N
N

N

HAL

open science

Validation of a 3-D hemispheric nested air pollution
model
L. M. Frohn, J. H. Christensen, J. Brandt, C. Geels, K. M. Hansen

» To cite this version:

L. M. Frohn, J. H. Christensen, J. Brandt, C. Geels, K. M. Hansen. Validation of a 3-D hemispheric
nested air pollution model. Atmospheric Chemistry and Physics Discussions, 2003, 3 (4), pp.3543-

3588. hal-00301142

HAL Id: hal-00301142
https://hal.science/hal-00301142
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00301142
https://hal.archives-ouvertes.fr

Atmos. Chem. Phys. Discuss., 3, 3543—-3588, 2003 Atmospheric

www.atmos-chem-phys.org/acpd/3/3543/ G Chemistry
© European Geosciences Union 2003 G and Physics
_ Discussions

Validation of a 3-D hemispheric nested air
pollution model

L. M. Frohn, J. H. Christensen, J. Brandt, C. Geels, and K. M. Hansen

National Environmental Research Institute, Department of Atmospheric Environment,
Frederiksborgvej 399, P.O.Box 358, DK-4000 Roskilde, Denmark

Received: 19 December 2002 — Accepted: 27 June 2003 — Published: 8 July 2003
Correspondence to: L. M. Frohn (Imf@dmu.dk)

3543

ACPD
3, 3543-3588, 2003

3-D air pollution
modelling

L. M. Frohn et al.

Title Page

Abstract | Introduction

Conclusions| References

Tables | Figures
| e
I

Back | Close |

Full Screen / Esc

Print Version

Interactive Discussion

© EGU 2003


http://www.atmos-chem-phys.org/acpd.htm
http://www.atmos-chem-phys.org/acpd/3/3543/acpd-3-3543_p.pdf
http://www.atmos-chem-phys.org/acpd/3/3543/comments.php
http://www.copernicus.org/EGU/EGU.html

10

15

20

Abstract

Several air pollution transport models have been developed at the National Environ-
mental Research Institute in Denmark over the last decade (DREAM, DEHM, ACDEP
and DEOM). A new 3-D nested Eulerian transport-chemistry model: REGlonal high
resolutioN Air pollution model (REGINA) is based on modules and parameterisations
from these models as well as new methods.

The model covers the majority of the Northern Hemisphere with currently one nest
implemented. The horizontal resolution in the mother domain is 150 km x 150 km,
and the nesting factor is three. A chemical scheme (originally 51 species) has been
extended with a detailed description of the ammonia chemistry and implemented in the
model. The mesoscale numerical weather prediction model MM5v2 is used as mete-
orological driver for the model. The concentrations of air pollutants, such as sulphur
and nitrogen in various forms, have been calculated, applying zero nesting and one
nest. The model setup is currently being validated by comparing calculated values
of concentrations to measurements from approximately 100 stations included in the
European Monitoring and Evalutation Programme (EMEP).

The present paper describes the physical processes and parameterisations of the
model together with the modifications of the chemical scheme. Validation of the model
calculations by comparison to EMEP measurements for a summer and a winter month
is shown and discussed. Furthermore, results from a sensitivity study of the model
performance with respect to resolution in emission and meteorology input data is pre-
sented. Finally the future prospects of the model are discussed.

The overall validation shows that the model performs well with respect to correlation
for both monthly and daily mean values.
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1. Introduction

The models developed at the National Environmental Research Institute are used for
many different purposes, including air pollution forecasts at regional scales, urban
background as well as urban street level, nitrogen load calculations for Inner Danish
waters, the Baltic and the North Sea, accidental release modelling as well as extreme
air pollution exposures as e.g. ozone episodes. The scales on which the models op-
erate range from 150 km? to a few square metres and the domains from the Northern
Hemisphere down to individual street canyons. The overall model performance de-
pends in general on the numerical schemes employed, the nesting techniques, initial
and boundary conditions, quality of input data as well as chemical and physical param-
eterisations.

In most cases there is no need for describing all processes from hemispheric scale
down to local scale simultaneously However, when addressing problems like coastal
eutrophication due to atmospheric deposition of nitrogen, which also includes long-
range transport of nitrogen containing species, it is necessary to describe the sources
adequately with a sufficiently large domain, yet the resolution in the output need to be
high enough for the results to be usable.

In Fig. 1 is shown an example of six-hour mean concentrations of NO, calculated
with the REGlonal high resolutioN Air pollution (REGINA) model. Furthermore the six-
hour mean wind is shown. The concentration pattern is an example of a long-range
transport episode, where a low pressure system transports NO, from North America
towards the Arctic and Europe. Similar episodes occur where ozone or carbondioxide
is transported across very large distances e.g. across the Atlantic ocean. Episodes like
these will not be included in the results if the domain is limited to e.g. the European
area as is the case in regional air pollution models, e.g. DEOM (Brandt et al., 2001) or
ACDEP (Hertel et al., 1995). One of the methods for obtaining high resolution output
with a large domain setup is to use a nested grid formulation as has been done in the
work with this new model.
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Over the recent years calculations of concentrations and depositions of many differ-
ent chemical compounds have been carried out within the Danish Background Mon-
itoring Programme using the ACDEP model (Skjoth et al., 2002). The new model,
REGINA, is intended to be applied for studying air pollution phenomena (forecasts,
scenarios and assessment) over Denmark with high resolution (Frohn et al., 2002).
Furthermore it will complement and on long term substitute the ACDEP model in the
monitoring programme. When high resolution modelling is carried out, the input data
(emissions, land use, meteorology) must also have high resolution and sufficient qual-
ity. In order to test the sensitivity of the results to the resolution in input data, several
emission and meteorology data scenarios with the new model (and one nest) have
been carried out. The base year for these runs is 1998, for which the most recent
emission and measurement data base is available.

