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Outline 

• Why bother? 

• African GHG budget: What do we know? 

• Introduction to the SEACRIFOG Project 

• An African Climate Observation Network 

• Essential Variables to be Observed 
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Source: 
http://www.globalcarbonatlas.org 

Territorial Fossil Fuel Emissions (total) 

Africa: 
1,330 MtCO2 
(4% of world total) 
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Source: 
http://www.globalcarbonatlas.org 

Territorial Fossil Fuel Emissions (per capita) 

Africa: 
1.1 tCO2/person 
(22% of world average) 

So why bother? 
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Source: http://www.globalcarbonatlas.org 

2017: 
1332 MtCO2 

1960: 
157 MtCO2 

African fossil fuel emissions over time 
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Source: 
http://www.globalcarbonatlas.org 

Land Use Change Emissions 

Africa: 
1,251 MtCO2 
(31% of global gross emissions; 
50% of global net emissions) 
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• Population growth: Projected doubling of population within next 30 
years (from currently 1.3 billion to 2.7 billion in 2050) – more than half 
of projected global growth for that period 

• Development agenda envisages economic growth throughout 
 
→ increasing needs for resources and energy 
 
→ further land use change (currently LUCF responsible for 1/3 of Africa‘s 

anthropogenic emissions (global average: 14%), on the same order as 
fossil fuels) 

 
→ increasing role in global carbon cycle and GHG budget 
   → quantification of stocks and fluxes 
→ need for appropriate mitigation and adaptation strategies 
  → understand processes, role and responses of biosphere 
 

Major dynamics and drivers 
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WHAT DO WE KNOW ABOUT THE 
AFRICAN GHG BUDGET? 

Review of estimates, based on different 
contributing sources/methodologies: 
 
• Inventories 
• Flux measurements 
• Models (DGVMs) 
• Atmospheric inversions 
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2011 UNFCCC nat. communications 
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Source: 
Valentini et al., 
Biogeosciences (2014) 
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Synthesis of Estimates 

Source: 
Valentini et al., 
Biogeosciences (2014) -150

-140

-130

-120

-110

-100

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160
G

P
P

R
es

p
ir

at
io

n

N
EP

O
th

e
r 

Em
is

si
o

n
s

N
et

 B
io

m
e 

P
ro

d
u

ct
io

n

C
H

4
 b

io
ge

n
ic

 a
n

d
 f

ir
e

N
2O

 b
io

ge
n

ic
 a

n
d

 f
ir

e

Fo
ss

il 
Fu

e
l E

m
is

si
o

n
s

N
e

t 
G

H
G

 e
m

is
si

o
n

s

P
gC

O
2

-e
q

/y
ea

r 

 Synthesis of recent inventory estimates of continental GHG fluxes  

- 8.8 ± 4.4 - 2.7 ± 4.4 3.5 ± 4.6 
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GPP Respiration
Net Ecosystem

Production
Net Biome Production

Inventory -116.149 107.355 -8.794 -2.711

 Ecosystem Fluxes (89.04) 69.62 (10.63) (4.82)

 Models (DGVM) (103.32) (4.40) (1.48)

 Atm. Inversions 0.18

-150.000
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 -

 50.000
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Source: 
Valentini et al., 
Biogeosciences (2014) 

Synthesis of Estimates 

Average of estimates 
- 2.24 ± 2.13 

Major source of 
inconsistencies 

Ref. periods 
• Flux: 1982-

2008 
• Models: 

1990-2010 
• Inversion: 

1996-2004  
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• Uncertain whether Africa is a carbon source or sink 
• Taking into account other GHGs, the continent is probably a 

net GHG source, but non-CO2 GHGs not well studied 
• High interannual variability: One quarter of global year-to-

year variation in global land-atmosphere CO2 exchange 
attributed to African continent  

So what do we know? 

