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Abstract

Part 1: Modeling possible effects of climate changes and emission
reductions on the PCB-153 concentrations in 2050

Climatic changes in the next decennia are expected to have only a limited effect
on the concentrations of PCB-153 in the environment, at least at an average
European level. The expected lowering of PCB-153 emissions until 2050,
however, will lead to concentrations that are at least 20% lower than currently
in the soil, and 90-95% lower in air and sea water. This means that the
expected reduction in emissions of substances like PCB-153 will thus probably
not be undone by opposite effects of climate change.

Climate change may have effects on the distribution and concentration of
chemical substances in the environment. A modeling study was performed, in
which on a European level the expected effects of some possible climatic
changes until 2050 on the environmental concentrations of PCB-153 were
estimated. In the study, the LOTOS-EUROS model with POP module was applied.
As a comparison, the expected effects of climate changes were set against the
expected effects of the reduction in emissions until 2050.

Of all environmental compartments, the concentration changes due to climate
change are most pronounced in the soil: if modeled with a future climate
scenario, the average PCB-153 concentration in soil is predicted to lower with
7% compared to the modeling results based on the actual climatic conditions. In
the air and bulk seawater compartments, the concentrations alter on average
only 1-2%. The spatial distribution of PCB-153 will not change significantly,
neither due to climate change, nor to emission changes.

Part 2: Test and validation runs with LOTOS-EUROS-POP

Part 2 of this report contains test and validation reports of the POP-module of
LOTOS-EUROS-POP v.1.5.025. The predicted concentrations of PCB-153 by the
LOTOS-EUROS model were 1) compared to measured concentrations in air, soil
and sea water over the period 1990-2008 (predominantly obtained from EMEP),
and 2) compared to predicted concentrations of PCB-153 for the UK, obtained by
the MSCE-POP model and a model developed by Sweetman and Jones (1999).

Keywords:
PCB-153, Lotos-Euros, Climate change, Emission, POP
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Rapport in het kort

Deel 1: Modelleren van de mogelijke effecten van klimaatveranderingen
en emissiereducties op de PCB-153 concentraties in 2050

Veranderingen in het klimaat zullen komende decennia naar verwachting een
gering effect hebben op de verspreiding van PCB-153 in het milieu, in ieder
geval op gemiddeld Europees niveau. De voorspelde afname van de emissies
van deze stof tot 2050 leidt echter tot concentraties die naar verwachting 20%
lager liggen dan nu in de bodem, en tot 90-95% in lucht en zeewater. De
beleidsmaatregelen die genomen zijn en worden om emissies van stoffen als
PCB-153 te reduceren, zullen de komende decennia dus waarschijnlijk niet teniet
worden gedaan door tegengestelde effecten van klimaatverandering.

Klimaatverandering kan effect hebben op de verspreiding en concentratie van
chemische stoffen in het milieu. In dit briefrapport wordt een modelstudie
gepresenteerd, waarin op Europees niveau de verwachte effecten van
klimaatverandering op de milieuconcentraties van PCB-153 tot 2050 zijn
geschat. In de studie is gebruik gemaakt van het LOTOS-EUROS model. Ter
vergelijk zijn de verwachte effecten van klimaatverandering afgezet tegen de
verwachte effecten van de reductie in emissies tot 2050.

Van alle milieucompartimenten zijn concentratieveranderingen als gevolg van
klimaatveranderingen het meest uitgesproken in de bodem: onder het
toekomstige klimaatscenario neemt de gemiddelde PCB-153 concentratie in
bodem met 7% af ten opzichte van de huidige klimaatomstandigheden. In de
lucht en het zeewater veranderen de concentraties gemiddeld slechts 1-2%. De
ruimtelijke verdeling van de PCB-concentraties zal noch door
klimaatverandering, noch door veranderende emissies significant veranderen.

Deel 2: Test- and validatieberekeningen met LOTOS-EUROS-POP

Deel 2 van dit rapport bevat test- en validatierapporten van de POP-module van
LOTOS-EUROS-POP v.1.5.025. De door het LOTOS-EUROS model voorspelde
concentraties van PCB-153 zijn 1) vergeleken met gemeten concentraties in
lucht, water en bodem over de periode 1990-2008 (voornamelijk afkomstig van
EMEP), en 2) vergeleken met voorspelde concentraties van PCB-153 voor het
Verenigd Koninkrijk, verkregen met het MSCE-POP model en een model dat
ontwikkeld is door Sweetman en Jones (1999).

Trefwoorden:
PCB-153, Lotos-Euros, POP, Klimaatverandering, Emissies
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Summary

Part 1: Modeling possible effects of climate changes and emission
reductions on the PCB-153 concentrations in 2050

Global warming and climate change are nowadays growing environmental
concerns. Climate change is expected to warm up much of the Earth’s surface
and atmosphere. Climate change also has the potential of affecting the behavior
and distribution of chemical pollutants (Lamon et al., 2009a; Dalla Valle et al.,
2007), since e.g. nearly all processes involved in the chemical composition of
the atmosphere depend on temperature, humidity and cloud cover (Hedegaard
et al., 2008).

A modeling study was performed, in which on a European level the expected
effects of climatic changes until 2050 on the environmental concentrations of
POPs were determined. As a comparison, these effects were set against the
expected effects of the reduction in emissions until 2050. To this end, the
LOTOS-EUROS model was applied, using PCB-153 as an example compound.
Meteorological input data were obtained from the Netherlands meteorological
institute (ECMWF; www.ecmwf.int) and emission inventories of Breivik et al.
(2007) were used. Predictions of absolute concentration levels were derived for
the air, sea water and soil compartments under the different climate scenarios
and emission scenarios. Also the spatial differences in concentration patterns
were examined and the relative influence of climate change versus emission
change was compared.

From the study appears clearly that the climatic changes in the next decennia
are expected to have only a limited effect on the concentration of PCB-153 in
the environment, at least at an average European level. Of all environmental
compartments, the concentration changes due to climate change are most
pronounced in the soil: if modeled with a future climate scenario, the average
PCB-153 concentration in soil is predicted to lower with 7% compared to the
modeling results based on the actual climatic conditions. In the air and seawater
compartments, the concentrations alter on average only 1-2%. The expected
lowering of PCB-153 emissions until 2050, however, will lead to concentrations
in the soil that are at least 20% lower than currently, and 90-95% lower in air
and sea water. The spatial distribution of PCB-153 will not change significantly,
neither due to climate change, nor to emission changes.

It must be noted, however, that in this study a fictive future climate scenario
was applied, in which a relatively small raise of the average temperature and
precipitation was assumed with respect to some other climate scenarios that
have been developed for the period until 2050. However, also from other
existing studies appears that the effects of climate change, at least at
continental and global scale levels, will not lead to drastic changes in the
distribution of POPs.

Since, in this study, climate effects were weighed against the effects of changing
emissions, it appears clearly that on a European level, the reduction in emissions
is expected to have a relatively large effect on the concentration levels of PCB-
153 compared to the climatic changes. And thus it can be concluded that the
measures that have been taken to reduce these emissions will probably not be
undone by opposite effects of climate change in one or more of the
environmental compartments. The latter seem to have even a slight positive
effect on the PCB-concentrations, since degradation of PCB-153 will proceed
faster at higher temperatures.
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Part 2: Test and validation runs with LOTOS-EUROS-POP

Part 2 of this report contains test and validation reports of the POP-module of
LOTOS-EUROS-POP v.1.5.025. The predicted concentrations of PCB-153 by the
LOTOS-EUROS model were 1) compared to measured concentrations in air, soil
and sea water over the period 1990-2008 (predominantly obtained from EMEP),
and 2) compared to predicted concentrations of PCB-153 for the UK, obtained by
the MSCE-POP model and a model developed by Sweetman and Jones (1999).
The validation runs are described in Part 2A.

In Part 2B, test runs with the LOTOS-EUROS model were performed, with
different boundary conditions applied, and different time series of the
meteorological conditions modeled. Based on the test runs, the most appropriate
runs for simulating climate change scenarios were selected.
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Part 1: Introduction

Global warming and climate change are nowadays growing environmental
concerns. Climate change is expected to warm up much of the Earth’s surface
and atmosphere. Global average surface temperature has increased over the
20" century by about 0.6°C, and is expected to rise even faster in the 215t
century, causing sea level rise and resulting in more extreme weather conditions
(e.g. intense precipitation or severe drought; Lamon et al., 2009a; Dalla Valle et
al., 2007). Climate change may have a wide range of consequences on both the
natural environment and human activities. It also has the potential of affecting
the behavior and distribution of pollutants (Lamon et al., 2009a; Dalla Valle et
al., 2007), since e.g. nearly all processes involved in the chemical composition
of the atmosphere depend on temperature, humidity and cloud cover
(Hedegaard et al., 2008). Direct effects of climate change, like temperature
increase, modification of wind and precipitation patterns, sea level rise, snow
and ice cover, may be very effective in altering the partitioning of chemical
substances among the environmental compartments (Dalla Valle et al., 2007;
Lamon et al., 2009b).

A specific group of chemical contaminants are the Persistent Organic Pollutants
(POPs). Pollution caused by POPs is one of the large global environmental
problems, due to the long environmental persistence of these substances (with
half-lives up to several decades), their ability to be transported over long
distances and their often bio-accumulative character (MacLeod et al, 2005;
Hollander et al., 2007). These specific physical-chemical characteristics make
these substances potentially vulnerable to changes in the climate.