2. Model description

The full mathematical model describing the rate of change in the mixing ratio of a
chemical compound can be expressed as

oc; oc; dc; .0c;
=-|u +Vv +0
ox oy 0o

ot
8%c; 8%c; 0 oc;
vk, G TG (K(,a—o’)

+K,— + —
0x2 Yay2 = oo
+E (x,y,0,t)- N,

where (u, v, 6) are wind speed components in the (x, y, o) directions, ¢; are the mix-
ing ratios for the g different species, K, and K, are horizontal diffusion coefficients,
assumed constant and K, is the vertical diffusion coefficient, dependent on space and
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time coordinates. E; is the emission of the chemical species /, A, is the scavenging
coefficient for wet deposition of species / and Q denotes the chemical reactions.

The mathematical model is split into five sub-models using a simple splitting proce-
dure (McRae et al., 1984). The five sub-models are:

5 — Sub-model 1: Three-dimensional advection
602 60,1. 60} .60,1 5
at - “ax "oy °bo @)

— Sub-model 2-4: Diffusion

60,? P 020,2

ot “ax2

60,3 620?

ot Y dy?

6cj1 0 K 6cj1
10 ot  do °do

at

dC? 5 .5 5
=Q; (c ,C cq) +E;, - N\c, (4)

Sub-model 1 is solved using a newly modified accurate space derivatives scheme

for the horizontal advection, combined with a finite elements scheme for the vertical

15 advection (Frohn et al., 2002; Pepper et al., 1979). The temporal integration of ad-
vection is carried out using a Taylor series expansion to third order. The sub-models
2—4 are solved using a finite elements scheme for the spatial discretization and the
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method for the temporal integration (Lambert, 1991). Sub-model 5 is solved using a
new combination of the Euler Backward lterative method (Hertel et al., 1993) and the
two-step method (Frohn et al., 2002).

Details on the implementation of the numerical methods for solving advection and
chemistry can be found in Frohn et al. (2002). Details on the implementation of the
numerical methods for solving the diffusion can be found in Christensen (1993) and
Christensen (1997).

The model domain covers the majority of the Northern Hemisphere with a resolution
for the mother domain of 150 km x 150 km. The grid is an extension of the original 150
km? EMEP (European Monitoring and Evaluation Programme) grid. The nest covers
the European area with a resolution of 50 km x 50 km (Fig. 2. A second nest covering
the Scandinavian area with a resolution of 16.67 km x 16.67 km is planned but not yet
implemented.

The model has 18 vertical layers and extends up to 15 km on average. The mete-
orological input is taken from the MM5v2 model (Grell et al., 1995) run operationally
at NERI with one nest. The applied landuse data are derived from a global inven-
tory with eight categories (Wilson and Henderson-Sellers, 1985). The applied chem-
ical scheme is a modified version of the chemical scheme published in Strand and
Hov (1994). The modifications consist of the inclusion of ammonia (NH3) and related
species, ammonium nitrate (NH,NO3), ammonium bisulphate (NH,HSO,), ammonium
sulphate ((NH4),SO,4) and particulate nitrate (NO;) formed from nitric acid (HNO,).
The modifications have been implemented in order to improve the description of the
transformations of nitrogen containing compounds (Hertel et al., 1995).

3. Emission and meteorology scenarios

Three emission data sources were available for the current study.

— GEIA (Global Emissions Inventory Activity); Graedel et al. (1993)
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— EDGAR (Emission Database for Global Atmospheric Research); Olivier et al.
(1996)

— EMEP (European Monitoring and Evaluation Programme); Vestreng (2001);
Vestreng and Stgren (2000)

The inventories vary in coverage, resolution and in number of chemical compounds
for which data are available (Table 1). No information of seasonal or diurnal variations
are included in the emission data used in this study.

Two scenarios have been based on these three emission inventories. The first sce-
nario is constructed using data bases with hemispheric coverage only, i.e. EDGAR and
GEIA data only. The EDGAR data in the part of the model domain covered by the
EMEP has been replaced with the more recent EMEP data base in the second sce-
nario. The EMEP data have a three times higher resolution and the data covers an
area corresponding to the first nest in the model. The properties of the two emission
scenarios can be seen in Table 2.

The model has been run with no nests for the entire year 1998 and another run
has been carried out with one nest for the months February and August 1998. The
data for the nested model runs have been prepared in two different ways in order to
test sensitivity to resolution in the meteorology and emission data. Either the data are
read directly into the nested domain (and in this case the resolution of the input data
matches the resolution of the nest, i.e. 50 km) or data are copied from the mother
domain to the nested domain (and in this case the resolution of the input data is three
times lower than for the nested domain, i.e. 150 km). This results in eight different
model scenarios (Table 3).

