissions on t he 
African GHGs balance and its global implications

3.better understand the Africa's role in the global  climate 
system

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

5.promote the integration of the environmental dime nsion 
in the African socio-economic context.

Main Objectives
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Eddy covariance sites already
available in Africa

Eddy covariance sites that will
be established by CARBOAFRICA

stations for atmospheric measurements

THE NETWORK

Carbon Flux network :
16 stations, of which
2 new (including the 1 st

in an African tropical 
forest, in Ghana)

+
2 Atmospheric 
CO2 stations
Airborne campaigns
(CARE experiment)
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First monitoring carbon flux system in the world 
in a African Tropical Forest (in cooperation with Forestry 
Commission – Ghana)

(Ghana, Ankasa Conservation Area)
Height: 65 m
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(1)(1) Novel burnt area products and Novel burnt area products and 
fire fire radiativeradiative power estimatespower estimates

L3JRC and MODIS

L3JRC: (2001 - 2005 )
195.5 ± 24·104 km2 MODIS

WP4
Fires



14

Geostationary Fire Geostationary Fire RadiativeRadiativePower ObservationsPower Observations

•

Angola 1999 BAE

Kruger 2002

Angola 1999 BAE



HIGHLIGHTS
Biomass burnt in Africa

First CarboAfrica results (Lehsten et al. and Roberts et al., 
BGCD) show lower values than literature: 
- on average 0.79 PgC y -1

- previous estimates: more than 1 PgC y -1

(Andreae, 1993; Hao et al., 1996; Ito and Penner, 2004; Van der Werf et al., 2004)

Fires consume more than 10% of Savanna NPP annually 
(Lehsten et al., BGCD).
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WP2
Ecosystems Processes

Different process measurements in Africa



WP2
Ecosystems Processes

Merbold et al., 2008



WP2
Ecosystems Processes

Control inside the 
tent

Water 15 day 
before

Water 15 and 1 
day before

Water 1 day before
Control Water 15 day 

before
Water 15 and 1 
day before

Water 1 day before

Soil rewetting experiment

2007: Congo
2008: South Africa: Skukuza, Phalaborwa

Zambia



WP2
Ecosystems Processes

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

01.09.2008 12:00 01.09.2008 15:00 01.09.2008 18:00 01.09.2008 21:00 02.09.2008 00:00

S
oi

l r
es

pi
ra

tio
n 

(µ
m

ol
 C

O
2

m
-2

s-
1
)

Flask
sampling

Dry

Wet



����������	
����

����	
��
����
	��������������
������� 
!

�"���	 
� �
� �	##	
�#��

��
$� ��� 
#
��� ���%&�

����'��(� 
� �
#�)# �
� �����
�

���*�

WP3
Modelling



GPP Model agreement based on standardized interannual variability 1998 - 2005 (left) greater 1 (blue scale, positive 
counts), smaller -1 (grey scale, negative counts), and standardized SeaWiFs-FAPAR interannual variability 1998 -
2005 (right)

WP3
Modelling



WP6
C-Sequestration

WP6: Evaluation of a sustainable sequestration pote ntial 
in relation with CDM

Two key issues in Sub-Saharan Africa for C mitigation using with 
vegetation:

Afforestation, Reforestation 
within CDM

Reducing emissions from 
deforestation and forest degradation

In both cases, our aim within CarboAfrica is to bring 
methodologies that can help African countries to both 
propose CDM project (whenever it is possible) and 
quantify emissions from deforestation and forest 
degradation



WP6
C-Sequestration

WP6A2: Assessment of C budget, a cost-precision appr oach
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Sampled treeSampled tree

Four excavating root biomass Four excavating root biomass 
methods:methods:

--auger sampling method;auger sampling method;

--monolith sampling method;monolith sampling method;

--simplified Voronosimplified Voronoïï trench;trench;

--full Voronofull Voronoïï trench.trench.
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Roots observation methodsRoots observation methods

�� Methodology to find the optimum sampling design for Methodology to find the optimum sampling design for 
fine roots biomass assessment in tree plantations. fine roots biomass assessment in tree plantations. 

�� based on an elementary space (Voronobased on an elementary space (Voronoïï diagram) diagram) 
which can be implemented in every forest ecosystem. which can be implemented in every forest ecosystem. 

�� In Congo, the best sampling design in terms of In Congo, the best sampling design in terms of 
sample size, precision and labour time was obtained sample size, precision and labour time was obtained 
with auger cores. with auger cores. 

Forest Floor sampling Forest Floor sampling 
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�� Similar procedures were implemented for the forest Similar procedures were implemented for the forest 
floor (in both wet and dry season). As result, the floor (in both wet and dry season). As result, the 
methodology recommended in Poncemethodology recommended in Ponce--Hernandez 2004 Hernandez 2004 
(1m x 1m) is too time consuming without improving (1m x 1m) is too time consuming without improving 
forest floor estimates (if compared to 50cm x 50cm or forest floor estimates (if compared to 50cm x 50cm or 
25cm x 25cm designs).25cm x 25cm designs).



