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Environmental research infrastructures

e Utility of these networks:

« Knowledge to assess drivers, impacts and feedback loops of climate
change

 Validate atmospheric inversions, satellite data and models
 Enable the harmonisation of data products

 Evaluate both vulnerabilities and the suitability of climate adaptation
and mitigation strategies
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Why is an observational network for Africa important?
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The SEACRIFOG Project

* Supporting EU-African Cooperation on Research Infrastructures for Food
Security and Greenhouse Gas Observations.

* 7 EU and 14 African partners
L
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The SEACRIFOG Project - Objectives

* To design a continental network of joint EU-African research infrastructures
(RI) to monitor climatic and environmental change on the African continent
linked to GHG emissions and food security

* Identify essential parameters to develop science-based strategies to improve
food/nutritional security including warning systems to mitigate climate change

 Develop a roadmap towards an interoperable and accessible Rl in agricultural and
climate research that aligns with stakeholder needs

e Contribute towards capacity development in Africa
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The SEACRIFOG Project - Concept
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To develop a pan-African GHG observation system that considers:

A cross-domain approach — Atmosphere-Land-Ocean continuum
The impacts of land use change — natural/disturbed/urban systems
Enhance data access and interoperability

Ensure harmonisation and integration with existing networks

Build capacity — training networks

Greenhouse Gas Observation . . . . .
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The SEACRIFOG Project - Structure
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SEACRIFOG RI development — Knowledge gaps

e To assess the current status of observational networks across Africa

* What observations do we need and are currently made?
* Are there gaps in our knowledge and what infrastructure is required to address this?
* Are there relevant methodological protocols available and are they fit for purpose?

* How do the data products need to be compiled, managed and harmonised?
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Identification of essential variables

State Variables Human Activity Variables
Variables Describingthe State of the Variables Related to Human Activity
Environment
ECVs GHG
Emissions
EOVs Ideal Set Land Lokt
of Variables to Observe Use
GHGs and Related Dynamics
EBVs FEASIBILITY Crop
Observation is feasible Yield

in the African context

Others
Essential Set
in the
African Context Required Guidance:

Required Foundations: * User requirements
= Science * Observing principles
* Data and standards
» Observational RELEVANCE * Protocols/Guidelines

capability and Observation is relevant for dataset

infrastructure in the African context generation

n
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Prioritisation of essential variables

* Bottom-up approach - project partner and expert consultation

* Relevance of variable in African context
* Feasibility to measure variable in the long-term

e Cost associated with measurement variable

* Development of online web-tool: https://seacrifog-tool.sasscal.org

éffﬁﬂ_ SEACRIFOG Collaborative Inventory Tool
R

Svaasheuss s Oluarsasion Information on environmental observation in Africa and the surrounding oceans
{3 & Climate-Smart Agriculture

Essential Variables ~ Observation Infrastructure Data Products  Protocols

A
B asion §§ﬂ Greenhouse Gas Observation
o 5002020 f”fa? & Climate-Smart Agriculture

7
. SASSCAL

Welcome to the

SEACRIFOG Collaborative Inventory Tool

developed by the
Southern African Science Service Center for Climate Change and Adaptive Land Management (SASSCAL)

&% Help tour.. Take an introductory tour to get to know the content and functions of the tool..

= Sign In... Sign in for full access and editing rights...
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https://seacrifog-tool.sasscal.org/

Prioritisation of essential variables

Top-down approach

* Consideration of the variables required to quantify the main components
of anthropogenic radiative forcing

Deliverable 3.1
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Short Lived Gases Well Mixed GHG

Aerosols and Precursors

Others

Comp:

onents of Radiative Forcin

RF (W m™)

ERF (W m™3)

CO,

CH,

HaloCarbons
N,O
HFCs—-PFCs—SFg

1.68 [1.50 to 1.86]

0.97 [0.80 to 1.14]
(0.02; 007 ;024 ;064)

0.18 [0.03 to 0.33]
(-0.15; 0.28 ; 0.05)

0.17 [0.14 to 0.20]

0.03 [0.027 to 0.033]

1.68 [1.33 to 2.03]
0.97 [0.74 to 1.20]
0.18 [0.01 to 0.35]
0.17 [0.13 to 0.21]