4. Results

The results of this study have been validated with data from approximately 100 EMEP
measurement stations across Europe (Fig. 3). The model is validated for February
3549

ACPD
3, 3543-3588, 2003

3-D air pollution
modelling

L. M. Frohn et al.

Title Page

Abstract | Introduction

Conclusions| References

Full Screen / Esc

Tables | Figures
| e
I

Back | Close |

Print Version |

Interactive Discussion |

© EGU 2003


http://www.atmos-chem-phys.org/acpd.htm
http://www.atmos-chem-phys.org/acpd/3/3543/acpd-3-3543_p.pdf
http://www.atmos-chem-phys.org/acpd/3/3543/comments.php
http://www.copernicus.org/EGU/EGU.html

10

15

20

25

and August for all eight model scenarios considering both monthly and daily mean
concentrations.

This validation was performed for the gaseous species nitrogen dioxide (NO,), ozone
(O3) and sulphur dioxide (SO,) and the particulates ammonium (NHZ), nitrate (NO;)

and sulphate (SOi‘). Furthermore for the sum of ammonia (NH3) and ammonium (the
sum is denoted SNH) and for the sum of nitric acid (HNOj3) and nitrate (the sum is
denoted SNOy).

Only stations with a data coverage of more than 90% have been included in the
validation. Furthermore only stations located less than 500 m above sea level are
considered, due to the coarse topography in the model.

Three statistical parameters have been calculated for the validation; the correlation
(Corr), the fractional bias (FB) and the normalised mean square error (NMSE). The
correlation provides a good first impression of the results, describing how well the vari-
ations of the measured data are reproduced by the model calculations. The fractional
bias gives information on the bias between the calculated and measured data and
the normalised mean square error provides the mean square error between the two
data series. The advantage of the FB and the NMSE compared to (usual) bias and
root mean square error is, that they can be compared for different chemical species,
where bias and root mean square error can only be compared for results for the same
chemical component.

A ranking procedure has been applied in order to determine the best performing
model scenario (Mosca et al., 1997). Taking one statistical parameter and one chem-
ical component at the time a rank between one and eight is assigned to each model
scenario for that specific chemical component and statistical parameter. The lowest
rank is assigned to the model scenario with the best performance.

For each of the three statistical parameters the ranks are summed on the level of
model scenarios and a total rank is determined by summing the ranks of the model
scenarios for all three statistical parameters. The scenario with the lowest total rank is
the best performing.
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4.1. February 1998
4.1.1. Monthly values

The correlation of modelled and measured concentrations of NO, (model scenario
eight) is good (0.70). However, the model tends to underestimate the concentrations
(Fig. 4). For O3 the correlation is less good (0.47) and the level is underestimated,
especially for the high concentrations (Fig. 5).

The correlations show that the performance of the model in general is good for
monthly mean values (Table 4). Correlations for the secondary pollutants NHZ and
NO; and for the primary pollutants NO, and SO, all increase when the EDGAR emis-
sion data base (model scenario one) is replaced by the EMEP emission data base
(model scenario four) in the nested area. There is no noticeable difference for the re-
maining species SNH, SNO,, O5 and SOi'. Correlations for O5 are not impressive,
because the model results presented here corresponds to background values which
are better represented at the stations located at higher altitudes.

The resolution in the emission and meteorology input data does not have any clear
influence on the calculated results for this month. Model scenario number eight per-
forms best, closely followed by scenarios four, six, five and seven, when the ranking of
the model scenarios according to correlation is performed and summed over different
chemical components. The best performing scenarios with respect to fractional bias
and normalised mean square error are number one and five, respectively.

The five best performing model scenarios, when total rank is considered are the
ones where the EMEP emission data base is used (Table 5). The model scenarios with
the best performance is scenario number six including the EMEP data base (coarse
resolution) and nested resolution meteorology.
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4.1.2. Daily values

The calculated concentrations of SO, are in good agreement with the measured values
(Fig. 6), whereas concentrations of SOi' are underestimated (Fig. 7). The temporal

evolution of the calculated concentrations of NO,, O3, SO, and SOi‘ for the German
station Langenbriigge and the Finnish station Oulanka are in good agreement with the
measured concentrations (Figs. 8 and 9).

The calculated statistical parameters for the daily mean concentrations are given in
Table 6 for all eight model scenarios. The correlations for the daily concentrations are
not as good as for monthly values, except for O3, where the correlation is better, how-
ever the model still performs quite good in general. When the EDGAR data base is
replaced with the EMEP data base in the nested domain, the correlation improves for
NHZ, SNH, NO, and SO, although not so prominent for the last two, decreases for
SOi‘ and remains more or less unchanged for the rest of the chemical compounds.
There are no noticeable differences in the correlations when the resolution of the emis-
sion and meteorology input data is enhanced.

Model scenario eight performs the best when ranking according to correlation is
considered. Scenario three and five perform the best with respect to fractional bias
and normalised mean square error, respectively. The overall best performing model
scenario is scenario five followed by six, seven and eight, i.e. the scenarios with the
EMEP data base (Table 7).

