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

Source: =
http://www.globalcarbonatlas.org World Average: 4.8 tCO:/person
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N 2017:
1,000 1332 MtCO2
w0 1960:
157 MtCO2
Source: http://www.globalcarbonatlas.org
African fossil fuel emissions over time
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Major dynamics and drivers ‘*«’,‘;&sscu

* 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
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WHAT DO WE KNOW ABOUT THE
AFRICAN GHG BUDGET?
Review of estimates, based on different
contributing sources/methodologies:
* |nventories
* Flux measurements
 Models (DGVMs)
* Atmospheric inversions
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(UNFCCC 2011 update)
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Synthesis of Estimates
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Source:
Valentini et al.,
Biogeosciences (2014)

GHG Observation in Africa: A SEACRIFOG perspective
Johannes Beck, SASSCAL

10

Federal Ministry
of Education
and Research

Sponsored by



Synthesis of Estimates
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150.000
Major source of
inconsistencies .
100.000 Ref. periods
*  Flux: 1982-
2008
50.000 Average of estimates * Models:
-2.24+2.13 1990-2010
* Inversion:
. T - B 1996-2004
- B
-50.000
-100.000
-150.000 :
GPP Respiration Nitm;z?t':xm Net Biome Production
H Inventory -116.149 107.355 -8.794 -2.711
B Ecosystem Fluxes (89.04) 69.62 (10.63) (4.82) Source:
® Models (DGVM) (103.32) (4.40) (1.48) Valentini et al.,
H Atm. Inversions 0.18 Biogeosciences (2014)
GHG Observation in Africa: A SEACRIFOG perspective 11 Z.'E;é,‘c'.“(i“',’:.‘:‘”

Johannes Beck, SASSCAL

Sponsored by



So what do we know? T S
* 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

- African continent currently one of the
weakest links when it comes to constraining
the global GHG budget

aaaaaaaaaaa
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Greenhouse Gas Observation
& Climate-Smart Agriculture

b

This project has received

Union's Horizon 2020
research and innovation
programme under grant
agreement No 730995

funding from the European

<\SASSCAL

000, i v
e " Climate Change and
- Adaptive Land M:

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
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SEACRIFOG
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Adaptive Land Management

Aim 2:

Formulation of aroad map
towards fully interoperable and
accessible Rls for agricultural and

climate researchin Europe

Aim1:
Identification of essential needs to
develop science-based strategies

toimprove food security and to

Aim 3:
Providing a concept for
sustainable capacity building and
human capital developmentin

mitigate GHG emissions and Africa Africa
A ﬁ Main contributors A A Main contributors A A
4 N ( \( N
WP2 WP3 WP4 WP5 WP6 WP7
ICOS-
ILRI/TIAKKIT WITS/ICOS- TCDISASSCAL SAEON/ICOS- GEOMAR/ ERICHC/CMCC

Research Agenda ERICHO Improving ERICP INDP High-level Policy

to prom OtEI.‘ Food Research Agenda Harmonization and B Interoperability of Rls, Demonstration and Funding

Security to promote GHG & Data Quality Access, Data Sharing Case Cape Verde Concept
Aerosol OS
Partners: Partners: Partners:
ILRICCFAS [ILR[VON, Partners: Partners: LU, UIB, UNIRES, Partners: SASSCAL,
SASSCAL SASSCAL, LU UIB, UNIRES RSU, SASSCAL TROPOS WASCAL
. 4 J 0 J\. J
h Supporting A Supporting
Information Information
WP1 CMCC/WASCAL
User Needs & Knowledge Gaps
Partners: CZG, WONDO, SASSCAL
WP8  TIAK (Thuenen-Institute of Climate-Smart Agriculture)

Coordination
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(African) CF Observation Network C\s“ssc‘“'

Non-GHG GHG net

climate forcing emissions
wW m—2 conversion PgC02 eq y—l

| I I I
2CO, emissions YCH, emissions || ZN,O emissions || ZOther GHG

Source:
. . Scholes et al.,
Grey: Observationally constrained model products SEACRIFOG Deliverable 3.1 (2018)
‘ Space-based obs
Land-based obs bit.ly/network_concept
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SEACRIFOG - Our work to date 5\>:§55°AL

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

N\ Anthropogenic
'\ Biomes of Africa

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)

SEACRIFOG Objective:
Design of continental
observation network tailored

where possible, modify where necessary J  to African requirements

What are existing relevant methodological protocols?
- Interoperability and harmonization - Define
minimum requirements - Adopt existing protocols
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Identification of ‘Essential’ Variables

