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Foreword

Increasingly, environmental management requires a capability to assess the spatial
distribution of pollutants implying risks for human health and the ecosystems. Specialist
and disciplinary analysis weakens in favor of crosscutting approaches capable of a
holistic perspective.

To tackle the goal of an integrated description of the fate and transport of contaminants in
the ecosystems and the related risks, at the Institute for Environment and Sustainability
(IES) of the JRC an initiative is going on which has been named FATE after the Fate of
pollutants in Terrestrial and Coastal Ecosystems.

The initiative consists of the systematic integration and pipelining of laboratory and
modeling activities concerning the monitoring and prediction of pollution dynamics in
water, soil and all related environmental media. Through the development of specific
models, the working group of FATE is now in the condition to provide decision support
on a wide range of contamination issues, with particular emphasis for the level of
screening of substances with poor monitoring history and high potential of concern for
human health and ecosystem risks.

The working scales range from Continental Europe, to large catchments, to site-specific
investigations aimed at providing calibration data, benchmark detailed models and
criteria for up scaling.

The decision support tools available include databases and atlases of landscape and
climate parameters, data on exposure pathways, models for the simulation of the fate,
transport and uptake of contaminants along ecological webs and human cohorts, tightly
integrated with sampling, laboratory analysis and interpretation of monitoring data.

The analysis presented here concerns environmental parameters always used in
multimedia fate and transport modeling of contaminants and is aimed at documenting the
information used in the Geographic Information System (GIS)-based MAPPE modeling
strategy, developed within the FATE initiative and other projects involving the IES.
However, the discussion broadens to include issues of concern for all currently used
multimedia models, among which particularly the SIMPLEBOX/EUSES model endorsed
by the European Commission in the context of risk assessment for new and existing
substances. For this reason we hope that the material presented in this report will help
supporting modelers in the choice of environmental parameters for their specific
applications, and therefore contribute to better decisions in line with the Environment and
Health Strategy of the European Commission.

Giovanni Bidoglio

Head,
Rural, Water and

Ecosystem Resources Unit
IES, EC DG JRC



Introduction

Landscape and climate variability is a key issue in multimedia environmental modeling.
Predictions of chemicals fate and transport can be highly sensitive to some parameters,
which in turn have high variability both across space and time. Hence it is important to
characterize these parameters, in order to have appropriate information to supply to both
spatially resolved and lumped models.

A broad body of literature exists on the effect of spatial and temporal variability of
landscape parameters on chemical fate and transport model predictions. Although
Hertwich et al., 1999, stress that landscape parameters variability may be of lesser
importance than the uncertainty in emission and chemical properties, other studies using
spatially resolved models indicated that spatial variability may be key under certain
conditions (e.g. Pennington et al., 2005).

From these studies, it appears that evaluations using single default values for landscape
parameters may be satisfactory when interested in small, homogeneous regions, while for
continental or global scale predictions it would be more appropriate to refer to a whole
range of the parameters, by performing e.g. calculations on a sufficiently representative
set of unique combinations. An analysis of the effects of spatial variability when using
the EUSES model (EC, 2004) has been performed with emphasis on the soil component
(Verdelocco, 2004).

In the present contribution, we illustrate a set of landscape and climate parameter maps of
Europe, aimed at providing input to models of both distributed and lumped type. The
parameters are provided in the form of maps, with a conventional spatial resolution of 1
km, and with a temporal resolution of one month whenever applicable. Actual spatial
resolution may be well coarser than 1 km, depending on the data sources; however, as a
number of parameters can be estimated at such resolution, it has been chosen to keep it as
a reference. In future improvements of the data set, data at coarser resolution will be
gradually replaced with finer ones if deemed necessary to improve model predictions.

The data set is presented in the form of an atlas, i.e. a collection of reference maps easy to
consult and to use for predictions with simple lumped models, when one is interested in
making region-specific calculations. Also, the data sets are arranged as grids in the
popular ArcInfo ASCII format, for import in most gridcell-based geographic information
systems (GIS). This allows the use of information in more sophisticated modeling such as
distributed models, and lumped models considering variations.

As an atlas, the data set reflects average conditions in time. Although different data may
often refer to different averaging periods, we don’t have at present consistent estimates
for all parameters throughout.

