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1 Executive Summary

An intercomparison of regional CAMS model has been carried out as part of the CAMS_40
project, focusing on deposition and surface concentration. In this task, our objective is to
expand this intercomparison, by integrating new regional models as well as the global CAMS
system, and by extending the verification protocol. Two new regional models (GEMS-AQ and
MINNI) have been integrated into the regional models intercompared. The global CAMS
system (IFS-COMPO) has been run using a similar resolution and using similar emissions as
the regional systems. This required the production of an emissions dataset that merged the
global and regional components. Running IFS-COMPO at a very high resolution (0.1x0.1°)
yielded a lot of information on the impact of dramatically increase the resolution on simulated
fields. The intercomparison between the regional models and IFS-COMPO, and evaluation
versus observations focused on PM2.5 and PM10. A wealth of results have been produced,
which will help in better understanding the behaviour of the regional and global CAMS
systems.
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Ilntroduction

2.1 Background

The EuropeanUni onds f |l agship Space programme Copernic
European society, turning investments in space-infrastructure into high-quality information
products. The Copernicus Atmosphere Monitoring Service (CAMS,
https://atmosphere.copernicus.eu) exploits the information content of Earth-Observation data
to monitor the composition of the atmosphere. By combining satellite observations with
numerical modelling by means of data assimilation and inversion techniques, CAMS provides
in near-real time a wealth of information to answer questions related to air quality, climate
change and air pollution and its mitigation, energy, agriculture, etc. CAMS provides both global
atmospheric composition products, using the Integrated Forecasting System (IFS) of ECMWF
- hereafter denoted the global production system -, and regional European products, provided
by an ensemble of eleven regional models - the regional production system.

The CAMS AERosol Advancement (CAMAERA) project will provide strong improvements of
the aerosol modelling capabilities of the regional and global systems, on the assimilation of
new sources of data, and on a better representation of secondary aerosols and their precursor
gases. In this way CAMAERA will enhance the quality of key products of the CAMS service
and therefore help CAMS to better respond to user needs such as air pollutant monitoring,
along with the fulfilment of sustainable development goals. To achieve this purpose
CAMAERA will develop new prototype service elements of CAMS, beyond the current state-
of-art. It will do so in very close collaboration with the CAMS service providers, as well as other
tier-3 projects. In particular CAMAERA will complement research topics addressed in CAMEO,
which focuses on the preparation for novel satellite data, improvements of the data
assimilation and inversion capabilities of the CAMS production system, and the provision of
uncertainty information of CAMS products.

2.2 Scope of this deliverable
2.2.1 Objectives of this deliverables

This deliverable shows an intercomparison and evaluation of the global and regional CAMS
systems. The global CAMS systems has been adapted to use the same emissions over
Europe as the regional CAMS models, and has been run at a similar resolution (0.1x0.1°).

I\Work performed in this deliverable

In this deliverable the work as planned in the Description of Action (DoA, WP9 T9.1) was
performed.
3.1 Deviations and counter measures

No deviations have been encountered.

D9.1 Intercomparison and evaluation of  the regional and global CAMS
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Il Verging regional and global emissions datasets

In this part, we focus on the global model. The goal is to study the impact of using the regional
emissions on Europe in IFS-COMPO. For this, the regional emissions data representing
regional emissions must be integrated into the files used in the global model. Then, the
simulated fields obtained with the two sets of emissions have been compared and evaluated.
We have also studied two configurations with different spatial resolutions.We focus on the
year 2018 with meteorological and chemical forcing from IFS-COMPO every three hours.

4.1 Methodology and resulting emissions

In order to run the global system with emissions that are comparable to those of the regional
systems, it is necessary to merge the regional emissions into the global files used in IFS-
COMPO. However, the data format used in the regional emissions is quite different than in
the global emission files. The regional emissions have been merged in the global emissions
files for the following species: methane, carbon monoxide, ammonia, non-methane vocs,
nitrogen oxides, sulphur dioxide, sulfate, organic carbon and black carbon.

