





















































































































































b.1.1. The G-P module describes the diffusive uptake or release of a gaseous
Hg (Hg®° and Hg species) by atmospheric particles. Many assumptions are
inherent in the formulation of the G-P model. The particles are spherical and
have a non-porous, non-sorbing inner core surrounded by a uniformly porous,
sorbing outer shell. In spherical co-ordinates, the diffusion of mercury and
mercury species in atmospheric particles is governed by the following partial
differential equation

3S(r) /3t =n D [0 B(r) /3 F + 2/r IB(r) / Or]
where S(r) is the total volumetric concentration of Hg" at a radial distance r
from the center of a particle, B(r) is the non-adsorbed concentration of Hg’ in
the micropores of a particle, Dy, is the molecular diffusion coefficient of Hg’
in the air, and » is the intraparticle porosity of the porous shell and ¢ is the
time. In solving the above equation for Hg’ several assumptions have been
made including local equilibrium between the adsorbed Hg” and Hg" in the gas
phase.
b.1.2. The C-K module accounts for all the major chemical reactions of
atmospheric mercury in the gas phase, particulate phase and aqueous phase
(i.e. cloud droplets, aqueous phase adsorbed in the total suspended particulate)
during the transport of air masses on local and regional scale. As showed in
recent studies of atmospheric deposition and transport of mercury non local-
urban scales, the contribution of airborne mercury to the overall budget of
mercury released from the atmosphere to water and terrestrial receptors may
be substantial, although the concentration of atmospheric mercury in particle
phase is low compared to that in the gas phase.
b.2 Dry deposition module: This module consists of two sub-modules in order
to account for dry deposition over water surface and over land. The model
proposed by Williams (1982) and modified later by Pirrone et al. (1995a, b)
for trace metals and semi-volatile organic pollutants is used to calculate the
deposition fluxes over water surfaces. The model of Slinn and Slinn (1981) is
used for deposition over soil and vegetation. These modules consider super
micron particle eddy diffusivity, gravitational settling and particle inertia as
the main mechanisms influencing the deposition to terrestrial receptors.

Finally, the model combines this term with the terminal settling velocity and



Brownian diffusion to predict deposition velocities. In order to reduce the
uncertainty associated with the deposition fluxes of atmospheric mercury to
terrestrial receptors the suggestions of Hicks et al. (1985) have been adopted.
Other formulations (e.g. Giorgi, 1986) have been coded and are incorporated
in the models as alternatives.

e b.3. Wet deposition module: A state-of-the-art wet deposition module has been
developed and linked with the other modules and the atmospheric model. The
wet removal process concerns the soluble chemical species (Hg” and its
compounds, and some Hg"), and also particulate matter scavenged from below
the precipitating clouds. The wet deposition module has been validated and
calibrated by using a long-term record of mercury in rainfall precipitation
collected in Europe during the last decade.

All the above-described modules have been included in the original atmospheric

models (Pirrone et al., 2002).

The processes involved in mercury transport and transformation are rather
complicated and require special treatment. Due to the small concentrations of some
mercury species and the processes involved, especially the gas to particle conversion,
stiff differential equations solvers were used. This requires significant computer
resources, which makes the simulations for long periods and high resolution very
difficult. In addition, the aqueous phase processes are very important and the
atmospheric models must include detailed cloud microphysical algorithms, which
require also significant amount of computer power. The two atmospheric models used
for the development (RAMS and SKIRON/Eta) have such capabilities through
different approaches. RAMS has a detailed cloud microphysical scheme and the two-
way interactive nesting capabilities, which make it appropriate for simulations near
the sources and simultaneously over larger areas. The computer power required for
long-term simulations is beyond the limits of the conventional workstations and
servers available and requires parallel computations. For this reason, most of the
simulations performed so far are in a rather coarse grid. The SKIRON/Eta system has
a microphysical scheme which is less demanding in computer resources but accurate
enough for precipitation calculations. Therefore, it is preferable for several sensitivity
calculations of several days. The inter-comparison of the results between the two

models is an absolutely necessary process in order to avoid systematic errors since
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there are no systematic measurements available for the mercury species in several

locations for performing inter-comparison studies.