0.03 [0.024 to 0.0386])

Contrails only

Contrails and induced Cirrus

Black Carbon
Organic Carbon
Mineral Dust

RFari Rapid Adjust.
Aerosol-Cloud

Aircraft

0.64 [0.25 to 1.09]
(040 ; 0.20 ; 0.04)

-0.29 [-0.47 to -0.08)
(-0.09;-0.20)

-0.10 [-0.30 to 0.10]

0.01 [0.005 to 0.03]

co ?'0239[:“;5 E“D‘D]‘az)g] 0.23 [0.16 to 0.30]
| 0.10 [0.06 to 0.14]
‘ NMVOC (0,035 005 5 0.04) 0.10 [0.05 to 0.15]
Nitrote, —0.15 [-0.34 to 0.02]
| NO, (-0.04:-0.25: 0.14) -0.15 [-0.34 to 0.03]
| Nitrate -0.06 [-0.16 to -0.02)
| F—glj Sulphate NH; (-0.07; 0.01)
|
Sulphate 18C on SO, —0.41 [-0.62 to —0.21]

-0.10 [-0.30 to 0.10]
—0.45 [-1.20 to 0.00]

0.05 [0.02 to 0.15]

T

|
Surfc‘lce Albedo |
|

|
|

Land Use

Solar Irradiance

~0.15 [-0.25 to —0.05]

-0.5
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Essential variables

e A minimum set of 58 essential variables were identified.

Essential Climate Variables

E§ser1t|al _ * Above-ground biomass * Agricultural Anthropic Factors
Biodiversity * Litter management . LULUC
Variables
» Albedo € ﬁ;ﬁg aif Pl * Human population
* Plant Species Traits * Fire o MERUrE * Economic
* Land Cover * FAPAR Management development
) o Fertilizer ol ;
. Ecosystgm Function > ke weter edemt: Application Livestock population
-Net Primary - * Reported
. * Land surface T @ gzt P
Production . . « Crop vield by tvpe Anthropogenic GHG
* River Discharge Py vy typ emissions

Essential Ocean * Soil Organic Carbon

Variables Ancillary /

Other Variables | « Net radiation
(SW/LW) at surface

* Dimethyl Sulfide
(Oceanic)

* Soil Moisture

* Sea Surface T * Precipitation (surface)

* Atmospheric
Boundary Layer

* Sea Surface Salinity * Pressure (surface)

* Stable CIsotopes * Surface wind speed and direction

* Below-ground

* Inorganic Carbon * Atmospheric temperature at surface « Surface roughness

* Nitrous Oxide = Water vapor (surface) bl.omass + Soil type

* Nutrients * Aerosols properties " Biosphere- « Infiltrati
Atmosphere nfiltration & Runoff

* Ocean Color * CO,, CH, & N,O tropospheric mixing ratio CO,, CHy & N;O | « Eyapotranspiration

* Oxygen * Cloud cover fraction fluxes

* Wild herbivores

* Precursors (NMVOCs, CO, NO,, SO,)

Deliverable 4.1

/2,
gen,

% Greenhouse Gas Observation
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Lépez-Ballesteros et al. (2018). Environ. Res. Lett.

4
& & Climate-Smart Agriculture European Geosciences Union annual meeting, Vienna 7t"-12t" April 2019



Observational capacity in Africa

* Inventory of existing or planned networks — 47 in total

(a) Atmospheric and GHG observation sites

(b) Weather observation sites in Africa (c) Oceanic observation sites around

® Global Atmosphere Watch * \WMO Global Observing System (land-based) + Argo
A Eddy Covariance Flux Stations * SASSCAL WeatherNet A OceanSITES

Total Carbon Column Observing Network ¢ Data Buoy Cooperation Panel
® Cooperative Air Sampling Network Sea Level Station Monitoring Facility
©  GCOS Reference Upper-Air Network Relative Station Den sity * Ship Observations Team
©  GCOS Upper-Air Network
® Aerosol Robotic Network .
% Atlas Mohammed V (project) ng h . l Low
% Carbon-Ghana (project)

Lépez-Ballesteros et al. (2018). Environ. Res. Lett.
L
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Observational capacity in Africa

