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Context HYP]

Plants are an important source of biogenic volatile organic compounds
(BVOC) : 1100 Tg/yr emitted globally into the atmosphere, 500 TgC/yr

as isoprene

v Isoprene | has a !qrge |mpact. on + Climat&warming
atmospheric composition and climate

because of its role as precursor of ozone T i
(in polluted areas) and as precursor of fine f\ A
aerosol particles ’

v' Key actor in chemistry-biosphere-climate
Interactions

v Major source of uncertainties in regional air
guality and global climate models!




Quantifying isoprene fluxe HYPI

v' Directly measured at foliar level
using cuvette measurements

v Indirectly at canopy level using eddy
covariance

v' Estimated by models (MEGAN) at
local, regional/global scales,
dependent on T and PAR, soll

moisture stress, LAl and leaf age
(Guenther et al. 2006, Muller et al. 2008,
Guenther et al. 2012)

v Determined from satellite HCHO

data, models and inverse methods
(Palmer et al. 2003, Millet et al. 2006, 2008,
Stavrakou et al. 2009, 2015, 2016)
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Alternatives? TP

v Foliar isoprene & photochemical reflectance index (PRI) are strongly
related (Filella et al. 2009, Gamon et al. 2016)

v' What is PRI? PRI=Rs;3,-Rc;¢/Rs3;Rs7o (Gamon et al. 1992)

v PRI reflects diurnal leaf xanthophyll cycle and seasonal changes in leaf
chl/carotenoid pigment ratio, carotenoid pigments are indicative of LUE

v' Combining PRI and models - Better predictions of foliar isoprene fluxes
under control environmental conditions (Penuelas et al. 2013)
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Objective of HYPI :
O assess isoprene emissions by remote sensing at
foliar and canopy level
o improve estimations of spatiotemporal variability
of isoprene emission at ecosystem level
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Test site

I 0 S '''''
C Centre

o Lochristi poplar plantation, ICOS ecosystem
site level 1 (Flanders, Belgium)

Poplars : strong isoprene emitters

4 field campaigns in sunny days at the peak of
growing season

Merel

o 5 shoots/genotype x 2 heights (3.5m, 8 m) x 2
leaves = 20 samples - continuous isoprene
fluxes & hyperspectral reflectance at the leaf &
canopy levels (30 min)

LiCrls hyperspectral camera \
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PTR-g MS integrated in an eddy
covariance system

Continuous meas.: carbon
and water fluxes,
meteorological variables

radiation component (PAR,
SWR, LWR), ancillary data
meas.: LAIl, biomass

irvaux, Belgium



Methodology HYPI

Leaf photosynthetic capacity A (measured with Li-Cor)
LUE= A/PAR

Hyperspectral reflectance (350-1600 nm) measured with spectroradiometer
(FieldSpec ASD)

Calculate PRI=Rg3,-R57¢/R531+R5s70, and other indices RSN
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Leaf level results HYPI
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Ecosystem level results
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v High variability of the environmental conditions during the measurements,

v" PRI does not follow changes in irradiance



Spatial variability

UAV flights : performed to investigate the spatial genotype reflectance
variability with the hyperspectral COSI images

August 24 2016 1
August 30t 2016 ]

Support Vector Machine (SVM) &

(SAM) classification:

» Classification confirmed that there was a large
between the different spectra

« Different genotypes had a very similar spectral response

» For the three overlapping days, no difference in isoprene

I emissions was observed _ 2018, Barvaux, Belgium




Modelling with MEGAN HYPI

Isoprene daily fluxes
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« Consistent temporal variations between modelled and leaf-level or canopy fluxes

* Very high correlations, r=0.83 for mature and r=0.98 for young leaves

« Somewhat lower correlations when soil moisture stress activity factor is ignored
(r=0.88)

 Reducing the standard emission factor in MEGAN leads to very good agreement with
the model
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Conclusions HYPI

v’ First study exploring the relationship between hyperspectral vegetation
Indices and foliar isoprene emissions throughout a canopy profile for
plants growing under natural environmental conditions

v' Confirms earlier hypothesis that PRI is a suitable estimator of isoprene
emissions at leaf/canopy level

v' Among all pigment pools, the xanthophyll cycle was the main contributor
to isoprene biosynthesis and drove the isoprene/PRI relationship

v" Other vegetation indices (Rggg-R-91/RggstR791, OF Rggs/Rgg7) Were found to
be strongly related with the xanthophyll pool, their physical basis should
be further investigated

v No correlation with isoprene emission was found at ecosystem level
among all genotypes

v New opportunities : use of high-resolution satellite and UAV images for
estimating canopy isoprene emissions (Sentinel-2, Hyperion, UAV)
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