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Modelling NO2 concentrations in urban areas with uEMEP:
evaluation with measurements and NSL monitoring
results around the city of Utrecht for the year 2019

Introduction

Good air quality is important for the health of people and the European
Commission therefore requires regular and accurate assessment and
continuous improvement of the air quality in all countries of the EU. The NSL
(Nationaal Samenwerkingsprogramma Luchtkwaliteit) was a Dutch national
program in the framework of the environmental law ("Wet milieubeheer”),
with the aim to assess and improve the air quality in the Netherlands. In
2024, the “Wet milieubeheer” was replaced by a new legislative framework,
the "Omgevingswet”. In the context of the NSL, and later the
“Omgevingswet”, local authorities (e.g. municipality of Utrecht) collect
information on traffic situations on the main highway/roads (e.g., number of
vehicles, types of vehicles, traffic jams). This information is used in an air
quality management and monitoring tool to assess and report concentration
levels and calculate the effectiveness of measures to improve the air quality.
Several dense urban measurement networks exist to evaluate the modelled
emissions and concentrations, for example, around the cities of Utrecht and
Rotterdam. In addition to the regular comparison of model results to air
quality measurements, it is also important to compare the modelling system
to other independent models and systems. These comparisons can help to
better understand and improve the models involved in the tests.

The uEMEP model (urban EMEP) (Denby, 2020) is an air quality downscaling
model coupled to the EMEP/MSC-W chemistry transport model (Simpson et
al., 2012, Werner et al., 2018). The advantage of the uEMEP model versus
the EMEP model is that NO2/NOx concentrations can be modelled on a very
high spatial resolution (up to 10 meters) for relatively large regions. As such,
in the future uEMEP may be used as an independent model to evaluate
monitoring results in context of the NSL. As a first test of the capabilities of
UEMEP, the NO:2 concentrations in and around the city of Utrecht are
modelled. The results were validated using several sets of measurements and
they were also compared to results from the EMEP4NL model and the NSL
monitoring tool.

Methods

Study area and period

In our study, the hourly NO2 concentrations in 2019 were modelled in
EMEP4NL and uEMEP. The uEMEP model domain in and around Utrecht is
shown in Figure 1. The domain is chosen because sufficient measurements
are available for model validation. Moreover, there are relatively few NOx
emissions from sources other than traffic in this domain, which makes it a
suitable test case specifically for the evaluation of the modelled dispersion of
traffic emissions in uEMEP.
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Figure 1 The uEMEP model domain around the city of Utrecht.
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Measurements networks

The modelled NO2 concentrations from uEMEP and EMEP4NL were compared with two
sets of measurements. First, the monthly passive sampler (i.e. Palmes tubes)
measurements of the NO2 concentrations in and around the city of Utrecht from the
regional measurement network, the Utrechts Luchtmeetnet, were used (Baggen et al,
2020). Second, high-temporal resolution observations from the LML (Landelijk Meetnet
Luchtkwaliteit, Dutch national air quality network) were used to evaluate modelled hourly
NO2 concentrations. In the Utrecht area, a number of the measurement locations of the
LML is located in rural or urban background regions. However, around the city of Utrecht,
also the LML background sites are influenced by traffic on neighbouring roads, due to the
dense road network in this area.

NSL-monitor

The National air quality cooperation programme (NSL) was founded in 2009 to improve
the air quality in the Netherlands and to ensure that the European limit values were no
longer exceeded (de Smet et al., 2020). In 2024, it was replaced by the
“"Omgevingswet”, a new legislative framework. In order to check for exceedances of
European limit values, both under the NSL and "Omgevingswet”, the air quality in the
Netherlands is being monitored. Air quality calculations are performed using data from
local authorities, the results are shared in a monitoring report. The concentrations are
calculated for all residential addresses in the Netherlands, to monitor the exposure of the
citizens, focusing on PM10 and NOz. The dispersion of NO2 emissions in urban
environments and along roads is calculated using Standaard Rekenmethode 1 (SRM-1,
Van Velze and Wesseling (2014)) and 2 (SRM-2, Wesseling and van Velze (2014)). SRM-
1 is applicable for calculating the dispersion of emissions in urban environment, whereas
SRM-2 is applicable for calculations alongside roads and motorways. An actualisation of
the current implementation of SRM-1 and SRM-2 is described in Visser and Wesseling,
2020.
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EMEPA4NL

