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Expansion of flux tower capacity in the
troplcal and mediterranean regions
(RIFT projet)

J. Demarty (IRD), O. Roupsard (CIRAD), G. Boulet (IRD)

~60 scientists, 10 countries
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Role of drylands in the global interannual variability of NPP ...
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Motivations

*Key role played by land ecosystems in C balance
* Remaining uncertainties in fluxes

RIFT project

*Reducing uncertainties in CO2 fluxes
*Lack of observations in semi-arid regions
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Support to experimental infrastructure (flux towers)

Objectives \\! CONTINENTAUX

« Improve knowledge of these specific ecosystems, combining measurements of surface fluxes, related
observations and land surface models, to better study processes that drive surface fluxes

* Increase the autonomy of local partners working in semi-arid regions, to establish long-term observational
networks
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Bring together 13 flux sites in a network
» West Africa (7), Mediterranean (3), Asia (1), South America (2)
» Agricultural, forestry, agroforestry, grassing

» O sites already operational + 4 new sites (operational in 2025) .
@cirad

Organization
* WP1: Data acquisition, post processing and data dissemination e o CATCHGV;”.,,o ““'—OV MIDYCORAC
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* WP2: Characterization/quantification of the various processes, for each site and in cross-site analysis
* WP3: Land Surface modeling (evaluation, improvement, generation of time series of key observed or intermediate variables, ...)

* WP4 : Remote sensing observables (evaluation, spatial variability and scale transfer, ...)




Highlights of emergent intra-site and inter sites synergies

The flux tower as a focal point for collaborative studies, across scales and in a multidisciplinary way,
including links to new large-scale networks and new space missions

Agronomy, Proxy & Remaote sensing...

New flux towers

—

Tree sapflow,
phenology,

growth, V...
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New remote sensing
field campaigns

Deep root
turnover...

4 Hydrology,
piezometry...

New geophysical surveys

Soil + plant GHG
balance...




Highlights of emergent intra-site and inter sites synergies

The flux tower as a focal point for collaborative studies, across scales and in a multidisciplinary way,
including links to new large-scale networks and new space missions

Agronomy, Proxy & Remaote sensing...

New flux towers

New satellite

International
African network

Tree sapflow,
phenology,

growth, V...

=

TRISHNA

+ Benin, Niger,
Cameroun sites

New remote sensing
field campaigns

+ India, Tunisia, Teer 1ot
Morocco, Niger, turnover...
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Poster of the “Faidherbia flux site” (O. Roupsard)

“Faidherbia-Flux”

Roupsard Ofvie!, Tmouk Franck, Kergoat Laurent, C. Olfier?, J. Demarty®, Y Con
Ngom Daouca, Diedhiou Ibrahima?®, Leroux Louise® 2 Diouf Abdoul Aziz %,

Highlights in Sahelian context

Audsbert Alaint,

a collaborative observatory for ecosystem services and GHG balance
o-pastoral system (Senegal)

Coumac Laurent!, Jourdan Christophe!, 0o Fredéric 2, Orange Didier, Clermont-Dauphin Cathy!, N'enor Moussa'2, Sall Saidou Nourou?, Faye Serigne?,
hapuis-Lardy Lydie!, Assigbetse Komi'2 Vezy Rémif, Tcheheumeni Axel*, Le Maire Gueric!, Seghier Josiane!. Bertrand Isabell!, Marlay Raphael'; Valade

Aude, Taugourdeau Simore, Faye Emite'”, Falconier Galien?, Affolder Frangois® Masse Domirique, Faye Waly', Gaglo Espoir 2 Sow Sidy 2, Agbohessou Yelognisseé 2, Ba Seydina‘Z, Siegwart Loréne! ", Diene Mansour!2, Diack lbafimat " Talla

Saidout2, Gning Fatou®

Diongue D M., Malou Oscar'2, Sadio Khardiatou'2, Senghor Yolande", Diedhiou Moussat, Sanou Josias%, Koala Jonas ™, Sanogo Diaminatou™ 1%, Sokhna Sarr Mame'* 1% Moulin Patrcia®, Arou Hanane® 2, Duthait Maxime!,

Rocheteau Alain, Aral Dider', Bouvery Fredéric”, Tagesson Torbem ', Noiaye Ousmane, Rasbuid Anders ™, Grippa Manuela!®, Delon Glaire?, Serga Dominique”, Vince Caroline®, Dedoncker Morgane, Fleury Laurence?, Delaunay Valére®,
Monies Nicolas?, Rl ean Lovis?; P Carolne?',ChoteJoanLuc', Laca Jean Pau?
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1/ Context:

"1SRA-Senegal; YNERA:

Agro-silvo-pastoralism

Sen
st o Thio Sencaa TLAERG, nersté do Toutouse Fr

gal VINRAE-France
45, Montpelier

Iy

is a highly

representative Land Use in Africa, often presented as a
strategical option for ecological intensification of cropping
systems towards food security and sovereignty. So far, little

is known about the contrib

ion of sub-Saharan agro-silvo-

pastoral ecosystems to energy and GHG balance, especially
regarding their seasonal and inter-annual variability. Such
systems are also particularly complex to measure and model
considering their horizontal heterogeneity.