 Distribution of observational stations across biomes

(Y] Ak )
- -~
e
°

e Global Atmosphere Watch 0®
A Eddy Covariance Flux WMO Global

Stations oba

* Observing System

Total Carbon Column (land-based)

Observing Network
o Cooperative Air Sampling *  SASSCAL WeatherNet

Network

Ref _Ai Biome Mediterranean Forests, Woodlands, Tropical and Subtropical Dry
ﬁgtgirk somneneer = and Scrub =i Broadleaf Forests
Deserts and Xeric Shrublands Moriline Crassisnds and Trcsical and Siibicsical Mot
_Ai ontane Grasslands an ropical and Subtropical Mois'
®  GCOS Upper-Air Network [ Flooded Grasslands and Savannas Shrublands B 5 rcagieat Forests
W Aeromol Roboic bletwork - Lakes - Temperate Coniferous Forests Tropical and subtropical grasslands,
% Atlas Mohammed V (project) - Mangroves Temperate Grasslands, Savannas, savannas, and shrublands
% Carbon-Ghana (project) and Shrublands
Lopez-Ballesteros et al. (2018). Environ. Res. Lett; Olson et al. (2001) BioScience
i
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Measurement protocol inventory

Deliverable 4.3

D,

g Greenhouse Gas Observation
5 & Climate-Smart Agriculture
s

N20O fiy
Manure Management

Livesick Distibuton
AL

Type 4
Data processing o
I Emission reporting v @
Obs(ground-based)
Obs(sea-borne)
Obs(space-borne)
. Obs(various)

140 protocols compiled from open-source material

W Nitrous Oxide (Ocean)

Oceanic ¥ Ocean Cojyr

Ygen
o 6‘8602
03 o Y
%ers’%a Sty Say;
g 5 My
QD C'o% 75
- 2, 24, %,
2ERE 7 % O T
3 T
A TR
‘Q% ?69(
e s 3
i3 ©
o 5
g 2
2
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Measurement protocol inventory

\ Terrestrial domain

TERAN Rain

S h Alliance-Agri GHG
— GHGProtocol-Ethiop

e N SCO

—— FLUXNET
Hydrology ICOS-0TC

S : i INRA-RMT-ADEME
- — ‘ . - - ) EU project

— = GEOBON
. Secretanat of the Conventlon on Biological Dlversny
Deliverable 4.3
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Measurement protocol feasibility assessment

- =
£ S 5 & Eo
£ ] = t Bwo =4 '8
ID Title Publisher Variables Domain & £ = £ % @ g £
Sefy 354t 2] g
I.PJ. (5] " o = w E 3 e g E 1)
World Aerosol properties;Boundary layer height;Tropospheric CHa
Guide for Urban Integrated Hydro- Meteorological mixing ratio;Tropespheric COz mixing ratio;Tropospheric N20O
6 | Meteorological, Climate and Environmental 0 anl'zatl'ogn mixing ratio;Cloud Cover Fraction;Carbon Monoxide All £€€ €€ L-H H L-H AM
Services {h;gMO} (CO);Halocarbons;Nitrogen Oxides (NOx);Mon-methane
hydrocarbons;Sulfur Dioxide (SOz)
World
Low-cost sensors for the measurement of A M:L’eorolo ical Aerosol properties;Tropospheric CH4 mixing ratio;Tropospheric
7 | composition: overview of topic and future o anl‘zatl‘ogn CO2 mixing ratio;Carbon Monoxide (CO);Nitrogen Oxides A €££€ £ H L M-H |AM
applications '8 (MOx);5ulfur Dioxide (S02)
(WMO)
Turbulent flux measurements of CO2, energy Biosphere-Atmosphere CO2 flux (NEE);Evapetranspiration; Water
9 ICOS-ETC ) . . T €£€ €€ H L H AM
and momentum Vapour (surface);Surface Wind Speed and direction
10 CO2, H20, CH4 and N20 storage flux ICOS-ETC Biosphere-Atmosphere CH4 flux;Biosphere-Atmosphere CO2 flux T e c M L ™ AM
measurements (NEE);Biosphere-Atmosphere N20O flux;Evapotranspiration
Meteorology. Air temperature, Air relative .
11 |humidity, Air pressure, Wind speed, Wind ICOS-ETC P_ressgre (surface);Surface Wind Speed and T €€ £ L M L AM
) i ) direction;Temperature (surface);Water Vapour (surface)
direction, Backup meteo station
Precipitati . Total ipitati S
1p | reciprtations. Total precipitation, snow ICOS-ETC Precipitation (surface) T € € L L L AM
depth
Radiations measurements. Short-wave Eracti f Absorbed Phot thetically Active Radiati
13 [radiations, Long-wave radiations, ICOS-ETC raction o sor E. otosynihetically Active Radiation T ££€ £ M M M AM
- ) L (FAPAR);Net Radiation at surface (SW/LW)
Photosynthetically active radiation
Soil-meteorological measurements. Soil
14 Temperature; Soil Water Content; Soil Heat ICOS-ETC Soil Moisture T €€ £ M L M AM
Flux Density
15 |Water Table Depth Measurements ICOS-ETC - T £€ £ M L L AM
) o } Biosphere-Atmosphere CO2 flux (NEE);Evapetranspiration; Water
Station description. How to describe the Vapour (surface);5urface Wind Speed and direction;Net Prima
16 station and history of the monitored ICOS-ETC pourist i P i ik NN N L L MM
ecosvstem Productivity;Pressure (surface);Temperature (surface);Surface
4 Roughness;Biosphere-Atmosphere CH4 flux;Biosphere-
Deliverable 4.3
R
“_g(’]v
g=>! Greenhouse Gas Observation . . . . .
& Climate-Smart Agriculture European Geosciences Union annual meeting, Vienna 7th-12t April 2019
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Data availability