The EMEP MSC-W model (Simpson et al., 2012) is a Eulerian atmospheric chemistry
transport model. For the calculations described here, the EMEP4NL configuration (van der
Swaluw et al., 2021) is used, based on model version 5.00 of EMEP. EMEP4NL uses one-
way nested grids scaling up from a coarse European domain (0.5° x 0.5°) to a high-
resolution inner domain that covers the whole of the Netherlands on a spatial resolution
of ~1-2 kilometers (“level 4”). In each nesting step, the spatial resolution is increased by
a factor 3. The EMEP4NL model is driven by meteorological output from the Weather
Research Forecast (WRF) model (Skamarock et al., 2008). The official emission provided
by EMEP are used as emissions for the coarse domains (i.e. all levels except “level 4”).
The innermost domain uses high resolution emission data for the Netherlands. These
emissions are the same as used for the calculations of the large-scale concentration
maps of the Netherlands (GCN, see e.g., Hoogerbrugge et al., 2021). At the RIVM, the
EMEP4NL model is employed to compute chemical conversion factors for GCN/GDN, and
also used in scientific studies (see e.g., Verweij et al., 2023).

uEMEP

UEMEP is an air quality downscaling model coupled to the EMEP/MSC-W chemistry
transport model (CTM) (Denby et al., 2020). uEMEP can be used to model hourly
concentrations at a very high spatial resolution (up to ~10meters). Since EMEP4NL is the
same code as the EMEP/MSC-W (see above) in an embedded grid configuration, the
UEMEP model can straightforwardly be used as a downscaling model for the EMEP4NL
calculation results. The downscaling in UEMEP is based on Gaussian modelling principles
and follows a local fraction approach (Wind et al., 2020). The EMEP4NL model
calculations produce a NO2 concentration, C(NO,), for each grid cell. Additionally, the
model also produces the fraction of this NO2 concentration, f; ,due to local emissions per
emission source i. The uEMEP model calculates its NO2 concentrations over a finer grid
than the EMEP4NL model, in which it takes the non-local concentration equal to the
following expression: (1 — YN, f,) xC(NO,). Here, N is the number of source categories
downscaled in uEMEP. The uEMEP model is refined by adding the concentrations due to
local emissions to this non-local or background concentration. These local concentration
contributions are calculated using a (standard) Gaussian plume model. So, step by step,
the results on a coarse grid are refined by calculations on a finer grid.

The uEMEP model can be used to calculate either annual mean or hourly concentrations.
In this study, hourly calculations were performed using default and/or recommended
settings (by the model) where possible. The following initial dispersion parameters for
traffic were set in UEMEP: emission height hemis = 1 meters, initial horizontal dispersion
oy,0 = 2 meters and initial vertical dispersion of 0z,0 = 1 meters. Furthermore, the initial
traffic emission ratio of NO2/NOx in UEMEP is set to 0.15 (in the monitoring of the NSL a
ratio of 0.18 is used). An overview of the uEMEP runs performed in this study is given in
Table 1 below. For further details on uEMEP we refer to Denby et al., 2020.