2.1.4 LPDM model

The Lagrangian Particle Dispersion Model (LPDM) is a simulation tool used to
investigate pollution dispersion over complex terrain. LPDM allows the simulation of
releases of pollutants from arbitrary emission sources, by tracking the motion of
particles (Uliasz and Pielke, 1991). The unique feature of the LPDM is its ability to
use two different options for dispersion calculations:

The traditional source-oriented approach, which consists of solving model
equations forward in time for given emission sources. The basic concept behind
source—oriented approach is the determination of the impact of a particular source
upon its surroundings. The result of this approach is to obtain a time and space
distributed concentration field.

The receptor-oriented approach, based on the calculation of influence functions
from backward trajectories of particles. The proposed methology is based on a
Lagrangian type of dispersion, taking into account turbulence in the calculations
(particles are released from the receptor during the sampling time). This is considered
to be the main advantage compared to simple back trajectory calculations, showing
the non-linear paths of the air masses during the desired travelling time. This
approach results in the definition of the origin of the air masses monitored at specific
locations (receptor area) and times. It is important to denote that this approach gives a
qualitative definition of the areas of influence and does not provide quantitative

information for specific pollutants.
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2.2 Models setup

2.2.1 RAMS

a. Model set-up

The simulation performed with both models started at 0000 UTC on 14 August
1997 and ended at 0006 UTC 26 August 1997. One grid has been selected with the
following configuration:

e 90x90x30 points and 36 km horizontal grid increment. The coordinates of the

center of the domain were at 36.926 °N and 85.037 °W

e For the model domain, thirty vertical levels following the topography were

used at: 69, 195, 325, 458, 559, 775, 994, 1269, 1611, 2040, 2576, 3250, 4059,
4916, 5766, 6616, 7466, 8316, 9166, 10016, 10866, 11716, 12566, 13416,
14266, 15116, 15966,16816 and 17666 m. This configuration is considered
adequate for the present study and the computer resources available for the

project.

b. Input data

-Topography files.

A detailed data set of 30 arc-second was used. This data set has a global coverage
and is available from EROS Data Center (Sioux Falls, SD 57198). From the above
topography data set the land-water percentage was extracted.

-SST files.

The Sea Surface Temperature (SST) data set was retrieved from the National
Center for Atmospheric Research (NCAR) and consists of mean climatological
monthly values with a resolution of 1 degree.

-Vegetation and land use files

The specification of the type of vegetation was in gridded form with a resolution

of 30 arc-seconds and global coverage. The vegetation data have been retrieved from

NOAA/NGDC.
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-Meteorological fields

The initial data for the atmospheric model were prepared by the isentropic
analysis package. The model was initialized with gridded data sets containing
horizontal velocity components, temperature, geopotential height and relative
humidity as a function of pressure. More specifically, the data were obtained from the
European Center for Medium Range Forecasting (ECMWF). Their horizontal
increment is 0.5 degree, and they are available every 6 hours (0000, 0600, 1200 and
1800 UTC). The initialized analysis data sets were used instead of non-initialized
analysis data in order to avoid unnecessary local effects. The horizontal resolution of

this data set is comparable with the RAMS grid used.

c. Initialization procedures

-Topography

The terrain height data, which are to be present on the model grid, has been set to
4, indicating the shortest mode with respect to the model grid.
-Meteorological fields

The gridded data sets contain horizontal velocity components, temperature and
relative humidity as a function of pressure at the following 12 pressure levels: 1000,
925, 850, 700, 500, 400, 300, 250, 200, 150,100 and 50 hPa. These data are
objectively analyzed using RAMS on isentropic surfaces from which they are
interpolated to the RAMS grids. These initialization fields are used in order to supply
a time series of observational data for the atmospheric model to assimilate during
execution. The lateral boundary region of the coarser grid is nudged toward the
initialization file values every 900 s, while there is no relaxation time scale at the
center of the domain.
-Soil moisture information

Six levels were active in the soil model at a depth of 0.50, 0.35, 0.20, 0.10, 0.05
and 0.0 m.