Type
I 1- Model 5
2 - Remote &}
3 - Combination In Situ & Remote = 2 o
h 2 IS
[ 4-InSitu ) % 5 E X o
“x A a 2 < -EQ &
% 0% % 3 g2 28 s ¢
& % B - 5 c & & 3 .
T g 2 5 ¢ 5,.@-3,0
% b % 5 8 gL § & e
8, NG 2ol e & F F @ &9
Z “© 5 % T 6§ & &8 & S
5, S SN D & SRS
e S R
i3] g & &
IS
o o &
@ CO <
& oo .‘{Ifo
& ¥ o
K &
AT &
QW
sufide
\\".‘j\-:’
pime ic Cafbon

W norgad”
I Marine Nutrients

l Nitrous Oxide (Ocean)
[}

QOceanic
Ocean Colour

Manure Manage mem‘ A
i \Bon |
"“ml‘kol&lﬂbl‘ . ' Terrestrial N Oxygen
e ket =
‘ - S"’"‘(af-‘e Salin:
(\\-ac\fl Sf'df- 66&‘3 a"”h’y
Nl 2 U Other 2 o,
- ‘O\Iﬁ \\“\ga : v‘rbo, - l‘,’-’hﬁ
Land° a0 © LS A oy, " Cfaiyn,
| D,
: -5
“0“?’&@%&@ g *
: TS ~ %
P e - ",
W et TN .‘g— %,
T e -
b.\\ “« &‘?{‘ ,CQ(': QC.‘ > é)u [ w 2 % @%
<@ E S 38255t )
F & v s Eo g2 @ Qb
s £ 0 g £ 53 a Y .
&g, Cane 3 s
c g8 E B g
£ T [»} Ly S 4
& & o = 3 3 2
& S & sz 5
S I 3
& S A
Q
%
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Data availability — SEACRIFOG Inventory Tool