Preprocessing of emissions for comparison with NSL monitoring tool

The default input emissions used in the EMEP4NL and uEMEP model were taken from the
GCN-monitor. These input files are, however, based on the reported emissions from the
Emission Registration (ER), and can be different from the calculated emissions in context
of the NSL. To check whether there are large discrepancies between the two, the traffic
input NOx emissions used in uEMEP were compared to the reported emissions from the
NSL for the model domain around the city of Utrecht. Here, we focus on one of the main
highways in the domain, the A2. Based on the comparison, the input traffic NOx
emissions for UEMEP were scaled to match the calculated emissions used in the NSL. The
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scaled emissions were then used in another uEMEP run (see Table 1, “Scaled
Emissions”).

Table 1 Overview of UEMEP model runs in this study.
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emissions | 50m | shipping, | 04 o
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Analyses and post-processing of model results

1)

2)

3)

Comparison of model output to measurements.

The modelled NOz concentrations are compared to measurements with varying
time resolutions (see section above). Furthermore, to illustrate where downscaling
improves the results, all observations are also compared to modelled NO2
concentrations from EMEP4NL. The locations of the measurements in and close to
the city of Utrecht are shown in Figure 2.

Post-processing (calibration) of uUEMEP NO: concentrations

The uEMEP model uses input from the EMEP4NL model, and therefore large-scale
patterns that were already present in the modelled fields from EMEP4NL were
inherited by uEMEP. To correct for regional model-observation biases in EMEP4NL,
the modelled NO2 concentrations from uEMEP were calibrated in a post-processing
step.

Comparison with NSL-monitor.

The calibrated modelled NO2 concentration from uEMEP are also compared with
the concentration from the NSL-monitoring tool (available at cimlk.nl). For this
comparison, the calibrated concentration from the “scaled emissions” run is used.
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Figure 2 The uEMEP model domain and measurement locations used for validation. The circles
represent urban and rural background stations, the triangles “traffic” sites. The stations with the
white outlines are part of the "Utrechts Meetnet”, the red outlines represent sites of the national
network. (The colors represent the mean modelled and observed NO; concentrations.)

. Background

A Traffic

Results and discussion

Model results

The mean modelled NO2 concentrations in 2019 from the basic uEMEP run (“Basic”) for
the domain in and around Utrecht are shown in Figure 2. As expected, the two model
runs (“Basic”, “Scaled emissions”) show very similar concentration patterns. In the
UEMEP run where the traffic emissions were scaled by a factor 1/0.82 (“Scaled
emissions”), we observe a similar increase in NO2 concentrations throughout the model
domain.

Comparison to measurements

Measurements: LML observations (temporal patterns)

The modelled hourly NO2 concentrations from EMEP4NL and uEMEP were compared to
observations from the LML monitoring sites (shown in Figure 2). Figure 3 shows the
comparison of the hourly modelled and observed NO:z concentrations in 2019 at LML-sites
“Breukelen-Snelweg” and “Utrecht-Griftpark”. The default uEMEP run (“Basic”) is used,
and the concentration is not calibrated. Table 2 gives an overview of the comparison
between the LML measurements and modelled concentrations from uEMEP and EMEP4NL.
At all LML locations, the modelled NO2 concentrations from uEMEP show a larger RMSE
and a clear positive bias when compared with the modelled NO2 concentrations from
EMEP4NL. The modelled NO2 concentrations from uEMEP, on the other hand, have a
higher correlation coefficient with the LML data compared to EMEP4NL. The largest
improvement in correlation is seen at sites that are strongly affected by traffic emissions
(Breukelen-Snelweg, uEMEP: r=0.68, EMEP4NL: r=0.54), for background locations the
difference in correlation coefficient is practically negligible (Utrecht-Griftpark, uEMEP:
r=0.79, EMEP4NL: r=0.78).
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Table 2 Computed statistics at LML sites: RMSE (root-mean squared error), bias, intercept and
slope of the fitted orthogonal regression, r (Pearson’s correlation coefficient) and N (number of

observations)). The bold numbers indicate whether uEMEP of EMEP4NL compares better.

uEMEP (“Basic”)