WP6
C-Sequestration

WP6A1: Reassembling knowledge, choice of a standard method, training

Protocols
Literature 
synthesis,
Books (in prep)

Training Courses



WP6
C-Sequestration

WP6B: Deforestation and forest degradation

�� Variability of C stocks in subVariability of C stocks in sub--Saharan AfricaSaharan Africa

Four recent global digital soil map and five soil 
properties databases were used to estimate the 
SOC for different soil layers in Africa. 

SOC of Africa ranged 133 420 - 184 116 Tg for 0-
100cm soil layer. The most recent databases 
estimated 166 397 Tg C which corresponded to 9% 
of the global SOC stock and 68% of the terrestrial C 
pool of Africa.

Based on an important literature review 
(including grey literature from various 
institutions), a metadatabase was built and 
organized into an Access database. 

Below-Ground C 
Stocks

Above-Ground C 
Stocks

But, need
(1) to reconstitute biomass and C 
stocks estimates based on incomplete 
datasets (volume, wood density, forest 
structure etc.), 
(2) improve biomass allometric 
regressions for Sub-Saharan Africa
(3) estimate the propagation of error 
using different biomass estimation 
methods
(4) Upscale to the continent using a 
vegetation classification system

Paper submitted to BioGeosciences (Henri et al.)



WP6
C-Sequestration

WP6B: Deforestation and forest degradation

�� Land use change and C sequestration potential in Ghana and impacLand use change and C sequestration potential in Ghana and impact of logging on C stocks in Ghanat of logging on C stocks in Ghana

(1) develop land cover products at national scale, 
(2) develop above and below-ground C estimates
(3) produce some scenario C sequestration scenario 

that could be developed at national scale

Ghana presents high potential both for CDM 
and for REDD mechanism

type of impact average impact

roads and logging bay (kg.m
- 2

) 17.0 [12.2-22.5]
skid trail (kg.m

-2
) 2.4 [1.8-3.1]

logging gap (kg.tree
-1

) 8018 [1760-51670]

type of 
damage

suface impacted 
(ha)

mean carbon 
stocks losses 

(Mg.ha
-1

)
roads 2.00 1.96
logging bays 0.69 0.67
logging gaps 6.79 6.98
skid trails 2.82 0.40
total impact 12.29 10.01
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HIGHLIGHTS

Deforestation and Forest Degradation

The impact of forest degradation can even be higher than 
deforestation in Sub Saharan Africa (Bombelli et al., 
submitted):

- Deforestation: 0.25 PgC y-1

- Forest degradation: 0.77 PgC y-1

Conference 
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WP5
Communications

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

� 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;

Objectiveswww.carboafrica.net/Deliverable 8 (month 6):
Web Portal:

Visits Summary Oct07-Sep08 Total
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VISITS = no. f visitors per month

HITS = Each visit to the website consists of one or more hits.



WP5
Communications

� 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;

ObjectivesDeliverable
� D37 Sub-regional 

seminars in Africa

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, NGOs, 
Research Institutes. 



WP5
Communications

� 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;

ObjectivesDeliverable
� D37 Sub-regional 

seminars in Africa

Objectives2nd CarboAfrica Training Course
Workshop on Carbon Cycle Measurements
Phalaborwa (South Africa) 10-15 March 2008

� Organized by CSIR, MPI with the FAO support

� Training was very practical and hands-on, with 
participants working in small groups, each with an 
instructor.

� WG1: Site characterisation
� WG2: Ecophysiology measurement and analysis 
� WG3: Eddy covariance flux measurements and 

processing

Participants
� 14 participants from 

Burkina Faso, Congo, 
Ghana, Kenya, Lesotho, 
Senegal, South Africa, 
Togo, Zambia and 
Zimbabwe
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CARBOAFRICA TRAINING COURSE

Remote sensing of fire for national greenhouse gas 
accounting

University of Leicester, UK, 8-9 September 2009
(preceding the Remote Sensing and Photogrammetry So ciety conference)

WP4
Fires



WP5
Communications

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

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

Objectives

Deliverable
� D16 African and 

European students 
studying for higher 
degrees at European 
universities and 
research centres 
(Month 12-36).

� D10 Student networks 
across Europe and 
Africa (Month 12-36).

At least 6 African PhD + students

CSIR: 3 PhD (South Africa)

• UR2PI: 2 PhD + 4 Students (Congo)

• UNITUS: 1 PhD (Ghana)

• CIRAD: 2 Maser Students (France) 

At least 6 European PhD + students

• UNITUS: 2 PhD (Ghana)

• CIRAD: 4 Students (Ghana and Congo)

• MPI: 2 PhD (Germany and Zambia)

• IAO: 1 PhD (Italy, America, Germany)

• ULUND: 1 PhD (Sweden and Sahel)



WP5
Communications
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� a list server of lists and contacts to promote the collection and structuring 
in electronic archives (list servers) of valuable i nformation.

� 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;

ObjectivesDeliverable 9 (Month 6 on): List Server -> almost 300 people !

Europe 120

Africa 101

America 40

Other 10

Asia 8

Oceania 8

Total 287

% of registered by region

Given information: 
projects, 
meetings, 
conference, 
relevant to
carbon cycle, 
climate change and 
Africa

funds,
jobs opportunities 
etc.



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
15 papers were submitted
9 are already published in BioGeoScience Discussion

authors are scientist from Africa, Europe and other countries, mostly belonging 
to the CarboAfrica consortium.
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THANK YOU!
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