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Context  

 Thousands of organic compounds are present in the atmosphere. Either directly emitted by natural and 

anthropogenic sources, or formed in situ by photochemical reactions, these organic compounds are nowadays 

known to largely impact air quality and climate. These environmental impacts are however difficult to quantify as 

the speciation and the properties of individual organic species still remain largely unknown.  

Objectives / scientific questions   

 The objectives of the SPIM-CO project were to (1) build a method to simulate the evolution of organic 

compounds at the molecular scale under various typical environments and (2) explore the speciation of organic 

species, and the distribution of their physicochemical properties, under different environmental conditions.  

Main results  

 To simulate the evolution of organic compounds at the molecular scale, the sources and sinks of organic 

and inorganic species have to be described explicitly in a model. Considering the large number of organic 

compounds emitted and formed in the atmosphere, such an explicit description can only be performed using 

simple models, such as box models. The very few studies performed until now to describe explicitly the organic 

compound evolution in the real atmosphere concern Mexico City, in the frame of the Milagro campaign (2006), 

and the Amazon forest, for the GoAmazon campaign (2014/2015). The simulations were however strongly 

constrained with campaign data, especially for emissions, preventing the extrapolation of these results to other 

conditions. In addition, the advection of chemical species inside the domain was not considered, although the 

mixing with regional air is hardly negligible. 

 In the SPIM-CO project, a full modelling chain was developed to simulate in a box model the evolution of 

organic compounds at the molecular scale under various environmental conditions and different geographical 

locations. Monthly averaged daily climatologies were calculated for meteorological parameters from ECMWF 

operational analysis, and used as inputs of the box model. A very detailed speciation was considered for organic 

compound emissions, with around 200 primary organic species. The quasi-explicit gaseous oxidation mechanisms 

of these emitted species were generated using the GECKO-A tool, leading to the formation of more than 4 million 

secondary organic species, and the gas/particle mass transfers were represented for all primary and secondary 

stable organic compounds. In addition, the box model has been updated to take into account the influence of the 

cloud cover on the photolysis rates. Boundary conditions for advected species, provided from global models 

and/or previous explicit simulations performed over a larger domain, were also added as inputs to the model. 

Such an explicit description of organic species sources and sinks being quite expensive in computing time, the 

box model has been parallelized allowing to gain a factor of 3 in the duration of the simulation. This modelling 

chain allows in its current version to simulate a typical mean daily evolution of gaseous and particulate organic 

carbon over France, Ile-de-France (IdF) and Paris, for each of the twelve months of the year.     

 The chemical representativeness of these scenarios has been assessed comparing the simulated ozone 

and NO2 to the Airbase measurement database. The monthly simulated ozone and NO2 concentrations, and their 

daily variability, were found to be in good agreement with observations for each of the twelve months for the 

France, IdF and Paris scenarios. The simulated results were then used to explore over the different domains the 
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seasonal variability of (i) the speciation of the major gaseous organic compounds and (ii) the impact of organic 

compounds on OH reactivity, nitrogen budget, and organic aerosol formation.  

 Figure 1 shows an example of the major gaseous organic compounds for the France scenario in July. The 

20 major species contribute to around 65% of the total gaseous organic compound concentration; thousands of 

organic compounds contribute to the remaining gaseous organic fraction. Figure 2 shows an example of the 

distribution of organic compounds for the France scenario in July in terms of solubility and volatility. A large 

number of organic species can partition between the gas, the aerosol, and the aqueous phases (deliquescent 

aerosols or cloud droplets). In the current version of the model, and as in most of air quality models, secondary 

organic aerosol formation is considered to occur from gas to aerosol mass transfer only. These results show 

however that a large fraction of secondary organic aerosol could be formed by the condensation of organic 

compounds into deliquescent aerosols or their dissolution into particles during cloud events.  

 

 

 

 

Figure 1: Major species contributing to the total 
gaseous organic compound concentration for the 
“France” scenario in July.  

 
Figure 2: Distribution of organic compounds as a function 
of their solubility and volatility for the “France” scenario in 
July at midday. Each bubble represents a species, and the 
volume of the bubble is proportional to the total 
concentration of the species. A species in the yellow, red, 
and blue zones is at more than 99% in the gas, aerosol and 
deliquescent aerosol phases respectively.  

Future of the project: 

 The future of the SPIM-CO project concerns the improvement and the evaluation of our understanding of 

organic compound evolution. The model will be in particular extended to take into account the contribution of 

hydrosoluble organic compounds to secondary organic aerosol formation, and comparisons of the simulated 

gaseous and particulate organic compound speciation with long term observations and intensive campaign 

measurements at the molecular scale will be performed. This work has been initiated in the frame of the 

TREMOLO project, funded by IPSL-Composair and DIM QI2, and the ACROSS project under the French MOPGA 

initiative.  
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