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Preface

Nature Tolerance Levels

The programme on Tolerance Levels in Nature was started by the Norwegian
Ministry of Environment in 1989. The programme aims to obtain background
material for international agreements on reductions of emissions. Within the
Convention on Long Range Transboundary Air Pollution the members have
decided that new agreements on emission reduction will be based on the principle
of critical load.

A steering group with members from the Ministry of Environment has the overall
responsibility of the programme.

The administration of the programme has been given to a working group with
representatives from the Directorate for Nature Management (DN) and Norwegian
Pollution Control Authority (SFT).

The working group has the following representatives:

Tor Johannessen - SFT
Else Labersli - DN
Steinar Sandgy - DN

Questions regarding the programme may be given to:

Directorate for Nature Management
N-7485 Trondheim
Norway
Tel.: +47 73 58 05 00
Telefax: +47 73 91 54 33
or:
Norwegian Pollution Control Authority
P.O. Box 8100 Dep.
N-0032 OSLO
Norway
Tel.: +47 22 57 34 00
Telefax: +47 22 67 67 06
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Summary

The total depositions of sulphur and nitrogen compounds in Norway have been
estimated with a grid resolution of 50-50 km2, based on available measurements
of air and precipitation chemistry. The five year deposition estimates covered
the periods 1978-1982 (Hole and Tarseth, 2002), 1983-87 (Pedersen et al.,
1990), 1988-1992 (Tarseth and Pedersen, 1994), 1992-1996 (Terseth and Semb,
1997), 1997-2001 (Hole and Tarseth, 2002). This report covers the period from
2002 to 2006. In addition, the depositions of sea-salts and non sea-salt
potassium and calcium have been estimated. Results are presented as tabulated
values to the individual grid cells, and visualised on geographical maps.

The average total deposition (2002-2006) of the non sea-salt compounds was
highest in the south and western part of Norway with maximum sulphur
deposition of 0.67 g S/m2 in grid cell no. 2 and 3 (Vest-Agder). The lowest
depositions were observed along the Swedish border from Finnmark in the north
down to Oppland in central Norway with values approximately one order of
magnitude lower than in the maximum areas. Similarly, deposition values for
individual meteorological sites varied from 0.88 g S/m2 to 0.04 g S/m2. The
largest grid cell depositions of oxidised and reduced nitrogen were 0.87 and 0.75 ¢
N/m2, respectively, whereas the lowest depositions were 0.06 and 0.07 g N/m2,
respectively.

Estimated total annual depositions for the period 2002-2006 were approximately
74 000 tonnes sulphur and 154 000 tonnes nitrogen. Compared with similar
estimates for the period 1997-2001, there has been a significant reduction (15%)
in the sulphur deposition while the nitrogen deposition has slightly increased (2%)
for both reduced and oxidised form. The increase was mainly on the west coast of
Norway.
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Sammendrag

De totale avsetninger av svovel og nitrogenforbindelser til Norge har veert
estimert basert pa malinger av luft- og nedberskjemi. Det farste estimatet
omfattet perioden 1978-1982 (Hole and Tarseth, 2002). Videre er det
avsetningsestimater for periodene 1983-87 (Pedersen et al., 1990), 1988-1992
(Terseth and Pedersen, 1994), 1992-1996 (Terseth and Semb, 1997) og 1997-
2001 (Hole and Tarseth, 2002). | denne rapporten presenteres estimater for
periodene 2002-2006 og disse er sammenlignet med de tidligere perioder. |
tillegg er det beregnet avsetninger av sjgsalter og ikke-marint kalium og
kalsium. Resultatene er vist som tabulerte verdier til et landsdekkende rutenett
p& 5050 km?, og visualisert p& geografiske kart.

Total avsetning av ikke-marine komponenter var stgrst i de sgrvestre deler av
landet med maksimal svoveldeposisjon med 0,67 g/m2 i 2002-2006 i rutene 3 og 4
(Vest-Agder). Laveste avsetninger ble registrert langs svenskegrensen fra
Finnmark og til Oppland fylke samt fjelltraktene i Sgr Norge. Ruteverdiene for
avsetning av oksidert nitrogen for 2002-2006 er fra 0,06 g/m? til 0,87 g/m> For
redusert nitrogen er tallene for denne perioden og 0,07 g/m? til 0,75 g/m?.