Inherent in the approach is also the impossibility to provide actual time series of the
parameters. This may be limiting in many applications, but for the fate and transport of
chemicals at continental or global scale overall knowledge of the emissions is still so
weak that often referring to an average intra-annual variation of the landscape and
climate parameters is fully satisfactory.



Table 1 summarizes the parameters considered in the atlas. These parameters reflect the
input needs of most multimedia environmental models with three compartments, namely
surface water (freshwater and oceans), soil, and air, together with atmospheric aerosol
and suspended sediments in water. Also, Leaf Area Index (LAI) is included as a
representative parameter for vegetation. The parameters are specifically designed to cope
with the GIS-based modeling strategy proposed by Pistocchi, 2005, but similar to the
input required by most multimedia models.

After a general discussion on the use of landscape and climate parameters in fate and
transport models, the variables listed in Table 1 are discussed with reference to the
available data sets for estimation, and the recommended data sets are presented.

Parameter estimation for multimedia fate and transport
models

Spatial and temporal variation of landscape and climate parameters is relevant for both
lumped and distributed environmental models.
In the former case, spatial variation should be considered both for the choice of region-
specific parameters, when modeling a particular spatial location, and the assessment of
variability when considering large domains from continental to global.
In the latter, maps of parameters are inherently required as distributed input to the model.
The EUSES model (EC, 2004), which represents the lumped model endorsed by the
European Commission, considers five steps for the evaluation of environmental
distribution of substances:
1. Estimation of partition coefficients
Estimation of environmental degradation rates
Fate in sewage treatment
Regional environmental distribution
. Local environmental distribution
For both regional and local distribution, in EUSES a nested boxes approach is used as
implemented in the model SIMPLEBOX (Brandes et al., 1996).
Special consideration is reserved to process-specific phenomena such as the ones
occurring in certain industrial production, and in sewage treatment.

Due to the finalities of a paneuropean spatially explicit multimedia environmental
model, it has been chosen to consider only processes occurring once a chemical is
released to the environment, and thus all intermediate passages from chemical industrial
production, through consumption, to waste treatment and disposal are not considered and
should be part of the process of emission estimation, for which results from the
SIMPLEBOX / EUSES approaches can be in turn employed.

In other words, the parameters described in the following concern the processes
affecting chemical substances only after their spread on soils and vegetation, or their
release to water or air, disregarding the processes within industrial and wastewater
treatment plants upstream of the release.

PIENERRN



A number of spatially explicit (distributed) models also exist at present. These
models use input landscape and climate parameters that can be updated on the basis of
the analysis here presented.

Irrespective of the modeling strategy adopted, a common need is the
determination of within-medium partitioning and subsequent mass balance calculation for
control volumes in which emissions, advection (both inter- and intra-media) and
degradation occur. The presently covered parameters allow a description of the processes
summarized below. All parameters listed can be seen as relevantly varying over the
landscape, and susceptible to be represented by a meaningful non-uniform spatial
distribution following realistic geographic rules. A discussion of each individual
parameter and its estimation follows.

1) Atmosphere

In this compartment, the following processes are considered:

- Gas/particle phase partitioning

- Degradation

- Air to ground diffusion of gases

- Air to ground dry deposition of particles

- Air to ground wet deposition (gas absorbed to rain droplets and particles scavenged
by rain)

- Advection

Generally speaking, partitioning coefficients and degradation rate are assumed to be
dependent on:

1. Temperature
According to an exponential law.

Degradation is often computed as the product of a reaction rate with OH radicals, and the
concentration of OH radicals. This suggests that

2. OH concentration
Can be an important environmental parameter.

Gas-particle partitioning, or the fraction of chemical attached to aerosol, is usually
computed in the form:

oC K_,,TSP
1+0C K, TSP

where Ko, is the octanol-air partition coefficient, OC is the organic carbon content of
aerosol and TSP its concentration. Therefore, important parameters are:

o=

3. Aerosol concentration in air
4. Organic carbon content in aerosol



Air to ground diffusion of gases' is often predicted from regressions using substance
physico-chemical properties (diffusivity or Schmidt number, in turn depending on
molecular weight) and atmospheric turbulence as reflected by wind speed. For this
reason,

5. 10 m height wind velocity
Represents a relevant parameter.

