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Abstract: Comparison of three models differing in resolution and mathematical formulation - CALPUFF Lagrangian
puff model, CMAQ Eulerian chemical transport model and IFDM Gaussian dispersion model - is presented. Modelling
results for PM2s concentrations coming from residential heating emissions over a selected local domain in Slovakia
are compared and the differences as well as the usability of the models for local source apportionment is discussed.
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INTRODUCTION

Residential heating is the main contributor to the adverse air quality during winter periods in many regions
in Central and Eastern Europe. In Slovakia, there are many villages and small towns without connections
to central heating systems or natural gas distribution. Therefore, the local heating using solid fuel (mainly
wood) is mostly used there. Moreover, the increasing energy prices also contribute to households leaning
towards cheaper solid fuel. The consequence of this development is that the annual concentration limits for
benzo(a)pyrene and PM2s, and the number of daily PMyo exceedances continue to occur at many air quality
monitoring stations situated near residential areas. Since the number of air quality monitoring sites is rather
limited, there is a need for reliable modelling outputs not only to assess the concentrations at locations
without monitoring stations, but also to carry on the source apportionment at monitoring sites. In this paper,
we attempt to compare the modelling results for PM2s concentrations of several models differing in
resolution and mathematical formulation: CALPUFF Lagrangian puff model, CMAQ Eulerian chemical
transport model and IFDM Gaussian dispersion model. The local modelling domain includes the town of
Jelsava, which according to the measurements is one of the locations with the worst air-quality due to PM
in Slovakia, as well as the whole mountain valley NW of Jelsava with the town of Revuca and several
smaller villages with solid fuel heating. The simulations are only performed for the residential heating
emissions. The results are demonstrated using PMzs as it represents almost all of PMyo emissions from
residential heating.

SIMULATION DOMAIN AND EMISSIONS

Simulations were performed for the whole month of January 2021 for the domain of Jelsava, which is a
mountain valley with adverse dispersion conditions especially in winter time. The size of the domain is
roughly 13 km x 10 km.

The emissions from residential heating were computed using emission model REM_v2 (Krajcovicova et.
al, 2020). PM emission totals in January 2021 for the whole domain are as follows: PMy = 13.1 t and
PM25=12.8 t. 47 % of PMs emissions represents organic carbon and 10% black carbon. Figure 1 shows
the simulation domain with residential heating emissions resolution of 50 m for CALPUFF and IFDM and
2 km for CMAQ. The diurnal and monthly emission profiles used in CMAQ and CALPUFF simulations
are displayed in Fig. 2. The diurnal profile is adopted from CAMS methodology (Guevara et al., 2021) and
the monthly profile is based on mean daily temperatures measured at meteorological station in Revuca. The



emission rate at each hour is calculated as annual emission total multiplied by diurnal and monthly profile
values from Fig. 2 divided by 8760. Constant emission profile was used for IFDM simulation.
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Figure 1. Red squares: PMzs emissions for January in CMAQ model. Blue raster: distribution of PM2s emissions to
the IFDM and CALPUFF models (the emission flux is not shown).
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Figure 2. Emissions profiles for residential heating: diurnal (left) and monthly (right) used in CALPUFF and CMAQ
calculations.

MODELS

ALADIN forecasting model (Termonia et. al., 2018, Derkova et. al., 2017) meteorological data output with
the resolution of 4.5 km was used as input to IFDM and CALPUFF. For the CMAQ model a complex set
of meteorological 2D and 3D parameters from model Aladin with 2 km resolution were used.

CALPUFF

CALPUFF (Scire et al, 2000a) version 7.2.1 was used to model concentrations of PM2s. CALPUFF is a
Lagrangian puff model which is capable of treating complex terrain, low wind and calm situations which
frequently occur in the mountain valleys. CALMET (Scire et al, 2000b) version 6.5.0 meteorological fields
was used to process ALADIN meteorological inputs to high resolution grid. CALMET is a diagnostic
meteorological model for computation of high resolution terrain-following winds and micrometeorological
parameters necessary as inputs for CALPUFF model. The emissions were represented as volume sources
corresponding to the emission squares of 50m.

CMAQ

The Community Multiscale Air Quality (CMAQ) model is a third-generation Eulerian mathematical air
quality model (Byun and Schere, 2006). It can be used on various spatial scales from local to hemispheric
and for corresponding time scales. It simulates ozone, particulate matter (PM), toxic airborne pollutants,
visibility, and acidic and nutrient pollutant species throughout the troposphere. In the simulation, the



CMAQ meteorological inputs are taken from the model Aladin, corresponding to the model resolution of 2
km. Boundary conditions are zero except for the ozone. The CMAQ model version 5.3.3 was used (US
EPA, 2021). The residential heating emissions are represented as area sources with 2 km resolution.