4.2. August
4.2.1. Monthly values

The model overestimates the SO, concentrations by a factor of two whereas the cal-
culated SOi' concentrations are in good agreement with the measured concentrations
for low values and somewhat overestimated for the high values (Figs. 10 and 11).
The performance of the model with respect to correlation is good for all chemical
3552

ACPD
3, 3543-3588, 2003

3-D air pollution
modelling

L. M. Frohn et al.

Title Page

Conclusions| References

Abstract | Introductionl

Full Screen / Esc

Tables | Figures
| e
I

Back | Close |

Print Version |

Interactive Discussion |

© EGU 2003


http://www.atmos-chem-phys.org/acpd.htm
http://www.atmos-chem-phys.org/acpd/3/3543/acpd-3-3543_p.pdf
http://www.atmos-chem-phys.org/acpd/3/3543/comments.php
http://www.copernicus.org/EGU/EGU.html

10

15

20

25

compounds except O5 (Table 10). Correlations of the primary pollutants NO, and SO,
increase when the EDGAR data base (model scenario one) is replaced by the EMEP
data base (model scenario four) in the nested area, however there is no noticeable
effect for the other chemical components. Model scenarios with high resolution mete-
orology (scenario three, six and eight) tends to perform better than scenarios with low
resolution meteorology when SO, is considered. This tendency is also valid for O,
however not as pronounced. For NHZ there is also a tendency that higher resolution in
the emission input data (scenario seven and eight) results in better correlations.

Applying the ranking procedure on the correlations it is seen that scenario one (rank
equal to 26), eight (rank equal to 27) and four (rank equal to 28) performs the best. For
the ranking with respect to fractional bias and normalised mean square error the best
performing scenarios are number seven and eight, respectively. Similar to the results
for February, the five best performing scenarios are the five scenarios with the EMEP
emission data base used as input in the nested domain. The best performing model
scenario is scenario eight with high resolution in both emissions and meteorological
input data (Table 9).

4.2.2. Daily values

The model underestimates the NO, values even though the correlation is good
(Fig. 12). A number of stations have high measured concentrations, probably corre-
sponding to stations located in or close to urban areas. These high concentations are
not captured by the model due to the coarse resolution (50 km). The concentrations of
O are overestimated for some stations and underestimated for some stations and the
correlation is not as good as for the other chemical components (Fig. 13).

The temporal evolution of the calculated concentrations of NO,, O3, SO, and SOﬁ‘
at the German station Langenbriigge and the Finnish station Oulanka are in good
agreement with the measured concentrations (Figs. 14 and 15).

The correlations of daily concentrations are not as good as for the monthly values,
except for O5 where the correlation calculated from daily concentrations is better (Ta-
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ble 10). There is a large increase in the correlation of NO, and SO, concentrations
when the EMEP emission data base (model scenario four) replaces the EDGAR emis-
sion data base (model scenario one). The correlations for all the other chemical com-
ponents remain more or less unchanged.

There does not seem to be any visible difference in the results when the resolution
in the input data is changed, except for SO, where there is a very small increase in
the correlations for model scenario three, six and eight as compared to model scenario
two, five and seven, when the resolution of the meteorological input is enhanced.

Considering the ranking of the scenarios with respect to correlation, model scenario
four performs the best. For fractional bias and normalised mean square error the best
performing scenario is number seven and eight and number four, respectively.

The overall best performing scenario is model scenario number eight and the five
scenarios with EMEP emissions data constitutes the top five (Table 11).

5. Conclusions

A 3-D nested Eulerian transport-chemistry model covering the majority of the Northern
Hemisphere has been developed. An existing chemical scheme has been extended to
include species relevant for nitrogen chemistry.

The model has been run using eight different scenarios combining two emission
scenarios and different resolutions in the input data. The results have been validated
with measurements from approximately 100 measurement stations across Europe for
February and August 1998.

The model performs well with respect to correlation, when calculated concentration
levels are compared to measurements, both for monthly and daily values. The model
tends to underestimate the NO, and O5; concentrations for the winter month February
whereas the SOi' concentrations are overestimated for this month. The SO, con-
centrations are overestimated and the NO, concentrations are underestimated in the
summer month August.
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The EDGAR data base is from 1995 whereas the EMEP data base is from 1998.
It is therefore expected that the model gives better results for the primary pollutants
with the EMEP data base implemented compared to the calculations with the EDGAR
data base implemented. This is the case when correlations for the primary pollutants
NO, and SO, are considered. For February and August the correlations for these
two chemical components increase when the EDGAR emission data are replaced by
the EMEP emission data in the nested area, both for monthly and daily values. The
correlations of NHZ and SNH also increase for the monthly mean values for February,
indicating that the emissions of the primary pollutant NH; which acts as a precursor,
are better described when using the EMEP data base compared to when the EDGAR
data base is used.