Apart from these settings, the simulations were set to be non-hydrostatic. The
lateral boundary conditions on the outer grid followed the Klemp-Lilly condition

which is a variant of the Orlanski condition, in which the gravity wave propagation
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speeds computed for each cell in the Orlanski condition are averaged vertically, with
the single average value being applied over the entire vertical column. The horizontal
diffusion coefficients were computed as the product of horizontal deformation rate
and a length scale squared, based on the original Smagorinsky formulation. The
vertical diffusion coefficients were computed according to the Mellor and Yamada
parameterization scheme, which employs a prognostic turbulent kinetic energy. For
both short wave and long-wave radiation parameterizations, the scheme described by
Mabhrer and Pielke (1977) has been used.

The roughness length is defined according to the vegetation cover. The simulation
was also performed by activating condensation of water vapor to cloud water and the
microphysical parameterization of any species of liquid or ice. The mean rain, snow,
aggregates, graupel or hail droplet diameter was specified from the default value in
RAMS code and the number of concentration is diagnosed automatically from this

mean diameter and the prognosed mixing ratio.

2.2.2 SKIRON/Eta

a. Model set-up

The selected model area for the present study extends 48.8 °N to 21.5 °N and from
107.3 °W to 63.8 °W, centered at 36.9 °N and 85 °W, and covers the USA. This area
cover the same area with the one used for RAMS with minor differences attributed to

the SKIRON/Eta horizontal projection.

b. Input data and model initialization

The SKIRON/Eta model uses the following set of input data:
-Topography files.

In this study a topographical data set with a global coverage at a horizontal grid
spacing of 30-arc seconds (approximately 1 kilometer) provided by the US Geological
Survey (USGS) was used.

The model while processing the topography file, records the average elevation in

each grid cell. The model land/sea mask is derived from the topographical data. If half
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of the points contained in each grid box are over land, then this grid box is defined as
a land point, and in the opposite case it is defined as a sea point.
-Sea Surface Temperature Sea (SST) files.

For Sea Surface Temperature Sea (SST) there are three options: the latitudinal
variation of pre-defined SST, the climatological 1x1 degree data from NCAR (mean
monthly values) and the ECMWF gridded fields. In the present study climatological
values are used.

-Soil texture.

Soil textural data classes are available with a global coverage at resolution of 2x2
min. Two global sets with different resolutions are used in order to derive the finer
textural classes:

a. The Staub and Rosenzweig Zobler Near-Surface Soil Texture data set at
1x1 degree resolution consists of 7 textural classes plus water, organic
matter and land ice.

b. The UNEP/GRID Gridded FAO/UNESCO Soil Units at 2x2 min
resolution consisting of soil units with 134 legends (indicating the soil
types, ocean, rocks, salt and inland water).

-Vegetation types

For the geographical vegetation distribution, an empirical correspondence is
specified between the Olson World Ecosystems with 59 classes at 10x10 min
resolution with a global coverage and the 13 SSIB vegetation types required by the
SKIRON/ETA model. Alternatively a data set with higher resolution namely 307x30”
latitude-longitude is available. In this study the higher resolution data set was used.
-Soil moisture information

Soil moisture and temperature was calculated in six levels at a depth of 0.50, 0.15,
0.28, 0.50, 1.00 and 2.55 m. In addition, the slopes and the azimuths of the sloping
surfaces were computed and the used for the calculation of the incoming solar
radiation over the sloping terrain. Albedo variations are also calculated.
-Meteorological fields

For the initialization and boundary conditions either analysis and/or forecast fields
from the European Center for Medium Range Forecasting (ECMWF) or from the
National Center for Environmental Predictions (NCEP) Washington can be used. In
the present study analysis fields from the ECMWF every 6 hours (0000, 0600, 1200

and 1800 UTC) were used. The data sets consist of the parameters velocity
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components, specific humidity and geopotential height at 12 pressure levels namely
at: 1000, 925, 850, 700, 500, 400, 300, 250, 200, 150, 100 and 50 hPa. The data for
the simulations covered the area from 80.0°N to 10.0°S and from 40.0 °W to 70.0 °E,

with grid spacing 0.5°, similar to the data set used by RAMS model.