LML site type RMSE bias intercept | slope |r N

Breukelen- traffic 19.19 11.90 -1.45 1.52 0.68 | 8709

Snelweg

Utrecht - Constant | traffic 13.86 8.37 8.34 1.00 | 0.78 | 8679

Erzeijstraat

Utrecht -Kardinaal | traffic 13.53 8.62 6.45 1.09 0.78 | 8402

de Jongweg

Utrecht -Griftpark | urban 14.64 10.69 6.78 1.21 0.79 | 8633
background

EMEP4NL

LML site type RMSE bias intercept | slope |r N

Breukelen- traffic 14.70 | -2.03 -2.00 1.00 | 0.54 | 8709

Snelweg

Utrecht - Constant | traffic 11.82 | 0.39 4.81 0.84 0.72 | 8679

Erzeijstraat

Utrecht -Kardinaal | traffic 10.88 | 1.11 1.57 0.98 | 0.74 | 8402

de Jongweg

Utrecht -Griftpark | urban 10.85 | 5.04 3.15 1.10 | 0.78 | 8633
background
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Figure 3 Comparison of observed and modelled hourly NO, concentrations at LML sites Breukelen-
Snelweg (traffic location) and Utrecht-Griftpark (urban background location) in 2019.

Note: Here, EMEP is EMEP4NL.
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Figure 4 shows the diurnal cycles of the observed and modelled NO2 concentrations in
2019 at LML sites “Breukelen-Snelweg” and “Utrecht-Griftpark”. The diurnal cycle of the
modelled NO2 concentrations from uEMEP captures the pattern of the LML observations
well. However, the modelled NO2 concentrations are too high at all sites. On average, the
modelled NO2 concentrations from EMEP4NL are closer to the measured NO:2
concentrations than those of UEMEP. However, the modelled NO2 concentrations from
EMEP4NL seem to consistently overestimate the NO2 concentrations during nighttime.
Furthermore, the NO2 concentrations are underestimated during daytime at LML locations
with high traffic emissions (in particular Breukelen-Snelweg), the largest discrepancies
occurring around noon.
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Figure 4 Diurnal cycles of observed and modelled hourly NO» concentrations at LML sites
Breukelen-Snelweg and Utrecht-Griftpark in 2019.
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Figure 5 Monthly variation of observed and modelled hourly NO, concentrations LML sites
Breukelen-Snelweg and Utrecht-Griftpark in 2019.
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Figure 5 shows the monthly variation of the observed and modelled NO2 concentrations
in 2019 at LML sites “Breukelen-Snelweg” and “Utrecht-Griftpark”. Again, the modelled
NO:2 concentrations from the uEMEP model capture the pattern at the LML sites quite
well, but there is a clear overestimation. Here, too, the modelled NO2 concentrations
from EMEP4NL are on average much closer to the observed values.

Measurements: Utrecht Luchtmeetnet (spatial patterns)

The modelled NO2 concentrations from uEMEP and EMEP4NL are compared with data
from the Utrechts luchtmeetnet. A scatterplot of the modelled (UEMEP (“Basic”) and
EMEP4NL) and observed annual mean NO2 concentration is shown in Figure 6, and the
corresponding fitted orthogonal regression and statistic are given in Table 3. Overall, the
differences in NO2 concentrations between EMEP4NL and the measurements is clearly
smaller than the difference between uEMEP and the measurements. Throughout the
entire model domain, the modelled NO2 concentrations from uEMEP are substantially
larger than the measurements, but show an improved correlation compared to EMEP4NL.
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Figure 6 Scatter plot showing the yearly averaged NO concentrations ig/m?3 for all measurement
locations in Utrecht for both EMEPANL and uEMEP ("Basic”).
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Table 3 An overview of the statistics of the concentration of EMEP4NL and uEMEP (“Basic”)
compared to the observed concentration for all measurement locations in Utrecht.