Apparently the resolution of the input is not especially important for this model setup.
The resolution of the emission and meteorology input has no influence on the cor-
relation of calculated and measured concentrations for February. It appears that the
resolution in the meteorological data input is influencing on the correlation of SO, for
August (both monthly and daily values improve with higher resolution), independent
of the resolution in and source of emission data. The correlation of NH, increases
with increasing resolution of the emission data for monthly values, however there is no
influence of emission data resolution for any of the other chemical components.

The explanation for the small response when the resolution of input data is increased
could be that the resolution still is very coarse and the difference in resolution is not
more than a factor of three. Furthermore a resolution of 50 km is still much too coarse
for modelling regional air pollution processes adequately. Another explanation could be
the lack of seasonal and diurnal variations in the emission data base. The improvement
of the results when increasing the resolution in the input data could be suppressed by
the inaccuracies in the results arising from using the same emission data regardless of
season and time of day.

A ranking procedure has been applied in order to determine the best performing sce-
nario for all chemical components and statistical parameters. All the best performing
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scenarios has the EMEP emissions in the nested area. The best performing sce-
nario for monthly mean values is scenario six with high resolution in meteorology and
coarse resolution in emissions for February. Scenario five with coarse resolution in
both meteorology and emissions performs the best for the daily mean values. The best
performing scenario for both monthly and daily mean values is scenario eight with high
resolution in both meteorology and emissions for August. This is in agreement with the
conclusion that the resolution in the input only has influence on the results for August.

Future investigations with the REGINA model includes model runs with two nests.
Emission data from the GENEMIS data base with a resolution of 16.67 km for the year
1994 are available for these studies.
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Table 1. Emission data available for the REGINA modelling

Title Page |
Database GEIA EDGAR EMEP Abstract | Introduction |
Year 1990 1990, 1995 1990, 1997, 1998 :
Species NO, NO,, Isoprene, Terpene  NO, NO,, SO, NH;, CO, CH,, NO, NO,, SO, NH;, Cond“s'o"sl References |
other biogenic VOC’s NMVOC NMVOC Tables | Figures |
Resolution 150 km 150 km 50, 150 km
Domain N. Hemisphere N. Hemisphere EMEP (Nest 1)
NMVOC-split - Yes No ) | L |
Ships No No Yes
Lightning Yes No No h | > |
Soil Yes No No Back | Close |
|
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Table 2. Properties of the two emission scenarios used in the sensitivity study
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Scenario 1 Scenario 2
Source
NO, EDGAR (1995) EDGAR (1995), EMEP (1998)
NO,, Lightning GEIA GEIA
NO,, Soil GEIA GEIA
NO,, Ships EDGAR (1995) EDGAR (1995), EMEP (1998)
SO, EDGAR (1995) EDGAR (1995), EMEP (1998)
SO,, Seasonal GEIA GEIA
SO,, Ships EDGAR (1995) EDGAR (1995), EMEP (1998)
NH4 EDGAR (1990) EDGAR (1990), EMEP (1998)
CO EDGAR (1995) EDGAR (1995)
CH, EDGAR (1995) EDGAR (1995)
NMVOC EDGAR (1995, 1990) EDGAR (1995, 1990), EMEP (1998)
Isoprene GEIA GEIA
Terpene GEIA GEIA
Other VOC GEIA GEIA
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Table 3. The setup of the eight model scenarios used in the validation of the hemispheric model

Model Nest Emission Emission Meteorology
scenario scenario data data
resolution resolution

1 No 1 150 km 150 km
2 Yes 1 150 km 150 km
3 Yes 1 150 km 50 km
4 No 2 150 km 150 km
5 Yes 2 150 km 150 km
6 Yes 2 150 km 50 km
7 Yes 2 50 km 150 km
8 Yes 2 50 km 50 km
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Table 4. Correlation coefficients (Corr), fractional bias (FB) and normalised mean square error
(NMSE) for calculated and measured monthly mean concentrations for all model scenarios for
February 1998. Values which are ascribed a rank equal to one are boldface
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Title Page

Abstract | Introduction

Conclusions| References

No. of stations 12 24 9 24 34 57 40 49
Corr

NH; SNH NO; SNO; NO, O, SO, SO; Rank
Model scenario
1 0.59 0.64 0.67 0.79 0.63 0.41 0.77 0.65 41
2 0.59 0.59 0.57 0.76 0.64 0.45 0.76 0.62 50
3 0.57 0.60 0.55 0.73 0.64 0.47 0.76 0.62 52
4 0.69 0.66 0.78 0.81 0.71 0.41 0.88 0.66 21
5 0.63 0.64 0.69 0.77 0.70 0.45 0.89 0.65 24
6 0.62 0.67 0.67 0.76 0.70 0.47 0.89 0.66 21
7 0.63 0.64 0.68 0.78 0.70 0.44 0.90 0.65 25
8 0.62 0.67 0.67 0.76 0.70 0.47 0.89 0.67 20
FB