About Essential Variables Observation Infrastructure Data Products Protocols

SRR Observation sites (points) and spatial coverage of
Oxyg en data products (rectangles) related to this variable:
Variable : Variable ==
Variable Name ) . T --
Class Domain Variable Class: Oxygen S
Variable Domain: Oceanic +
Land Cover Land Cover Temesfrial Variable Type: ECV
Land Further Information (URL): Click Here | f
n R _, o
Use/land Use  Land Use/Land Use Change Temestrial Description: 4 _
Change 02 is essential for nearly all multicellular life. Future projections indicate that oceanic O2 levels . Ay
will decrease substantially, in part because of ocean warming and increased stratification (a / % T
] . ] ! . . rocess often referred to as ocean deoxygenation), but also because of increased nutrient 1 L E
Witrous Oxide  Hitrous Oxide (Qcean) Qeeanic oadings in nearshore environments that lzad to eutrophication. In a business-as-usual : _
) ) ) ) scenario, the ocean is projéacted to lose nearly 20% of its OZ. This could have dramatic \ Ry
Hutrients Marine Mutrients Oceanic consequences for marine biogeochemistry and marine life, as the ocean's 02 minimum zones L /
will expand substantially, and large swaths of ocean will appear that have O2 levels that are too } -
Ocean Colour  Ocean Colour Oceanic low for fast-swimming fish to survive, and can potentially reduce the pool of bioavailable [ ' f
nitrogen due to reduction of nitrate. 4
Cxygen Cxygen Oceanic Observation Methods:
NA 4
P'a.”t Species Flant Species Traits Temestrial
Traits
1 related data products available:
Precursors Carbon Monoxide (GO Atmospheric pro
Data Product T_start T_end Type Link
Precursors Dimethyl Sulfide Ceeanic r
GLODAP calibrated open ccean data product of inorganic and 1972-01- 2013-12- Geospatis| Click .
Precursors Mitrogen Oxides (NOx) Atmospheric carbon-relevant variables o1 3 - Raster Here ) Leaflzt | © OpanSireatMap contributors, CC-BY-SA
Precursors Mon-methane hydrocarbons Atmospheric
Precursors Suffur Dioide (502) Atmospheric 5 related protocols available: Role of variable in Radiative Forcing
Protacal Authorilnstitution Year Link Please note: Below figures are simple aggregates of global
Prezsure figures from the IPCC Sth Assessment Report and are only
(surface) Pressure (surface) Temestrial o e meant to provide a very coarse guidance with regards to sign
\ a - r Climata i 5 iz and magnitude of uncerainty of the variable's contribution to
Ocean_requirements_IP2016 ClohalUEssnaltvE el = S GERS) i Here radiafive forcing on the African confinent.
Radiation Albedo Temestrial . .
o ) The Globsl Observing Click Variable Type' A
Waiting for seacrifog-toolsasscal.org... System for Climats: Global Observing System for Climate (GC0S) 2018 - Related RF Components [alobal values):

https://seacrifog-tool.sasscal.org

ﬁ“ﬁ g
Q‘g(’] Greenhouse Gas Observation . . . . th th .
2% & Climate-Smart Agriculture European Geosciences Union annual meeting, Vienna 7t"-12'" April 2019
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Data availability — SEACRIFOG Inventory Tool

About Essential Variables Observation Infrastructure Data Products Protocols

Search:
SASSCAL Weathernet ( SASSCAL WN )
o Network Name Status Type Parent Network (if applicable): NA
Ground- Network Type: Ground-based
based: Network Status: Existing
1 Global Climatc Obscrving System Exising Eea_ . Network Start of Operation (Year): NA (If applicable) Network End of Operation (Year): NA
ui Network Description:
Space- MA
bome
Further Network Info (URL): Click Here
3 SASSCAL ObservationNet Existing Ground- Network Data Access (URL): Click Here
based Network Site Information (URL): Click Here
3 SASSCAL Weathemet Eustng  Cround-
Map of Network Stations - Click a station marker for further station-specific information (Bounding box illustrates total coverage
of network)
- Ground-
4 FLUXMET Existing based “_ > . . = -

+ y ngla ‘. LY Hulu:wi 1 @ )._J" X \ ® Open Street Maps
o o®yd '

) . Space- i
5  Copermicus Existing ” ambi Mogambigue \
borne - J | O satellite

- . Mad k. 0 Topography
6  Bassline Surfacs Radiation Network Bxisng U 1000 km I' .. ~ fadagasikars
based 500 mi ) /

4

o Zimbabwe

1a o . -
7 China-Brazil Earth Resources Satellite Program for Planned Space- =] %5“‘""‘7 o ‘ "o
Africa bome ° ~ : ;
) retoria Maputa
- @
8  Global Atmosphere VWatch Existing E;::;'d' __. ® 9 .. f
_‘ Duljl}ap;
. . - Ground- couth Africa 7
%  South African Weather Service Existing hased ‘ South Afi )
10 South African Environmental Observation Network Existing E;::Sd' c,p;aTmn
L]
https://seacrifog-tool.sasscal.org
e
“ﬁ‘ \J
sl
‘g(’ Greenhouse Gas Observation . . . . th th . @
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Data availability — SEACRIFOG Inventory Tool