Totale avsetninger for Norge i 2002-2006 er estimert til 74 000 tonn svovel og
154000 tonn nitrogen. Det har veert en signifikant nedgang i den totale
sovelavsetningen (15%) mens avsetning av nitrogen (bade redusert og oksidert
form) har gkt noe (2%) siden forrige periode, 1997-2001. @kningen av
nitrogenavsetningen var hovedsakelig pa vestlandet.
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Deposition of major inorganic compounds in
Norway
2002-2006

1. Introduction

In order to evaluate the exceedance of critical loads to the ecosystems, quantified
atmospheric input to the system is essential. The atmospheric input of pollutants
can be determined from atmospheric dispersion models, by using emission data,
meteorological data and parameters describing transformation and removal
processes (Barrett et al., 1995). Under the Co-operative programme for the
monitoring and evaluation of long-range transmissions of air pollutants in Europe
(EMEP), concentration and deposition fields of inorganic compounds are
calculated at the Meteorological Synthesising Centre - West using a multi-layer
Eulerian model with a grid size of 50-50 km2 (EMEP, 2008).

Atmospheric inputs may also be inferred from measurements of air and
precipitation chemistry. Particularly in a country like Norway, where topo-
graphical features cause large variations in depositions, use of measured
concentrations and precipitation amounts makes it possible to determine the inputs
by precipitation more directly and with more detailed spatial resolution than is
available from models. Dry deposition may also be inferred from measured
airborne concentrations. In this case it is essential to take into account seasonal
variations and differences in ground cover. The heterogeneity of the surface
characteristics are also reflected in the critical loads for specific receptor areas and
ecosystems, which makes it desirable to determine atmospheric inputs with the
same spatial resolution.

In this work, estimates of the total depositions of all major inorganic compounds
of interest in the evaluation of critical loads for acidity and for nutrient nitrogen,
are presented, i.e. sulphur, nitrogen, non sea-salt base cations (K* and Ca®*) and
sea-salts (Na*, Mg®*, CI, K*, Ca**, SO,%). The estimates are based on data
available through the national air- and precipitation monitoring program (SFT
2003, 2004, 2005, 2006 and 2007), combined with information about precipitation
amounts from the national meteorological network (met.no, 2002-2006).
Estimates for the previous periods 1978-1982 (Hole and Tarseth, 2002), 1983-87
(Pedersen et al., 1990), 1988-1992 (Tarseth and Pedersen, 1994), 1992-1996
(Tarseth and Semb, 1997), 1997-2001 (Hole and Tarseth, 2002) are compared for
trend analysis.

2. Deposition processes

Sulphur and nitrogen compounds can be deposited either by precipitation (wet
deposition) or by dry deposition. Wet deposition is far more important than dry
deposition in Norway. In precipitation, the major species are sulphate (SO4%),
nitrate (NO3"), ammonium (NH,"), chloride (CI'), sodium (Na‘), magnesium
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(Mg?"), potassium (K*) and calcium (Ca®"). The major sulphur and nitrogen
compounds in air are sulphur dioxide (SO,) and particulate sulphate (SO,%),
nitrogen monoxide (NO), nitrogen dioxide (NO,), nitric acid (HNO3), particulate
nitrate (NO3"), ammonia (NH;) and particulate ammonium (NH,").

Wet deposition is generally obtained from measured precipitation amounts and the
concentration of chemical species in the precipitation samples. This procedure
does not include deposition by fog or dew, since the usual precipitation sampler
usually collects no precipitation sample from such events.

When using measured concentrations in ambient air to infer dry deposition of
sulphur and nitrogen, seasonal deposition velocities (Voldner and Sirois, 1986),
that summarise the transfer resistances calculated from more detailed dry
deposition models (e.g. Hicks et al., 1987), may be used. Such extrapolation from
detailed modelling also requires knowledge of climatic conditions and ground
cover characteristics. In view of the large uncertainties involved, particularly in
connection with variation in ground cover and climatic conditions within Norway,
a simplistic approach was chosen. The various dry deposition processes and
deposition of fog droplets are described in the literature e.g. Lovblad et al. (1993).
Only parts of this discussion will be repeated here. Instead a short description will
be given for each component on how the dry deposition has been estimated from
the measured concentration of each airborne component. The procedures are
chosen to be as simple and straightforward as possible, taking into account
differences in ground cover, climatic conditions and exposure to pollutants, which
show a considerable geographical variation.