2.2.3 Mercury modules.

a. Emissions data

The emissions data used in both models were obtained from all counties as well as
point sources provided by the New York State Department of Environmental
Conservation (Chris Walcek, personal communication). The database provided
information for each point source such as the location of the source, latitude and
longitude, stack height, information on the emission type (Hg’, Hg* and Hg") and type
of plant. The locations of sources (area and point) in the USA are illustrated in Fig.
2.1. A second simulation was performed without using the New York State sources as
displayed in Fig. 2.2.

Re-emission involves gaseous evasion of previously deposited mercury in water
and soil and is also considered in both models. Fluxes of mercury from soil and water
are taken into account. These values are defined in the pre-processing module.
SKIRON model reads the defined values from the pre-processing module and fluxes
are calculated, which contribute to the overall emission. RAMS model reads the
defined values and calculates the emissions per volume unit.

A parameterization of the mercury fluxes from the sea is included in the mercury
modelling system. The fluxes are approximated by a hyperbolic empirical function
that mainly depends on the wind speed at 10m height and the sea-surface temperature.
This function was formulated in such a way so that the fluxes of mercury from the sea
to lie within the range reported or inferred by the literature (e.g. Lindqvist et al. 1991;
Jackson 1997; Xu et al. 1999). The concentration of mercury in the top layer of the
sea (namely above the thermocline) and its seasonal variability was also considered in
the calculation of the mercury fluxes from the sea-surface. In the literature, the
average observed concentrations of Hg’ in lakes and oceans range significantly from

about 20 ng/m’ to 2000 ng/m’ (e.g. Brosset 1984; Vandal et al. 1993; Fitzerald et al.
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3.2 Simulation performed with all sources

The relative contributions of in-state mercury sources and out-state sources to the
mercury deposition are an important issue for policy makers in New York State.
In this project, we performed two simulations, one with all available sources of NE
USA and another without the New York State sources. The location of the sources in
both cases with and without the New York State sources is illustrated in Figs 2.1-2
respectively. The concentration of mercury species is dictated by many factors that
affect the chemical and physical processes such as atmospheric reactions and
deposition. It also depends strongly on flow conditions and source locations (Davies
and Notcutt 1996).

The simulation performed with all available sources showed that the Hg’
concentrations were nearly uniform all over the domain, with higher concentrations
near the sources especially during the first few hours of the simulation. Also, Hg® and
Hg" concentrations were still high around the sources for selected periods during the
day. This can be attributed to the photochemical reactions producing Hg* and Hg"
during the daytime and to the poor dispersion conditions prevailing at the time. This is
also consistent with the literature (Schroeder et. al 1998), as Hg’ is known as a long-
range transport pollutant, while Hg” can be removed in the vicinity of a few tens to a
few hundreds of kilometres. In addition Hg" species are likely to be deposited at
intermediate distances depending on the prevailing wash-out mechanisms. These
differences on the transport mechanisms for each specie are clearly illustrated in the
concentration patterns of Hg”, Hg” and Hg" presented in Figs 3.12-14, respectively.

It is known that mercury enters the aquatic environment through the deposition
processes. Therefore, it is important to estimate the amount of mercury species
deposited through different atmospheric processes. The mechanisms used to simulate
the transport and deposition of Hg” and Hg" have been described above. An attempt
was made to calculate the accumulated deposition patterns for the simulation period.
More specifically, the wet and dry deposition patterns of Hg", Hg” and Hg"-adsorbed
were estimated using both models RAMS and SKIRON/Eta.