The global emission files are netcdf or grib mensual files, with 36 species distributed in 21
sectors at a resolution of 0.1x0.1. On the other hand, the regional emissions are annual csv
files, with 8 initial parameters distributed in 12 sectors, using country by country PM split and
a 0.1x0.05 resolution.

First, the different parameters are computed from the regional files using the PM split and the
area of each country.

Next, the data are distributed in the sectors. As the regional and global sectors do not overlap
perfectly, we had to choose to put certain contributions in one sector or another. For example,
all the emissions from the regional sector B_Industry have been supposed to be part of the
global sector industrial process, and the emissions for the global sector refineries have been
set to zero. The match between the regional and the global sectors, and the hypothesis made
on the division of the sectors are detailed in the following table.

Table 2.1. mapping of regional and global emission sectors.

Regional sectors Global sectors

A_PublicPower Power generation (ene)

B_Industry Refineres{ref)y-industrial process (ind)
C_OtherStationaryComb| Cemmercial-{com) Residential (res)
D_Fugitives Fugitives (fef)

E_Solvents Solvents (slv)

F_RoadTransport_exhay Road transportation (tro)
t gasoline :F1,F2,F3,F4

G_Shipping Ships (shp)
H_Auviation Off Road transportation (tnr)
| _OffRoad Off Road transportation (tnr)
J Waste Solid waste and waste water (swd)
+ Solid-waste landfills {swl)
K_AgriLivestock Agriculture livestock (agl)
L_AgriOther Agreulture-seils{ags) Agricultural waste burning (awl

D9.1 Intercomparison and evaluation of  the regional and global CAMS
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Then, the regional data are interpolated to correspond to the longitude and latitude used in
the global emission files.

Finally, as the global emissions are monthly while the regional emissions are provided as
yearly values, we have to create a seasonal cycle for the regional emission. For this, at each
point, the global emissions are averaged and the deviation from the average is computed for
each month. Then, the regional annual value is multiplied by the ratio of the monthly global
value and the average at this point. With that, the regional emissions in Europe and the global
emissions have the same format and can be merged.

We obtain two sets of emissions:

- regional emissions over Europe (CAMS-REG-v5.1 REF2 v2.0.1) and global
emissions elsewhere (CAMS_GLOB_ANTV6.1).
- global emissions (CAMS_GLOB_ANTV6.1) everywhere.

n the foll owing, we refer to the two confi

I
igl obal emi ssionso case respectively.

201801 ammonia global 201801 ammonia regional
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Figure 2.1: Global and regional emissions of ammonia for January 2018

Figure 2.2 show the emissions of organic carbon from the global and regional emissions; the
regional totals are much higher because the condensable fraction is included, which is not the
case in global emissions.
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Figure 2.2: Global and regional emissions of organic carbon for January 2018
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4.2 Usein IFS-COMPO and evaluation

201801 organic-carbon regional

60t

The emissions dataset that merges global and regional emissions has been used in two
forecast (ie without data assimilation) only IFS-COMPO simulations using cycle 49R1, at a
low (T.511, 40 km grid cell) and high (Tco1279 , 9km grid cell) resolution, and compared
against similar simulations using the global emissions dataset. The year 2018 has been
simulated, in order to follow the task 4042 model intercomparison protocol. In this subsection,
only results with low resolution are shown; results with higher resolution are shown in section
3.3 and 4. Figure 2.3 show simulated AOD at 500 and 1020nm versus AERONET
observations over Europe. The simulation using regional emissions over Europe show mostly
higher values in wintertime, probably mostly from the higher OC emissions in the regional
emissions dataset, and lower values during the rest of the year, arising from lower emissions
of SO, and NH3 and others in the regional emissions dataset.
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Mean. Model against L2.0 Aeronet AOT at 500nm.
119 sites in Europe. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. Ver0D 12.14.5.
——— Obs —— regional emissions —— global emissions
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Mean. Model against L2.0 Aeronet AOT at 1020nm.
133 sites in Europe. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. Ver0D 12.14.5.
——— Obs —— regional emissions —— global emissions
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Figure 2.3: Evaluations of simulated weekly AOD against AERONET observations at
550 and 1020 nm over Europe.

