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1) Study context 

Volatile organic compounds (VOCs) are key compounds for atmospheric chemistry that contribute to the 

production of harmful pollutants to human health, among which ozone (O3) and secondary organic aerosols 

(SOA) [1, 2]. Ozone is also a powerful greenhouse gas (IPCC, 2018) that affects vegetation growth with an 

estimated annual cost of $11-18 billion on agricultural production worldwide in the last decade [3, 4]. 

Similarly, particulate matter (PM) affects directly and indirectly global warming by modifying radiation 



 

 

 

 

scattering and the cloud albedo [5]. The official directives regarding VOC emissions are not very restrictive. 

The main regulations in Europe, resulting from the 1999 Gothenburg Protocol, concern the limitation of 

emissions from industrial plants and the limitation of concentrations in consumer products. Fine particles 

(PM2.5) on the other hand are more regulated. European countries must meet air pollution targets set by 

the European Air Quality Directive (2008/50/EC). Thus, since VOCs are precursors of harmful air pollutants, 

their sources must be better quantified to identify potential levers that could be used to mitigate the PM2.5 

and ozone threats. 

Around 90% of the VOCs are emitted by the biosphere (called BVOCs). However large uncertainty remains 

on the emissions from agriculture, including both field, farms and animals emissions [6]. Recent studies by 

the hosting laboratory suggest that VOCs fluxes from agriculture may lead to the emission of unknown 

compounds [7] that are reactive towards OH [8] and may lead to additional pollution burden. Moreover, 

some VOC are not well accounted for in national emission inventories, especially those coming from 

agriculture [6]. Additionally, VOC deposition is an important process [9] that may diminish air pollution, 

especially in the plume of large cities like Paris. VOC deposition is however not fully described in current 

models, in particular in terms of in-canopy sources and sinks, that may include stomatal absorption, but also 

chemical reactions in the canopy [10]. Recent measurements in agricultural crops and forests, made by the 

hosting laboratory, provides new databases with whole canopy fluxes by Eddy Covariance, in-canopy profiles 

and chamber measurements to question these processes [7, 11, 12].  

2) Details of the proposal 

Objectives. The overall objective of this thesis is to develop a multi-layer model of BVOC sources and sinks in 

a canopy that is adapted for the main crops cultivated worldwide (wheat, oilseed rape, barley) and some 

forest ecosystems (oak, ash). Not only emissions but also deposition will be investigated, and linked with the 

ecosystem functioning, building upon the work from Niinemets et al. [13]. Furthermore, chemical reaction 

of reactive VOC in the canopy will be investigated with the use of the multi-layer EMEP surface exchange 

model (ESX) [14].  

Approaches. The PhD candidate will develop his work with an increasing complexity:  

1. In a first step, the standard emission factors of the whole canopy will be determined based on existing 

databases from the hosting lab and colleagues and the literature [15]. In particular, the emission of 

compounds that were not measured in situ before will be looked at from the databases obtained by 

a highly sensitive and highly resolved PTR-Qi-TOF-MS in the field over wheat, oilseed rape, and green 

oak. This work will need reanalysis of mass spectra with innovative methods and may require 

additional measurements to identify the compounds. Parameterisation as a function of the 

ecosystem functioning will be seeked, based upon existing knowledge [13]. 

2. The candidate will then develop parameterising of VOC deposition at the canopy scale, based on the 

same databases. Resistance deposition schemes will be used as developed by Nguyen et al. [9] and 

long-term experienced developed by the hosting laboratory on ozone [16, 17] and ammonia [18, 19]. 



 

 

 

 

The challenge will be to link VOC chemical properties to its deposition velocity. The contribution of 

VOC deposition to the overall bVOC fluxes will be analysed 

3. The third step which is a further challenge will be to look into in-canopy sources and sinks of non-

reactive VOC like methanol, by inference methods like in Nemitz  et al. [20], but using ESX as a 

transport model. In that step, the candidate will build upon the in-canopy dispersion expertise from 

the hosting lab [11, 21]. 

4. Finally, Chemical reactions in the canopy will be introduced, first O3 and NOx and then VOCs using 

the ESX multi-layer model. A full model evaluation will be performed to determine the role of in-

canopy chemistry in the overall VOC fluxes. In particular, recent findings on the conversion of 

isoprene photooxidation products {Canaval, 2020 #28845} will be challenged based on a field 

campaign in which the PhD candidate will be involved. 

Available material and skills. The PhD candidate will build upon recent databases obtained by the hosting 

laboratory on VOC Eddy Covariance fluxes, in-canopy profiles and chamber fluxes over oilseed rape, wheat 

and green oak [7, 8, 11, 12], but also from colleagues [22, 23].  The PhD candidate will use the ESX model 

under the supervision of Dave Simpson (Norwegian Meteorological Inst., Gothenburg, Sweden) who 

developed the ESX model, and Eiko Nemitz (CEH Edinburhg, UK) an expert of in-canopy chemistry. The 

candidate will also benefit from the expertise of the hosting laboratory in PTR-ROF-MS data analysis and in-

canopy transfer modelling [24, 25], and more generally in biosphere-atmosphere exchange on trace gases 

[26]. 

Skills developed during the PhD. The PhD candidate will develop knowledge on VOC emission and 

deposition, atmospheric chemistry, and ecosystem functioning. He/she will develop skills to analyse state-

of-the-art PTR-TOF-MS data and especially high resolution mass spectra with innovative methods developed 

by the hosting laboratory (with IGOR or Labview). He/she will use and develop in-canopy transport and 

chemistry model, based on ESX and other existing models. He/she will finally take part in a large field 

campaign scheduled in 2012 near Paris in the framework of the ACROSS project led by Chris Cantrell1. In this 

campaign, he/she will be in charge of the VOC, NOx and O3, fluxes and profiles measurements with the PTR-

Qi-TF-MS and chemiluminescence instruments, which will hence complete the candidate skills on reactive 

trace gases.  

Outcome of the PhD. Four papers in international journals are expected. The work will strengthen the base 

of the ESX model which will allow exploring the impact of the modelled VOC fluxes on air pollution. 
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