Under dry conditions, the deposition of sulphur dioxide (SO,) is mainly regulated
by stomatal resistance. However, absorption of sulphur dioxide on wetted foliage
seems to be an important explanation for “dry deposition” under wintertime
conditions. Because sulphur dioxide concentrations in ambient air are relatively
high in winter, and because of enhanced frequency and duration of wetness, this
may explain a relatively large part of the sulphur deposition as inferred from
canopy throughfall measurements, particularly in coastal areas. Snow crystals, on
the other hand, do not absorb sulphur dioxide. Therefore, the dry deposition of
sulphur dioxide to snow surfaces depends on oxidation of absorbed sulphur
dioxide in the liquid-films at the surface nucleated by impurities in the snow
(Valdez et al., 1987). The result is a very small deposition of sulphur dioxide to
snow surfaces as well as to snow-covered vegetation at temperatures below 0°C.
Even nitric acid does not deposit onto snow surfaces below -20C (Johansson,
1987).

From catchment mass balances and canopy experiments in southern Sweden,
Hultberg and Grennfelt (1992) found that coniferous forest stands in southern
Sweden collected 2-3 times more sulphur than adjoining clear-cut areas. It was
also shown that the deposition by throughfall was much larger at the forest edges
than inside a larger plot of homogenous forest. The interpretation of these results
is somewhat ambiguous, since the excess sulphate in throughfall may be caused
both by deposition of sulphur dioxide and by deposition of sulphate aerosol
particles. In the former case, the results point to deposition of sulphur dioxide in
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situations with wet foliage, when aerodynamic resistance is controlling the
deposition. The observations were made in areas with typically wet and windy
climate. In other areas it has been found that spruce stands will collect, on
average, 30-70% more sulphur dioxide than stands of pine or deciduous trees.
This is readily explainable on the basis of higher leaf area index for spruce (lvens
et al., 1990). For sulphur dioxide, therefore, deposition velocity of 0.4 cm/s and
0.8 cm/s has been chosen for non-forested and forested areas, respectively. It is
implicated that, while stomatal uptake rate is reduced during the non-growing
season, this is largely compensated because of a higher occurrence of wet surfaces
under typical Norwegian winter conditions, if there is no frost or snow. The
deposition rate for SO, has been strongly reduced for all types of surface cover in
the presence of a lasting snow cover.

The deposition velocity for NO, is not influenced by the presence of wet surfaces
and has been shown to be mainly regulated by stomatal control. A generally low
deposition velocity of 0.2 to 0.4 cm/s serves to keep the dry deposition of this
component relatively insignificant (Johansson, 1987). In winter, stomatal uptake is
insignificant, and deposition velocities correspondingly low (0.02 cm/s).

Only the sum of nitric acid and nitrate (in aerosol particles), is available from the
monitoring programme. Measurements at Birkenes and Lista have shown that the
concentration of nitric acid is only 10-30% of the sum of nitric acid and
particulate nitrate (Sorteberg et al., 1998; Foltescu et al., 1996). Nitric acid is very
reactive and only the aerodynamic transfer resistance is limiting the dry deposition
velocity (Emberson et al., 2000; Simpson et al.,, 2001). Cascade impactor
measurements indicate that the nitrate is mainly present in the form of particles
larger than 2 um (e.g. Hillamo et al., 1992). A relatively large deposition velocity
has therefore been chosen for this component.