A few model studies exist on the potential effects of climate change on POP
distributions in the environment. Dalle Valle (2007), for example, calculated
environmental concentrations of PCB and PCDD/F congeners under three
different climate scenarios. However, although these models do take into
account changing temperatures etc, they are not based on realistic
meteorological scenarios, in which temperature, precipitation and air flow
schemes are continuously interacting with each other. In reality these factors
cannot be regarded as independent parameters. Lamon et al. (2009a)
performed a more realistic modeling study on the climate change effects on
PCB-28 and PCB-153, using meteorological input data from the ECHAM5/MPI-OM
model that were based on the IPCC 4™ assessment report forecasts. They used
the BETR-Global model for their calculations. This model has a spatial resolution
of 15¢ latitude x 15° longitude, and a monthly time resolution.

Lamon et al. (2009b) reviewed the implications of climate change on the
monitoring, modeling and regulation of POPs, as well as the state of the art in
science and policy on these topics. They describe the gaps in the current
knowledge and give recommendations for future modeling studies on POPs in
relation to climate change. It was firstly recommended to apply higher spatial
and temporal resolutions in the modeling exercises than was done up to now
(using detailed Global Circulation Models; GCMs), secondly to do long-term
simulations (including modeling historical contamination trends based on e.g.
soil and sediment core samples) and thirdly to take into account estimations of
future emission developments. This pilot study aims to partly fill in these gaps.
Therefore, the first goal of this study was to indicate the effects of climate
change on the distribution of POPs in Europe between 2000 and 2050 by
performing model calculations with a detailed European scale model, using input
scenarios based on realistic emissions and meteorological circumstances on a
detailed spatial level (25x25 km). The second goal was to determine the effects
of the expected realistic future changes in POP-emissions, and to compare some
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possible expected climate change effects with the expected effects of changing
emissions, in order to obtain an indication of the relative importance of those
two factors. To this end, the LOTOS-EUROS model was applied, using PCB-153
as an example compound. Meteorological input data were obtained from the
Netherlands meteorological institute (ECMWF; www.ecmwf.int), and emission
inventories of Breivik et al. (2007) were used. Predictions of absolute
concentration levels were derived for the air, sea water and soil compartments
under the different climate scenarios and emission scenarios. Also the spatial
differences in concentration patterns were examined and the relative influence
of climate change versus emission change was compared.
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Methods

A modeling study was performed to evaluate the distribution of PCB-153 in the
environment at different climate changing parameters and emissions, using the
atmospheric transport model LOTOS-EUROS. LOTOS-EUROS is a combination of
the models LOTOS and EUROS, developed by TNO and RIVM to calculate the
dispersion and chemical transformation of air pollutants in the lower troposphere
of Europe (Schaap et al., 2008). The model was extended with an additional
module, comprising soil and water compartments, to simulate also the
environmental fate of persistent organic pollutants (POPs; Jacobs and Van Pul,
1996). The model domain of LOTOS-EUROS is 35°N-70°N and 10°W-40°E (see
Figure 1), and the resolution about 25x25 km (0.5° lon x 0.25° lat). PCB-153
was chosen as the modeling substance, primarily due to its physical-chemical
characteristics: It has a relatively long environmental half-life and a ‘multimedia
character’ (the tendency to distribute among air, water and soil after emission).
Besides, PCB-153 was chosen for the availability of emission and validation data
for this substance, and since it is labeled as a POP substance in both the UNEP
Stockholm Convention and the UN-ECE POP Convention. The physical-chemical
properties of PCB-153 used in this study are given in Table 1.
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Figure 1: The LOTOS-EUROS model domain.

LOTOS-EUROS was run for the period 2000-2050, preceded by an initial running
period for 1980-2000 to achieve realistic base line concentrations in the different
environmental compartments at the start of the runs. Four runs were performed
to study the absolute and relative effects of 1) changing climate conditions and
2) changing emissions on the environmental fate of PCB-153. This means that
two sets of different climate input parameters were combined with two different
emission input scenarios. In two of four runs (scenario 1 and 3), the actual
meteorological/climate situation was simulated by looping the reported
meteorological situation of the years 2000-2006 (ECMWF; www.ecmwf.int). In
the other two runs (scenario 2 and 4), as a surrogate of a meteorological
scenario under possible future climate change conditions, the extremely warm
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year 2003 was repeatedly applied. In both scenarios, the meteorological input
data contained information on temperature, precipitation, wind field with a time
resolution of three hourly intervals.

For the emissions, also two different scenarios were defined. All four runs use
the emission inventory of Breivik et al. (2007) for the period 2000-2010 and the
preceding initiation period (1980-1999). In two of four runs (scenario 1 and 2),
it was subsequently assumed that from 2010 to 2050, the emissions would
remain constant at the 2010 level. In the other two runs (scenario 3 and 4),
future emissions as predicted by Breivik et al. (2007) were applied. They also
developed indicative emission projections based on activity scenarios, in which
the expected effects of the policy under the POP-Conventions were taken into
account. The emissions in the two scenarios were put in the model as yearly
averages. The four runs, with their combination of input scenarios, are given in
Figure 2. As an indication, the average European emission levels for the period
2000-2050 in the two input scenarios are given in Figure 3.
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Figure 2. Overview of the four combinations of climate input scenarios and
emission scenarios run with LOTOS-EUROS.

The model outputs that were analyzed for this purpose, were the average
concentrations of PCB-153 in air, sea water (upper layer) and soil in the
modeling domain over the period 2000-2050, in order to study the overall time
trends and their differences between the four scenarios. Also, the spatial
distribution of the substance in air and soil was studied at different moments in
time during the simulation period.
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Figure 3. Total emissions of PCB-153 to air in the different emission scenarios.
The black line represents the emission scenario of Breivik et al. (2007). The
dotted line represents the scenario in which emissions remain constant between

2010 and 2050 on the 2010 level.

Table 1. The physical-chemical properties of PCB-153 used in this study.

Parameter Value Unit Reference
Molecular weight 361 g.mol™ Mackay et al.,
1992
Vapor pressure at 25°C 8.8*10° | Pa Li et al., 2003
Water solubility at 25°C 6.5%10° | mq.l? Li et al., 2003
Kow 1.4*107 | - Li et al., 2003
Gas-water part. coefficient at 25°C 2.1*¥1073 | - Li et al., 2003
Solid-water part. coefficient at 25°C | 2.9*10° - Li et al., 2003
Enthalpy of vaporization 8.8*10' | kJ.mol? | Lietal., 2003
Enthalpy of dissolution 2.5%10! J.mol? | Lietal., 2003
Gas phase degradation rate 3.5%10% | s Mackay et al.,
constant at 25°C 1992
Dissolved phase degradation rate 3.5%¥10° | st Mackay et al.,
constant at 25°C 1992
Bulk degradation rate soil at 25°C 3.5%10° | st Mackay et al.,
1992
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Results

Average concentrations in air, soil and sea water over time

The predicted concentrations of PCB-153 in air from the year 2000 until the year
2050, averaged over the total model domain, are given in Figure 4. The
concentration time series are given for the four different climate-emission input
scenarios (numbered as indicated in Figure 1). In general, concentrations are
highest at the start of the simulation period; they drop quickly between 2000
and 2010, and show a smoother decline from 2010 until 2050. Up to the year
2010, all scenarios show similar concentration values, whereas between 2010
and 2050, the predicted concentrations for scenario 1 and 2, in which the
emissions remain at the level of 2010 until 2050, are significantly higher than
those of scenario 3 and 4 in which a decline in emissions was assumed as input.
The differences between the two climate scenarios are less pronounced
(differences between scenario 1 and 2 and between scenario 3 and 4), although
fluctuations between the years are larger in the 2000-2006 meteorological input
compared to the 2003 input. The minimum to maximum air concentrations
range from a factor of 7 below the average values up to a factor of 5 over the
average values at the beginning of the modeling period, whereas at the end of
the modeling period minimum and maximum concentrations are respectively
about a factor of 2 and 3 lower and higher than the average. The air
concentrations show a close correlation with the emission levels.
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Figure 4. Average air concentrations (ug.m) in Europe in the four different
scenarios over time (period 2000-2050).

The predicted average soil concentrations in Europe between 2000 and 2050 in
the four different scenarios are given in Figure 5. The soil concentrations show a
different pattern in time than the air concentrations: they slightly increase up to
3000 pug.m3 in the first years of the simulation period until they reach
equilibrium with the air concentrations, after which they slowly drop until the
year 2050. The impact of emission change is also in soil higher than the impact
of climate change, i.e. scenario 1 and 2 are more similar than scenario 3 and 4.
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However, compared to the air compartment, the effects of changed climate
parameters are a bit more pronounced in the soil compartment. I.e. assuming
identical emissions, the scenarios in which a possible future climate was
simulated show 7% lower predicted soil concentrations than the scenarios with
the current climatological circumstances. The absolute lowering of average soil
concentrations is caused by the fact that degradation of PCB-153 will proceed
faster at higher temperatures.
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Figure 5. Average soil concentrations (ug.m™) in Europe in the four different
scenarios over time (period 2000-2050).

In the upper layer of the sea water compartment, the concentration patterns are
comparable to the air concentration patterns (and thus to the emission
patterns), i.e. the concentrations in the upper part of the sea water react
quicker to emission changes than the concentrations in soil (Figure 6). This is
because volatilization from water as a reaction to declining emissions and air
concentrations proceeds quicker in water than in soil, i.e. a new equilibrium with
air is reached faster.