Figure 2.4 compares the simulated PM2.5 and PM10 over background rural stations in 2018.
The signal of the emissions changes is stronger than for AOD, with a much higher simulated
PM2.5 and PM10 in wintertime with the regional emissions, which reduces a significant low
bias then, and values that are quite close for the rest of the year.

D9.1 Intercomparison and evaluation of  the regional and global CAMS
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PM2.5 (ug/m3) Mean. Model versus AirBase.
867 sites in Europe. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. VerOD 12.14.7.
——— Obs —— regional emissions —— global emissions

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nav Dec

PM10 (ug/m3) Mean. Model versus AirBase.
2130 sites in Europe. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. Ver0D 12.14.7.
——— Obs —— regional emissions —— global emissions

Jan Feb  Mar Apr May Jun Jul Aug Sep Oct MNov  Dec

Figure 2.4 : Evaluations of simulated weekly PM2.5 and PM10 against observations
from background rural stations from EEA/Airbase.

Figure 2.5 shows the impact of using the regional emissions dataset in IFS-COMPO for a
selection of trace gases. Surface NO- shows significantly higher simulated values all year long
with the regional dataset, which brings the simulated values closer to observed values.
Surface ozone and SO, on the other hand show lower values, particularly in wintertime. For
surface ozone, the impact is clearly positive. Finally, the impact on simulated surface CO is
very small in general.

D9.1 Intercomparison and evaluation of  the regional and global CAMS
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NO2 (ppb) Mean. Model versus AirBase.
2662 sites in Europe. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. Ver0D 12.14.7.
—— Obs regional emissions
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Figure 2.5 : Evaluations of simulated weekly NO,, Oz, CO, SO, against EEA/Airbase
observations.

4.3 High resolution IFS-COMPO simulations

In order to compare fields and diagnostics with regional models we need to use similar
resolution. For this, high resolution IFS-COMPO runs are carried out with cycle 49R1, at a
Tcol279 resolution (approx. 9km grid cell), without data assimilation, for the year 2018, in
order to follow the protocol of the task 4042 model intercomparison. In addition to the field
comparison and diagnostics with the regional models, these experiments are also used to
assess the impact of a large resolution upgrade on simulated fields and on the skill of the
forecasts. The experiments shown here use the global emissions and not the merged global-
regional emissions described in the preceding section. Forecast only simulations with cycle
49R1 at Tco1279 using the merged global-regional emissions dataset have also been carried
out and are evaluated in section 4.

Two experiments at high resolution have been launched, using regional or global emissions
over Europe. Here we focus on the comparison of the low resolution and high resolution IFS-
COMPO runs using global emissions. The runs compared use the following resolutions:

- Low resolution : T 511, the current operational resolution (~40 km grid cell)
- High resolution : Tco1279, the current deterministic NWP resolution (~9km grid
cell)

In this section, global budgets are shown as well as evaluation of simulated fields against
observations.

D9.1 Intercomparison and evaluation of  the regional and global CAMS
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Budgets:

Tot_Sea-salt,EMIS_FLX low resolution (black) avg=79.3 high resolution (blue) avg=79.99
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Figure 2.6: Global emissions and tropospheric burden of sea-salt aerosol (sum of the
three bins)

For the sea-salt aerosols, we display the budgets for the total sea-salt aerosols (sum of the
three bins) and we observe that the emissions are higher for the high resolution experiment,
however the burden is lower than the low resolution case.
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Figure 2.7: Global missions and tropospheric burden for desert dust

The budgets for the total desert dust show that the high resolution experiment has higher
emissions and tropospheric burden.
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Figure 2.8 : Global emissions and tropospheric burden for organic matter

For the organic matter, the emissions are lower with high resolution, although emissions are
not dynamically computed in IFS-COMPO, they are the sum of anthropogenic
(CAMS_GLOB_ANT) and biomass burning (GFAS) emissions. The burden is significantly
lower with high resolution.
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Figure 2.9 : Global emissions for different chemical species
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Concerning the emissions, some extreme emissions occur at high resolution for all species.
This could be caused by biomass-burning emission inputs although this needs to be
confirmed.