State Variables
Variables Describingthe State of the
Environment

ECVs

EOVs

Ideal Set

Human Activity Variables
Variables Related to Human Activity

Land Others

Foundations:
- Science

of Variables to Observe Use

GHGs and Related Dynamics

FEASIBILITY
Observation is feasible
In the African context

cosT
Observation is.
costeffective
in the African context
Essential Set

in the
African Context

Crop
Yield

Guidance:

+ User requirements
- Observing

RELEVANCE
Observation is relevant
in the African context

principles and

* Guidelines for

dataset generation

Well Mixed GHG

Bottom-up survey

Top-down radiative
forcing

el Wiked GHE

Comporents of Rudiotive Forsing

o W m )

S0l Adjust

ol —Gleust

Short Lived Gases

cCursors

e}
cC
o
v
e}
I}
O
—
1}
<

Others

co,
CH,

HaloCarbc

Essential

Biodiversity

HFCs—PF( Variables

= Genetic
Composition (10)

- Species
Populations (47)

= PlantSpecies
Traits (36)

= Community
Composition (41)

N,O

/

\.<H,\SASSCAL

Essential Climate
Variables

- Land Cover (81)

- Ecosystem Function -
Net Primary Production
(48)

- Ecosystem Structure
(45)

Essential
Ocean

\

\

\

\

\
| Variables

|| = Particulate Matter
(38)

! - Dissolved

|| Crganic Carbon
(39)

Il. Fish Abundance

| and Distribution
(53)

I+ Zoo- (44) and
Phytoplankton
(48) Biomass and
Diversity

= Marine turtle, bird
and mammal
abundance (47)

= Marine Habitat
Properties (57)

= Ocean Surface Heat Flux
(50)

= Sea Level (84)

- Sea Surface Temperature
(85)

- Sea State (55)

- Sea Surface Salinity (66)

- Sealce (49)

- Stable Carbon Isotopes
(25)

= Subsurface Currents (32)

= Subsurface Salinity (52)

» Subsurface Temperature
(57)

= Surface Stress (47)

- Inerganic Carbon (54)

= Nitrous Oxide (45)

+ Nutrients (56)

- Ocean Color (65)

+ Oxygen (68)

- Transient Tracers (18)

- Above-ground biomass (82)
incl. litter (36)

- Albedo (686)

- Fire (79)

- FAPAR (67)

- Glaciers (32)

- Groundwater (56)

- Ice sheets and ice shelves (41)

« Inland water extent (69)

-+ Land surface temperature (72)

- Latent and sensible heat fluxes
(45)

- LeafArea Index (74)

- Permafrost (15)

- River Discharge (55)

= Snow (46)

- Soil Organic Carbon (56)

- Soil Moisture (65)

- Precipitation (surface) (84)

-« Pressure(surface) (67)

- Surface wind speed and
direction (72)

» Atmospheric temperature at
surface (88)

- Water vapor (surface) (71)

- Earth radiation budget (upper
air) (54)

- Lightning (36)

- Temperature (upper air) (44)

- Water vapor (upper air) (49)

- Wind speed and direction (upper
air) (42)

- Aerosols properties (50)

= Carbon dioxide, methane and
nitrous oxide tropospheric
mixing ratio (63)

» Cloud cover fraction (38)

- Ozone (47)

» Precursors (supporting the
Aerosol and Ozone ECVs) (33)

* Reported
Anthropogenic
GHG emissions
(55)

= Anthropogenic
water use (54)

Anthropic Factors

- Land use/land use
change (84)
» Human population (93)
- Economic development
(81)
- Livestock population (73) |
« Cropyield (78) by type
= Agricultural management
(58)
o Area of Ploughed
Land
o Manure Management
o Fertilizer Application

o Irrigation

- Netradiation Ancillary/Other
(SWILW) at surface Variables
(73)

» Below-ground = Topography (84)
biomass (44) - Surface roughness (60)

« Dimethyl Sulfide = Ground/soil heat flux (48)
(Oceanic) - Soil type (75)

« Atmospheric « Soil quality/health (58)
[Planetary - Dissolved organic (30)
Boundary Layer and inorganic (26)

(21) carbon (terrestrial)
- Biosphere- = Atmospheric nitrogen
Atmosphere GHG deposition (39)
flux - Infiltration (45) and
o C€0;(55) - Net Runoff (54)
Ecosystem - Evapotranspiration |
Exchange + Wild herbivores

o NzO (48)

o CHy (51)