The concentration levels decline from about 0.015 ug.m™ in 2000 to 0.005
pg.m=in 2010 in all four scenarios. In scenarios 1 and 2, the sea water levels
remain more or less constant after 2010 until 2050, whereas in scenario 3 and 4
they decline to a level of less than 0.001 pg.m™ between 2010 and 2050. This
means that as in the air compartment, in the sea water compartment the
influence of the expected decline in emissions is of much more influence than
the influence of a changed climate scenario. Minimum and maximum sea water
concentrations are predicted to be about a factor of two lower resp. higher than
the average concentrations throughout Europe (i.e. the total variation is a factor
of 4).
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Figure 6. Average sea water concentrations (1g.m™) in Europe in the four
different scenarios over time (period 2000-2050).

Spatial distribution of PCB-153 concentrations

In Figure 7, the European distribution of PCB-153 in the air in the year 2030 is
shown for the four different scenarios. Figure 7a, 7b, 7c and 7d respectively
represent scenarios 1, 2, 3 and 4. Figure 8 shows the PCB-concentrations that
are predicted for the soil compartment. On the maps of both environmental
compartments, it can be seen that there are differences in the absolute
concentration values of PCB-153, but that the spatial patterns of the
concentrations are comparable, both in the different climate scenarios and in the
emission scenarios. The highest concentration levels are found in North-West
and Central Europe.
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Figure 7. Predicted air concentrations of PCB-153 in Europe at mid 2030. 7a:
scenario 1, 7b: scenario 2, 7c: scenario 3, 7d: scenario 4.
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Figure 8. Predicted soil concentrations of PCB-153 in Europa at mid 2030. 8a:
scenario 1, 8b: scenario 2, 8c: scenario 3, 8d: scenario 4.
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Discussion and conclusions

From the pilot study we performed here, it seems to appear that the expected
effects of a changing climate on the distribution of PCB-153 in the environment
during the next decennia will be much smaller than the expected effects of
emission reductions, at least on an average European level. It must be noted,
however, that in this study a fictive future climate scenario was applied, in which
a relatively small raise of the average temperature and precipitation was
assumed with respect to some other climate scenarios that have been developed
for the period until 2050. In reality, more or less severe temperature and
precipitation changes may occur, or other climatological circumstances may
alter. It might therefore be valuable to perform a follow up study, similar to
what was done here, but with more realistic future climate scenarios that are
being developed by, i.e. the KNMI within the framework of the *Kennis voor
Klimaat’ project.

Besides, climate change has effects on several environmental processes (Lamon
et al., 2009b). Some were taken into account in the LE model, some were not.
We looked at changes in wind speeds-POPs’ atmospheric distributions,
temperature-POPs’ degradation rates, precipitation-POPs’ wet deposition fluxes
and volatilization. We neglected the effects of changing oceanic currents-POPs’
marine spatial distribution, ice cover-POPs’ release from ice, organic carbon
content and vegetation mass-POPs’ absorption.

If we assume that the climate parameter changes used here are realistic, which
we consider at least partly true, the following can be concluded: By the year
2050, the expected lowering of emissions may have led to 90% lower air
concentrations and 20% lower soil concentrations compared to the situation in
which the emissions will remain constant at the current level. The expected
changes in concentrations in a future climate scenario on the other hand are
much less pronounced, particularly in air and seawater: not more than 1-2% in
these compartments. In the soil, the effects of a changing climate are expected
to be larger: an average concentration drop of 7% is predicted for the year
2050. Further, from the current study, no clear shifts in the spatial distribution
of PCB-153 were discovered; there are no big changes in emission patterns,
neither do changing climate settings alter the spatial distribution of this
substance.

Also from other existing studies appears that the effects of climate change, at
least at continental and global scale levels, will not lead to drastic changes in the
distribution of POPs’: Lamon et al. (2009a) for example, report concentration
differences of a factor of 2 to 3 between current and future climate scenarios for
PCB-153 and PCB-28 on a global level. Though, it might be possible that on local
scale levels, more pronounced effects do appear, due to large local changes in
environmental conditions, which are not accounted for on the European scale
level applied in the current study (e.g due to local vegetation or land use
changes). Besides, other POP compounds than PCBs might show different
results.

Since, in this study, climate effects were weighed against the effects of changing
emissions, it appears clearly that on a European level, the reduction in emissions
is expected to have a relatively large effect on the concentration levels of PCB-
153 compared to the climatic changes. And thus it can be concluded that the
measures that have been taken to reduce these emissions will probably not be
surpassed by opposite effects of climate change in one or more of the
environmental compartments. The latter seem to have even a slight positive
effect on the PCB-concentrations, since degradation of PCB-153 will proceed
faster at higher temperatures.
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Part 2. A: Validation report LOTOS-EUROS - POP module

We performed a validation study to test the latest implementation of the POP
module in the LOTOS-EUROS model (versionl1.5/patch025) for the substance
PCB-153. We chose this substance, since an emission inventory for a sufficient
period was available, as well as a humber of measured concentration data in air,
as well as soil and water. Moreover, for PCB-153, modeling studies (for the UK
and the Northern Hemisphere) had been applied in the past using different
models, of which the outcomes could be compared to the LOTOS-EUROS
predictions as a second type of validation.

The LOTOS-EUROS run on which the validation was performed, was done for the
period 1981-2000. As input, the emission inventory of Breivik et al. (2002;
2007) was used. The runs that were primarily selected for validation were runs
013, 014 and 016 (see Chapter 7 and Annex E, test runs with LE-POP), which
reflect the most realistic meteorological scenario that could be performed with
the available meteorological data (data from ECMWF; www.ecmwf.int). In run
013, zero boundary conditions were assumed, whereas in run 014 boundary
conditions were assumed that were derived from the multimedia box model
SimpleBox. Run 016 differs from runs 013 and 014 by the emission dataset that
was used: For run 013 and 014, the dataset of Breivik et al. (2002) was applied,
whereas for run 016 the updated emission dataset of Breivik et al. (2007) was
used.

Air compartment

Comparison of LOTOS-EUROS predictions with EMEP measurement data

Parties to the Convention on Long-Range Transboundary Air Pollution (LRTAP)
perform monitoring at regional monitoring sites across Europe. The data are
subject to national quality assessments and are then submitted to the EMEP
Chemical Coordinating Centre at NILU. The submitted data are further assessed
by the EMEP-CCC in collaboration with the data originators and are reported on
an annual basis on their website:
http://tarantula.nilu.no/projects/ccc/emepdata.html.

For air concentrations of PCB-153 in the period 1981-2000, the measurement
data given in Table 1 of Annex A were available at EMEP (annual averages). The
codes refer to measurement stations, of which the locations are indicated on the
website of EMEP.

From the LE runs 013, 014 and 016, the annually averaged predicted air
concentrations at these measurement locations were derived. The predicted
concentrations of LE run 013 are given in Table 2a, those of LE run 014 are
given in Table 2b and of run 016 in Table 2c of Annex A.

Both the modeled data (of run 013, 014 and 016), and the measured data were
plotted in Figure 9a to Figure 9e¢, for each of the locations of the measurement
stations separately. The ratios between the modeled and measured data in both
runs are given in Table 2a, and the data were plotted against each other in
scatter plots in Figure 10a (run 013), Figure 10b (run 014) and Figure 10c (run
016).
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Figure 9a. Predicted air concentrations by LE run 013 (blue line), LE run 014
(green dashed line) and LE run 016 (purple dotted line) in the period 1981-2000
at location of EMEP measurement station CZ0003R, and measured air
concentrations reported by EMEP (red dots) at the same location. Also modeled
concentrations at this location by the MSCE-POP model are shown (orange line).
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Figure 9b. Predicted air concentrations by LE run 013 (blue line), LE run 014
(green dashed line) and LE run 016 (purple dotted line) in the period 1981-2000
at location of EMEP measurement station FIO096G, and measured air
concentrations reported by EMEP (red dots) at the same location. Also modeled
concentrations at this location by the MSCE-POP model are shown (orange line).
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Figure 9c. Predicted air concentrations by LE run 013 (blue line), LE run 014
(green dashed line) and LE run 016 (purple dotted line) in the period 1981-2000
at location of EMEP measurement station ISO091R, and measured air
concentrations reported by EMEP (red dots) at the same location. Also modeled
concentrations at this location by the MSCE-POP model are shown (orange line).
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Figure 9d. Predicted air concentrations by LE run 013 (blue line), LE run 014
(green dashed line) and LE run 016 (purple dotted line) in the period 1981-2000
at location of EMEP measurement station SEOO02R, and measured air
concentrations reported by EMEP (red dots) at the same location. Also modeled
concentrations at this location by the MSCE-POP model are shown (orange line).
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Figure 9e. Predicted air concentrations by LE run 013 (blue line), LE run 014
(green dashed line) and LE run 016 (purple dotted line) in the period 1981-2000
at location of EMEP measurement station SE0012R, and measured air
concentrations reported by EMEP (red dots) at the same location. Also modeled
concentrations at this location by the MSCE-POP model are shown (orange line).