The reduced nitrogen species will mainly consist of submicron ammonium
sulphates and gaseous ammonia. Several measurements have indicated that the
concentration of gaseous ammonia is low (e.g. Tarseth and Semb, 1996). The only
exception is in areas influenced by local emissions from farms in connection with
animal husbandry and manure. Gaseous ammonia will have a relatively high
deposition velocity. The deposition velocities chosen for sulphate and ammonium
in aerosols also include deposition by deliquescenting sulphate droplets under
conditions with high humidity and advection fogs. Particle growth in periods with
high relative humidity (e.g. > 95%) may give significant deposition of sulphate
particles and to coniferous stands in particular. The latter processes are important
at sites which are frequently exposed to advection fogs and low clouds. In
mountainous regions cloud water deposition may be comparable to annual
precipitation (Lovett, 1990; Dollard et al., 1983), but is usually less than 10%.
Occult deposition may have a strong effect in the ecosystems because of the
relatively high concentrations of pollutants found in cloud and fog water, but is
less important for estimating the total deposition in calculations of critical loads
using a resolution of 50-50 km2. The subject of exposure to pollutants in the
mountainous areas of Norway has been discussed further by Liukewille and Semb
(1997).
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Sea-salts generally occur in the coarse particulate mode (>2 pum). In coastal areas
sea spray may generate particles larger than 10 pm. These will however be
deposited very fast and normally less than 1-5 km from the coast and will
therefore not contribute to the deposition to larger areas. In addition, episodes with
high concentration of sea-salts in air will normally be accompanied with large
inputs as wet deposition, making the dry deposition of minor importance to the
total deposition. Relatively high deposition velocities were chosen for all sea-salt
compounds, corresponding well with the excess throughfall of sodium estimated
from the Norwegian monitoring programme for forest damage (Solberg et al.,
1997).

The larger fraction of calcium and potassium is not derived from sea-salts. For
calcium, the main source is assumed to be long-range transport of mineral matter
(Semb et al., 1995). There are still large uncertainties with respect to emission,
transport and deposition of these compounds. In addition, there may also be local
sources by e.g. agricultural activities, soil dust, pollen and bird droppings. For
potassium, domestic wood combustion may be of importance locally during
winter.

Table 1 summarises the deposition velocities which have been used to infer dry
deposition from measured concentrations of the various compounds in this work.

Table 1:  Deposition velocities (cm/s) for different inorganic compounds
applied to the different landscape types and seasons (nss: non sea
salt; ss: sea salt).

Land use classification

Compound Forest Other

summer winter summer Winter
SO, 0.8 0.1 0.4 0.02
S04, Sum (NH3+NH,4") 0.4 0.4 0.2 0.1
NO, 0.4 0.02 0.2 0.02
Sum (HNO3+NO3) 2.0 2.0 1.0 0.25
nss K* 1 1 0.25 0.1
nss Ca®* 2 2 1 0.25
Na*, Mg?*, CI', ss K*, ss Ca®* ss S 2 2 1 0.25

3. Data used for mapping

NILU started routine sampling of precipitation and air in background areas on
daily basis in 1971, with sites located in the southernmost parts of Norway. In
later years the measuring network has expanded to cover all regions in Norway.
In this investigation we have used between 16 and 23 stations for the period 2002-
2006 (Figure 1) serving different monitoring programmes. Valle, Voss,
Skreadalen, Fagernes, Svanvik, Lardal, Osen were sites in operation in 2002 but
not in 2006.
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In addition, concentrations in precipitation and air at the Swedish and Finnish
EMEP-stations and have been used in the statistical analysis. We have also used
data from one Russian (RUO01). These data has been taken from the EMEP web
site (www.emep.int). Additional precipitation data as well as SO,, NO, from the
Swedish sites connected to the national PMK network (28 sites) has also been
included (Hakan Blomgren, VL, pers com).
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Figure 1: Norwegian background stations and measurement programme 2006.

All sites are located in rural areas and are believed to generally give good
estimates of long range transported pollutants. In regions with local sources such
as emissions from industry, traffic or agriculture, pollutant levels may be
significantly higher. In this work no corrections for local sources have been
performed. Information about the sites and the results for the years used in this
report has been published in SFT (2003-2007).
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Precipitation samples are collected in bulk-samplers on a daily or weekly basis.
Precipitation amounts are measured by local observers and the samples are sent to
NILU for analysis of all main compounds. Analysis results are tested for ion
balance and the measured conductivity is compared with calculated conductivity.
Filter-pack samples are analysed for SO,, S0,*, HNO3+NO5™ and NHs+ NH,*,
while absorbing solutions or Nal-impregnated filters are analysed for NO,. All
results are checked against expected values and results from neighbouring sites.
Obviously contaminated samples are rejected.