In the following, we focus on the month of June 2018.
AOD and dust AOD

Figures 2.10 and 2.11 show simulated AOD at 550nm with the high resolution experiment
and the relative difference to the low resolution experiment averaged in June 2018
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Figure 2.10 : Average simulated AOD at 550 nm at high resolution and relative difference for
June 2018

High resolution is 15 to 25% lower in general except over dusty regions. ITCZ is clearly
visible, maybe enhanced wet deposition?
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Figure 2.11 : Average simulated Dust AOD at 550 nm at high resolution and relative
difference for June 2018
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Figure 2.12 : Top, absolute difference of wind speed for June 2018 (high resolution - low
resolution). Bottom, relative difference in the simulated desert dust emissions (high
resolution % low resolution).

For the dust AOD, the high resolution case is 10 to 20% higher over source and outflow
regions, and is lower elsewhere. Orography brings a larger increase. We also observe the
wind speed is higher at high resolution, which means higher emissions and dry deposition of
dust, which explains the higher AOD over the main emitting and outflow regions, and the lower
values (from enhanced dry deposition) over regions far away from deserts. The increase of
the emissions is particularly significant over mountain areas. The inputs of the dust emission
scheme (dust source function) are at 0.5° resolution in the two configurations.
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Figure 2.13 : Top, absolute difference of sea-salt emissions and bottom, relative difference
of sea-salt AOD at 550 nm for June 2018

As for dust, the increase in simulated wind speed at high resolution leads to higher emissions
of sea-salt aerosols particularly over equatorial and tropical regions. The sea surface
temperature (SST) possibly plays a role to explain the lower emissions in extra tropical
regions. The burden is lower at high resolution because of increased dry deposition, relatively
more significant for smaller bins, which contribute relatively more than the super coarse bin to
sea-salt AOD.
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PM2.5
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Figure 2.14 : Top, average simulated PM2.5 at high resolution and bottom, relative
difference for June 2018

In general, the high resolution result is 10 to 20% lower for PM2.5, except over the dusty
regions, the coastal areas and the islands, where the differences are larger. The coastline
precision underlines the importance of a smooth or rough terrain for dry deposition and PM2.5
simulation.
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Figure 2.15: Top, average simulated PM2.5 at low (left) and high (right) resolution, and
bottom, relative difference for June 2018.

If we focus on Europe, we observe higher values using high resolution over cities and genrally
lower values in the rural countryside. backgrounds. The differences due to the orography and

coastlines are clearly significant. This is also the case for PM10 simulations.
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Evaluations of simulated PM2.5
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Figure 2.16 : Evaluations of daily PM2.5 at low and high resolution, for Europe, rural (top)
and urban (bottom) background EEA/Airbase stations.

For Europe, the impact of the resolution is on simulated PM2.5 is relatively small. Over
background rural stations, the simulated values are consistently lower with the high resolution
experiment, worsening a low bias, while over background urban stations, values are higher in
wintertime with the high resolution experiment, which improves slightly a persistent and large
low bias. The improvement of the urban stations clearly come from a better representation of
urban sources associated with the increased horizontal resolution. We see a similar feature
over China (Figure 2.17), where the increased resolution brings an increase of simulated

PM2.5 in wintertime over the North China Plain, dominated by urban centers.
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PM2.5 (ug/m3) Mean. Model versus China AQ.
256 sites in North-China-Plain. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. VerOD 12.14.5.
——— Obs —— lowresolution —— high resolution
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Figure 2.17 : Evaluations of daily PM2.5 at low and high resolution, for North China Plain
and China rural background

In figure 2.18, we focus on the simulated diurnal cycle of PM2.5 over a heavily urban area
(North China Plain). The diurnal cycle is clearly more intense with the higher resolution
experiment as compared to lower resolution, and both show a much stronger diurnal cycle
than what the observations indicate. This could be caused by a lower simulated boundary
layer with the higher resolution experiment over urban centers (see Figure 2.19 and 2.20).