Data point #1 #2 #3 #4 #5 #6 #7 #8 #9| #10[ #11 #12
Run 013 0.59| 0.31] 0.63] 2.64| 1.69| 1.88| 2.26/ 3.36[ 1.18( 7.08f11.79 23.08
Run 014 1.06( 0.55| 5.58f27.85[ 15.98] 14.90| 17.71| 16.23] 5.69| 39.87| 66.68] 126.68
Run 016 1.22| 0.64| 0.76f 3.05( 2.02| 2.11| 2.52| 5.19] 1.83]10.77| 18.13] 33.53
Data point #13| #14| #15| #16| #17( #18| #19| #20| #21| #22| #23 #24| #25| min max| average[median
Run 013 5.71] 1.19| 1.32] 2.28| 2.83| 2.60| 2.29| 2.11| 1.80| 2.89| 2.95 2.86] 1.89] 0.31] 23.08 3.57 2.28
Run 014 30.35( 3.17| 3.71| 6.73 896 7.67| 7.64[ 7.02 5.77| 9.52|10.48| 998 6.64| 0.55| 126.68| 18.26 8.96
Run 016 7.72] 1.90| 2.09] 3.75| 4.44| 4.17] 3.57| 3.03] 2.80] 4.59| 4.45 4.44| 2.58| 0.64[ 33.53 5.25 3.05

Table 2a. The ratios between the air concentrations modeled by LE of run 013,

run 014 and run 016 respectively, and the measured air concentrations.
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Figure 10. Scatter plots of the modeled air concentrations of LE (y-axis) for run
013 (Figure 10a), run 014 (Figure 10b) and run 016 (Figure 10c) against the
measured air concentration data (x-axis) of EMEP.

From the Figures 9 and 10 and the tabulated measured:modeled air
concentration data in Table 2, it is clear that the modeled data of run 013 and
run 016 show a good fit with the measured data, of which run 013 is generally
the best. Except for two locations, the measured data are all within a factor of 6
from the modeled data of both runs, with a median measured: modeled ratio of
2.28 and 3.05 for run 013 and run 016 respectively. At one location, in Iceland
(station IS0091R), the measured data show a large deviation from the modeled
data in the years 1998-1999. Possibly, at that time, specific meteorological
circumstances were present in Iceland that were not simulated in the
meteorological scenarios of the model runs. In the Figures 9-10 and Table 2, it
is also shown that the deviation between measured and modeled air
concentrations for run 014 is much larger than for run 013 and run 016. In
almost all cases, the model overestimates the air concentrations with about a
factor of 10 (average ratio modeled:measured is 18.26, and the median ratio is
8.96). Obviously, the assumed boundary conditions (concentrations on the
edges of the model domain) were estimated too high in run 014. This can be
explained by the fact that these background concentrations were derived from a
scenario in which European emissions were taken into account. Europe is by far
the largest emission source of PCB-153, and largely account for the
concentrations outside Europe. By using the background concentrations derived
following this scenario, and modeling European emissions again in LE, there is a
kind of doubling of European emissions at the boundaries, which is not correct.
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Based on the results of the validation of the modeled air concentrations and the
measurement data, from which is clear that run 013 and run 016 perform very
satisfactorily and much better than run 014, the remaining validation study was
limited to comparison of measured and model data to LE run 013 and run 016.

Comparison of LOTOS-EUROS predictions with MSCE-POP predictions

The Meteorological Synthesizing Centre East (MSC-E) performs model
calculations on POP concentrations for EMEP. For that goal, they use their own
MSCE-POP model. This model was also run for PCB-153 concentrations in the
period 1980-2000, making use of the emission estimates of Breivik (2007). The
predicted air concentrations on the selected EMEP measurement locations by the
MSCE-POP model are plotted with orange lines in Figures 9a to 9e. The ratios
between the modeled concentrations by LOTOS-EUROS runs 013 and 016
respectively and the MSCE-POP run (on an annual average basis) are given in
Table 2b.

For run 013, the ratios between the LOTOS-EUROS model and the MSCE-POP
model are between a factor of 1.0 to 3.7, with an average ratio of 1.96. For run
016, the ratios between the LOTOS-EUROS model and the MSCE-POP model are
between a factor of 1.3 to 3.4, with an average ratio of 1.84. In most cases, the
MSCE-POP concentrations are predicted to be higher than the LOTOS-EUROS
calculations, except for location ISO091R. At this location, the MSCE-POP model
also closely corresponds with the measurement data of EMEP, whereas at almost
all other locations, the LOTOS-EUROS model shows better agreement with the
measurement data (both runs 013 and 016).

ratio MSCE-POP/LE run 013 ratio MSCE-POP/LE run 016

CZ3] FI96| 1S91] SE2(SE12 CZ3|FI96[1S91| SE2|SE12
1981| 1.4] 1.3|] 0.4] 0.8] 1.2 1981| 1.8] 2.5 0.7] 18] 2.2
1982| 1.4 1.4] 0.4f 0.8] 1.1 1982 1.8] 29| 0.6] 1.7 2.0
1983 1.6f 1.7] 0.4 0.9] 1.2 1983| 1.8] 34| 0.7] 19| 2.2
1984| 16| 1.5 0.4] 0.8] 1.2 1984 1.7] 29| 0.7] 1.7] 2.1
1985 1.3 1.3] 0.4 0.8] 1.1 1985 1.8] 2.7] 0.7 2.0] 2.3
1986| 1.4 1.2] 0.4f 0.8] 1.1 1986 1.8] 25| 0.7] 19| 2.1
1987| 14| 14| 0.4] 0.7] 1.0 1987 1.7] 2.6/ 0.6] 1.5 1.8
1988 1.9 1.8/ 0.5{ 1.1] 15 1988 1.6] 2.2] 0.6] 1.5 1.8
1989| 1.5 2.5 0.6 1.6] 2.0 1989 1.7] 2.8] 0.6 1.7] 1.9
1990| 1.1] 2.4| 0.8] 18] 1.9 1990 1.5 2.5 0.7] 16| 1.7
1991f 2.3f 2.7] 0.7f 1.9] 2.1 1991 1.7] 2.6] 05| 14| 1.6
1992| 24| 2.2 0.7] 20| 2.1 1992 1.7] 2.1| 05| 1.7 1.8
1993| 3.1] 2.4| 0.9] 2.2] 23 1993| 1.6] 2.0/ 0.6] 16| 1.7
1994| 3.1 2.6] 0.9 2.0] 2.2 1994 1.7] 2.1] 0.6] 13| 1.4
1995 3.0 2.0] 0.7 2.1] 2.1 1995( 1.5] 1.5 05 1.3] 1.3
1996| 34| 2.8 1.1] 2.2] 2.3 1996 1.6] 2.3] 0.7] 14| 1.5
1997| 3.7 2.7] 1.0 2.8] 2.4 19971 1.6] 2.3] 0.6] 1.8] 1.6
1998| 3.5( 2.7] 0.7{ 2.4] 2.6 1998 1.6] 2.2] 0.4 15| 1.6
1999| 34| 2.7 1.0] 2.8] 2.7 1999 1.6] 2.4 0.7] 1.8 1.8
2000] 3.4] 2.5| 0.8] 2.6] 2.6 2000] 1.7 2.3] 0.6] 1.8f 1.9

Table 2b. The ratios between the modeled air concentrations by LOTOS-EUROS
runs 013 and 016 respectively and the MSCE-POP run (on an annual average
basis).

Validation against modeled data of Sweetman and Jones (1999)

Sweetman and Jones (1999) modeled concentrations of PCB-153 in air, water,

soil and sediment in the UK for the period 1930-2000. The reported values for

the period 1981-2000 in air were compared to those of LE run 013 and run 016
and plotted in Figure 11. In general, the modeled data of Sweetman and Jones
are somewhat lower than those of LE run 013 in the period 1980-1992 (month

1-150), and both models fit well in the latest period (1992-2000). On the
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contrary, LE run 016 predicts lower air concentrations over the period 1980-
1992 than Sweetman, whereas the concentrations in the period 1992-2000 are
somewhat overestimated by this LE run. However, the emission data used by
Sweetman and Jones (1999) were primarily derived from UK production
amounts, and not from the dataset of Breivik et al. (2007) as in the LE-runs,
which may cause some mismatches in the predicted concentrations. It can
further be seen that in the LE modeling study, seasonal variations are not
accounted for, whereas they are in the study of Sweetman and Jones.

In Table 3, the modeled air concentrations of both models are given at a 2.5
year interval, with yearly averaged values, as well as the ratio between the
modeled values. The predicted air concentrations in both models deviate in
almost all cases less than a factor of 2.5, and most even within a factor of 2.
The largest deviation between Sweetman and LE is shown for 1988 in LE run
013: here both model outputs differ a factor of 4. Over all, LE run 016 performs
slightly more consistent with the model of Sweetman than LE run 013.
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g8.00e-05 HEHPHGE A

6.00E-05 +— —— " — — - H1 — 1

4.00E-05

2.00E-05

0.00E+00 T T T T
1 51 101 151 201

Sweetman run013 run016

Figure 11. Modeled air concentrations of PCB-153 with LE run 013 (green line),
LE run 016 (blue line) and the model of Sweetman and Jones (1999, red line) in
the period 1981-2000 (month 1-240).