The dry deposition patterns of all three mercury species are varying over sea and
over land. The transport of mercury species is dependent upon the advective transport
by the mean wind and transport by turbulent dispersion. The spatial and temporal

variations on the dry deposition patterns can be determined through the similarities
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with the conventional pollutants. The dry deposition pattern of Hg"-adsorbed in Total
Suspended Particles (TSPs) is illustrated in Fig. 3.15. During the integration period,
the dry deposition values of Hg’-adsorbed, are generally higher over land. This is
attributed to the dry deposition scheme over land and over water (as it is described in
§2.2.3) used in both models. In addition, the amounts of Hgo-adsorbed in Total
Suspended Particles (TSP) are lower compared to the other species. However, they
are considered important for the mercury concentrations and deposition and,
therefore, included and treated separately in both models.

The accumulated (during the 12 days of the simulation) amounts of Hg" that is
deposited through dry processes are greater over the sea than over land as illustrated
in Fig. 3.16. The dry deposition patterns of Hg" and Hg’-adsorbed depend on the
pollutant concentration and the deposition velocity. The deposition velocity of Hg"
used in these simulations is a weighted average of 15 deposition velocities,
corresponding to the 15 size intervals at which particles are distributed. Over regions
with high humidity (e.g. over sea surface) greater deposition velocities are observed
due to the dependence of the deposition velocity with the size of the particles.
Particles growth is relatively high under these conditions.

Dry and wet deposition patterns of Hg” are illustrated in Figs 3.17-18. The highest
amounts of the pollutant are deposited near the sources. This is also consistent with
the literature (Schroeder and Munthe 1998). Hg? is also highly soluble so it dominates
the wet deposition pattern of gaseous mercury. The wet deposition pattern of Hg” has
several similarities with the wet deposition pattern of Hg’-adsorbed, but the Hg’
deposited amounts are higher.

The wet deposition pattern of Hg’-adsorbed is similar to the Hg" since the total
amount of precipitation is higher over the mountainous areas (see Figs 3.19 and 3.20,

respectively).
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Wet and dry depositions of all mercury species were also calculated for the second
scenario, namely the simulation performed without using the sources available over
the State of New York. When sources of mercury are not considered, the dry and wet
deposited amount of all species over the selected area of New York is lower (see Figs
3.25-30). The sources of mercury increase the concentration of all species in the State
of New York. Therefore, as sources of the pollutant located over the State of New
York are excluded for the second simulation scenario, the mercury deposited amount
is lower. Major differences between the two simulations are evident for Hg* and Hg"
since these species transported in short and intermediate distances respectively.

The two simulations have been also compared for a selected site. This site is
Adirondacks, located in the State of New York. This can provide an estimation of the
relative contribution of local emissions versus long-range transport to mercury
deposition at a specific location. The results of these simulations performed using
both models are presented in Figs 3.31 and 3.32. The wet deposition of all three
mercury species when the New York State sources are not used, reduced up to 15% .
The differences appeared between the two models are lower in the second case
without the sources. The differences between the two models increased in both cases
(with and without New York State) after the 21* of August. This is due to the
precipitation schemes of both models and the prevailing weather conditions during the

simulation, especially after the 21% of August 1997.
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3.4. Source-receptor relationship - LPDM simulations

The purpose of this study is to better understand the source-receptor relationship,
through the proposed modelling methodology. In order to achieve this, we performed
simulations with the LPDM model for the defined experimental period 14 to 26 August
1997; with RAMS model. The results of this simulation are discussed in this chapter.

In the State of New York, there is a great concern about mercury deposition in
locations like Adirondacks area, Catskill Mountains as well as the City of New York and
its surrounding region. The combined RAMS-LPDM simulations focused on the
calculations of influence functions considering Adirondacks as a receptor area. This study
is performed in order to identify the source areas of the pollutant air masses traced at
Adirondacks (44.0N, 74.00W) during the experimental period. Influence functions are
calculated 48h backward in time, for each day of the period 19 to 26 August 1997, with a
12h time interval, considering Adirondacks as the receptor area. The simulations were
performed for the lower part of the troposphere. This approach allows us to identify the
location of the air masses during the previous 12h time interval, illustrating the regional
transport of the air masses. The 12h time interval is chosen as a representative time
period to investigate the transport of air masses in a rather small-sized domain. It is also
possible to make the distinction between short range and long-range transport.

