Paper Number

310

@ Springer

A Mediterranean
e Geosciences
Union

Annual Meeting | Istanbul, 25—28 November 2021

@ www.medgu.org

Assessment of terrestrial carbon stocks from regional to
agricultural landscapes using SMAP-L4 Carbon Net
Ecosystem Exchange dataset: review and application

(Maradi, Republic of Niger)
R. COURAULT (1), A.S. SADDA (2, 3), M. LOIREAU (1), C. GOMEZ (4,5), T.
CHEVALLIER (6), N.S. JANGORZO (2), H.B.A. ISSOUFOU (2)

UMR EspaceDEV, IRD, Université de Montpellier, France

UMR DAP, Université de Maradi, Niger

UMR IEES, IRD, CNRS, INRAE, UPEC, France

UMR LISAH, IRD, INRAE, Montpellier SupAgro, France

Indo-French cell for Water sciences, IRD, Indian Institute of Science, India
UMR Eco&Sols, IRD, INRAE, Montpellier SupAgro, France

o Uk WwWN e



Motivations

SDGs & Climate change mitigation : toward a
regionalized Man-Environment monitoring centre

e ODDs to reach...

e Climate change mitigation...

e Functionment of the terrestrial C cycle in
agroecosystems
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Background

Hot semi-arid biomes and their soils as sinks of global C:
e ~50% of emerged land (IPCC, 2021)

e Very high levels of Net Ecosystem Exchanges (Tagesson et al.,
2015)

Influence of sahelian agroecosystems on the continental carbon
cycle:

e Strong dependencies to pluvial systems mixing agriculture with
pastoralism

Total Africa

SOC fixed annually by CA (Mg ha™ yr' ‘; ,

e High population rates = high needs o= Potentl: (143,160,442)
e Policies: re-enforestation, setting up of Natural Regeneration
Techniques and inscription within Rural Code (i.e. Republic of

Niger)

Terrestrial carbon related metrics, indicators, products and analysis:
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Questionings & Goals 310

1. What are SMAP Carbon products? What could(nt) they say?

2. Pre-processing of SMAP Carbon products for applied uses?

3. Carbon exchanges increasing/decreasing in central Sahel?

4. Interannual variability? Differences between landscapes?
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2. Material (1) 310

SMAP L4 Global Daily Carbon Net Ecosystem Exchange

e Global Primary Productivity (GPP), Net Ecosystem Exchange (NEE), Heterotrophic
Respiration (HR), Soil Organic Carbon (SOC)

e Time series : 2015-2020, daily measurement; Spatial resolution : 9 km
e Model output: fusion of

— GMAO/GEQSS5 meteorological data (daily, spatial res. 27 km)

— SMAP L4 Surface & Root Zone Soil Moisture (3 hours, 9 km)

— fPAR & LAl MOD15A2 (8 days, 500 m)
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2. Material & Methods (2)

Description
C indicators: GPP; NEE; RH; SOC
APPEARS - USGS
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SMAP L5

| Geographic extension: N=12110 168 E=5.11078 | Description “
Spatial reselution: 9000 m AFPPEARS USGS
Number of pixels : - Carbon model bitflag lookup
Time period: 2015-2020 Y - Statistics QA files )
. Tempaoral resolution: 1 day y ¢

QA carbon model bitflags

CARBON TIME

Max/Min 2015 201

GPP Max 3-Sep = |y e e R

GPP Min 9-Apr 22-M yd Ve

SOC Max 7-Aug 22-M - yd

SOCMin  29-0ct  19-0| Selection of dates Extraction of GPP
for yearly NEE, RH, SOC _

~minfmax - . time series

i e
statistics

Univariate
statistics

M-K tau & p-values
(GPP, SOC)

QA NEE RMSE mean
QA count

LOCAL SAMPLED
SITES SELECTION

(N=15)




2. Material and methods (3)
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Study area and site selection
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3. Consistency of SMAP observations

a. Interannual variations of the subregion

12-Sep 8-Sep 7-Sep
17-Mar  28-Feb  29-Mar
1-May 23-Apr 4-May
1-Nov 21-Oct 7-Oct

GPP Max
GPP Min
SOC Max
SOC Min

23-Sep 31-Jul
23-Apr 1-Mar
28-May  7-May
18-Oct 9-Oct

24-Aug  15-Aug
3-Apr 1-Apr

25-May  25-Apr
9-Oct 18-Oct

b. SMAP Quality Assessment files
RMSE <1gCm-2-d-1

NEE, GPP, RH, SOC within valid range

2

NEE RSME mean ranges from 0.2 to 1.5

c. SMAP C products validation

- SMAP

NEE

RH
SOC

[0; 4.5] gCm-2d-1

[-1.36; 1.79] gCm-2d-
1

[0.16; 2.23]

[1378; 1495] gC m-2
d-1

[0; 8]

[0.09; 13.1]

[1323;3758] gCm-2 ;

[1156; 2534] gCm-2

SPLACMDL_005_QA_nee_rmse_mean

(1) John, Chen
etal., 2013

Propastin &
Kappas, 2009

(1) Alam & Sarr,

2010; (2)
Woomer et al.,
2004
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(1) Shrubland, steppes of Mongolia

(1) Steppe grassland, Kazakhstan

(1) Topsoil SOC density, Sudanese
Sahel (2) Topsoil C density, from
degraded grassland to shrubby
grassland



Paper Nr

4. Mann-Kendall regional trend test 310

Global Primary

i Soil Organic Carbon 5" SOC_max_PVALUE
Productivity 0.000EEEEE
B 100133
Annual Annual Annual Annual %" 50C_max_TAU

min max min max L B

05
0

Pixels 1842 294 85 994 05
p<0.05 (8%) (1,3%) (0,37%) (4,3 %) K

fotal 22 848 (100%)
pixels

" GPP_max_PVALUE " GPP_min_PVALUE

0.00267 0.00267
Il 0252 o
= 0.501 = 0.501
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Discussion / Perspectives 310

Regional & local consistency of SMAP C products
- Match with literature findings on related ecosystems

- Strong periodicity of NEE-RMSE : RMSE comprised within 0,5; 1,5 at the end of the wet
season

=> Reinforcing dataset trustability by comparing with local eddy fluxes towers

Assignments of regional and local trends: too soon for now, but...
- 7 years (e.g. peaks and lows)
- Other components to explain such geographical heterogeneity ?

—Longer time series to confirm results (i.e. MODIS GPP)
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Conclusions

1. What are SMAP Carbon products? What could(nt) they say?

—> Daily assimilation dataset, giving main C fluxes at a 9 km level
(2015-today)

2. Pre-processing of SMAP Carbon products for applied uses?
—> Geo selection: local or regional (e.g. point/area)
—> Spatial and temporal QA assessment (NEE-RMSE)

3. Carbon exchanges increasing/decreasing in central Sahel?
—> NEE is decreasing for the studied area...

4. Interannual variability? Differences between landscapes?
= ... but a lot of spatial heterogeneity (locally)

11
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Romain Courault
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RH — Wankama site
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SOC — Wankama site
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