Year | Sweetman| LE run 013| LErun 016] Ratio 013/SW| % Difference| Ratio 016/SW| % Difference
1981 4.60E-05| 3.93E-05| 1.92E-05 0.85 -14.62% 0.42 -58.19%
1983 3.30E-05) 7.40E-05| 2.11E-05 2.24 124.26% 0.64 -36.07%
1985 2.30E-05| 3.33E-05 1.78E-05 1.45 44.90% 0.77 -22.76%
1988 1.60E-05| 6.61E-05[ 1.81E-05 4.13 312.94% 1.13 13.04%
1990 1.20E-05 2.14E-05 1.66E-05 1.78 78.40% 1.38 38.38%
1993 8.00E-06 1.11E-05 1.53E-05 1.38 38.26% 1.92 91.68%
1995 6.00E-06| 1.13E-05| 1.27E-05 1.89 88.77% 2.12 111.96%
1998 4.00E-06| 6.89E-06| 1.01E-05 1.72 72.17% 2.52 151.53%
2000 2.50E-06] 5.32E-06] 6.58E-06 2.13 112.99% 2.63 163.36%

average 1.95 95.34% 1.50 50.33%

median 1.78 78.40% 1.38 38.38%

Table 3. Modeled air concentrations with the model of Sweetman and Jones
(1999) and LE run 013 and run 016, and the ratio between the modeled values.
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Soil compartment

Measured concentrations of Meijer et al. (2003)

Measured soil concentration data throughout Europe were available from Meijer
et al., 2003. The measured data were all from the year 1998, measured in both
agricultural and rural soils. The 77 measurement locations and the
corresponding measured concentrations pg.g™ are given in Annex B. Also the
modeled concentrations by LE run 013 and LE run 016, averaged over the year
1998 at the same locations are given in this table, as well as the ratio between
modeled and measured soil concentrations. The same data plotted in scatter
plots in Figure 12. In the runs of LE, no distinction was made between
agricultural and rural soils, and so similar concentrations were predicted for both
types of soils.

From Figure 12, it can be concluded that soil concentrations modeled by LE run
013 and run 016 are almost all within one order of magnitude from the
measured soil concentrations. In run 013, the model has the tendency to
overestimate the soil concentrations (a relatively large amount of dots are above
the 1:1-line), whereas in run 016 the number of locations with overestimated
concentrations is close to the number of underestimated concentrations.
Although the deviations between measured and modeled concentrations are
larger in the soil compartment than in the air compartment, the predicted soil
concentrations are considered reliable. This is, because in the soil compartment
conditions and concentrations can differ largely over very short distances. This is
i.e. reflected in the list of measured concentrations: even at locations that are
within the same grid cell, concentrations of PCB-153 were measured differing
more than 1 order of magnitude. Such local variations are not being modeled in
LE, so predicting ‘average’ concentrations that deviate less than the local soil
variations differ among each other implies that the model, with the spatial
resolution it has, performs adequately.

From the soil samples of which PCB-153 concentrations were measured, also the
organic carbon content was known as single indication of the local conditions.
This parameter was fit in the scatter plot of Figure 13, in order to see if a
relationship exists between the soil organic carbon content and the measured
soil concentrations. From Figure 14 it can be seen that there is no clear
relationship (R? = 0.06).
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Figure 12. Scatter plot of the measured soil concentrations of Meijer et al.
(2003) and the modeled soil concentrations by LE run 013 (Figure 4a) and LE
run 016 (Figure 4b) in pg.g™.
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Figure 13: Soil organic carbon content (x-axis) versus measured soil
concentrations of Meijer et al.

Inland water concentrations

Validation against modeled data of Sweetman and Jones (1999)

From the study of Sweetman and Jones (1999), modeled fresh water
concentrations in the UK were available for the period 1930-2000. The modeled
water concentrations for the period 1980-2000 are given by the blue line in
Figure 14 in pg.It.

LE runs 013 and 016 do not make any distinction between fresh water and sea
water concentrations, all water bodies are considered equal. The modeled water
concentrations in the UK (averaged over 20 different UK locations) for the period
19811-2000 by LE run 013 are given by the red line in Figure 16 and in Table 4 in
pg.I"".

In both models, there is a trend of declining concentrations of PCB-153 during
the modeling episode. LE run 013 predicts significantly higher concentrations in
the first part of the modeling period (1980-1993), whereas in the period 1993-
2000, the predicted water concentrations of both models are close to each
other: they don’t deviate more than a factor 1.9. LE run 016 predictions are in
general closer to those of Sweetman, however there is some overestimation
during the total modeling period. The average ratio between the outcomes of
run 013 and those of Sweetman is 2.1, and between the values of run 016 and
Sweetman it is 1.9 over the full modeling period. In LE, some seasonal and
interannual variations were modeled, which were absent in the model of
Sweetman and Jones.

Page 26 of 47



RIVM Letter report 607706001/2011

80

70 A

60 —

50

40

30

10

? XQ \;-/'\/\/\‘

0
1982

T

1987

T

1992

1997

Figure 14. Modeled fresh water concentrations by Sweetman and Jones (1999;
blue line) for the period 1980-2000, and by LE run 013 (green line) and LE run
016 (red line) in the UK. Values are in pg.It.

Sweetman |LE run 013 |ratio LE run 016 |ratio
pg.l-1 pg.l-1 pg.l-1
1980|dec 23| 39.02537 1.7| 1.46E+01 0.6
1983]jun 19| 59.46634 3.1 2.29E+01 1.2
1985|dec 17| 56.16977 3.3] 2.21E+01 1.3
1988|jun 14| 34.38237 2.5 1.63E+01 1.2
1990|dec 11.5| 28.05775 2.4 1.99E+01 1.7
1993]jun 8| 11.80404 1.5 1.57E+01 2.0
1995|dec 6| 6.245007 1.0/ 1.31E+01 2.2
1998]jun 4| 7.781348 1.9] 1.66E+01 4.2
2000]|dec 3| 4.469493 1.5 9.22E+00 3.1
Average 2.1 1.9

Table 4. Modeled fresh water concentrations by Sweetman and Jones (1999) for
the period 1980-2000, and by LE run 013 and run 016 and LE run 016 in the UK.
The ratios between the models are given. Values are in pg.I™.
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Part 2. B: LOTOS-EUROS test report POP module v1.5.025

Introduction

One of the options for the chemical transport code LOTOS-EUROS, is to use it for
the transport of POP (Persistent Organic Pollutant). However, the POP module of
LOTOS-EUROS had not been used since 2007 (e.g. Hollander et al., 2007) and
the source code had not been updated for several years. It was decided to
implement the POP module into one of the newest versions of LOTOS-EUROS:
v1.5/patch025. This test-report describes the changes that had to be made and
several tests that have been performed for the new LOTOS-EUROS version.

Changes
The most important change that had to be made was the implementation of a
new land use database (CORINE land cover database, see Smiatek (1998)).

Test set up

Test runs were performed simulating PCB-153 transport during 1981-2000.
Emissions were derived from Breivik et al. (2002; 2007). Since not all
meteorological data was readily available, it was decided to use the meteo-data
from the period 2000 - 2006 (in different combinations, see below) during the
simulation period.

Compiler options

Results of runs 003 and 004 with different compiler options fast (-O3) and check
(-g —-Check=all) resp. were compared. The simulation was only run for the year
1981. The resulting hourly values of several parameters showed some
differences in the order of rounding errors < 0.1 % or less. As a typical example,
we show the difference in terms of percentage between the two runs for the
concentration in the upper soil layer.

w0

difference ‘fast’ - ‘chedd (%)
@

2 I I I I I I I 1 |
o 1000 000 3000 4000 S000 Go00 T000 000 a000
hour

Figure 15. Difference (%) between runs with fast and check compiler options for
concentration in upper soil layer, first year (1981).

Monthly averages for November 1981 showed also differences in the order of

0.01 % or less. Only for ddup (upward dry deposition), relative differences were
~ 1.5%, but absolute differences were in the order of 108 kg/month.
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Bug in pop_aerosolsurf
In subroutine pop_aerosolsurf, the aerosol surface is computed. Mass fractions f;
and median diameters D; are defined for 5 different size classes:

DATA fr/ 0.42, 0.33, 0.14, 0.6 , 0.5, & ! PAH's
0.70, 0.20, 0.5, 0.3, 0.2, & | pesticide
0.70, 0.20, 0.5, 0.3, 0.2 / ! other
DATA md/ 0.2 , 1.5, 6.0 ,14.0 ,40.0 /

The mass fractions do not sum to 1, because an error has been made when
transferring percentages into fractions. The correct data are:

DATA fr /0.42, 0.33, 0.14, 0.06, 0.05, & ! PAH's
0.70, 0.20, 0.05, 0.03, 0.02, & | pesticide
0.70, 0.20, 0.05, 0.03, 0.02 / ! other

fi . Fortunately, the
D.

i

The relevant parameter in the computations here is Z

classes with incorrect mass fractions do not contribute much to the sum,
because of the relatively high values of the diameter. The very small effect of
this bug on the ratio of (particle mass)/(total mass) for different types of POP's
(as computed in routine pop_calcrpg), can be seen in Figure 16. The effect on a
LOTOS-EUROS run is negligible (< 0.1% for air concentrations, < 0.2% for
upper soil layer concentrations in 2000).

1o
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— pesticide
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“‘\»\\ - - -bug PAH
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pl \\
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Figure 16: Ratio (particle mass)/(total mass) for PAH, pesticide and other type
of POP, with and without bug in pop_aerosolsurf. The asterisks show data from
Van Jaarsveld (1995), section 6.3.3.1. The deviation for the pesticide y-HCH is
mainly due to a difference in vapor pressure between LOTOS-EUROS and van
Jaarsveld.

The ratio particle/(total mass) for a LOTOS-EUROS run for PCB_153 is shown in
Figure 17.
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Figure 17: Ratio (particle mass)/(total mass) for PCB-153, meteo from year

2000. A PM concentration of 30 ug/m?’ is assumed. The red line indicates the
mean ratio over 2000.

Meteo

Since not all meteo years in the simulation period 1981-2000 are currently

available, LOTOS-EUROS runs with 'recycled' meteo. Different distributions of

meteo years have been tested:

a. run006: meteo from 2000 - 2006; different meteo years are distributed
over the simulation years, taking care that leap years in the simulation
period coincide with leap years in the meteo years (2000, 2004). The
following mapping has been used:

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
1995 1996 1997 1998 1999 2000

2001 2002 2003 2004 2005 2006 2001 2000 2002 2003 2005 2004 2006 2001
2002 2004 2003 2005 2006 2000

b. run007: meteo 2000

C. run008: meteo 2004

d. run013: meteo 2000 - 2006 in sequence; meteo for leap day is repeat of
February 28 (if leap day in meteo year is not available).