A different approach is also presented in this study, in order to compare the results
from all the simulations performed for the defined period. This becomes possible by
using an ensemble calculation of the influence functions for the seven-day period. The
presented methology does not provide a geometric representation of the air masses, but
shows the air masses veering according to time, following non-linear paths.

The first simulation started at 1200UTC on 26 August 1997, as shown in Fig.3.33.
The first frame in Fig. 3.33 shows the location of the air masses during the previous 12h
from the start of the simulation, meaning the time period 0000 to 1200 UTC, for 26
August 1997. The second frame shows the location of the air masses at the time period
1200UTC to 2400UTC, 25 August. Contours are in logarithmic normalized units,
presenting the number of particles of unit mass per cubic meter (particles/m’). It is
evident that the air masses were located to the W and SW of Adirondacks area, following
the path through the Great Lakes, in a time scale of about 36 to 48h (3rd and 4™ frame).
The light winds in the area and the poor mixing in the nocturnal boundary layer, do not

favor any significant transport, the first 12h of the simulation (1* frame). The second
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simulation that started at 2400UTC on 26 August 1997, presents the traveling path of the
air masses that reached Adirondacks area, during the day (Fig. 3.34). The path is slightly
different, with the air masses traveling through north before reaching Adirondacks, the
first 12h of the simulation. Nevertheless, the weak flow field in the area during the first
12h do not allow significant transport of the air masses that reached Adirondacks at
2400UTC. These simulations were performed for each day of the experimental period
19-26 August 1997, and the results are presented in the Appendix 2. It is possible to
compare the results for the 0-1km vertical layer and the 1-2km vertical layer, in order to
find whether significant vertical mixing occurred or not. As it is well known, land water
distribution (Great Lakes region) and complex terrain (Adirondacks Mountains), are
some of the features that can result in strong vertical mixing of air masses in the
atmosphere. Due to this reason, the regional distances travelled by the air masses can be
significantly different. In order to investigate the primary areas of influence, one must
examine the plots shown in the Appendix 2. In spite of this, the combination of the
influence functions is proposed as a more direct and efficient method, considering the
division of the 24h into two parts. In that way, we can investigate the areas of influence
for Adirondacks, for two periods, during the day and during the night.

Influence functions provide spatial as well as temporal information on the dispersion
of the air masses that reached the receptor area, each day of the simulation period. The
methodology used in this simulation is based on the combination of the influence
function calculated for the first 12h (0000-1200UTC) of the entire simulation period.
These were derived from the 48h simulations done previously. The prevailing traveling
path of the air masses that influence Adirondacks area during the night is quite evident in
Fig. 3.35. According to Fig. 3.35 distant source areas, that could influence Adirondacks
during the 12h interval, are located W and E — SE of the receptor area. Nearby source
areas of the air masses, are located to the N of Adirondacks area, where horizontal
advection is not significant, due to the weak circulation and the stable conditions in the
area. During the day, the pattern of the airflow is different, as shown in Fig. 3.36
(coupling of the 2" 12h of the entire simulation period- 1200-2400UTC). Distant
sources are located mostly to the SE, SW, and NW of Adirondacks area. In addition, the
nearby sources are located to the N and W of the receptor area. Comparing the results of
Fig. 3.35 and Fig. 3.36, it was found that significant advection occurs during the day, as

was expected, and the traveling paths of the air masses appear to be more complicated.
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The percentage of contribution of each source area becomes evident with the aid of an
ensemble calculation of the influence function, for the entire experimental period (Fig.
3.37). This approach shows the regional transport of the air masses, for the 12h time
interval. No separation is made between night and day and only the time interval is
constant (12h). As shown in Fig. 3.37, the dominant distant source areas of air masses
are located at the W, NW and SE of Adirondacks area. The nearby source areas are
located in all directions around Adirondacks, except southward. All of these locations
can be treated as potential source areas of pollutant air masses that reached Adirondacks,
at the defined experimental period.