All removal processes from the atmosphere (wet and dry deposition of particles and
gases) need to refer to a mixed zone volume to be compared with degradation rates.
Usually we refer then to:

6. Atmospheric mixing height
as an important parameter.

Aerosol deposition velocity in the atmosphere depends on the size of the particles, on the
conditions of the atmosphere and on the type of surface, the latter being linked to land
use. Many methods have been proposed to compute particle deposition velocities in the
atmosphere (e.g. Sehmel, 1980; Williams, 1982; Underwood, 1984; Erisman et al., 1994;
Wesely and Hicks, 2000; Apsley, 2005). Usually, reference is made to the so-called
“three resistances scheme” which accounts for a turbulent layer, a sub-laminar boundary
layer near the surface, and the “surface resistance”. Details are presented e.g. in
Underwood, 1984.

The importance of surface roughness is generally acknowledged, but the
parameterization of such effect is not well agreed upon. Wesely et al., 1985 (quoted in
Erisman et al., 1994), under the assumption of neutral atmosphere propose a very simple
relation of the type:

Vd=—
a

Where a is 500 for grassland and 100 for forest.
The friction velocity u* can be computed as:

u' = Ku,, ln(lo_ d]
ZO

where:

k : Von Karman constant = 0.4

7o : length of roughness [m]

d : “zero-plane displacement”

ujo : wind velocity [m/s] at 10 m height.

! Features of the ground surface affecting exchanges are discussed referring to the soil and water media



In turn, 7y depends on the surface roughness and is normally estimated as one tenth of the
height of the surface rough elements; also, d is assumed 0.5-0.7 times the height of the
surface rough elements (e.g. Underwood, 1984). The choice of a parameterization for
deposition velocities may be rather complex, however most of the schemes presently
used refer to a reclassification of a map of:

7. Land cover characteristics

Together with atmospheric turbulence metrics such as u” or uj.
Wet deposition is controlled by:

8. Precipitation

and by the duration of the inter-storm period when atmospheric pollution builds up. The
latter can be predicted by the:

9. Duration of the wet period

Advection in the atmosphere is intrinsically three-dimensional and schemes describing
motion fields in bi-dimensional terms are now looked at as rather obsolete with respect to
trajectory-based models. For continental scale analyses, a practical model to be used in
place of trajectories is the ADEPT model that computes concentrations at a point (X,y) as:

C(x,y) = z E;SR; (X, y) exp(=KT; (X, ¥))

i=1
where n is the number of source regions, E; is the emission from each source region,
SRi(x,y) is the concentration of a conservative chemical reaching point (x,y) from a unit
emission in region i, and T; the time required for the pollutant to reach point (x,y) from
region i. The model is appealing because of its simplicity, and requires providing:

10. Source-receptor relations
11. Source-receptor time of travel.

2) Freshwater

In this compartment, the following processes are considered:
- suspended solids/liquid partitioning

- degradation

- water to air volatilization

- advection.

Generally speaking, degradation rate is assumed to be dependent on temperature.
Partitioning between water and sediments is generally affected to a limited extent by
temperature. When no better information is available, freshwater temperature can be
assumed to coincide with the maximum between air temperature and 1°C.
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Suspended solids/liquid partitioning is computed according to the same logics as for the
air-aerosol partitioning. This requires to define:

12. Suspended sediment concentration

Sediment organic matter content is also a relevant parameter. At present, however, it is
not known out of a few local case studies, and a default value needs to be used. Pistocchi,
2006, shows that this parameter affects estimates less than suspended sediment
concentration.

For lakes, according to most models, volatilization is assumed to depend on wind speed
only as for the case of oceans. Volatilization from rivers is often computed as a function
of the depth to velocity ratio according to O’Conner and Dobbins (see Schwarzenbach et
al., 1993, for details). Therefore:

13. Water velocity
14. Water depth

are parameters of interest. Water depth allows defining the surface water control volume
for mass balance calculations.

Advection processes involve dilution (controlled by discharges) and degradation along
the stream pathways. Therefore the following:

15. Flow rate in surface water
16. Surface water residence time

represent analogous to atmospheric source-receptor and time of travel relations.
3) Soil

This compartment is assumed to coincide with topsoil. Indeed, this is the main part of the
soil where chemical inputs occur, and from which fluxes of chemicals to the deeper
layers and to water and air originate.