GHG Observation in Africa: A SEACRIFOG perspective
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Essential Climate Variables

Essential o Land Coniar
Biodiversity | « Ecosystem
Variables Function
(Net Primary
* Plant Productivity)
Species
Traits
Essential - Sea Surface
Ocean Temperature
Variables » Sea Surface
Salinity
 Stable Carbon
Isotopes

* Inorganic Carbon
* Nitrous Oxide

* Nutrients

» Ocean Color

« Oxygen

* 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 CO, — Net Ecosystem Exchange
o N,O
o CH,

* Reported
Anthropo « Land use/land use
genic change
GHG .

2 Human population

€missions |« Economic development

Livestock population

Crop yield by type

» Agricultural management

o Area of Ploughed
Land

o Manure Management

o Fertilizer Application

o Irrigation

Ancillary/Other
Variables

» Surface roughness

» Soil type

* Infiltration and Runoff
« Evapotranspiration

* Wild herbivores

LINK:

bit.ly/essential_variables




Resulting Set of Essential Variables
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Components of Radiative Forcing

o | CO,
&
|
g | =
X co
S | HaloCarbons | | A'_z =
= | e
2| NO \ : o; Il
‘ H,O(Strat
o | HFCs—PFCs—SF, ‘ | O(Strot) HE
b ,
3 ‘ | co
|
o
g [ | I NMvOC
i | |
Nitrot |
“:, ‘ irate | NOX
) | I
o -
wn : Nltm)ti Sulphate | | NHy
|
"
5 Sulphote |8C on | S0,
wn SNOwW |
3 W’F—l< Black Carbon
) i
a | I Organic Carbon
o |
S ‘ | Mineral Dust
iy ! | q 3 Q
o | RFari Rapid Adjust.
o |
E) -1.2 ERFaci : | Aerosol—Cloud
Contrails only | "
Contrails u‘nd induced Cirrus| Aircraft
\
o ‘ | I Land Use
o Surfc‘nce Albedo |
< ‘ Solar Irradiance
=] | | |

-0.5 0.0 0.5
Radiative Forcing (W m™2)

1.5

g
—
-
=
— g
-
-
co2 = —
—-= e
— A e
i -
- et s e
=
CH4 e - o
- AN —_
S —
e - -
== HaloCarbons -~ _ « -
_....___‘-':".'_...--" - ..\‘llr"' -_ .’ -
A - -
N L L W, T, . ~—— = —
T -
20 —N ‘\ - —
- .‘.
‘L\\ oy Ny —
T
* ‘\' —
T
o &\ e
‘ ‘ F *
"0‘ ., \“
DT >
= NOX .
.
t- !
. o

= 8% L
[ Black Camatu-:_-: y
:Omanmm:\:__\‘ = —

I Mineral Dust ‘, _...._L _—

== Rfari(ERF) -
[ ERFaci (ERF) "‘1" NN
= Ajrcraft -
;ﬁ'""“"-\ N
S —

~ \‘_h

[ Surface Albedo ~
T —

.o.. re for
> Chm ate Chay nd
1 Adaptive Land Management

= Above ground biomass

= Litter

mmm Area of ploughed land

== Below-Ground Biomass

= Biosphere—Atmosghere CO2 flux (NEE)
=== Tropospheric CO2 mixing ratio

= et Primary Productivity

T infitration and Runoff

W River Discharge

=== |norganic Carbon (Ocean)
mmm Extent of inland waters

[77] Land Use/Land Use Change

[0 Marine Nutrients
[ Ocean Colour

=== Fraction of Absorbed Photosynthetically Active Radiatior

I het Radiation at surface (SW/LW)

[ CO2, CH4, N20 emissions by country and IPCC sector
71 Soil Moisture

== Soil Organic Carbon

1 Irrigation

== Manure Management

™ Livestock Distribution

mm \Wild Herbivore Distribution

=== Biosphere-Atmosphere CH4 flux

=== Tropospheric CH4 mixing ratio

=== Halocarbons

=== Fertilizer a%‘pllcalion

=== Biosphere-Atmosphere N20 flux

=== Tropospheric N2
=== Crop Yeld by Type
=== [itrous Oxide (Ocean)

[ Active Fire
I Burnt Area

["] Fire Fuel Load

=== Tropospheric Carbon Monoxide (CO)
=== Non-methane hydrocarbons

=== Nitrogen Oxides (NOx)