The simulation discussed in this report, reveals the usefulness of the methodology to
investigate the contribution of a number of sources to air quality at a given receptor. The
receptor — oriented approach helps to identify spatially as well as temporally, the origin
of the air masses that reach the receptor area in the assumed sampling time, implementing
the results of source-oriented modelling approach. The proposed methodology can be
very useful in applications such as emission control and planning locations of new
emission sources. It is also useful in assessing contributions from different sources to air

pollution problems in a defined region.
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Figure 3.35: Addition of the influence functions for the first 12h (0000 to 1200UTC) of
every simulation that started at 1200UTC. Receptor area: Adirondacks (44.0N, 74.00W).
Experimental period: 19 to 26 August 1997. Contours are in logarithmic normalized units
(number of particles of unit mass per cubic meter).
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Figure 3.36: Addition of the influence functions for the first 12h (1200 to 2400UTC) of
every simulation that started at 2400UTC. Receptor area: Adirondacks (44.0N, 74.00W).
Experimental period: 19 to 26 August 1997. Contours are in logarithmic normalized units
(number of particles of unit mass per cubic meter).
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4. OBSERVATIONS-MODEL CALCULATION INTERCOMPARISON

Deposition measurements are available from several locations of the NE part of
the US. More specifically, the Mercury Deposition Network (MDN) provided wet
deposition measurements at sites upwind and downwind of NY State only. MDN
deposition observations at selected sites within the MDN, namely Allegheny Portage at
Pennsylvania, Dorset and St. Andrews at Canada, Bridgton, Acadia and Greenville at
Maine have been compared with the accumulated wet deposition of mercury from both
models. Deposition observations performed within the Regional Environmental
Monitoring and Assessment Program (REMAP) e.g. Underhill at Vermont, have been
also compared with the accumulated wet deposition of mercury from both models and the
results are illustrated in Figs 4.1-7.

The available observations for these stations represent the weekly measured wet
deposition of all mercury species, for the periods 12 to 19 August 1997 and 19 to 26
August 1997. Only two deposition observations are available for the model simulation
period. However, an attempt was made to inter-compare model outputs and observations.
Since no information for the starting hour during the sampling period is available, the
observations have been compared with the 0000UTC model outputs. From the model
outputs accumulated wet deposition of all mercury species have been calculated for all 12
days of simulation. The wet deposition values of all three mercury species (Hg", Hg? and
Hg’-adsorbed) have been accumulated from the initial time of the simulation, for both
cases (with and without NY sources) for the entire simulation period. A similar
accumulation has also been made for the observations, in order to achieve greater
consistency between the observations and model calculations.

The inter-comparison between model calculations and observations was made with
both models, for both scenarios. Both models tend to overestimate the deposited amounts
of mercury. The observations seem to be higher for the 12 to 19 August 1997 period
compared to the model calculated values. On the contrary, when observations for the
periods 12 tol19 August and 19 to 26 August are accumulated, they are lower than the
model-calculated total deposited amount. The overestimated deposited quantities of
mercury from both models are within the acceptable limits, taken into account the
observation errors, uncertainties of the observation network, weekly measurements, as

well as differences of both models convective and precipitation schemes. It is worth
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SUMMARY

Parallel development and implementation of the mercury processes in two well-
known atmospheric modelling systems has been performed during this project. This
allows the inter-comparison of the results and, consequently, the more accurate
development of the mercury modelling system. Both RAMS and SKIRON/Eta are 3-D
full-physics limited-area models and they have similar capabilities. They can be used for
high-resolution simulations and in this way they can satisfactorily represent regional and
mesoscale features.

Mesoscale and large-scale precipitation processes are important for the wet
deposition of mercury. Also, both atmospheric models include highly accurate turbulence
schemes. This is important since the dry deposition of mercury is strongly dependent on
turbulence near the surface. Any uncertainties related to wet and dry removal processes
were tested extensively.