The precipitation amount data used for the calculations of the wet deposition is
taken from the national meteorological observation network (met.no) in addition
to the about 20 NILU sites. Data from in total 678 sites for the five-year period
2002-2006 have been applied (met.no, 2002-2006). However much less sites were
in operation in 2006 (462 sites) compared to 2002 (678 sites).

4. Interpolation

The interpolation of the concentrations in precipitation and air from fixed sites to
a regular grid is done by "kriging", which is a statistical method that can be used
to estimate unknown data from neighbouring measurements. The method was
originally developed for geostatistical purposes (Matheron, 1963; Journel and
Huijbregts, 1981), but has also been used in connection with environmental
studies, e.g. on long range transported air pollutants in Europe (Simpson and
Olsen, 1990; Schaug et al., 1993).

Linear kriging provides the best linear unbiased estimator for a variable. Non-
linear kriging (Armstrong and Matheron, 1986) may give more accurate estimates,
but is far more complicated and requires much more statistical information. There
are three levels of linear kriging: simple kriging where the expectations of the
variable are known; ordinary kriging with unknown but stationary expectations,
and universal kriging where there is a drift in the data. In universal kriging the
expectations are neither stationary nor known, but their functional form has been
identified.

The kriging weights are computed from a variogram, which measures the degree
of correlation among sample values in the area as a function of distance and
direction of samples. All interpolations in this work were performed using
ordinary linear kriging. A grid size of 50-50 km2 has been applied (EMEP sub-
grid). The applied grid is shown in figure 1.1 in Appendix.

5. Data analysis

Seasonal mean airborne concentrations during winter (Jan.-Apr., Nov.- Dec.) and
summer (May-October) were calculated for SO,, non sea-salt (nss) SO4~, NO,,
sum NOz+HNOs, sum NH,*+NH;, Na*, non sea-salt K™ and non sea-salt Ca?*.
For all compounds but nss K*, a significant seasonal variation was evident
whereas the inter-annual variation was generally small. As a result of this the five
year seasonal average concentration values measured at 15 Norwegian sites were
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interpolated to a 50-50 km2 grid using the kriging technique to obtain values for
the individual grid cells. Concentration fields for CI" and Mg** were estimated
based on the ratio between these compounds and Na in seawater.

The dry deposition was estimated from the concentration fields and assessed dry
deposition velocities for the two seasons, respectively. The dry deposition estimate
was given for each meteorological site and for two land type categories;
productive forests and other land use (e.g. unproductive land, rocks, agricultural
land). When estimating the grid cell average dry deposition, deposition was
weighted on the distribution of land use types in the individual grid cells. The
applied statistics on percentage productive forest in each cell is shown in
Figure 1.2 in Appendix.

The annual averages of non sea-salt sulphate, nitrate, ammonium, non sea-salt
potassium and non sea-salt calcium in precipitation have been used to calculate a
concentration field for each year using the kriging interpolation.

For the sea-salt derived ions, the number and the location of the sites are not
sufficient to generate concentrations fields. However, concentrations may be
described as a function of distance from the coast weighted by the wind speed and
direction in the prevailing precipitation forming air masses. Based on annual
median values of sodium concentration in precipitation at the background sites for
the period 2002-2006, a general function was fitted (Figure 2). From this function,
concentration values were given to each individual meteorological site as a
function of distance from the coast and by climatic regions. Further,
concentrations for the other sea-salt derived ions were estimated by their expected
ratio to sodium based on the content in sea-water.

3.0

y = 2.5198¢-0.011

0.0 | % i % :
0 50 100 150 200 250 300

adjusted distance to coast (km)

Figure 2:  Sodium content in precipitation as a function of regionally adjusted
distance to the coast.
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To provide annual wet deposition values for each meteorological site, the
precipitation amount at the site was multiplied with the interpolated concentration
in the respective grid cell. The average wet deposition to each grid cell was
estimated as the average deposition to the meteorological sites within the grid cell.
For grid cells with no meteorological sites, the value of a representative
neighbouring cell was chosen. The average precipitation amounts in the individual
grid cells are given in Table 1.1 and 1.3 in Appendix.