PM2.5 (ug/m3) Mean. Model versus China AQ.
255 sites in North-China-Plain. 1-31 Jan 2018. 00Z, T+3 to 24, Ver0D 12.14.5.
—— Obs —— ihu7 —— idbd
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Figure 2.18 : Evaluations of three-hourly PM2.5 at low and high resolution, for North China
Plain in January 2018
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Figure 2.19 : Top, average boundary layer height in meters over China for January 2018 at

low (left) and high (right) resolution, and absolute difference (bottom).
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Figure 2.20 : Simulated 3 hourly boundary layer height (in meters) at Beijing in January

2018. Low resolution (blue) and high resolution (orange).
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Figures 2.21, 2.22 and 2.23 show the impact of the resolution on simulated trace gases at
surface : NO, and Oz and CO over background rural stations in China, North America and
Europe. For NO3, the impact of resolution is significant, with higher values simulated at surface
over China and lower over North America and Europe. These different results could be
because of the higher density of large urban centers (better represented with high resolution
experiments) over China than over N. America and Europe. For surface Ozone, significant
differences in terms of evaluation occur mainly over Europe, with a much higher simulated
values, matching the lower simulated NO; values with high resolution. Finally, for CO, the
simulated values are often lower with the high resolution experiment.

NO2 (ug/m3) Mean. Model versus AirNow.
26 sites in N-Am rural. 1 Jan - 30 Dec 2018. 00Z, T+3 to 24. VerOD 12.14.7.
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Figure 2.21 : Evaluations of NO; at low and high resolution, for China rural background (top
right), North America rural background (top left), and European rural background (bottom)
stations.
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Figure 2.22: Evaluations of O3 at low and high resolution, for China rural background (top
right), North America rural background (top left), and European rural background (bottom)
stations.

CO (ug/m3) Mean. Model versus China AQ. CO (ppm) Mean. Model versus AirNow.
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Figure 2.23 : Evaluations of CO at low and high resolution, for China rural background (top
right), North America rural background (top left), and European rural background (bottom)
stations.
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4.4 Conclusion for the IFS-COMPO preparation for intercomparison

The global CAMS system has been run with a recent cycle using emissions (over Europe) and
a resolution used by the CAMS regional systems, in order to be compared against similar
simulations by the regional models, presented in section 4. This allowed a better
understanding of the impact of the differences in the emissions used, as well as a first study
of using IFS-COMPO at a very high resolution. The change in resolution impacted
meteorological fields (temperature, precipitation, thermal stratification), with significant
impacts on the online emissions of desert dust and sea-salt, as well as on the dry and wet
deposition of all species.
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Il ntercomparison and evaluation of regional and global models

5.1 Analysis framework

The objective of this analysis was to evaluate and compare the outputs of global and regional
atmospheric composition models, with a particular focus on the year 2018. The
intercomparison targeted particulate matter, specifically PM10 and PM2.5. To ensure
consistency across model evaluations, all analyses were conducted on a common spatial
framework corresponding to the CAMS regional domain with a horizontal resolution of 0.1° x
0.1°.

Regional models were driven by meteorological inputs from the Integrated Forecasting
System (IFS-COMPO), with data provided at a temporal resolution of three hours. Similarly,
chemical boundary conditions (BCs) were supplied by the IFS-COMPO global system at the
same temporal resolution, ensuring coherent and dynamically consistent lateral input across
regional simulations.

A multifaceted methodological approach was employed to interrogate the model outputs.
These included:

0 Spatial maps of concentrations and difference maps to visually assess the
geographical distribution of modelled pollutants and identify spatial discrepancies
between models.

[@]3

Histograms to characterize the frequency distribution of pollutant concentrations
across the domain, highlighting tendencies such as over- or underestimation by
individual models.

[@]3

Time series analyses, presented at both daily and monthly scales, are used to
evaluate temporal trends in pollutant concentrations and associated error metrics.