→ African continent currently one of the 
weakest links when it comes to constraining 
the global GHG budget 
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Source: 
Lopez-Ballesteros et al., 
Environmental Research Letters (2018) 

? 
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Supporting EU-African Cooperation on Research Infrastructures for Food Security 
and GHG Observations (2017-2020) 

 
 

www.seacrifog.eu 
Main Objective: To develop a concept for a African continental observation system 
for GHGs (and climate forcing in general), taking into account: 

• Terrestrial, atmospheric and 
oceanic domains 

• Global uncertainty ranges 

• Data access, harmonization and 
interoperability 

• Africa-specific priorities, e.g. role 
of LULUCF and agriculture 

14 
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SEACRIFOG 
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(African) CF Observation Network 

Grey: Observationally constrained model products 
Blue: Space-based obs 
Brown: Land-based obs 

Source: 
Scholes et al., 
SEACRIFOG Deliverable 3.1 (2018) 

bit.ly/network_concept 
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SEACRIFOG – Our work to date 

SEACRIFOG Objective: 
Design of continental 
observation network tailored 
to African requirements 

Anthropogenic 
Biomes of Africa 

 

What needs to and can be observed across the African 
continent? 
→ ‘Essential’ set of observational variables 

 

What are the gaps and needs regarding 
infrastructure? 
→ Inventory of existing and planned infrastructures 

 

What are the gaps and needs regarding data? 
→ Assessment of available data (Spatial and temporal 
coverage, quality) 

 

What are existing relevant methodological protocols? 
→ Interoperability and harmonization → Define 
minimum requirements → Adopt existing protocols 
where possible, modify where necessary 

 

17 
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Identification of ‘Essential’ Variables 

Illustration adapted from: 
Bojinski et al., "The Concept of 
Essential Climate Variables in 
Support of Climate Research, 
Applications, and Policy," Bulletin 
of the American Meteorological 
Society, vol. 95, no. 9, p. 1431–
1443, 2014. 

Figure from IPCC Fifth 
Assessment Report, 
WGI, Chapter 8 (2013) 

Possibly relevant:   110 variables 
Essential (latest iteration):  58 variables 

Bottom-up survey 

Top-down radiative 
forcing 

18 



Essential Climate Variables 

Essential 

Biodiversity 

Variables 

• Plant 

Species 

Traits 

• Land Cover 

• Ecosystem 

Function 

(Net Primary 

Productivity) 

Essential  

Ocean 

Variables 

• Sea Surface 

Temperature 

• Sea Surface 

Salinity 

• Stable Carbon 

Isotopes 

• Inorganic Carbon 

• Nitrous Oxide 

• Nutrients 

• Ocean Color 

• Oxygen 

Anthropic Factors 

• Land use/land use 

change 

• Human population 

• Economic development 

• Livestock population 

• Crop yield by type 

• Agricultural management 

o Area of Ploughed 

Land 

o Manure Management 

o Fertilizer Application 

o Irrigation 

• Reported 

Anthropo

genic 

GHG 

emissions 

• Above-ground biomass incl. litter 

• Albedo 

• Fire 

• FAPAR 

• Inland water extent 

• Land surface temperature 

• River Discharge 

• Soil Organic Carbon 

• Soil Moisture 

• Precipitation (surface) 

• Pressure (surface) 

• Surface wind speed and direction 

• Atmospheric temperature at surface 

• Water vapor (surface) 

• Aerosols properties 

• Carbon dioxide, methane and 

nitrous oxide tropospheric mixing 

ratio 

• Cloud cover fraction 

• Precursors (supporting the Aerosol 

and Ozone ECVs) 

• Net radiation (SW/LW) at surface 

• Below-ground biomass 

• Dimethyl Sulfide (Oceanic) 

• Atmospheric /Planetary Boundary 

Layer 

• Biosphere-Atmosphere GHG flux 

o CO2  – Net Ecosystem Exchange 

o N2O 

o CH4  

 

Ancillary/Other 

Variables 

• Surface roughness 

• Soil type 

• Infiltration and Runoff 

• Evapotranspiration 

• Wild herbivores 

 

LINK: 
bit.ly/essential_variables 
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Resulting Set of Essential Variables 
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SEACRIFOG Tool LINK: 
bit.ly/SEACRIFOG_tool 
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Conclusion 

• Estimates of African GHG budget associated with high 
uncertainties 

• Sparse observations compared to other continents 

• SEACRIFOG: Design project to develop concept for African 
Climate Forcing Observation System 

SEACRIFOG Outcome (2020): Roadmap for the development of African climate 
forcing observation system, detailing 

• Technical requirements, harmonized across the continent 
• Capacity building requirements 
• Investment/funding requirements 
• Policy framework requirements 

 
Ideally: Subsequent establishment of this network (with support from EU and other 
donors) over the following decades 
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Thank you for your attention! 
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www.seacrifog.eu 

bit.ly/SEACRIFOG_tool 

www.sasscal.org 


