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Abstract.

Atmospheric volatile organic compounds (VOC) constitute a wide range of species, acting as precursors to ozone and aerosol
formation. Atmospheric chemistry and transport models (CTMs) are crucial to understanding the emissions, distribution, and
impacts of VOCs. Given the uncertainties in VOC emissions, lack of evaluation studies, and recent changes in emissions, this
work adapts the European Monitoring and Evaluation Programme Meteorological Synthesizing Centre — West (EMEP MSC-
W) CTM to evaluate emission inventories in Europe. Here we undertake the first intensive model-measurement comparison of
VOC:s in two decades. The modelled surface concentrations are evaluated both spatially and temporally, using measurements
from the regular EMEP monitoring network in 2018 and 2019, and a 2022 campaign. To achieve this, we utilised the UK
National Atmospheric Emission Inventory to derive explicit emission profiles for individual species and employed a ‘tracer’
method to produce pure concentrations that are directly comparable to observations.

The degree to which the modelled and measured VOCs agree varies depending on the specific species. The model success-
fully captures the overall spatial and temporal variations of major alkanes (e.g. ethane, n-butane) and unsaturated species (e.g.
ethene, benzene), but less though for propane, i-butane, and ethyne. This discrepancy underscores potential issues in the bound-
ary conditions for these latter species and in their primary emissions from in particular the solvent and road transport sectors.
Specifically, potential missing propane emissions and issues with its boundary conditions are highlighted by large model under-
estimations and smaller propane to ethane ratios compared to the measurement. Meanwhile, both the model and measurement
show strong linear correlations among butane isomers and among pentane isomers, indicating common sources for these pairs
of isomers. However, modelled ratios of i- to n-butane and i- to n-pentane are approximately one-third of the measured ratios,
which is largely driven by significant emissions of n-butane and n-pentane from the solvent sector. This suggests issues with

the speciation profile of the solvent sector, or underrepresented contributions from transport and fuel evaporation sectors in
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Figure 2. Annual total emissions (upper panel) from CAMS and CEIP inventories based on the same model domain (i.e., Longitude -29.95°
to 44.95° and Latitude 30.05° to 75.95°), and VOC profiles (lower panel) of individual EMEP sectors in CRIV2R5Em mechanism in 2018.
Among the last 6 subsectors, PP stands for Public Power, RT stands for Road Transport. The speciation of sector F is an overall reflection of
F1-F4. Note that CEIP do not provide data for the last six sectors (A1,A2,F1-F4), so emissions are zero for these sectors.
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more detail in the road traffic emissions sectors (F1-F4) in CAMS, and differences in absolute amounts and spatial distributions

365 of the emissions, but the modelled results for alkanes are obviously not particularly sensitive to these differences.
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Figure 3. Scatter plots of annual mean modelled and measured shorter-chain alkanes concentrations in 2018. The term ‘CRI” indicates that
the model data is calculated using the CRIV2RSEm mechanism. In each plot, the grey line is the 1:1 line, and the other coloured line is the
least-squares regression line. The site codes and their respective data values for each figure panel are provided in the Supplement, Table S4.
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Figure 4. Scatter plots of annual mean modelled and measured shorter-chain alkanes concentrations in 2019. The term ‘CRI” indicates that
the model data is calculated using the CRIV2RSEm mechanism. In each plot, the grey line is the 1:1 line, and the other coloured line is the
least-squares regression line. The site codes and their respective data values for each figure panel are provided in the Supplement, Table S5.

3.1.2 VOC ratios: propane/ethane

The agreement between modelled and measured VOCs varies with species, even among VOCs that are commonly understood

to originate from the same emission sources. Comparisons of ethane and propane are a good example. Ambient levels of ethane
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Figure 5. Measured (left) and modelled (right) propane to ethane ratios at Swiss and German sites in 2018. Spring: Mar-May; Summer:
Jun-Aug; Autumn: Sep-Nov; Winter: Dec, Jan-Feb
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Figure 7. Annual total emissions of i-butane and n-butane from individual sectors in the 2018 CAMS inventory, and their emitted ratios.
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Figure 9. Measured (left) and modelled (right) i-pentane to n-pentane ratios at German and UK sites in 2018. Spring: Mar-May; Summer:

Jun-Aug; Autumn: Sep-Nov; Winter: Dec, Jan-Feb
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Figure 10. Annual total emissions of NC5H12 and IC5H12 from individual sectors and their emitted ratios using the CAMS inventory. 'NA’

means there is no NC5H12 emissions
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