Results of these runs are shown in Figure 18 to Figure 21.
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Figure 18: PCB-153 concentration in upper soil layer, for different grid cells in
Europe. While the concentration in Southern Europe (Spain) decreases in the
'90s, the concentration in Northern parts of Europe (Sweden) still increases.
Differences between individual meteo years can be significant (e.g. run 007 vs.
008). The order of the meteo years 2000-2006 does not have much effect (run
006 vs. 013).
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Figure 19: soil concentration in Europe, agricultural land, average over Dec.
1999 - Nov. 2000. Panels show results of run 006, run 013 (which differ only in
the order of the meteo years used), and the absolute and relative difference
between these runs. The order of the meteo years used (2000-2006) does not
have much effect; relative differences are only a few percent.
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Figure 20: soil concentration in Europe, agricultural land, average over Dec.
1999 - Nov. 2000. Panels show results of run 007 (meteo 2000), run 008
(meteo 2004), the absolute and relative difference between these runs. The use
of individual meteo years has a rather large impact.
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Figure 21: air concentration in Europe, average over Dec. 1999 - Nov. 2000.
Panels show results of run 006, run 013 (which differ only in the order of the
meteo years used), the absolute and relative difference between these runs. The
order of the meteo years used (2000-2006) has a larger effect on air
concentrations than on soil concentrations (as shown in Figure 5); in large parts
of Europe, relative differences can amount to 20%.

Conclusions:

the use of individual meteo years can have a large impact on PCB-153
concentrations.

If the order of the meteo years inside a set of meteo years (2000-2006)
is changed (runs 006 and 013), air concentrations for a specific year can
change by 20%.

For soil concentrations, the effect of changing the order of meteo years
was much less (< 5%).

Averaging over 7 years implies that differences between runs 006 and
013 decrease (< 10%), whereas differences between runs 007 (meteo
2000) and 008 (meteo 2004) over a 7-year averaging period can still be
as large as 50% in certain parts of Europe.

The set-up of run013 (meteo 2000 - 2006 in sequence; meteo for leap
day is repeat of February 28, if leap day in meteo year is not available)
is probably the most realistic and will be used in future runs.
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Horizontal diffusion and advection

Recently, it has been recognized that LOTOS-EUROS has the tendency to
overestimate horizontal diffusion. To check what the effect of this overestimation
can be, run010 was performed with horizontal diffusion switched off. A
comparison between this run and the base run008 (with horizontal diffusion) is
presented in Figure 8:

¢_peb_153 § 228-239

w2 b

A rund08/peps.cd

B: rnﬂiﬂfpnpa'i:

1 %3 13313231223}
¥ 1 § 8§ 4§ : 93994

vyt 8§ 521 5888

Figure 8: air concentration of PCB-153, average over Dec. 1999 - Nov. 2000.
Effect of switching off horizontal diffusion in run010 is limited to some localized
differences of more than 10%.

Another comparison has been made between two different advection schemes:
the standard Walcek scheme (run008, Walcek (2000)) and the k = % scheme
(run009; Van Leer, 1985). The latter scheme was present in LOTOS-EURQOS but
has not been used for years.
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Figure 9: air concentration of PCB-153, average over Dec. 1999 - Nov. 2000.
The Walcek scheme (run008) gives 20-40% higher concentration than the k = %
scheme (run009).

Boundary conditions

The effect of applying boundary conditions, derived from a global model
(SimpleBox global scale), on the lateral boundaries of the model domain is
investigated in run014.

LOTOS-EURDS run0l3/pops.ctl LOTOS-EURDS run014/pops.ctl
D i A S Ry

E g 8y @
E g 8y @

E]
E
E]
E
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§

§

. &

jvr

s Cou S 00158 B LA

Figure 10: PCB-153 concentration in upper soil layer, for different grid cells in
Europe. Using a zero boundary condition (run013) or boundary conditions from a
global model (run014).
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Figure 11: PCB-153 soil concentration in Europe, agricultural land, average over
Dec. 1999 - Nov. 2000. Panels show results of run 013 (zero boundary
conditions) and run 014 (boundary conditions from global model), the absolute
and relative difference between these runs.
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Figure 12: PCB-153 air concentration in Europe, average over Dec. 1999 - Nov.
2000. Panels show results of run 013 (zero boundary conditions) and run 014
(boundary conditions from global model), the absolute and relative difference
between these runs.
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Conclusions:
- concentrations in both soil and air increase due to boundary conditions;
in continental Western Europe by 20 - 100%.
- The increase in concentrations is much higher in North-Western Europe
and it shows a North-West (high) to South-East (low) gradient. At the
outer Southern and Eastern edges there is again a higher increase.
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Annexes

Annex A. Measured and modeled air concentrations

Table 1. Available measured air concentrations of EMEP in the period 1981-2000
(annual averages).

CZ0003R DEOOO1R |FIO096G [GBOO14R |ISO091R |NOOOO1R [NO0042G |SEO002R [SE0012R |SE0014R
ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
5.27E-06 1994
6.87E-07 4.46E-06| 2.19E-06 1995
1.52E-06 1.77E-06 2.13E-06| 1.19E-06 1996
3.06E-07 2.43E-07 1.48E-06| 1.04E-06 1997
4.88E-07 1.32E-07 6.26E-07| 1.65E-06( 9.98E-07 1998
1.23E-05 4.61E-07 6.40E-08 1.03E-06] 1.50E-06 1999
2.15E-05 3.91E-07 2.73E-07 3.95E-07| 1.67E-06( 1.41E-06 2000
Table 2a. Predicted air concentrations of LE run 013 (annual averages) at the
locations of the measurement stations of EMEP.
CZ0003R| DEOOO1R| FI0O096G| GBOO14R| [ISO091R| NOOOO1R| NO0042G| SEOO0O02R| SE0012R[ SE0014R
ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
3.47E-05| 6.41E-05| 3.85E-06] 5.25E-05| 6.82E-06] 1.75E-05| -9.90E+01| 2.53E-05f 1.33E-05| 2.55E-05 1981
3.36E-05| 7.44E-05] 3.54E-06] 6.11E-05| 8.21E-06] 1.82E-05| -9.90E+01| 2.67E-05 1.48E-05| 2.69E-05 1982
3.00E-05| 7.16E-05| 2.94E-06] 5.82E-05| 6.88E-06] 1.63E-05| -9.90E+01| 2.19E-05| 1.30E-05| 2.21E-05 1983
3.00E-05] 7.96E-05| 3.17E-06| 6.20E-05| 6.45E-06] 1.89E-05| -9.90E+01| 2.49E-05 1.29E-05[ 2.51E-05 1984
3.54E-05| 7.25E-05| 3.70E-06| 5.85E-05| 6.96E-06] 1.64E-05| -9.90E+01| 2.36E-05 1.33E-05[ 2.38E-05 1985
3.19E-05| 7.00E-05| 3.75E-06] 4.98E-05| 7.43E-06] 1.55E-05| -9.90E+01| 2.34E-05 1.36E-05| 2.35E-05 1986
3.14E-05] 6.89E-05| 3.27E-06] 5.58E-05| 6.86E-06] 1.85E-05| -9.90E+01| 2.68E-05| 1.41E-05| 2.70E-05 1987
2.31E-05| 2.74E-05 2.44E-06] 3.61E-05| 5.37E-06] 1.22E-05] -9.90E+01| 1.61E-05| 9.21E-06| 1.61E-05 1988
2.93E-05| 2.32E-05[ 1.71E-06] 3.40E-05| 4.19E-06] 8.65E-06] -9.90E+01| 1.13E-05| 7.01E-06| 1.14E-05 1989
3.29E-05| 2.04E-05] 1.37E-06] 2.49E-05| 3.19E-06] 6.74E-06] -9.90E+01| 8.19E-06f 5.69E-06| 8.22E-06 1990
1.76E-05|] 2.00E-05| 1.31E-06] 2.00E-05| 2.63E-06| 6.25E-06]| -9.90E+01| 7.68E-06| 4.87E-06| 7.71E-06 1991
1.56E-05| 1.78E-05( 1.37E-06] 3.20E-05] 2.63E-06] 5.69E-06] -9.90E+01| 7.11E-06| 4.72E-06| 7.13E-06 1992
1.10E-05] 1.45E-05| 1.25E-06] 8.91E-06| 2.41E-06] 4.12E-06| -9.90E+01| 5.82E-06| 4.10E-06] 5.84E-06 1993
1.12E-05] 1.46E-05| 1.09E-06] 8.78E-06| 2.21E-06] 4.48E-06| -9.90E+01| 6.28E-06| 4.26E-06] 6.31E-06 1994
1.05E-05] 1.27E-05| 1.22E-06] 6.88E-06| 2.31E-06] 4.21E-06| -9.90E+01| 5.88E-06| 3.95E-06]/ 5.90E-06 1995
8.47E-06] 1.20E-05| 9.60E-07| 7.10E-06] 2.10E-06] 3.52E-06] -9.90E+01| 4.85E-06] 3.43E-06]| 4.86E-06 1996
7.94E-06] 1.12E-05| 8.07E-07| 6.83E-06] 1.72E-06] 3.23E-06| -9.90E+01| 4.18E-06 3.07E-06f 4.19E-06 1997
7.76E-06| 1.15E-05| 8.24E-07| 6.94E-06| 1.56E-06] 3.40E-06| -9.90E+01| 4.28E-06f 2.85E-06| 4.30E-06 1998
7.19E-06] 8.83E-06| 8.65E-07| 5.41E-06| 1.48E-06] 2.57E-06| -9.90E+01| 3.44E-06f 2.53E-06| 3.44E-06 1999
6.75E-06) 8.51E-06| 8.85E-07| 4.40E-06] 1.56E-06] 2.50E-06] -9.90E+01| 3.53E-06] 2.66E-06] 3.54E-06 2000
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Table 2b. Predicted air concentrations of LE run 014 (annual averages) at the

locations of the measurement stations of EMEP.