The following processes are considered:

- solid-liquid-gas partitioning of the chemicals

- degradation

- soil to air volatilization

- topsoil to vadose zone advection via infiltration

- soil to surface water advection via runoff and erosion.

Generally speaking, degradation rate and partitioning properties are assumed to depend
on temperature, which is assumed to coincide with air temperature.

Partitioning of the chemical in the soil is given by the fractions dissolved in the soil
water, in the soil gas phase and adsorbed to the soil solids, respectively:
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FR DISS = _ 4
I\/Isoil ‘9+Kd'p+(¢_‘9)Kaw
M —9).
FR_GAS = o = (=9 K,
Ivlsoil '9+Kd'p+(¢_‘9)Kaw
FR_SOL=_Ms _ p-K
Ivlsoil l9+Kd'p+(¢_‘9)Kaw

where:
M, i=l, g, s - mass in liquid, gas and solid phase of the soil [kg/m3] (for i=s units
are [kg/kg])
p =2700 (1- ¢ ) — Soil dry bulk density [kg/m3]
9- soil water content [-]
¢ - soil porosity [-]
M; — mass in soil [kg]

K4 is the distribution coefficient given by:
Ky = froc -Koc

where:

froc— organic carbon fraction of suspended solids

Koc — organic carbon-water partitioning coefficient [m3w/m3octanol]; Koc can
be estimated from K,y-type of quantitative structure-activity relations, e.g. the one
developed by Karinckhoff Koc = 0.4.K,y (Mackay, 2001).

Therefore the following are relevant parameters:

17. Fraction of topsoil organic carbon
18. Soil texture

where soil texture allows parameterizing porosity, soil moisture and air content.
Volatilization from soil to the atmosphere is computed with reference to the gas phase
chemical in soil and depends on soil water and air content. A common method used in
these cases is the Millington-Quirk equation.

Advection to the vadose zone occurs through infiltration of soil water. Transport to the
stream network and lakes occurs in liquid phase through runoff (and groundwater
contribution to discharge) and water erosion of sediments. Runoff and infiltration are
computed on the basis of land cover and soil texture, precipitation, and
evapotranspiration.

Therefore, in addition to the other ones already mentioned, relevant parameters for this
type of processes include in addition the following:

19. Erosion rate
20. Evapotranspiration
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Sometimes, plant uptake of chemicals occurs in relation to water exchange. For this
reason, also evapotranspiration is required. This is anyway a key parameter for the
overall soil water budget. Also,

21. Leaf Area Index (LAI)

is a relevant parameter for both plant uptake and the deposition and absorption processes
from the atmosphere.

Concerning the control volume definition in soils, although in principle a penetration
depth can be defined for each contaminant based on its mobility in soils, often a
homogeneous distribution in the soil surface layer is more realistic. In such case, it would
be more correct to assume a default depth of the soil layer interested by contamination, if
one is interested in screening level calculations. Anyway, penetration depth can be
parameterized on the basis of soil type and land cover as well.

4) Oceans

In oceans, the following processes are considered:
- degradation

- solid-liquid partitioning

- particle sedimentation

- volatilization

- advection and dispersion

Degradation and partitioning depend on temperature and suspended solids as discussed
for the atmosphere and freshwater compartments. Relevant parameters include:

22. Seawater temperature
23. Suspended solids concentration

Another parameter of importance is the fraction of organic carbon in suspended solids;
this information is not available at present and needs to be taken as a default value.

Sedimentation depends on the sediment particle size distribution and ocean turbulence.
However, for the removal of sediments the sinking flux of organic material is
fundamental and it is parameterized sometimes using:

24. Chlorophyll concentration.

Volatilization is usually computed with the same algorithms of gas absorption to water
surfaces, mutatis mutandis. A key parameter is therefore:

25. Wind speed at 10 m height on oceans

Advection and dispersion are controlled by:



26. Seawater velocity
27. Seawater mixing depth

Particularly, dispersion coefficients can be computed from the velocity of deformation
field. Water depth allows defining the control volume for mass balance calculations.