. Aerosol properties

=== SIfur Dioxide (S02)

= Land Cover

=== Cloud Cover Fraction

=== Oceanic Dimethyl Sulfide (DMS)
== Albedo

mixing ratio
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SEACRIFOG Tool

LINK:

bit.ly/SEACRIFOG_tool

About ential Variables Observation Infrastructure  Data Products Protocols
Net Radiation at surface (SW/LW)
Varabia
Domeain Variable Class: Radiation
Variable Domain: Temrestrisl
Land Cioner Land Cover Terregtrizl Variable Type: ECV
~ Further Information (URL): MNA
Land UsaLand
~ Land UsalLand Use Changs Terregtrizl e
Use Change Description:
Met radiation refers to the difference betweesn the incoming and ocutgoing radiation
MEMILE Coioe MIRTOUS Cide (Choear) Oosanie related to the ground {temestrial surface). It has four components: the incoming shortwave
[SW) and longwave {LW) radiaticn and the cutgoing SW and LW radiation, which can be
— Y — P r— aggreg ated a5 nEt_E‘nl".l’ and LW rsdlstl:}n_. M Et_rs::llstl:}n_ is t!1|:— fundamental driver :}_f
potential evaporation, 8 controller of soil moisture, which in turn controls many soil GHG
EMmissions.
Ocean Colour {0oean Colour Oceank
Observation Methods:
Cipgen Oopgen Dz Met Radiation {SW+LW) is the fundamental driver of potential evaporation, a controller of
) ) soil maisture, which in turn controls many soil GHG emissions. It is measured at site with a
Plant Specks net radiometer {Eurc 1000} to an accuracy of +5%. It si is extrapolated spatially using
- m - Pl Speclkes Traks Terresirizl satellite ,measures of its main componetnts-downwelling SW and LW, and upwelling SW
= {frem 2lbede) and LW {from surface temperature).
PreCursors Carbon Mondkde (C0) ATNOEINETI
Erecursars Dimenyl Surice F o— 1 related data products awvailable:
IData Froducd T_start T_end Troe Link
Precursors NRrogen Crldes (NO) Ammospheri
MCD1EA1 - MODIETama and Agus Dowrwvand Shoriwawe e Seosnacial - Click
Precursors Mor-metnEng ydrocarnons Armnogoneri Raadiation Dailly 3-Hourly L3 Glooal 5 km V005 S Ramer Hare
PreCursors Suttur Diceide (S02) ATNOEINETI
Pressurne 7 related protocols awvailable:
—— Pressune (suriace) Terrestrial E
N ‘ P rodoood Aurihorinsifuiion Waar Linik
Radiation Albedn Tennestrial
ECv-Land_requirsmens_IFa016 Giloinal Dosaning Sysiem tor Clmans (G00S) 2016
Fraction of Alisorbed
Radiation Fholosyninetically Acie Radiation Tennestrial & S WD o =
e ’ it e VD egraned Slons Warid Wesecesiog el Crganizasion TARMD) 012 :
LK ] Ciosaniing Sysiem Hars
FRadiEton INel Radiation at suriace (S Tennestrial The Sioioal Cosenang Srseem i il Comaniing Sisiam for Climsss (B00E) o Click

Showing 3304507 S5entries  Pravious 1 2 4 It

SEACRIFOG Collaborative Inventory Tool

Infermation on envircnmental cbservation in Africa and the surrcunding occeans

ChmEeT FMDlETMETRATON Masls

Raflations messuramans. Shor-wame

neagraned Caripon Obsanation Sysiem

=]

- ik

SASSCAL
¥

Observation sites (points) and spatial coverage
of data preducts {rectangles) related to this
variable:

+

Leafiel | © OpenEiresihiap comtributors, CC-EY-5A

Rale of variable in Radiative Farcing

Plezse note: Below gures are simpls aggregates of global Ngurss
from e IPCC 5t 2l R=por and are only mean fo provide 3
Wary cOarss guida I regards ko sign and magniude of uncartaingy

afmenariank’s corfrioution o radisthe farcing on e Afrian continent

Variable Type: ID
Related RF Components {glebal values):

Compound  Bast Estimats (Wm-2)
oo 1568
CH4 oa7
N2 017




Conclusion ; 3sscu

e Estimates of African GHG budget associated with high
uncertainties

e 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

ldeally: 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!

www.seacrifog.eu
bit.ly/SEACRIFOG tool

WWww.sasscal.org
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