RMSE Bias Intercept | Slope r N
EMEP4NL | 5.17 2.42 22.34 0.14 0.28 63
uEMEP 12.59 11.69 9.90 1.08 0.53 63

The modelled NO2 concentrations from EMEP4NL show little variation over the domain. At
all sites, the modelled mean NO2 concentrations is close to ~25 pg/m3. Consequently,
where high NO2 concentrations are measured, the modelled concentrations from
EMEP4NL underestimate the measurements. At the lower range, EMEP4NL overestimates
the NO:2 concentrations. This seems to be the result of the distribution of NO2 emissions
in Eulerian models, where NO2 emissions are instantaneously spread out evenly over
each grid cell. As a result, modelled NO2 concentrations are diluted over the horizontal
and vertical extent of each grid cell, which results in an underestimation of the measured
NO2 concentrations close to emission sources. On the other hand, further away from
emission sources, at regional background locations where other model processes (e.g.,
transport, chemistry, deposition) become more dominant, this underestimation usually
reduces or disappears entirely. At these sites, the modelled NO2 concentrations are
ideally around the 1:1 line. In the area around Utrecht, however, the modelled NO:
concentrations obtained from EMEP4NL at the two regional background sites from the
Utrechts Luchtmeetnet (Westbroek and Rijnenburg/Ijsselstein) still exceed the
measurements. As such, we conclude that the background NO2 concentrations obtained
from EMEP4NL in this region are too high.
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Post-processing of uUEMEP NO: concentrations
The NO2 concentrations from uEMEP C(NO,)gmep @re a sum of the non-local and local
concentration parts, following Eq. (1):

C(NO2)uemer = ((1 - Zfi) * C(NOZ)EMEP4NL> + Z(C(Noz)i,Gaussian) €Y)

non local part local part

where f; is the local fraction of source category i (i.e., traffic, industry, etc.), (1 -3~, /)
the non-local fraction, C(NO,)gmepant. the NO2 concentration from EMEP4NL, and

C(NO,); gaussian 1S NO2 concentrations per source category i calculated in uEMEP with a
Gaussian plume model.

Our results have illustrated that the modelled NO2 concentrations from EMEP4NL,
C(NOy)gmepsnt, iN the domain in and around the city of Utrecht are too high. Because of
the initial dilution within each grid cell in EMEP4NL, the non-local part of the NO2
concentrations usually remains slightly lower, but generally close to the modelled NO:
concentrations from EMEP4NL, C(NO,)gmgp- As such, the NO2 concentrations from uEMEP,
C(NO,).emep, are also too high. In background regions with few or no local emissions, the
non-local part of the NO2 concentration is almost equal to the modelled NO:z
concentration from EMEP4NL, C(NO,)gmepan.- TO reduce the influence of the bias in the
EMEP4NL NO: concentrations in this region, the results from uEMEP were calibrated by
setting the non-local concentration equal to the rural background concentration. In the
domain, there are two rural background locations from the LML. The calibration is done
by subtracting the average difference between the rural background measurements and
the non-local contribution at these background locations (6.22 pg/m? from the uEMEP
concentration, following Eq. (2):

N N
C(NOZ)UEMEP,calibrated = ((1 - th) * C(NOZ)EMEP4NL - bias_corr) + Z(C(Noz)i,Gaussian) (2)

=1 i=1

In Table 4, the fitted orthogonal regression and statistics are shown for the modelled NO:
concentrations before and after calibration versus the observed NO2 concentrations. The
slope remains the same before and after calibration, but all the modelled concentrations
are reduced by 6.22 ug/m?3 Overall, the differences (RMSE and bias) between the
observed and modelled NO2 concentrations from UEMEP are significantly reduced after
calibration. The calibrated NO2 concentrations from uEMEP are, however, still too high,
particularly at background locations. This suggests that the urban background
concentrations may also be too high.

Table 4 An overview of the statistics for the comparison of the observed NO; concentrations and
modelled NO, concentrations from EMEP4NL and uEMEP, before and after calibration.