13



spatial temporal # of
Parameter intended use resolution resolution source web site maps Notes
CRU climatology - http://www.cru.uea.ac
1. Air temperature degradation, volatilization 10' monthly climatology - (New et al., 2002) - .uk/cru/data/tmc.htm 12
ADEPT model
(Roemer et al.,
2. OH concentration degradation in the atmosphere 0.25° winter/summer 2005) http://ensure.jrc.it 2
3. Aerosol concentration in
air partitioning and deposition 1° annual average http://ensure.jrc.it 1
4. Organic matter content
in Aerosol partitioning and deposition 1° annual average http://ensure.jre.it 1
Gas absorption and
5. 10 m height wind  volatilisation, air/land or CRU climatology :http://www.cru.uea.ac
velocity freshwater interface 10" monthly climatology | (New et al., 2002) | .uk/cru/data/tmc.htm 12
Copy of the ADEPT
ADEPT model model including data is
6. Atmospheric Mixing atmospheric control volume (Roemer et al., to be asked to:
height definition 0.25° annual average 2005) http://ensure.jrc.it 1 arthur.baart@wildelft.nl
7. Land cover Parameterization of atmospheric
characteristics deposition, runoff/infiltration 0.25° annual average http://ensure.jrc.it 1
Wet deposition, soil water CRU climatology ! http://www.cru.uea.ac
8.  Precipitation budget 10' monthly climatology | (New et al., 2002) : .uk/cru/data/tmc.htm 12
9.  duration of the wet CRU climatology : http://www.cru.uea.ac
period Wet deposition 10" monthly climatology  (New et al., 2002)  .uk/cru/data/tmc.htm 12
Copy of the ADEPT
ADEPT model model including data is
10. atmospheric source- (Roemer et al., to be asked to:
receptor relations Atmospheric advection 0.25° annual average 2005) http://ensure.jrc.it 1 arthur.baart@wildelft.nl
Copy of the ADEPT
ADEPT model model including data is
11. atmospheric source- (Roemer et al., to be asked to:
receptor time of travel |Atmospheric advection 0.25° annual average 2005) http://ensure.jrc.it 1 arthur.baart@wildelft.nl
12. suspended sediment partitioning of chemicals in
concentration freshwater 1 km annual average Pistocchi, 2006 http://ensure.jrc.it 1
Gas absorption to and Pistocchi and
13. water velocity Volatilization from rivers 1 km monthly climatology = Pennington, 2006 http://ensure.jrc.it 12
Gas absorption to and
Volatilization from rivers;
surface water control volume Pistocchi and
14. water depth definition 1 km monthly climatology ;: Pennington, 2006 http://ensure.jrc.it 12
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spatial temporal # of
Parameter intended use resolution resolution source web site maps Notes
Pistocchi and
15. river discharge Surface water advection 1 km monthly climatology : Pennington, 2006 http://ensure.jrc.it 12
16. surface water retention Pistocchi and
time Surface water advection 1 km annual average Pennington, 2006 http://ensure.jrc.it 1
http://eusoils.jrc.it/'We
17. topsoil organic carbon ESB - EC DG JRC : bsite/octop/viewer.ht
content partitioning 1 km annual average (Jones et al., 2003) m 1
http://eusoils.jrc.it/ES
Soil water, air content, porosity, ESB - EC DG JRC, :DB_Archive/ESDBv2
18. soil texture runoff, infiltration 1 km annual average SGDBE /index.htm 1
http://eusoils.jrc.it/ES
ESB - EC DG JRC :DB_Archive/pesera/p
19. Erosion Rate Advection 1 km annual average  : (Kirkby et al., 2004): esera_cd/index.htm 1
results from model
calculations, input data
20. Evapotranspiration Infiltration; plant uptake 1 km monthly climatology :Pistocchi et al., 2006- http://ensure.jrc.it 12 included in the ALPaCA
Pinty and Gobron,
personal
communication (see
21. leafarea index Vegetation 2 km monthly climatology refs. in text) http://ensure.jre.it 12
Stips, personal
22. seawater mixing layer communication (see
temperature Ocean degradation/volatilization 20 km monthly climatology refs. in text) http://ensure.jrc.it 12
Melin, personal
23. seawater total suspended communication (see
solids concentration :Ocean partitioning 2 km monthly climatology refs. in text) http://ensure.jrc.it 12
Melin, personal
communication (see
24. chlorophyll Organic matter sinking flux 2 km monthly climatology refs. in text) http://ensure.jrc.it 12
http://www.cdc.noaa.g
25. 10 m height wind ~ Ocean volatilisation; gas ov/cdc/data.coads.1de
velocity on oceans  absorption 1° monthly climatology ICOADS g.html 12
Stips, personal
26. seawater mixing layer communication (see
average speed Ocean advection 20 km monthly climatology refs. in text) http://ensure.jrc.it 12
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spatial temporal # of
Parameter intended use resolution resolution source web site  maps Notes
¢ Stips, personal :
- communication (see
27. Seawater mixing depth :Ocean control volume definition : 20 km imonthly climatology:  refs.intext) @ http://ensure jrc.it 12

Table 1 - summary of the environmental parameters considered in the present report



Atmospheric parameters?