The total deposition of the various inorganic compounds during 2002-2006 was
calculated as the sum of the dry and wet deposition both for each meteorological
site and for each grid cell. The results for the individual sites (deposition values to
forested areas) are visualised on maps in Figures 5-17 whereas land use area
weighted results for individual grid cells are given in Tables 1.1 in Appendix. The
maps are produced using standard interpolation routines.

This report gives only a summary of the results. Deposition estimates for
individual years and for the different landscape types are stored in our database,
and are available upon request.

6. Results and discussion, 2002-2006

Annual average precipitation amounts measured at the met.no sites varied between
151 and 3808 mm, with the highest amount on the west coast and lowest amounts
along the Swedish border in northern Norway and in Oppland county, southern
Norway (Table 2). Aggregated to grid cell averages, the amount varied from 386
in Troms county (cell no. 150) to 2839 mm in Sogn og Fjordane (cell no. 25).

Table 2:  Minimum, median and maximum deposition for individual sites and
5050 grid cells in the period 2002-2006.

Compound Deposition to individual sites Grid cell averaged deposition
(n=701) (n=191)
Units (mg/m2 yr) min. med. Max. min. med. Max.
Precip. (mm) 151 1012 3808 386 930 2839
nss S 38 205 876 71 180 673
N (oxi) 41 205 1110 59 148 869
N (red) 53 241 984 71 202 752
N (oxi+red) 94 446 2077 132 358 1611
nss K 17 86 255 34 83 205
nss Ca 22 109 338 41 99 256
Na 80 1223 7332 85 1252 6142
Mg 10 147 883 10 151 740
Cl 142 2184 13092 151 2236 10968
ss S 7 102 614 7 105 514
ss K 3 44 264 3 45 221
ss Ca 3 46 278 3 47 233
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The total deposition of the non sea-salt compounds were highest in the south-
western part of Norway as a combination of relatively high concentrations and
large precipitation amounts, whereas the lowest depositions were observed along
the Swedish border from Finnmark in the north down to Oppland in central
Norway as well as the mountain area in southern Norway. Maximum average
annual depositions of non sea-salt sulphur was 0.67 g S/m2 in grid cell no. 3 and 4
(Vest-Agder). This is approximately one order of magnitude higher than the
sulphur depositions in grid cells 127 in Nordland. Similarly, deposition values for
individual meteorological sites varied from at most 0.88 g S/m2 down to 0.04 g
S/imz,

The nitrogen deposition pattern is similar to the deposition of sulphur. This is
partly due to the strong influence of the precipitation frequency and amounts on
the deposition of both species. The largest grid cell depositions of oxidised- and
reduced nitrogen were 0.87 and 0.75 g N/m2, whereas the lowest depositions were
0.06 and 0.07 g N/mz2, respectively. Total nitrogen deposition for the individual
sites varies from 0.10 to 2.1 g N/m2 as a annual mean.

Adding up the values in Table 1.1 gives a total annual mean deposition in Norway
of approximately 74 000 tonnes sulphur and 154 000 tonnes nitrogen. Comparing
with the previous periods, there is a significant decrease in sulphur deposition
(15%), while a small increase in the nitrogen deposition (2%), both in the reduced
and oxidized form. There is a distinct increase in deposition of base cations,
Table 3. The same methodology was used in four of the periods (1978-1982,
1992-1996, 1997-2001 and 2002-2006). For 1988-1992, the methodology was
slightly different, but we assume that this has no relevance for the comparability
of results. However, the number of measurement sites increased significantly from
1978-82 to 1988-92. It then has decreased again from the nineties up to 2006. For
this reason, the deposition estimates for the five periods may not be directly
comparable.

Table 3:  Total deposition of inorganic compounds in Norway (tonnes/year).

Year nss S N (oxi) N (red) tot N nss K nss Ca
1978-1982 197368 83882 93342 177224 27702 43061
1983-1987 171710 93456 93602 187058

1988-1992 149688 82462 76782 159245

1992-1996 117289 80251 71602 151852 19989 33412
1997-2001 87206 73564 77572 151136 23769 25890
2002-2006 73852 75612 79244 154856 28092 34266
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Figure 3: Deposition of non sea salt sulphur in Norway (tonnes/year) compared
with total S (GgS/year) emissions in Europe.
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Figure 4: Deposition of nitrogen in Norway (tonnes/year) compared with total N
(GgN/year) emissions in Europe.