Urban and rural background sites only

RMSE Bias Intercept | Slope r
EMEP4NL 6.13 5.69 14.04 0.58 0.75
uEMEP 14.25 13.9 -0.54 1.72 0.85
UEMEP calibrated | 8.3 7.68 -6.76 1.72 0.85
All sites

RMSE Bias Intercept | Slope r
EMEP4NL 5.17 2.42 22.37 0.14 0.28
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Urban and rural background sites only

RMSE Bias Intercept | Slope r
uEMEP 12.59 11.69 9.9 1.08 0.53
UEMEP calibrated | 7.2 5.48 3.69 1.08 0.53

Comparison to NSL-monitor

The yearly averaged NO:z concentrations in 2019 from the NSL monitor at the
measurement locations of the “Utrechts luchtmeetnet” are compared to the measured
and modelled NO2 concentrations from uEMEP and EMEP4NL in 2019. For a fair
comparison, the uEMEP model run where the emissions are scaled based on the
comparison with the NSL-input (“"Scaled emissions”) is used. Moreover, the NO>
concentrations from uEMEP are calibrated before comparison. Figure 7 shows the
measured annual mean NO:2 concentrations versus the calculated NO2 concentration from

the NSL-monitor and uEMEP after calibration.

Figure 7 The observed versus the calculated NO; concentration from the NSL-monitor and uEMEP

after calibration.
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The NO2 concentrations from the NSL-monitor are closer to the measurements than the
NO:2 concentrations from uEMEP. The correlation coefficient of the NSL (r = 0.82) is also
higher than for the comparison with uEMEP (r = 0.53). After calibration the NO:
concentrations from UEMEP are relatively closer to the measurements, see Figure 7.
However, the comparison between the NSL monitor and the measurements is still better.
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Figure 8 The modelled concentration of NSL versus the modelled concentration of the calibrated
UEMEP. The type of measurement location is indicated.
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Figure 8 shows the direct comparison of the NO2 concentration from uEMEP (after
calibration) and NSL-monitor. Overall, the calibrated NO2 concentrations from uEMEP are
~20% higher than those of the NSL-monitor (slope=1.20, intercept = -1.90). The
differences between the two are relatively small (RMSE = 6.27, bias = 3.44). The NO:
concentration at background locations is generally higher in uEMEP than NSL. At traffic-
influenced sites, the NO2 concentrations from the NSL-monitor are, on the other hand,
slightly higher than those of uEMEP.

Furthermore, there is a moderate correlation between the two (r=0.56). However,
looking at the types of monitoring sites, the relationship can globally be split up into two
clusters. Firstly, there seems to be a cluster of sites where we observe an even higher
correlation between NSL-monitor and uEMEP. This cluster consists mainly of urban and
regional background locations. The second cluster seems to consist of traffic-influenced
sites. For these sites, on the other hand, we observe a significantly lower correlation
between uEMEP and NSL monitor.

We suspect that this clustering results from the usage of either SRM-1 or SRM-2 for the
dispersion of NO: traffic emissions in the NSL-monitor. By differentiating between the two
based on the type of road, a street canyon effect is included in NSL-monitor. In uEMEP,
on the contrary, there is no differentiation between different types of roads, i.e., for all
traffic NO2 emissions the same Gaussian plume dispersion calculation is assumed (similar
to SRM-2). In urban environments, the turbulence and dispersion of emissions are
influenced heavily by obstacles (e.g., buildings, sound barriers, etc.). As a result,
emissions may for instance disperse more in a vertical sense before mixing horizontally,
which would make the initial dispersion parameters that are assumed in uEMEP less
representative here. Also, a grid size of 50 meter is quite coarse to observe street canyon
effects.
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Table 5 An overview of the statistics for the comparison of the modelled NO> concentrations from
NSL and modelled NO, concentrations from UEMEP, before and after calibration versus the
observed NO; concentrations.