Temperature

Temperature represents a well-studied variable, and many databases are available.
Among others, the one of the European Commission derived from the MARS system and
contained in the GISCO database can be used. The latter provides values at 50 km
resolution based on data from national meteorological services in Europe.

The climatology of New et al., 2002, provides monthly values with a higher spatial
resolution (10’ latitude/longitude) and is therefore recommended when climatologically
averaged values are accepted.

Map Ishows the annual average temperature obtained from New et al, 2002 data,
available through the Climatic Research Unit, (http://www.cru.uea.ac.uk).

The coefficient of variation of monthly values has been plotted in Map 2 to
identify areas of significant variability in temperatures. It is noticed that values of
variation are smaller than 4%, so often it is appropriate to consider the annual average for
certain calculations. However, there are phenomena that show an exponential dependence
on temperature also in the limited range of ambient values (approximately -5 to 25 °C on
average).

Atmospheric temperature can be also used as a proxy for temperature in surface water
and soil whenever more refined information is not available.

OH concentration

OH concentration is used to compute atmospheric degradation rate. The ADEPT model
(Roemer et al., 2005) brings estimates of averaged values of OH concentration for
Continental Europe as shown in Map 3.

It is worth noting that the map provides a pattern of variation of the parameter, tending to
be higher in Southern Europe. However, for the sake of modeling ADEPT uses a
representative continental average.

Alternative estimates of OH concentration come from the application of the TMS5 model,
available at the EC JRC (Krol et al., 2005).

Modeled OH concentrations are available with spatial resolution of 1 degree x 1 degree in
the horizontal plane, at heights of 52, 80, 135, 246, 435, 716, 1103, 1606, 2236, 3006,
3929, 5022, 6308, 7816, 9588, 11689 and 14160 meters, and have been poled to yearly
averages in order to investigate vertical variability.

For reference, we present in Map 4 the average concentration together with the
coefficient of vertical variation relative to the first 1000 m of height (Map 5). The pattern
is somehow consistent with the one of Map 3: OH is strongly dependent on latitude as it

2 F.Gigante has collaborated in the writing of this chapter and the processing of the data presented here,
during his internship at EC, DG JRC, September 2005-april 2006. F.Dentener of EC, DG JRC, IES, has
provided suggestions and data from the output of the TMS model.
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is related to solar radiation. The vertical variation tends to be significant in the belt of
Central Europe and particularly in the western area.

Referring to a three dimensional model allows to investigate the vertical distribution of
the parameters. For the sake of illustration, we refer to the 15 points indicated in Figure 1.

Figure 1- example locations for the vertical distribution of OH, aerosol, and OC content of aerosol.

As one can observe in Figure 2, the vertical profiles show a general trend to
decrease with elevation, although a clear peak at approximately 100- 1000 m (the order
of magnitude of the mixing height) is sometimes observed.

Another issue is the temporal variability of this parameter: as it is temperature-
dependent, OH concentration shows a clear seasonal pattern. In the ADEPT model
dataset, additional maps of OH concentration for winter and summer separately are
provided. In the literature, reported values of OH concentration in summer are generally
1.5 to 2 times higher during summer than winter (e.g. Wang et al., 1998). This systematic
variation suggests that whenever using temporally varying patterns of emissions and a
temporally resolved model, monthly values of the parameter are by far more appropriate.

Aerosol concentration in air

Data for the years 1980-2000 on PM10 concentration are available at the EMEP web site:
http://www.emep.int/aerosol/aerosol_descr.html. Map 5 — coefficient of vertical variation
of OH concentration relative to the first 1000 m of height (TM5 model)

Map 6 reports a linear kriging interpolation of the average values over that period,
highlighting some hotspots of high concentration.