Tree

Hydraulic
Redistributions,
Water potential,

Agronomy, Proxy & Remote sensing...

sapflow;

2/ Story: since 2018, a wide community of scientist and
students (~70 (*)) and institutions (~23) supported the long-
term observatory
https://Iped.info/wikiObsSN/?Faidherbia-Flux) to monitor
and model microclimate, energy and C balance in Niakhar
(central Senegal, rainfall ~ 500 mm), a parkland dominated

by the multipurpose tree Faidherbia albida (12.5 m hi
tree ha-1; 9% canopy cover). Faidherb
agroforestry tree species in order to partiti

(“Faidherbia-Flux”:

;13
s an attractive
ion fluxes, given

that it is on leaf during the dry season (October-June) and
defoliated during the wet season, just when crops take over.
Pearl-millet and groundnut crops are conducted during the

wet season, following annual rotation in a co

mplex mixed

mosaic of ca. 1 ha fields. Livestock contributed largely to
manure, SOM and soil fertility.
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3/ Eddy Covariance display: The site includes 3 eddy-

L UOUD]
covariance towers, above (i) the whole ecosystem and trees

8501 #sm
(20m), (ii) pearl millet (4.5 m) and (iii) groundnut (4.5 m). So far, [ CERNNS

the towers continuously monitored energy, CO2 balance and |8 Ecologique %)CNRF
evapotranspiration for during years. R
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4/ Inter-annual fluxes results: The range of annual balances between 2018 and 2021 was [454 to 599] for rainfall (P: mm
yr-1), (1484 to 1539] for potential (Allen) evapotranspiration (ETo: mm yr-1), [0.31 to 0.40] for P/ETo, [424 to 607] for actual
evapotranspiration (ETR: mm yr-1), [2764 to 2911] for net radiation (Rn: MJ m-2 yr-1), [1326 to 1581] for sensible heat flux (H: M)
m-2yr-1), [1030 to 1575] for latent heat flux (AE: MJ m-2 yr-1), [-1.9 to -2.9] for net ecosystem exchange of C (NEE_Lasslop 2010:
1€ ha-1 yr-1), [-11.6 to -15.1] for gross primary productivity (GPP_Lasslop 2010: tC ha-1 yr-1) and [8.7 to 13.2] for ecosystem
respiration (Re_Lasslop 2010: tC ha-1 yr-1). The energy balance of the tall tower ((H+AE)/Rn)) was >90% indicating that the EC
system behaved reasonably. ETR was very close to P, indicating that little water was lost by the ecosystem. The net ecosystem
productivity was around -1.8 tC ha-1 yr-1, after deducting the C exported during harvest. However, this sounds optimistic when
compared to the actual biomass productivity.

5/ Comparing fluxes during the dry and wet seasons: Now comparing the dry (2/3 of the year) and wet (1/3)
seasons, the Bowen ratio (H/AE) dropped dramatically and ETR increased nearly by 40%. Interestingly, a lower (diurnal basis) but
significant photosynthesis by Faidherbia when cumulated over its leafy period (dry season) resulted in GPP_Lasslop 2010 being
similar during the dry and wet seasons.

Acknowledgements: Ablaye Diouf, Ibou Diouf, Robert Diatte and the people of Sob and Niakhar (Senegal). The projects and donors Ramses Il (EU-LeapAgri);
DSCATT (Agropolis Fondation + Total Fondation); GLDC (CGIAR); CASSECS (EU-Desira); SUSTAIN-SAHEL (EU-2020); PEPR FairCarboN (ANR); GLDC (CGIAR); ENCAS
(ECZCOj SOCA (Fondation BNP-Paribas); OpenOPSE (FSPI); ELISA (CIRAD); FLUXNET; AMMA-CATCH
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Poster on “GCs in the agro-pastoralSahel” (Léna Collet)

Climate Change impacts on hydrological and plant resources in the agro-pastoral Sahel

J. Etchanchu?, C. Ollivier!, I. Mainassara®, N. Farhani', B. Raynaud-Schell', N. Chahinian’
'HSM, Univ. Montpellier, CNRS, IMT, IRD, Montpellier, France