CZ0003R DEOOO1R |FIO096G [GBOO14R |ISO091R [NOOOO1R [NOO0042G |SEO002R [SE0012R |SE0014R
ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
4.20E-05 7.65E-05[ 1.31E-05| 6.65E-05[ 1.59E-05| 2.89E-05| -9.90E+01| 3.61E-05| 2.23E-05| 3.62E-05 1981
4.09E-05| 8.93E-05) 1.34E-05| 7.75E-05| 1.85E-05| 3.10E-05| -9.90E+01| 3.93E-05| 2.50E-05| 3.94E-05 1982
3.72E-05| 8.59E-05| 1.34E-05| 7.40E-05| 1.77E-05[ 2.90E-05| -9.90E+01| 3.42E-05| 2.34E-05| 3.44E-05 1983
3.73E-05| 9.36E-05| 1.31E-05| 7.79E-05| 1.68E-05[ 3.17E-05| -9.90E+01| 3.70E-05| 2.28E-05| 3.72E-05 1984
4.31E-05| 8.72E-05[ 1.26E-05| 7.48E-05[ 1.69E-05| 2.92E-05| -9.90E+01| 3.60E-05| 2.32E-05| 3.61E-05 1985
3.90E-05| 8.53E-05| 1.33E-05| 6.59E-05| 1.81E-05[ 2.90E-05| -9.90E+01| 3.66E-05| 2.40E-05| 3.67E-05 1986
3.87E-05| 8.30E-05| 1.26E-05| 7.16E-05| 1.67E-05| 3.14E-05| -9.90E+01| 3.92E-05| 2.39E-05| 3.94E-05 1987
3.12E-05| 4.17E-05| 1.18E-05| 5.15E-05| 1.58E-05[ 2.58E-05| -9.90E+01| 2.89E-05| 1.95E-05| 2.90E-05 1988
3.67E-05| 3.67E-05| 1.09E-05| 4.91E-05| 1.39E-05[ 2.07E-05| -9.90E+01| 2.29E-05| 1.65E-05| 2.30E-05 1989
4.03E-05| 3.31E-05( 1.10E-05| 3.90E-05| 1.31E-05| 1.84E-05| -9.90E+01| 1.94E-05| 1.53E-05| 1.94E-05 1990
2.47E-05| 3.19E-05| 1.02E-05| 3.37E-05| 1.18E-05[ 1.75E-05| -9.90E+01| 1.82E-05| 1.38E-05| 1.83E-05 1991
2.27E-05| 3.01E-05| 9.28E-06| 4.61E-05| 1.13E-05[ 1.69E-05| -9.90E+01| 1.77E-05| 1.34E-05| 1.77E-05 1992
1.76E-05| 2.72E-05| 9.61E-06 2.23E-05| 1.16E-05| 1.57E-05f -9.90E+01| 1.70E-05( 1.31E-05| 1.71E-05 1993
1.79E-05| 2.62E-05| 9.17E-06 2.15E-05| 1.06E-05| 1.55E-05f -9.90E+01| 1.67E-05( 1.28E-05| 1.68E-05 1994
1.78E-05| 2.46E-05| 9.12E-06 1.93E-05| 1.12E-05| 1.55E-05[ -9.90E+01| 1.66E-05 1.27E-05| 1.66E-05 1995
1.49E-05| 2.30E-05| 8.49E-06( 1.90E-05| 1.01E-05| 1.34E-05{ -9.90E+01| 1.43E-05( 1.13E-05| 1.43E-05 1996
1.41E-05| 2.13E-05| 8.52E-06 1.78E-05| 9.69E-06| 1.27E-05{ -9.90E+01| 1.32E-05( 1.09E-05| 1.33E-05 1997
1.37E-05| 2.09E-05| 7.80E-06| 1.74E-05| 8.80E-06| 1.24E-05f -9.90E+01| 1.26E-05[ 9.96E-06| 1.26E-05 1998
1.29E-05| 1.81E-05| 6.87E-06/ 1.57E-05| 8.11E-06| 1.12E-05f -9.90E+01| 1.15E-05( 9.25E-06] 1.15E-05 1999
1.18E-05| 1.78E-05] 6.92E-06f 1.39E-05| 8.29E-06| 1.11E-05f -9.90E+01| 1.17E-05( 9.36E-06] 1.18E-05 2000
Table 2c. Predicted air concentrations of LE run 016 (annual averages) at the
locations of the measurement stations of EMEP.
CZ0003R| DEOOO1R| FI0O096G| GBOO014R| [ISO091R| NOOOO1R| NO0042G| SEOO002R| SE0012R|[ SE0014R
ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 ug/m3
2.79E-05] 1.99E-05| 1.98E-06] 1.87E-05| 4.08E-06] 7.55E-06| -9.90E+01| 1.18E-05| 7.37E-06] 1.18E-05 1981
2.69E-05| 2.21E-05| 1.70E-06] 1.98E-05| 4.73E-06] 7.62E-06| -9.90E+01| 1.21E-05| 7.94E-06] 1.22E-05 1982
2.69E-05| 2.16E-05| 1.43E-06] 2.07E-05| 4.09E-06] 7.03E-06| -9.90E+01| 1.05E-05| 7.15E-06] 1.05E-05 1983
2.73E-05| 2.46E-05| 1.62E-06] 2.23E-05| 4.07E-06] 8.36E-06]| -9.90E+01| 1.20E-05| 7.42E-06| 1.21E-05 1984
2.58E-05| 1.88E-05[ 1.72E-06] 1.92E-05| 3.86E-06] 6.42E-06] -9.90E+01| 1.00E-05| 6.61E-06] 1.00E-05 1985
2.56E-05] 1.91E-05| 1.83E-06] 1.72E-05| 4.04E-06] 6.29E-06| -9.90E+01| 1.02E-05| 6.88E-06] 1.02E-05 1986
2.63E-05| 2.08E-05| 1.70E-06] 1.96E-05| 4.23E-06] 8.01E-06| -9.90E+01| 1.23E-05| 7.93E-06] 1.24E-05 1987
2.72E-05|] 1.93E-05| 1.98E-06] 1.73E-05| 4.55E-06| 7.91E-06]| -9.90E+01| 1.20E-05| 7.80E-06| 1.20E-05 1988
2.54E-05| 1.97E-05[ 1.56E-06] 1.76E-05| 4.34E-06] 7.02E-06] -9.90E+01| 1.09E-05| 7.30E-06| 1.09E-05 1989
2.45E-05| 1.87E-05| 1.28E-06] 1.80E-05| 3.63E-06] 6.35E-06| -9.90E+01| 9.23E-06] 6.39E-06] 9.25E-06 1990
2.39E-05| 2.04E-05| 1.39E-06] 1.89E-05| 3.46E-06] 7.21E-06| -9.90E+01| 1.02E-05| 6.36E-06] 1.02E-05 1991
2.19E-05| 1.55E-05 1.44E-06] 1.62E-05| 3.23E-06] 5.47E-06] -9.90E+01| 8.29E-06| 5.58E-06| 8.31E-06 1992
2.12E-05| 1.55E-05( 1.53E-06] 1.44E-05| 3.35E-06] 5.32E-06] -9.90E+01| 8.34E-06| 5.74E-06| 8.35E-06 1993
2.13E-05] 1.67E-05| 1.41E-06] 1.65E-05| 3.47E-06] 6.70E-06| -9.90E+01| 1.00E-05| 6.55E-06] 1.01E-05 1994
2.11E-05| 1.48E-05| 1.58E-06] 1.38E-05| 3.57E-06] 6.31E-06| -9.90E+01| 9.31E-06] 6.15E-06] 9.33E-06 1995
1.87E-05| 1.41E-05| 1.16E-06] 1.30E-05 3.24E-06| 5.29E-06| -9.90E+01| 7.98E-06f 5.46E-06] 7.99E-06 1996
1.78E-05| 1.29E-05 9.34E-07| 1.27E-05| 2.62E-06]| 4.66E-06]| -9.90E+01| 6.56E-06| 4.62E-06| 6.57E-06 1997
1.70E-05| 1.34E-05[ 9.85E-07| 1.28E-05] 2.39E-06] 5.02E-06] -9.90E+01| 6.87E-06| 4.43E-06| 6.88E-06 1998
1.50E-05| 9.77E-06| 9.73E-07] 1.03E-05| 2.15E-06] 3.68E-06| -9.90E+01| 5.36E-06| 3.72E-06] 5.36E-06 1999
1.38E-05| 8.86E-06/ 9.86E-07| 8.18E-06] 2.11E-06] 3.38E-06| -9.90E+01| 5.07E-06] 3.64E-06/ 5.07E-06 2000
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Annex B. Measured and modeled soil concentrations

pg/g pg/g
Station JaargemiddeldeLE Gemeten Gemeten:Gemodelleerd Gemodelleerd:Gemeten Verschil binnen 1 ordegrootte?