RMSE Bias Intercept | Slope | r
UEMEP (“scaled emissions”) 13.14 12.06 1.97 1.42 0.54
UEMEP calibrated (“scaled emissions”) 8.32 6.48 -3.61 1.42 0.54
NSL 4.33 3.04 0.26 1.11 | 0.82

Discussion and conclusions

The uEMEP model was used to model NO2 concentrations at a high spatial resolution in
the Utrecht area of the Netherlands. The uEMEP model uses the local fractions output
from the EMEP4NL model to increase the resolution of the EMEP4NL model from
kilometer scale down to 50 meter. The results of these UEMEP calculations were first
compared with several sets of measurements and subsequently compared with the
results of the NSL-rekentool.

The comparison of the uEMEP calculations with high-temporal resolution (LML) and
passive samplers (Utrechts Meetnet) has illustrated that uEMEP can effectively model NO2
concentrations in urban areas. The correlation between measurements and calculations
from the uEMEP model is better, compared to calculations with the EMEP4NL model,
since the latter is performed at a much coarser resolution.

Calculations with the EMEP4NL model have shown that for the Utrecht area the average
modelled NO2 concentrations in 2019 were too high, compared to measurements.
Consequently, the results from uEMEP are also too high. To mitigate this effect, the non-
local part of the modelled NO2 concentrations from uEMEP was calibrated based on the
comparison at two regional background sites. After this calibration, an improved
comparison with measurements (i.e., lower RMSE and bias) was found for the uEMEP
calculations. Furthermore, the input NO2 emissions in UEMEP were adjusted based on the
reported emissions from the NSL-monitor.

Including both adjustments in the uEMEP model, a comparison with measurements
shows a moderate correlation (r=0.54). Contrary, a comparison between measurements
and calculations from the NSL-rekentool yields a very strong correlation (r=0.82). A
direct comparison between the modelled NO2 concentrations from uEMEP and the NSL-
rekentool at the measurement sites shows a moderate correlation (r=0.56) between the
two models. Furthermore, the NO2 concentrations from uEMEP are ~20% higher than
those of the NSL-rekentool.

However, two distinct clusters are observed. Firstly, there seems to be a higher
correlation at (mostly) urban and rural background sites. At these locations, the modelled
NO:2 concentrations from UEMEP are slightly higher than those of the NSL-rekentool.
Secondly, there seems to be a cluster where a lower correlation is observed, consisting
mainly of traffic influenced sites. Here, uEMEP generally underestimates the NO2
concentrations and the NSL-rekentool performs better. This suggests that the calculation
in UEMEP is less representative in case of street canyon effects. This effect, on the other
hand, seems to be captured well in the differentiation between SRM-1 and SRM-2 used in
the NSL-rekentool. It is not surprising that uEMEP performs less well for street canyons,
because this effect is not implemented in the model. Also, a 50 m grid cell is quite coarse
to show street canyon effects.
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Based on our results, we suggest the following model adjustments for uEMEP. Specifically
for downscaling NOx emissions from traffic, a routine that differentiates between different
types of traffic emissions and roads may improve the modelled NO: local fractions. For
example, emission characteristics (e.g., initial dispersion, emission height) may be varied
per type of road. Another suggestion is to implement more different traffic subsectors
with distinct emission characteristics.

To conclude, our results show that uEMEP is an effective downscaling tool to model NO2
concentrations at high spatial resolution in Utrecht. With EMEP4NL already being
deployed regularly in other RIVM projects (e.g., GCN-monitor, AERIUS-Lucht, etc.), the
usage of UEMEP as an independent validation tool for NSL-monitor seems within reach.
To achieve this, however, this study has shown that 1) calibration of the non-local
fractions from EMEP4NL is necessary and 2) some further model adjustments are desired
to improve the performance of uEMEP (for high-resolution effects) in urban environments
(i.e., street canyons).
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