The PM; distribution is representative of overall aerosol concentration in the sense that
concentration ranges are similar, and the spatial pattern compares reasonably with more
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specific model estimates such as the ones of the TM5 model model (Vignati et al., 2004;
Kinne et al., 2005; Textor et al., 2005).

Data worth using for multimedia modeling at the continental scale are
« climatological » averages at monthly step, and in this form estimates of the TM5 model
were imported. Data are available with spatial resolution of 1 degree x 1 degree in the
horizontal plane, at heights of 52, 80, 135, 246, 435, 716, 1103, 1606, 2236, 3006, 3929,
5022, 6308, 7816, 9588, 11689 and 14160 meters.

For reference, we present in Map 7 and Map 8 the average concentration and the
coefficient of variation relative to the first 1000 m of height. Indeed, this proves to be the
layer were the largest portion of variation of the parameter occurs, as shown by the
graphs of concentration (Figure 3) at the 15 representative points of Figure 1.

The main part of the aerosol is in generally dust (around 90 %) and sea salt
(around a few % above the sea).

Also in the case of aerosol, concentrations tend generally to decrease with
elevation.

Sometimes a peak concentration is observed at the level of the atmospheric
mixing layer (100- 1000 m).

Organic carbon content in aerosol

From the same TM5 model estimates come concerning the organic carbon (OC) content
of aerosol.

Data are available with spatial resolution of 1 degree x 1 degree in the horizontal plane, at
heights of 52, 80, 135, 246, 435, 716, 1103, 1606, 2236, 3006, 3929, 5022, 6308, 7816,
9588, 11689 and 14160 meters

For reference, we present in Map 9 and Map 10 the average OC content together with
the coefficient of variation relative to the first 1000 m of height. Also, vertical profiles at
the same locations as before are presented in Figure 4.

10 m height wind velocity

This parameter has been taken from the climatology developed by New et al., 2002. This
climatology represents at present the most complete and spatially resolved data set
available, with global coverage, over the continents. The same parameter is presented for
ocean areas in a following section.

Map 11 and Map 12 show the annual average wind speed at 10 m and coefficient of
variation of monthly values.

Atmospheric mixing height

This parameter is available within the data set of the ADEPT model (Roemer et
al., 2005), as shown in Map 13. The pattern of atmospheric mixing height shows low
values on the west coast, and higher values in the interior. This is not consistent with the
patterns of wind speed, which should be an indicator of atmospheric turbulence, hence
mixing height. These considerations shed light on the inconsistency of the mixing height
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map of Map 13 and the wind speed distribution of, both being a measure of atmospheric
turbulence. For this reason, one should select these parameters critically.

However, ADEPT uses a representative continental average for the sake of modeling.
Values of mixing height are about a half of the ones reported as default in the literature
(around 1000 m). During night time, often mixing height reduces to near zero; as an
average, it is likely that this map reflects the relative variation.

For the goal of more refined time dependent modeling, this map should not be used.



Figure 2— vertical profiles of OH concentration at a few selected locations.

point 1 oh concentration point 2 oh concentration point 3 oh con centration point 10 oh concentration
gae g £ g4
. 14 - 5 512 P P,
g 25 24 E;
2 ‘/ \_ P b /\ T \_f"“/\‘
=20 = 4p Pl Y 23 2
2 g = Z0s
S 15 .//r \wf'u 5 o \N\_ £, / M. § s
10 8 N E ,t—o—-‘( E 04
4 1
205 5 g g oz
g oo g 0 cn S 0o
0 100 1000 1000 400000 0 1 Jann om0 100000 1 100 1000 10000 100000 10 100 10m 10000 100000
altitude altitude [mi altitude [ altitude [m]
point3 oh concentration point 4 oh concentration point 11 oh concentration point 12 oh concentration
E 08 £ os g 88 ES
or = B30 = e
5 Il ~ Boa P N P
= gg I =, il = ‘/\\ i = 20 i 2! A e,
=) ] ~ 7 =03 = P — z . ot
g 04 — g w 215 — s — T
¥ o032 02 E o E N
F 02 0l £ 05 g1
g 01 £ 5 5
g 5 g, ¢ oo ]
0 s om0 0000 P 0 o0 1om 100 100000 10 100 _mm 10000 100000 10 100 _1nnn 10000 100000
attitude: [m] attitude [m] altitude [m] altitude [m}
point 5 oh concentration point 6 oh concentration point 13 oh concentration point 14 oh concentration
= 4 =18 =14 =12
E /.\ E 18 — . £ - £ T,
2 D A $ 2 7
s s g e N 20 —— 2 .
%2 ™, 50 £ < o
] ¥ AV S 3 - 5 & ‘*-.\ s ¢E ‘1.‘\“‘
E 4 E g haaadl E 4 T e E 4 ol
8 g 2 e 2z
g § 2 g ° g
] | 3 g S g
10 100 1000 10000 100000 10 100 1000 10000 100000 10 100 1000 10000 100000 10 100 1000 10000 100000
altitude [m] altitude [m] altitude [m] altitude [m]
point 7 oh concentration point 8 oh concentration paoint 15 oh concentration
=16 T 18 = 6
E . E —
5 1; 7 e 5 14 TN ;Ea s L\_'/r\\
s 10 f \o.—c\ 2 f \o.—c\ 3 4
R B 5 B ;- A,
. ~ ) ~ £
E ) S E S i 2
g ] 1
£ § g
&0 &0 e 0
10 100 1000 10000 100 1000 10000 0 100 1000 10000 100000
altitude [m] altitude [m] alfitude [mj