1 737.54 9.10 0.01 81.05 No

2 90.23 315.30 3.49 0.29 Yes

3 44.03 56.50 1.28 0.78 Yes

4 0.00 188.90

5 0.00 50.00

6 896.47 203.20 0.23 4.41 Yes

7 1332.29 323.00 0.24 4.12 Yes

8 2423.25 1226.00 0.51 1.98 Yes

9 4467.13  8838.00 1.98 0.51 Yes
10 2908.90 1356.00 0.47 2.15 Yes
11 234525 1286.00 0.55 1.82 Yes
12 1966.23 23.50 0.01 83.67 No
13 1894.03 231.70 0.12 8.17 Yes
14 3020.81 95.60 0.03 31.60 No
15 3205.33 9583.00 2.99 0.33 Yes
16 3569.06  6277.00 1.76 0.57 Yes
17 693.05 123.80 0.18 5.60 Yes
18 2837.79 605.60 0.21 4.69 Yes
19 811.01 17890.00 22.06 0.05 No
20 2712.23 139.20 0.05 19.48 No
21 1142.15 1948.00 1.71 0.59 Yes
22 1482.19 486.40 0.33 3.05 Yes
23 1568.84 623.15 0.40 2.52 Yes
24 1589.83 369.00 0.23 4.31 Yes
25 2105.37 410.90 0.20 5.12 Yes
26 1761.61 822.87 0.47 2.14 Yes
27 1761.61 9305.00 5.28 0.19 Yes
28 3771.22  9305.00 2.47 0.41 Yes
29 3972.90 402.28 0.10 9.88 Yes
30 3688.61 2583.00 0.70 143 Yes
31 171598 1624.00 0.95 1.06 Yes
32 1986.61 788.20 0.40 2.52 Yes
33 1501.99 763.30 0.51 1.97 Yes
34 1670.62 232.10 0.14 7.20 Yes
35 2936.40 1908.00 0.65 1.54 Yes
36 2075.42  1159.00 0.56 1.79 Yes
37 1136.93 224.60 0.20 5.06 Yes
38 1124.58 831.80 0.74 135 Yes
39 1102.74 406.70 0.37 2.71 Yes
40 0.00 745.20
41 1066.28 14.00 0.01 76.16 No
42 1089.79 222.10 0.20 4.91 Yes
43 3372.29 749.70 0.22 4.50 Yes
44 1376.07 3846.00 2.79 0.36 Yes
45 0.00 2170.73 0.00 No
46 2377.00 1448.80 0.61 1.64 Yes
47 1255.19 1049.20 0.84 1.20 Yes
48 1257.00 3357.00 2.67 0.37 Yes
49 2879.73  2680.00 0.93 1.07 Yes
50 1822.10 1902.00 1.04 0.96 Yes
51 182.59 1418.00 7.77 0.13 Yes
52 1656.22  1683.00 1.02 0.98 Yes
53 2228.00
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pg/g pg/g
Station JaargemiddeldeLE Gemeten Gemeten:Gemodelleerd Gemodelleerd:Gemeten Verschil binnen 1 ordegrootte?

54 2491.08 7.50 0.00 332.14 No
55 0.00 364.97
56 0.00 923.90
57 1429.36 167.25 0.12 8.55 Yes
58 0.00 413.30
59 446.44 1006.98 2.26 0.44 Yes
60 127.12 155.70 1.22 0.82 Yes
61 11.00
62 996.73 16.40 0.02 60.78 No
63 361.08 547.10 1.52 0.66 Yes
64 448.80 438.80 0.98 1.02 Yes
65 593.88 190.00 0.32 3.13 Yes
66 130.90
67 1216.00
68 775.30
69 0.00 20.00
70 0.00 1400.00
71 647.72  5145.00 7.94 0.13 Yes
72 334.34 899.30 2.69 0.37 Yes
73 285.71 189.25 0.66 151 Yes
74 217.58 949.70 4.36 0.23 Yes
75 570.50
76 405.40
77 5.13

Table 1. The 77 measurement locations and the corresponding
measured and modeled concentrations in pg.g™, and the ratio between
modeled and measured soil concentrations.

Page 42 of 47



RIVM Letter report 607706001/2011

Annex C. Source code

The starting version of LOTOS-EURQOS from which the POP-version is derived,
was v1.5.25. The following program structure shows the routines that are
relevant for POP-related processes.

lotos_euros.F90: main program
le driver.F90: driver for LOTOS-EUROS
LE_Model Init: model initialisation
start pops: : POP initialisation
read emis pops: read emissions POP
pop_aerosolsurf: aerosol surface for POP
LE _TimeStep Init: time step initialisation
makebc pop: boundary conditions POP
LE TimeStep Run: time step run
pop_up: update POP relevant data
pop_wash: washout ratio's
pop_calcrpg: compute gas-aerosol partitioning
pop_precip: precipitation relevant data
pop_degr: degradation process
pop_surf: POP at surface-atmosphere interface
pop_soilmix: application and ploughing
pop_star: transport in soil
pop water: transport in water
pop_vd: deposition velocity
pop_depodry kz: dry deposition
LE_TimeStep_Done: end of time step
read emis pops: read emissions POP (if new year)
LE Groutput Write: write Grads Output
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Annex D. Checks and changes

In this annex, we present a list of items/processes that should be/have been
checked and have been changed as a result of these checks or as a result of new
insights and/or new data that has become available.

+ - the issue has been dealt with

- > the issue has to be resolved.

Start: 2009-04-23, starting from v1.5 patch 025.meteo_size

— read POP properties

wogas: washout ration gasious components per component; IS NOT
USED; see pop_proces/pop_wash: wash_pop = 1/(dimensionless
henry-coefficient)

woaer: washout ratio aerosols per component; IS NOT USED; see
wetdep-routine

— Land use/soil properties

+ new land use classes and numbering (Smiatek) in POP-module;
translation to POP land use classes (sea/agriculture/inland
water/rest).

- In Smiatek land use classes there is no difference between sea and
inland water; there are two parts in the source code in which there is
a difference between these two water-classes:

1. pop_update: run-off to inland water, not to sea (why not?)
2. pop_module: renewal rates:
krenew_sea = 1/365 day, krenew_iwat = 1/173 day™.

- ECMWEF land sea mask in file_grib.F90; not used yet.

- translation Smiatek - DEPAC land use classes correct? (e.g.
arable/perm. crops, water)

+ pop_module: area_cell, area_cell3d, area_Ilu - use subroutine
AreaOper

+ foc (fraction organic content in %); compared with

http://www.essl.ucar.edu/LAR/2007/catalog/cgd/images/lawrencel.jpg
looks reasonable.

— Deposition

— Input/output

+

reclen_fac_bin_io is now initialised at run time (input.F90) and then put
into module sysdep

update call scan_control

interpolation (emissions, foc, ...) to zoom grid not yet allowed
LE_Groutput_Write: write Grads Output

+ write data at start of each month (write, reset budgets to 0)

+ check: calls correct?

- always write nz layers; output.layers in rc file is not used

- netcdf output > later

— miscellaneous

set cwfix for sea, to be read in; cwfix not used (see pop_water)
check applic_sw - stop in code; test later for agri-POP
read grid with particulate matter concentration
makebc_pop check interaction with new type of boundary conditions
pop_up: tsoil is constant over depth (tsoil = tsurf)
pop_depodry_kz computes deposition and/or re-emission
(compensatiepoint Csurf)
-> gekoppeld stelsel diff. vgl. ! Ook in nieuwe DEPAC versie??

- no interaction with mix2ground (concentration at ground level not

computed) ; ok?
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2009-6-15

+

+

h, dh, dzlay etc. replaced by layer height h en layer thickness delta_h
from dims.F90

special constants.F90 removed (now use constants.F90 from patch025);
days in grads_pops replaced by calc_days_month from module GO

all pop-related modules use the prefix pop; grads_pops.F90 >
pop_grads.F90

2009-06-24

+

subroutine pop_splitconc removed from pop_proces.F90; is not used
anymore. Note: split between aerosol and gas is done in
pop_depodry_kz using rpg directly.

Aerosol and gas are deposited with the same deposition velocity! The
only difference is that for aerosol, the soil concentration (compensation
point) is 0.

BUG: mass fractions per particle size bin (pop_aerosolsurf) incorrect;
they add up to a total > 1. This has been fixed (see section 4).
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Annex E. Test runs

GNU FORTRAN compiler gfortran (gcc version 4.1.0 SUZE Linux) with fast

options (-03).

Only runs 001, 002, 004 with debug options (-g -fbounds —check -Wall)

run period meteo remarks

001 2003 2003 debugging test

002 2003 2003 debugging test

003 1981-2000 2000-2006 7 meteo years

004 1981 2000-2006 debug options for compiler

005 1986/1987 2000-2006 test year transition

006 1981-2000 2000-2006 7 meteo years

007 1981-2000 2000 meteo 2000

008 1981-2000 2004 meteo 2004

009 1981-2000 2004 as 008, limited kappa = 1/3
instead of Walcek

010 1981-2000 2004 as 008, Walcek, no horizontal
diffusion

011 1981-2000 2004 as 008, bug fix mass fractions
pop_aerosolsurf

012 1981 2004 as 008, with bug mass
fractions; write rpg data

013 1981-2000 2000-2006 as 011, new set-up of meteo,
using 2000 — 20006 in
sequence, if necessary repeat
Feb. 28 meteo

014 1981-2000 2000-2006 as 013, boundary conditions
from global model

016 1981-2000 2000-2006 as 014, emissions from Breivik
et al., 2007
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