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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-5

W) CTM to evaluate emission inventories in Europe. Here we undertake the first intensive model-measurement comparison of

VOCs 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.10

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-15

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 in20
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higher alkanes, as well as some other complex VOCs. The UNREAC group represents emissions of species with low or no240

reactivity.

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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Table 4. Codes, names, countries, and altitudes (m) of stations providing VOC measurements used in this study.

Code Name Country Altitude/m Code Name Country Altitude/m

AT0002R Illmitz Austria 117 FI0096G Pallas Finland 565

BE0007R Vielsalm Belgium 496 FR0013R Peyrusse Vieille France 200

CH0053R Beromünster Switzerland 797 FR0015R La Tardière France 133

CZ0003R Kosetice Czechia 535 GB0048R Auchencorth Moss UK 260

DE0002R Waldhof Germany 74 GB1055R Chilbolton Observatory UK 78

DE0007R Neuglobsow Germany 62 IE0031R Mace Head Ireland 5

DE0009R Zingst Germany 1 IT0004R Ispra Italy 209

ES0021U Madrid Spain 669 NO0002R Birkenes II Norway 219

FI0050R Hyytiälä Finland 181

It is worth noting that the model-measurement comparison is complicated by the variation in the number of monitoring sites

per species and in the frequency and duration of sampling time across stations. For example, the sampling duration for benzene

varies from 5 to 40 minutes from DE0002R to GB0048R sites, while the model only calculates standard hourly concentra-

tions. For this work we have matched the hourly model outputs with valid measurements at their native temporal resolution

wherever we can. For instance, when using online Gas Chromatography (GC) measurements with an hourly resolution, such as280

CH0053R, we utilise the standard hourly model outputs. In contrast, for VOC measurements collected using the steel canister

method (for example, FR0013R), these are compared with four-hour model averages (spanning 12:00 to 16:00) on the sampling

day. This time frame is commonly used for canister sampling analysis, and the precise timing and duration of sampling within

this time window often vary from one station to another. Therefore, due to the challenge in ascertaining these operational

specifics for each station and species, we employ a model average over this period for comparison with the measured concen-285

trations. Moreover, the annual mean concentrations discussed in this section are derived from hours with valid measurements,

and where the sites have at least 65% data capture in a year.

Another factor adding complexity to the comparisons between model predictions and actual measurements is the variation in

measurement techniques and the inherent analytical uncertainties associated with each method. For example, of the nine valid

sites providing observations of ethyne, three utilise online gas chromatography (GC) and six employ steel canisters for sample290

collection coupled with offline GC. The former method uses continuous online monitors which offer hourly data, while the

latter uses manual grab samples in canisters which essentially provide a snapshot measurement at specific time points, typically

collected two to three times per week. Moreover, even within the same measurement technique, there are discrepancies in

detection limits. For instance, the online GC at site CH0053R has a reported ethyne detection limit of 4.0 pmol/mol, in contrast

to the online GC at site FI0096G, which has a significantly higher detection limit of 39.0 pmol/mol. These differences further295

underscore the challenges in achieving good model-measurement alignment when comparing data across different stations.

13







more detail in the road traffic emissions sectors (F1–F4) in CAMS, and differences in absolute amounts and spatial distributions

of the emissions, but the modelled results for alkanes are obviously not particularly sensitive to these differences.

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 CRIv2R5Em mechanism. In each plot, the grey line is the 1:1 line, and the other coloured line is the

least-squares regression line.
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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 CRIv2R5Em mechanism. In each plot, the grey line is the 1:1 line, and the other coloured line is the

least-squares regression line.
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Figure 5. Measured (left) and modelled (right) propane to ethane ratios at Switzerland 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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Table 7. Summary of the comparison statistics between the model (M ) and

observation (O) for longer-chain alkane species. N is the number of sites. R

is the Pearson’s correlation coefficient between annual means at various sites.

Mean_O and Mean_M refer to the annual average concentrations (in ppb) of

O and M over all sites, respectively. NMB is the Normalised Mean Bias, and

NME is the Normalised Mean Error.

NC5H12_T N R Mean_O Mean_M NMB NME

Em-CEIP-2018 9 0.9100 0.085 0.107 26% 38%

Em-CAMS-2018 9 0.9331 0.085 0.109 28% 40%

CRI-CEIP-2018 9 0.9105 0.085 0.110 30% 42%

CRI-CAMS-2018 9 0.9329 0.085 0.113 32% 43%

CRI-CAMS-2019 9 0.8775 0.081 0.116 44% 50%

IC5H12_T N R Mean_O Mean_M NMB NME

Em-CEIP-2018 8 0.7422 0.117 0.048 -59% 59%

Em-CAMS-2018 8 0.8592 0.117 0.050 -58% 58%

CRI-CEIP-2018 8 0.7382 0.117 0.050 -58% 58%

CRI-CAMS-2018 8 0.8559 0.117 0.051 -56% 56%

CRI-CAMS-2019 6 0.8866 0.107 0.050 -53% 53%

NC6H14_T N R Mean_O Mean_M NMB NME

Em-CEIP-2018 7 0.4428 0.024 0.022 -8% 44%

Em-CAMS-2018 7 0.5251 0.024 0.025 3% 36%

CRI-CEIP-2018 7 0.4479 0.024 0.023 -4% 43%

CRI-CAMS-2018 7 0.5289 0.024 0.026 7% 35%

CRI-CAMS-2019 7 0.4984 0.023 0.025 9% 42%
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Figure 9. Measured (left) and modelled (right) i-pentane to n-pentane ratios at Germany 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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Table 8. Summary of the comparison statistics between the model (M ) and observation (O) for ethene and ethyne. N is the number of

sites. R is the Pearson’s correlation coefficient between annual means at various sites. Mean_O and Mean_M refer to the annual average

concentrations (in ppb) of O and M over all sites, respectively. NMB is the Normalised Mean Bias, and NME is the Normalised Mean Error.

C2H4_T N R Mean_O Mean_M NMB NME

Em-CEIP-2018 10 0.6472 0.405 0.287 -29% 40%

Em-CAMS-2018 10 0.7107 0.405 0.302 -25% 34%

CRI-CEIP-2018 10 0.6546 0.405 0.303 -25% 38%

CRI-CAMS-2018 10 0.7177 0.405 0.318 -21% 33%

CRI-CAMS-2019 7 0.7519 0.375 0.358 -5% 24%

C2H2 N R Mean_O Mean_M NMB NME

Em-CEIP-2018 9 0.3628 0.368 0.321 -13% 20%

Em-CAMS-2018 9 0.3557 0.368 0.324 -12% 19%

CRI-CEIP-2018 9 0.3829 0.368 0.326 -11% 19%

CRI-CAMS-2018 9 0.3722 0.368 0.329 -11% 19%

CRI-CAMS-2019 9 0.5866 0.376 0.348 -7% 21%
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Figure 12. Scatter plots of annual mean modelled and measured benzene, toluene, and o-xylene concentrations in 2018. The term ’CRI’

indicates that the model data is calculated using the CRIv2R5Em mechanism. In each plot, the grey line is the 1:1 line, and the other coloured

line is the least-squares regression line.
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