= .
a‘%}(’ SEACRIFOG Collaborative Inventory Tool SASSOAL
Vro,; e A Information on environmental observation in Africa and the surrounding oceans Vs

About Essential Variables Observation Infrastructure Data Products Protocols

Search: |

Above-ground biomass and structure of 260

Corresponding essential variable(s):

ID Data Product Year Provider = " Variable Domain
African tropical forests _ _
ESA CCI S2 Prototype European o Above ground biomass Terrestrial
1 Land Cover 20m Map 2017 SoRce AGIIEY Year of publication: 2013
of Africa 2016 Type of dataset: Cross-sectional Data
e oo Dioess Type of observation: In Situ Spatial Coverage of Data Product
Creator/Author: Simon L. Lewis et. al
2 and structure of 260 2013  ForestPlots.net i , K TS A
African tropical forests Provider/Publisher: ForestPlots.net + 5 155
Contact: NA 2
Bjerknes o o
Climate Data Description: . . - Ry
Centre. ICOS We report above-ground biomass (AGB), basal area, stem density and wood mass 1
SUMate Oesn 0O =y density estimates from 260 sample plots (mean size: 1.2 ha) in intact closed-canopy
3 £ 2018 . tropical forests across 12 African countries. Mean AGB is 395.7 Mg dry mass ha-1
Atias (SOCAT) V6 Thematic (95% CI: 14.3), substantially higher than Amazonian values, with the Congo Basin
Centre and contiguous forest region attaining AGB values (429 Mg ha-1) similar to those of
(Bergen, Bornean forests, and significantly greater than East or West African forests. AGB
Norway) therefore appears generally higher in palaeo- compared with neotropical forests.
However, mean stem density is low (426 + 11 stems ha-1 greater than or equal to 100 2
4 RiverDischarge Global Runoff mm diameter) compared with both Amazonian and Bornean forests (cf. approx. 600)
Data Centre and is the signature structural feature of African tropical forests. While spatial N\
autocorrelation complicates analyses, AGB shows a positive relationship with rainfall
Global 10-daily Copernicus in the driest nine months of the year, and an opposite association with the wettest
5 Directional Albedo 2018 Global Land three months of the year; a negative relationship with temperature; positive :
1km: Tiles S relationship with clay-rich soils; and negative relationships with C - N ratio (suggesting
a positive soil phosphorus-AGB relationship), and soil fertility computed as the sum of
base cations. The results indicate that AGB is mediated by both climate and soils,
Land Surface o aAnA ciinnact that tha ARR Af Afriran Alncad ~ranany tranisal faracte mav ha

https://seacrifog-tool.sasscal.org

(4]
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Data availability — SEACRIFOG Inventory Tool

About Essential Variables Observation Infrastructure Data Products Protocols
Search: I
b erotoeat P ot year ECV-Atmosphere_requirements_|P2016
Auvthor(g)Institution: Global Observing System for Climate (GCOS)
5 ECW- Global Observing System ” 5 2018 Publigher: World Metecrogical Organization (WO}
Atmosphere_requirements_IF2016  for Climnate (GCOS) Publication Year: 2016
DOUISEN/SSN: -
. . Global Coserving System . -
3  ECW-Land_requirements_[P2016 for Climats (GCOE) Termestriz’ 2018
) Thematic category: Climate change
=1
4  ECW-Ocean requirements IP2016 GObE!I Otrerving _lysbem Cceanic 2018 Domain: Atmospheric
for Climate (GCOS) L .
Purpese: Observation (various)
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SEACRIFOG — Next steps

* Continue updating inventory of data products, networks and protocols

 Develop a suite of recommended methodologies for measurement
variables

* Assess the spatial optimisation of the observational network using
inverse modelling techniques

* Build capacity through training workshops and online resources

* Develop high level policy and funding concept - investment
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Thank you for your attention!
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