NH;, SNH NO; SNO; NO, O, SO, SO, Rank
Model scenario
1 0.005 -0.378 -0.484 -0.398 -0.455 -0.341 0.997 -0.042 19
2 0.227 -0.202 -0.236 -0.192 -0.332 -0.359 1.106 0.156 37
3 0.166 -0.219 -0.150 -0.134 -0.330 -0.349 1.135 0.015 27
4 -0.166 -0.497 -0.534 -0.503 -0.685 -0.260 -0.012 -0.097 42
5 -0.051 -0.361 -0.175 -0.241 -0.503 -0.299 0.356 -0.492 31
6 -0.109 -0.379 -0.128 -0.207 -0.494 -0.294 0.394 -0.627 32
7 -0.114 -0.404 -0.249 -0.313 -0.553 -0.284 0.254 -0.534 40
8 0.184 -0.432 -0.213 -0.286 -0.540 -0.279 0.287 -0.671 42
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No. of stations 12 24 9 24 34 57 40 49 Title Page |
NMSE :
- P Abstract | Introduction |
NH:{ SNH NO; SNO; NO, O; SO, 80, Rank
Model scenario Conclusions| References |
1 028 088 061 077 091 0.18 250 0.56 44 E— | Figures |
2 044 075 035 050 070 0.19 3.60 0.83 43
3 043 075 030 047 0.69 0.18 4.00 0.59 31
4 020 110 061 090 140 0.12 020 045 35 <« | s |
5 023 086 025 050 089 0.15 040 0.59 27
6 025 084 024 048 086 0.14 050 0.72 28 b | > |
7 024 093 030 058 099 0.13 026 0.64 36 Back | cioas |
8 027 0,92 028 057 097 0.13 033 0.79 37
|

3563

Full Screen / Esc

Print Version |

Interactive Discussion |

© EGU 2003


http://www.atmos-chem-phys.org/acpd.htm
http://www.atmos-chem-phys.org/acpd/3/3543/acpd-3-3543_p.pdf
http://www.atmos-chem-phys.org/acpd/3/3543/comments.php
http://www.copernicus.org/EGU/EGU.html

Table 5. Overall ranking of the eight model scenarios for February 1998, by adding the ranks
obtained for the three statistical parameters for the montly mean values. Lowest rank corre-

sponds to best performance
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Title Page

Abstract | Introduction

Conclusionsl References

Model scenario 1 2 3 4 5 6 7 8
Corr 41 50 52 21 24 21 25 20
FB 19 37 27 42 31 32 40 42
NMSE 44 43 31 35 27 28 36 37
Overall 104 130 110 98 82 81 101 99
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Table 6. Correlation coefficients (Corr), fractional bias (FB) and normalised mean square error
(NMSE) for calculated and measured daily mean concentrations for all model scenarios for

February 1998. Values which are ascribed a rank equal to one are boldface
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Title Page

Abstract | Introduction

Conclusions| References

No. of stations 12 24 9 24 34 57 40 49
No. of observations 330 668 247 669 935 1567 1114 1366
Corr

NH; SNH NO; SNO; NO, O, SO, SO; Rank
Model scenario
1 0.51 0.58 0.59 0.68 0.62 0.49 0.62 0.48 40
2 0.50 0.51 0.54 0.62 0.60 0.53 0.60 0.46 52
3 0.49 0.51 0.54 0.60 0.61 0.55 0.60 0.47 51
4 0.61 0.64 0.62 0.69 0.66 0.45 0.65 0.43 30
5 0.56 0.56 0.65 0.66 0.64 0.51 0.70 0.51 28
2 0.54 0.57 0.63 0.65 0.65 0.53 0.70 0.53 26
7 0.55 0.56 0.64 0.67 0.65 0.51 0.72 0.51 24
8 0.54 0.58 0.64 0.65 0.65 0.53 0.71 0.54 20
FB

NH; SNH NO; SNO; NO, O, SO, SO; Rank
Model scenario
1 0.007 -0.380 -0.484 -0.398 -0.457 -0.342 0.998 -0.041 36
2 0.230 -0.205 -0.236 -0.192 -0.334 -0.360 1.108 0.158 37
3 0.169 -0.222 -0.148 -0.134 -0.332 -0.349 1.136 0.017 28
4 -0.165 -0.499 -0.533 -0.504 -0.685 -0.260 -0.012 -0.095 42
5 -0.050 -0.363 -0.173 -0.241 -0.504 -0.300 0.356 -0.491 31
6 -0.108 -0.381 -0.125 -0.207 -0.495 -0.294 0.394 -0.627 32
7 -0.113 -0.406 -0.246 -0.314 -0.554 -0.285 0.255 -0.533 40
8 -0.182 -0.434 -0.210 -0.286 -0.541 -0.280 0.288 -0.670 42
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Title Page

Abstract | Introduction

No. of stations 12 24 9 24 34 57 40 49
No. of observations 330 668 247 669 935 1567 1114 1366
NMSE

NH; SNH NO, SNO; NO, O, SO, SO; Rank
Model scenario
1 067 018 120 1.80 140 023 340 1.10 37
2 084 170 086 140 110 0.24 530 1.50 37
3 086 170 077 130 110 024 580 1.30 33
4 058 200 130 200 200 0147 1.20 1.70 45
5 061 180 066 140 140 019 110 1.30 22
6 067 180 064 130 140 0.19 120 1.50 25
7 065 190 073 150 150 0.18 094 1.30 29
8 072 200 070 150 150 0.18 1.00 1.60 38
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Table 7. Overall ranking of the eight model scenarios for February 1998, by adding the ranks
obtained for the three statistical parameters for the daily mean values. Lowest rank corresponds

to best performance

Model scenario 1 2 3 4 5 6 7 8
Corr 40 52 51 30 28 26 24 20
FB 36 37 28 42 31 32 40 42
NMSE 37 37 33 45 22 25 29 38
Overall 113 126 112 117 81 83 93 100
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Table 8. Correlation coefficients (Corr), fractional bias (FB) and normalised mean square error
(NMSE) for calculated and measured monthly mean concentrations for all model scenarios for
August 1998. Values which are ascribed a rank equal to one are boldface
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Title Page