RAMS includes a detailed cloud microphysical scheme and it has the capability of
two-way interactive nesting. Sensitivity tests indicated that a very detailed cloud
microphysical scheme is not essential to handle for the mercury removal processes.
Either modeling systems can be coupled with oceanographic or lake models in order to
describe the mercury path in the water body.

The elemental, reactive and particulate mercury were taken into account in the model
development. In both models the most detailed and accurate emission inventory created
during the project has been used. Two different emission inventories have been tested for
the simulation period. One containing NY State emissions and the other without the
emission sources located over NY State. Moreover, both models treat physico-chemical
processes, atmospheric reactions, transformations, removal processes and especially the
aqueous phase chemistry and gas-to-solid partitioning of elemental mercury.

In general, a satisfactory agreement is evident between observations and model output
especially when the NY State emission sources are included. Major problems have been
avoided because the mercury process modules are coupled to atmospheric processes on a

direct way. However, a systematic model evaluation is difficult unless some other
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controlling factors, like emission inventories and observations quality/quantity are not
improved significantly.

The difficulties in measuring the wet and dry deposition of mercury make the
deposition patterns estimated by the model very useful. The models are also helpful in
estimating the mercury concentration due to the lack of reliable and consistent measuring
methods. A well-developed numerical model is also much cheaper than a dense
observation network that is required for high-resolution estimations of the concentration
and deposition. From this aspect, the developed models should be considered as very
useful tools for studying the mercury processes and, therefore, be used by policy makers.

This study focused on the regional and synoptic transport of mercury. The
representation of mesoscale features was not in the aims of this research. This is the main
reason that a relatively coarse resolution of about 36 km was used here. However, the
model development presented is able to accurately describe the mercury processes at
almost all scales. Very high-resolution simulations with grid spacing of about 5-10 km
are required in order to represent mesoscale phenomena. This kind of simulations could
resolve mesoscale transport and could provide an understanding of the effects of local
versus remote sources. The significant computer resources required for very high-
resolution simulations can be made available in the near future, and this will allow the
study of the mercury cycle on the meso-scale. Parallel versions of the models are under
development at the University of Athens.

Despite the significant modelling effort computed so far, there is still need for further
development. The experience we gained so far from the model applications in the
Mediterranean and Europe as well for NE USA showed that the Hg budget calculations
are more sensitive to the physical rather than the chemical processes. There is a need for
a better representation of the gas-to-particle conversions. Most of these processes will be
further investigated within the MERCYMS project recently funded by the European
Union. The Atmospheric Modelling and Weather Forecasting Group (AMWFG) has
undertaken the model development of these processes. A more accurate and systematic
way of measuring the various mercury species and a better understanding of the air-water
interactions is necessary.

The transport, transformation and deposition processes of mercury in New York State
were studied using and comparing two well-known atmospheric models. Since the

various mercury species are multi-range transport pollutants the model treatment must
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represent these properties of all species accordingly. At least one-year simulation
period is strongly recommended in order quantitatively evaluate the models and to
derive reasonable conclusions about the in/out-state contribution to the areas of

great concern.
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APPENDIX 2
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Figure 1: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 1200UTC, August 25, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).

EFLIIECE FUMCTIONS, raseplars NECKACK Db lem

I 25,/08—12UTCB0UT0
/ o

1500

1000

500

Y (KM)

500

1500

X O[KM)

Figure 2: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 2400UTC, August 25, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).



¥ (kM)

1000 o s00 1000 1500

X (KM)

* | Vx-S |

Figure 3: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 1200UTC, August 24, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).
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Figure 4: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 2400UTC, August 24, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).
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Figure 5: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 1200UTC, August 23, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).
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Figure 6: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 2400UTC, August 23, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).
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Figure 7: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 1200UTC, August 22, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).
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Figure 8: Influence functions calculated 48h backward in time for a receptor area centered at Adirondacks
area (44.0N, 74.00W). Simulation started at 2400UTC, August 22, 1997. Each frame presents a 12h interval.
Contours are in logarithmic normalized units (number of particles of unit mass per cubic meter).






