The trend in sulphur deposition is very well correlated with the total emission
trends in Europe, Figure 3. The nitrogen deposition follows the general trend in
EMEP as well (Figure 4), but there is a slight increase in the latter period in
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Norway which is not seen in the sum of all the EMEP emissions. The increase in
total nitrogen is due to somewhat higher concentrations observed at some of the
sites in the west coast combined with an increased precipitation amount in the
same area. It is a slight decrease in the most southern part of Norway (Figure 15),
which is most influence of long range transport from the continent. The increase
on the west coast can be due to the meteorological variability (Hole et al., 2008)
and increased emissions in the North Sea, as well as potential changes in the local
conditions. One should however notice that the increase is not a general trend. The
concentration levels in Norway in 2007 are lower at most sites for most of the
components compared to the previous years (SFT, 2008).

Total depositions of sea-salt ions, non sea-salt potassium and non sea-salt calcium
were estimated in three of the previous five year periods (Tegrseth and Semb, 1997;
Hole and Tarseth, 2002). There are relatively large uncertainties in these estimates
due to possible influence of local sources, uncertain deposition velocities and the
effect of sea salt correction. There is a significant reduction in the calcium
concentrations in precipitation (SFT, 2007) and the deposition (Table 3) since the
late seventies, but no major change since the 1992-1996 period. The deposition
was lower in the period in-between (1997-2001), but this may partly be an effect
of the sea salt correction. The sodium concentration was higher in that period. For
potassium the level seems to have increased, but the uncertainty is rather high.
Deposition of base cations calculated by the method used here should be
compared to more conventional method using i.e. throughfall measurements
(Lovblad et al., 1992; Hellsten et al., 2007).

The deposition amounts of sea-salts will be dependent on the frequency of
westerly winds, and in particular the frequency of winter storms. It is assumed that
there are no other significant sources of sodium, magnesium or chloride than from
sea-spray. Deposition of sea-salts is particularly large in the coastal zone (0-20 km
from the coast) and decreasing exponentially with distance. This deposition
pattern is not taken into account in the presented maps, and deposition estimates
will be significantly underestimated to these areas.
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Figure 5:  Average precipitation amount 1997-2001 and 2002-2006.
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Figure 6: Total nss sulphur deposition 1997-2001 and 2002-2006.
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Figure 7: Total deposition of nitrogen (oxi+red) (mg N/m? year 1997-2001 and

2002-2006.

Total oxidised nitrogen deposition
1997-2001

(mg=N/m2 yr)

[ NRE | ]

Total oxidised nitrogen deposition
2002-2006

(mg=N/m2 yr)

| BN

Figure 8: Total deposition oxidised nitrogen (mg N/m? year) 1997-2001 and

2002-2006.
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Figure 9: Total deposition reduced nitrogen (mg N/m? year 1997-2001 and

2002-2006.
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Figure 10: Total deposition of non sea salt calcium (mg Ca/m? year) 1997-2001

and 2002-2006.
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Figure 11: Total deposition non sea salt potassium (mg K/m? year) 1997-2001

and 2002-2006.
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Figure 12: Total deposition of sodium (mg Na/m? year) 1997-2001 and 2002-

2006.
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Figure 13: Total deposition of chloride (mg Cl/m? year) 1997-2001 and 2002-
2006.
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Figure 14: Total deposition of magnesium (mg Mg/m? year) 1997-2001 and 2002-
2006.
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Figure 15: Difference in nss sulphur deposition (left), total nitrogen deposition
(middle) and precipitation amount (right) between the periods 1997-
2001 and 2002-2006 (units mg S/m? year, mg N/m? year and mm/year,

respectively).
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Figure 16: Total wet- and dry deposition of total nitrogen (oxi + red) in 2002-
2006 (mg N/m? year).
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Figure 17: Total wet- and dry deposition of sulphur in 2002-2006 (mg S/m? year).
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Appendix A

Figures 1.1-1.2 and Tables 1.1
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Figure 1.1: The 5050 km2 grid and grid cell numbers (EMEP sub-grid) used for
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Figure 1.2: Percent productive forest used in estimating dry deposition.
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Table 1.1: Values of each 50-50 kmz grid cell, 2002-2006 (see Figure 1.1).
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