Abstract | Introduction

Conclusions| References

No. of stations 9 24 9 24 37 53 36 45
Corr

NH; SNH NO; SNO, NO, O SO, SO? Rank
Model scenario
1 0.86 0.70 0.77 0.84 0.63 0.42 0.63 0.81 26
2 0.81 0.69 0.82 0.82 0.62 0.39 0.62 0.78 36
3 0.78 0.68 0.84 0.82 0.63 0.42 0.66 0.78 35
4 0.84 0.66 0.74 0.82 0.71 0.39 0.81 0.84 28
5 0.83 0.64 0.80 0.80 0.70 0.33 0.81 0.80 41
2 0.81 0.65 0.84 0.79 0.71 0.37 0.85 0.80 32
7 0.86 0.67 0.84 0.79 0.69 0.35 0.79 0.79 36
8 0.85 0.68 0.86 0.79 0.69 0.38 0.84 0.80 27
FB

NH; SNH NO; SNO; NO, O SO, SO2 Rank
Model scenario
1 0.359 -0.076 0.635 0.880 -0.438 0.131 1.450 0.799 46
2 0.429 -0.069 0.689 0.840 -0.341 0.101 1.489 0.879 45
3 0.381 -0.102 0.679 0.826 -0.346 0.103 1.500 0.785 45
4 -0.126 -0.304 0.531 0.716 -0.673 0.121 0.776 0.172 36
5 -0.053 -0.272 0.596 0.688 -0.572 0.083 0.835 0.281 28
6 -0.115 -0.304 0586 0.676 -0.577 0.085 0.870 0.182 31
7 -0.053 -0.266 0.606 0.684 -0.595 0.082 0.769 0.273 26
8 -0.117 -0.300 -0.598 0.673 -0.589 0.083 0.818 0.176 28
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Table 8. Continued
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No. of stations 9 24 9 24 37 53 36 45 Title Page |
NMSE :
~ oo Abstract | Introduction |
NH; SNH NO; SNO, NO, ©O; SO, SO; Rank
Model scenario Conclusions| References |
1 020 038 065 140 1.20 0.072 8.10 1.60 43 Tabies | Figures |
2 033 041 069 140 098 0.069 11.00 2.10 46
3 029 043 066 130 098 0.065 11.00 1.50 39
4 0.13 0.62 0.54 1.00 1.60 0.072 1.40 0.27 32 1< | il |
5 011 061 057 1.00 1.30 0.070 1.90 043 33
6 0.14 063 053 1.00 1.30 0066 210 027 28 < | > |
7 0.092 058 055 1.00 1.40 0.068 150 042 26 Back | Close |
8 0.12 0.59 0.53 1.00 1.40 0.64 1.70 0.27 21
|
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Table 9. Overall ranking of the eight model scenarios for August 1998, by adding the ranks
obtained for the three statistical parameters for the monthly mean values. Lowest rank corre-

sponds to best performance
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Title Page

Abstract | Introduction

Conclusionsl References

Model scenario 1 2 3 4 5 6 7 8
Corr 26 36 3 28 41 32 36 27
FB 46 45 45 36 28 31 26 28
NMSE 43 46 39 32 33 28 26 21
Overall 115 127 119 96 102 91 88 76
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Table 10. Correlation coefficients (Corr), fractional bias (FB) and normalised mean square
error (NMSE) for calculated and measured daily mean concentrations for all model scenarios
for August 1998. Values with rank equal to one are bold

ACPD
3, 3543-3588, 2003

3-D air pollution

No. of stations 9 24 9 24 37 53 36 45 modelling

No. of observations 276 735 243 736 1126 1621 1096 1379

Corr L. M. Frohn et al.
NH; SNH NO; SNO; NO, O, SO, SO; Rank

Model scenario Title Page |

1 074 063 065 0.67 058 048 048 068 29

2 0.74 061 063 063 058 042 047 068 42 Abstract | Introduction |

3 072 062 066 065 058 043 050 067 39

4 073 061 066 067 066 046 060 071 20 Conolusions | References |

5 073 060 066 063 065 039 060 069 37 res | Figures |
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Table 11. Overall ranking of the eight model scenarios for August 1998, by adding the ranks
obtained for the three statistical parameters for the daily mean values. Lowest rank corresponds

to best performance
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Fig. 1. Six-hour mean concentrations of NO, in ppb at December 24, 1998 calculated with the
REGINA model. A plume of NO, from North America is transported across the Atlantic Ocean
towards the Arctic and Europe due to a low pressure system moving east off the east coast of

