
Extending the BE-Vie ecosystem station 
characterization with NMVOCs and Ozone
B.W.D. Verreyken1,2, C. Dumont1, N. Schoon2, C. 
Amelynck2,3, B. Heinesch1

1Université de Liège, Gembloux Agro-Bio Tech, Belgium, 2Royal Belgian Institute for Space Aeronomy, 
BIRA-IASB, Belgium, 3Ghent University, Department of Chemistry, Belgium

Sources and 
sinks of 

atmospheric 
constituents

>>



Reactive trace gases in the 
atmosphere
What reactive trace gases are we studying and why do we care?
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BVOCs in ecosystems
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FEEDBACKS

Increased 
GHGs

Higher 
global 

Temperature

Higher 
BVOC 

emissions

Stronger 
competition 

for OH

Global change
Heat waves?
Droughts?
Land-use change?
Ozone damage?
Combined stresses?

Increased 
SOA, CCN

Effect on radiative 
forcing still uncertain

(B)VOC
exchanges

Increased 
sources OH

Response OH 
sources still uncertain



Measurement setup BE-Vie
Embedding chemical measurements (ACTRIS) into ecosystem flux 
towers (ICOS) to connect local biology with atmospheric chemistry
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Vielsalm, 450 m a.s.l.
Temperate maritime 
climate

 Mixed forest site

 Nearby industrial anthropogenic emissions

PTR-TOF-MS

 High time resolution (10 Hz)

 Selective to a suite of (O)VOCs

 Sensitive to sub-ppbv
concentrations 

Ozone analyzer



Our dataset and analysis
Plant life cycles don’t just affect carbon exchange, they change 
atmospheric chemistry
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Monoterpenes
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2&5 Acetic Acid6 Formaldehyde 7 Acetaldehyde 8 Formic Acid
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Interannual variability 
driven by meteorology

Diel variability driven by 
light and temperature

Yearly cycle from 
ecosystem change and 

meteorology
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Ozone fluxes
2023

Diel profile 
from stomatal 
conductance!



1-D Canopy Exchange Modelling: FORCAsTv2.0
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Short-lived atmospheric constituents
Aerosol, Clouds, Trace Gases

Key scientific themes:
Monitoring reactive gases and their 
sources at high precision
Studying chemical transformations in 
the atmosphere
Assessing their role in air pollution, 
climate forcing, and ecosystem 
interactions

https://actris.eu/about/what-we-do/key-scientific-themes
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Greenhouse gas budget
Atmosphere, Ecosystem, Ocean

Mission:
Produce standardized, high-precision 
and long-term observations
Facilitate research to understand the 
carbon cycle and provide necessary 
information on greenhouse gases
…

https://www.icos-cp.eu/about/icos-in-nutshell/mission

Long-lived GHG vs short-
lived climate forcers

Ecosystem follow up from 
ICOS to perform driver 

analysis with ACTRIS data

Photosynthesis and impact 
of Ozone/VOCs
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Questions?

ROYAL BELGIAN INSTITUTE 

FOR SPACE AERONOMY

Preprint under review for 
Earth System Science Data



www.uliege.be



Nitrogen
78.08%

Oxygen
20.95%

Argon
0.93%

Carbon dioxide
0.041%

Other atmospheric 
constituents

0.002%

Nitrogen Oxygen Argon Carbon dioxide Other atmospheric constituents

• Neon
• Helium
• Methane
• Krypton
• Hydrogen
• Nitrous oxide
• Ozone
• Non-methane VOCs

5 – 20 ppbv

12/11/2025ICOS Belgium Science Conference  16



12/11/2025  17

Biogenic VOCs 70%

Anthropogenic VOCs 20%

Biomass burning 10%

NMVOCs emitted in 2021 (~ 1170 Tg)

Data from Sfendla et al. (2025)
Top-down inversion from satellite measurements HCHO and glyoxal

Ocean source highly uncertain
Biomass burning source highly 
variable
AVOCs highly relevant for air 
quality in cities
BVOCs largest source globally
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CH4
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IPPC Ch8 (2018)
Components of radiative forcing from 
1750 to 2011
Only includes Anthropogenically 
emitted VOCs
Global emission of isoprene is about 
2 times higher than all AVOC 
emissions
Isoprene only about 70% of all BVOC 
emissions
Global isoprene emission estimates 
differ largely between estimates 
(factor of 2)
Important to correctly characterize 
natural VOC emissions and their 
responses to changing climate
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Proton-Transfer-Reaction Time-of-Flight Mass-Spectrometry
High time resolution (10 Hz)
Selective to a suite of (O)VOCs
Sensitive to sub-ppbv concentrations 
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H2O
Time

Ion source Drift tube Mass spectrometer

H3O+

VOC

H3O+ + VOC

H2O + VOC.H+

H3O+

VOC.H+

VOC+H2O
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Methanol

Ethanol

Isoprene

Isoprene oxidation

Chemical link between NOx – O3 – VOCs Boundary layer effects

Monoterpenes



SOURCE FACTORIZATION PRELIMINARY RESULT (data 2022)
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Summary
Importance VOCs and ozone

VOC exchanges
Large variety of VOCs exchanged
Diel, seasonal, interannual variability
Most emitted ≠ most abundant

Ozone depositions
Predominantly to the canopy

1-D modelling
Sub-canopy processes and VOC/O3 
interactions

Complementarity ICOS and ACTRIS
Exchanges between surface and 
atmosphere
Ecosystem feedbacks
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