[@]3

Error matrices that provided statistical summaries of model performance in terms of
bias, root mean square error (RMSE), and other standard indicators.

(@]

Quantile-Quantile (Q-Q) plots, used to compare the statistical distributions of
modelled and reference data, thereby enabling the identification of systematic
deviations across concentration ranges.

To capture the diversity of atmospheric and geographical conditions across Europe, the model
intercomparison study encompassed seven distinct regions. These regions were selected
based on their contrasting climatological, topographical, and emission characteristics that are
critical factors influencing the formation and dispersion of particulate matter. The inclusion of
a broad geographic spread enhances the robustness of the evaluation and supports a better
understanding of model performance under varying environmental contexts.
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/R7.IS

Figure 3.1 Location and spatial extend of analysed regions for intercomparison and

evaluation over Europe

For each region, ground-based observational data of PM10 and PM2.5 concentrations were
used to evaluate model outputs (source: EEA). The number of stations varied by region and
pollutant, reflecting differences in network density and monitoring priorities.

The regions and associated observational coverage are summarized as follows (Table 1):

Table 3.1. PM10 and PM2.5 air quality monitoring stations were used for the evaluation

Region code Country/region PM10 number of PM2.5 number of
stations stations
12
R1_ES Spain 38
France 62 25
R2_FR
Italy 59 36
R3_IT
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69 49
R4 NL The Netherlands
Poland 136 67
R5_PL
Romania 55 22
R6_RO
5 4
R7_IS Iceland

The variation in the number of stations across regions influenced the statistical significance of
the evaluation. For instance, regions such as Poland and the Netherlands, with extensive
monitoring networks, provided higher spatial representativity and allowed for more reliable
validation analyses. In regions with sparser station coverage, such as Iceland, the evaluation
results are more localized and subject to higher uncertainty. Nevertheless, the inclusion of
such regions remains valuable, as they offer insights into model performance under unique
environmental conditions, such as low population density and the impact of boundary
conditions.

5.2 IFS-COMPO sensitivity analysis over Europe

5.2.1 Sensitivity of IFS-COMPO results to emission datasets

This section examines the sensitivity of the IFS-COMPO model to changes in emission data
over Europe, comparing results from the CAMS regional inventory (further referred to as REG)
and the CAMS global inventory (further referred to as GLOB)

5.2.1.1 Spatial pattern by season

Across Europe, simulations driven by regional emission inventories consistently produced
higher concentrations in known anthropogenic hotspots, particularly during the winter months
(DJF, SON). These regions include densely populated urban areas and major industrial zones,
where emission intensities are greatest and atmospheric dispersion is typically limited due to
stable meteorological conditions. In contrast, lower concentrations were observed over water
bodies, such as the North Sea and the Mediterranean, reflecting both reduced local emissions
and enhanced mixing. This landi sea contrast was most pronounced during spring (MAM) and
summer (JJA), with regional emissions yielding lower concentrations over the North Sea in
spring and over the eastern Mediterranean in summer.

The annual mean PMg ©oncentration differences between simulations using regional and
global emissions were found to be strongly biased by differences during the cold season.
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Comparative results between simulations conducted at two spatial resolutions (0.5° and 0.1°)
showed that the spatial patterns of concentration differences were remarkably consistent
across resolutions. This suggests that the impact of emission inventory choice dominates over
the resolution effect in shaping large-scale patterns, although fine-resolution simulations
remain important for resolving localized features.

In general, simulations using regional emissions led to higher concentrations across most of
Europe, especially over urban and industrialized areas. However, exceptions were observed
in Switzerland and Turkey. These discrepancies may reflect differences in the spatial
allocation or magnitude of sector-specific emissions in the global inventories.

Northern Europe, Northern Africa, and open ocean areas showed minimal or no differences
between the two emission data sets. This indicates that natural emissions (e.g., sea salt, dust)
do not significantly contribute to the observed differences, highlighting that the variability is
predominantly attributable to anthropogenic source inputs.