IFDM

IFDM (Immission Frequency Distribution Model) is a bi-Gaussian dispersion model developed by VITO
to calculate the local dispersion of pollutants in the atmosphere based on meteorological data such as wind
speed, wind direction and temperature (Lefebvre et al., 2011a, 2011b). It does not explicitly include the
influence of the terrain and is unable to capture calm wind periods. However, as the meteorology for a
particular source is always taken from the nearest Aladin gridpoint, a terrain influence is indirectly included
through the wind speed and direction from the meteorological model. Emissions gridded in the 50 m
squares were represented as point sources at the centres of grid cells. Results were interpolated into the
regular grid with 10 m resolution.

Model CALPUFF IFDM CMAQ

Type Lagrangian puff Gaussian Eulerian CTM
Horizontal (terrain) | 250 m no terrain included 2 km
resolution

Model output resolution | 250 m 10m 2 km
Number of vertical | 11 NA 19

layers

Top layer height 3000 m NA 17000 m

Table 1. Selected parameters of the models.
RESULTS
Mean monthly concentrations in January

Mean PM s concentrations for the whole simulation period resulting from CALPUFF and IFDM models
are shown in Fig. 3. These local models provide outputs at high resolution. On the other hand, CMAQ,
being a CTM model, requires a lot of computer resources and therefore its typical resolutions are several
km. Fig. 4 shows mean PM; s concentrations computed by CMAQ, together with the downgraded results
from CALPUFF and IFDM models. We can see that the CMAQ concentrations are rather low in comparison
with other models even if those are downgraded to the 2 km resolution corresponding to CMAQ, while
CALPUFF model gives the highest concentrations of all. Domain-wide statistics are as follows: CALPUFF
vs. CMAQ: BIAS = 8.2, RMSE = 9.0, r =0.77; IFDM vs. CMAQ: BIAS =0.27, RMSE = 1.0, r =0.90;
IFDM vs. CALPUFF: BIAS =-7.7 ,RMSE = 8.3, r =0.80. The statistics show the closest similarity between
the IFDM and CMAQ model results. Comparing these two models, CMAQ gives lower concentrations for
all grid cells but those with small emissions and bad dispersion conditions caused by the terrain.
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Figure 3. Mean PMzs concentrations from residential heating in January 2021 calculated by a) CALPUFF model (left
panel); b) IFDM model (right panel)
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Figure 4. Mean PM2s concentrations from residential heating in January calculated by CMAQ model (top).PMzs
concentrations resampled to the CMAQ resolution: a) CALPUFF model (bottom left); b) IFDM model (bottom right)

Concentrations at the monitoring station

The predicted hourly PMa 5 concentrations at the monitoring station location in Jel§ava, together with the
measured values are presented in Fig. 5. CMAQ model underestimates the concentrations since the 2 km
resolution is not capable of seeing this hot-spot. On the other hand, CALPUFF and to a certain degree
IFDM give values for some hours which highly exceed measured concentrations. Therefore, in case of
CALPUFF simulations we experimented with different diurnal profiles. It turned out that the unrealistic
high peaks decreased when constant diurnal profile was used (Fig. 6) and monthly mean domain maximum
also decreased by ~15%. .
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Figure 5. Hourly PMz5s concentrations at Jelsava monitoring station — models and measurements.

CONCLUSIONS

The simulations demonstrated the expected result that the resolution of the model is crucial to obtain
realistic concentration values in hot-spots, especially in complex mountainous locations. Besides this, we
learned that the diurnal emission profile is also very important, especially in case of CALPUFF model using
high resolution terrain-adjusted meterology. After downgrading two local models to the 2 km resolution,
seemingly comparable concentrations were obtained using CMAQ and IFDM models, while CALPUFF
seemed to overestimate especially when CAMS emission profile was used. This can not be interpreted in
the way that IFDM and CMAQ results are better than CALPUFF, as their higher correlation may be
accidental (they use completely different diurnal emission profiles - completely constant versus CAMS
profile with high amplitude). Further simulations and more insight into the differences in the meteorological
fields in relation to the modeling results is necessary, as well as to the impact of the diurnal emission



profiles, especially in case of IFDM and CALPUFF models As it seems that local models are sensitive to
diurnal emission profiles, it is also necessary to develop emission profiles for residential heating which
would be as close to reality as possible.
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Figure 6. Calpuff hourly PM2s concentrations with constant and CAMS diurnal emission profiles at Jelsava
monitoring station.
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