point 1 aerosol concentration

point 2 aeros ol concentration

point9 aeros ol concentration

point 11 aerosol concentration

E 14 E 18
12 b £ 18 -
I > i S —
2 i g2 -
c & e 10
5. 5" 1
£ : f=
s 4
i ~ : B——
2 g s 0
10 100 1000 10000 100000 10 100 1000 10000 100000
altitude [m] altitude [
point 3 aerosol concentration point4 aeros ol concentration
= & = 9
ks Es
- vy T BT L
5 Ll ] T s P N
£ ) H P i
‘ 5. |
g : ] R + T
E \\ f \ E : v X
3
5. * s g! ¥ LV
10 100 1000 10000 100000 10 100 1000 40000 100000
alitude m] altitude [mi
point5 aeros ol concentration point6 aeros ol concentration
.g 20 .g 35
= £ 30
15 'A\'\ 25 A
g N . !
T 3 \'
2 2 15
i, \ i AN
: \/-\u i e
I 3 g s
10 100 1000 10000 100000 10 100 1000 10000 100000
altitude [m] altitude [m]
point7 aeros ol concentration point8 aeros ol concentration
.g 30 .g S0
5= . EX =
za 4 N
= = 30
515 §
E 10 [ \ E 20 \
5 10
5, S 5 e
10 100 1000 10000 100000 10 100 1000 10000 100000
altitude [m] altitude [m]

Figure 3. Vertical profiles of aerosol concentration at a few selected locations.
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Figure 4- vertical profiles of OC fraction in aerosol at a few selected locations.
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Land cover characteristics for particle dry deposition velocity

Land use shows being of significant importance for the deposition velocity. The
following data were used to compute the relative importance of deposition velocity.
Marner and Harrison, 2004, provide the following mean values for deposition velocity of
nitrogen as aerosol in the UK.

Component Urban | Forest | Arable | Grassland | Water
Aerosol NO3 1.78 1.78 0.26 0.15 0.23
Aerosol NH,4 1.02 1.02 0.10 0.06 0.11

Table 2— atmospheric deposition velocities in cm/ s (after Marner and Harrison, 2004)

We can take the mean between NO3;and NHy as typical values for the different types of
land use. Their range is between 0.105 for grassland, and 1.4 for urban and forest areas.
These values of typical deposition velocities were mapped using the PELCOM grid
(http://www.geo-informatie.nl/projects/pelcom/public/index.htm), reclassified according
to the following lookup table. The figures are not significant in absolute terms, as they
refer to a specific case study, but provide an estimate of the relative rank of the land use
classes.

Class_name deprate_cm

Coniferous forest 1.400
Deciduous forest 1.400
Mixed forest 1.400
Grassland 0.105
Rainfed arable land 0.180
Irrigated arable land 0.180
Permanent crops 0.180
Shrubland 0.180
Barren land 0.105
Permanent Ice&Snow 0.170
Wetlands 0.170
Inland waters 0.170
Sea 0.170
Urban areas 1.400

Table 3

Map 14 shows the reclassified PELCOM map. There are many other sources of land use
or land cover characteristics. The one pre