Canada.
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Fig. 3. European monitoring stations from which data are used in the validation of the REGINA

model.
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Monthly mean values, NO,
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Standard deviations: calculated = 2.34, measured = 4.27
correlation = 0.70, test (Hypotesis: correlation=0):t = 5.55
bias = -2.169, FB =-0.540, FSD = -1.076, NMSE = .97E+00

Fig. 4. Comparison of measured and calculated monthly mean concentrations of NO, for
February 1998 for model scenario eight. The model tends to underestimate the concentra-
tions. The statistical parameters shown are mean values, standard deviations, correlation, test
statistic for the student t-test, bias, fractional bias, fractional standard deviation and normalised
mean square error.
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bias = -7.005, FB =-0.279, FSD =-0.910, NMSE = .13E+00

Fig. 5. Comparison of measured and calculated monthly mean concentrations of O5 for
February 1998 for model scenario eight. The model tends to underestimate the concentrations,
especially for the high values. The statistical parameters shown are mean values, standard de-
viations, correlation, test statistic for the student t-test, bias, fractional bias, fractional standard
deviation and normalised mean square error.
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correlation =

0.71, test (Hypotesis: correlation=0): t = 33.84

bias = 0.430, FB = 0.288, FSD = 0.224, NMSE = .10E+01

Fig. 6. Comparison of measured and calculated daily mean concentrations of SO, for Febru-
ary 1998 for model scenario eight. The calculated concentrations are in good agreement with
the measurements. The statistical parameters shown are mean values, standard deviations,
correlation, test statistic for the student t-test, bias, fractional bias, fractional standard deviation

and normalised mean square error.
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Daily mean values, SO,
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correlation =  0.54, test (Hypotesis: correlation=0): t = 23.40
bias = -0.355, FB =-0.670, FSD =-0.858, NMSE = .16E+01

Fig. 7. Comparison of measured and calculated daily mean concentrations of SOi_ for Febru-
ary 1998 for model scenario eight. The concentrations are underestimated by the model. The
statistical parameters shown are mean values, standard deviations, correlation, test statistic
for the student t-test, bias, fractional bias, fractional standard deviation and normalised mean
square error.
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Fig. 8. Timeseries for the German station Langenbriigge for February 1998. Panels show

from the top: atmospheric concentrations of NO,, O3, SO,, SOi‘ and SOi‘ in precipitation.
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Fig. 9. Timeseries for the Finnish station Oulanka for February 1998. Panels show from the
top: atmospheric concentrations of NO,, O3, SO,, SO;” and SO~ in precipitation.
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Fig. 10. Comparison of measured and calculated monthly mean concentrations of SO, for
August 1998 for model scenario eight. The concentrations are overestimated by the model
with a factor of two. The statistical parameters shown are mean values, standard deviations,
correlation, test statistic for the student t-test, bias, fractional bias, fractional standard deviation
and normalised mean square error.
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Fig. 11. Comparison of measured and calculated monthly mean concentrations of SOi_ for
August 1998 for model scenario eight. The calculated concentrations are in good agreement
with measured values for low concentrations and overestimated for the high concentrations.
The statistical parameters shown are mean values, standard deviations, correlation, test statis-
tic for the student t-test, bias, fractional bias, fractional standard deviation and normalised mean
square error.
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Fig. 12. Comparison of measured and calculated daily mean concentrations of NO, for August
1998 for model scenario eight. The concentrations are underestimated by the model. The
statistical parameters shown are mean values, standard deviations, correlation, test statistic
for the student t-test, bias, fractional bias, fractional standard deviation and normalised mean
square error.
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Fig. 13. Comparison of measured and calculated daily mean concentrations of Og4 for Au-
gust 1998 for model scenario eight. The concentrations are overestimated for some stations
and underestimated by the model for others. The statistical parameters shown are mean val-
ues, standard deviations, correlation, test statistic for the student t-test, bias, fractional bias,
fractional standard deviation and normalised mean square error.
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Station: Langenbrugge, GERMANY ,DE 2,42
Latitude: 52.80°, Longitude: 10.75°, Altitude: 74 m
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Fig. 14. Timeseries for the German station Langenbrigge for August 1998. Panels show from
the top: atmospheric concentrations of NO,, O, SO, SOi‘ and SOi‘ in precipitation.
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Station: Oulanka, FINLAND
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Fig. 15. Timeseries for the Finnish station Oulanka for August 1998. Panels show from the
top: atmospheric concentrations of NO,, O3, SO,, SO;” and SO~ in precipitation.

3588

UL L
25 27 29 31

Mean values:
Meas.= 0.17
Calc.= 0.14
FB.=-0.16
Corr.- 0.85
RMSE=0.10

Mean values:
Meas.= 25.68
Cale.=27.54
FB.= 0.07
Corr.=0.42
RMSE=4.27

Mean values:
Meas.= 0.12
Calc= 0.32
FB.= 0.93
Corr.=0.34
RMSE=0.31

Mean values:
Meas.= 0.27
Calc.= 0.38
FB.= 0.33
Corr.=0.55
RMSE=0.23

Mean values:
Meas.= 0.57
Calc.= 0.96
FB.= 0.51
Corr.=0.89

! RMSE= 1.49
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