0.5x0.5 deg 0.1x0.1 deg
Year oS PMIOaNInuN] Sverape: i resoliition. reqglonsl - globel PM10 annual average: high resolution, regional - global
e B s on 5 |
= »
RS i o | 0 5{\“{\3‘ n
. ’ e R :
’ - ¥ /,y’ > (S By :
s I'ts : - v‘? x\ 5?:‘“,.,./ J | : £
' L b X ]S 3
' I O PR Ans s S Sy R
S e R i1 S X S i |
11 - i P ~ -
- i D ol ot ‘5\ -~ (;] =l
» ‘ ( LN W
DJF

15
1
1

MAM

Cittarence tsgim]

D9.1 Intercomparison and evaluation of  the regional and global CAMS
models 30



CAMAERA

JJA PM10 seasonal difference (JJA): low rasolution, regicnal - global
20 B

o >

PM10 seasonal difference (|JA): high resoluticn, regional - globe:

SON PML0 seasonal difference (SON): low reselution, regional - globa

fferarce (31

Figure 3.2. PM10 concentration delta between results obtained with the REG emission
inventory and GLOB emission inventory calculated at 0.5deg (left panel) and 0.1 deg (right
panel)

The emission sensitivity analysis for PM2.5 reveals a spatial and seasonal pattern that closely
aligns with that observed for PM10. As with PM10, higher concentrations were consistently
observed in simulations using regional emissions across much of continental Europe,
particularly in urban and industrial hotspots. These differences were most pronounced during
the winter months (DJF), reflecting the dominant influence of residential combustion.

The difference fields in DJF show increased magnitude and spatial coverage of concentration
differences for PM2.5 compared to PM10, especially over densely populated regions. This
may indicate not only higher wintertime emissions in the regional inventory but also potentially
different temporal profiles, which may better represent seasonal variability 8 particularly for
residential heating emissions that peak during colder periods. The stronger sensitivity in
PM2.5 is also linked to its longer atmospheric residence time and its formation through
secondary processes, which are highly dependent on both emissions and atmospheric
chemistry.

Regions where higher concentrations were associated with global emissions remained largely
consistent between PM10 and PM2.5. These include Turkiye and Switzerland, where global
inventories yielded higher concentrations across all seasons. This could be due to differences
in source representation, spatial allocation, or unresolved topographic influences in the global
emission dataset. In spring (MAM), negative differences appeared over the North Sea and
Baltic Sea, while in summer (JJA), they were observed over the eastern Mediterranean Sea
and parts of Central Europe.
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Figure 3.3. PM2.5 concentration delta between results obtained with REG emission
inventory and GLOB emission inventory calculated at 0.5deg (left panel) and 0.1 deg (right
panel)

5.2.1.2 Monthly time series by regions

The analysis of monthly averaged time series for individual regions supports and refines the
patterns identified in the spatial analysis. In general, the temporal evolution of PM10 and
PM2.5 concentrations reveals consistently similar seasonal behaviour across both spatial
resolutions (0.5° and 0.1°), indicating that resolution effects have a limited impact on the
overall temporal patterns when aggregated at the regional scale.

Simulations based on regional emissions consistently yield higher concentrations during the
colder months, although the timing and magnitude of these differences vary by region. In Spain
and France, elevated values in simulations using regional inventories are observed primarily
in January, February, October, November, and December, with negligible differences during
the warmer months (April through September). This reflects the strong seasonality of
residential heating and its influence on air pollution levels during cooler periods.

In Poland and Romania, the period of elevated differences extends into March, indicating a
longer heating season or a greater sensitivity of emissions to ambient temperature in these
countries. Conversely, in the Netherlands, the variability is notably lower, with monthly mean
differences between simulations generally constrained within a 107 15 pg/m? range, and a
flatter seasonal profile overall.

Iceland remains an exception throughout the analysis, with practically no difference observed
between simulations using regional and global emissions. This is consistent with the limited
anthropogenic source strength in the region, low population density, and the dominant role of
long-range transport and natural sources.
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