L. Collet!, J. Demarty
lena.collet@ird.fr

METHODOLOGICAL APPROACH

CONTEXT: CHALLENGES IN SAHEL, South-West nger
Studied area i

Societal water and energy cycles Do

o Local dataset (Léauthaud et al 2017)

o Global dataset (CMIP6)

© Reference model for Sahelian

Sy Population depends on subsistence and  Lack of studies and data on the © SISPAT is a soil vegetation atmosphere transfer ~ ecosystems (Velluet, 2014) - IPSL and CNRM models 4
® rindod ﬂgnc\ﬂmm evolution of hydrological and plant (SVAT) model (Braud et al, 1995). : L’;zg‘; 1'“9“5’;“;009 © 1990-2009 and 2080-2100 il
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o Coupling water and energy cycles encrustation problems

o Climate forcing variables

o Temperature

NJ 1 o Strong population growth
: weom |, = High level of food insecurity

ke 3. Building future climate forcings
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* Air humidity + Transpiration, climatic conditions. 4
o * Wind speed - Water sorage,

o Sahel is a climatic transition zone between + Global and atmospheric Runoff representative of "
the Saharan desert and the Sudanian radiation + Percolation present climatic é
savannahs. Precipitation/irigation SR tren o

Projecting and assessing climate change impacts on hydrological Initial conditions Eneroy cyck

o Sahelis a climate change hotspots resources on a typical Sahelian agro-pastoral ecosystem dominated by " Marix potentials o ETEED Al

millet crops in South-Western Niger. + Temperature in the soil « ground heat

o Sahelian paradox: despite a short rainy profile + netradiation Futre limatesanaris ol  combinaion of aefernce

season and low cumulative rainfal,
groundwater resources are increasing

+ Building future climate forcings Parameters Siand

Plant cover [
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Mean seasonal courses of
hydrological variables in

imate and climate change scenarios

+ Simulate hydrological resources using an adapted model
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o Typically Sahelian precipitation cycle
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Evapoaton ) amillet plot. o High interannual variability
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averages © ETR~ 85 % budget (Ev =main component of water balance) |
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o intervals = standard ‘

deviation > inter-annual  Reference scenario: mean | o Stock follows rainy season, almost no inter-annual stocking
variability annual water budget

LXTIIEAEON| o Low anomaly (compared with the scenarios presented

below)
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water budget

Temperature (T)

o The effects of rising temperature and humidity offset each
other on water flows

© 2 T: Tr # for thermal regulation > reduced water A
storage and shorter ETR cycle.

0.2 H: Tr\y.. Lower water vapor gradient leads to an
increased risk of embolism
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3-The effect of rain is added

X=v Impact of
The precipitation scenarios are derived from Chagnaud £ QQ_plot e ;
o el D(znzmzy e e e u g £ The intensification of rainfall leads to increased runoff and L
. 11 H
precipitation pattems. These scenarios are developed & a0 drainage, resulting in-
using the quantile method. & £
e— g, H o The Sahelian paradox could be exarcerbated |
Quantile quantile method is used to statistically modify the F o o |
distribution of a data series. = water budget o | 20 ! = a o 2 Riskof floods -!
—SSP585 oo " oy e o Longer vegetation cycle due to greater storage capacity |
| ELD EnETE 2 Annual cycle of anomalies for hydrological Estimated mean annual
components of the water balance water budget (SSP245) 4

/5  anomaly at cycle start . vegetation earlier than

Impact of o ETR | ref LA
_ [ Anomaly (%) | reference
: ETR E os £ Anomaly (%) |o =anomaly mid-cycle — transpiration s — soil storage 2|
H 5© =
i - R
= ds S—n s i The profound impact of vegetation on water fluxes emphasizes
The maximum LAI is =S H 2 the need to incorporate vegetation changes into modeling
et oo on, The timing of SSP245 =10 )
water budget [N ¥ © - |
O g R the cumulative rainfall ©3Ch growth stage: SSP385 o  wo  w o w0 _m  wx N
oMilet phenology depends o SIMUItons With e  jeading up to the peak 15 fluenced by oar e oay e  Use a dynamic vegetation model to simulate biomass

production and the carbon cycle.
© Build scenarios for alterations in agro-pastoral practices,
with a focus on the impact of rotations

the accumulation
of degree days.

mainly on the annual rainfall  reference are based yegetation period.

and tho degree days of on a constant LAl Annual cycle of anomalies for hydrological
oydle.

components of the water balance

Estimated mean annual
water budget (SSP245)
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