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Summary 

Data from coniferous forests in Europe show a clear relationship between input and output of 
inorganic N (NOx + NHy) over a wide range of N deposition. The C/N ratio of the forest floor (organic 
soil layer) is the site factor that explains an additional fraction of the variation in NO3 leaching. These 
relationships provide a basis for assessing the risk of N leaching to lakes in forested areas of Norway.  
 
Necessary information is the C/N ratio in the organic layer of soil, N deposition and present-day 
nitrate concentrations and fluxes in lakes. Such data are part of the critical load database, maintained 
by the National Focal Centre at NIVA. The soils data come from surveys conducted by NIJOS, 
deposition data from NILU, and surface water chemistry data from NIVA. The database comprises 
values for each square within a 12x12 km grid.  
 
Deposition is highest in southernmost, moderate in eastern and western, and lowest in central and 
northern Norway. Concentrations of NO3 in lakewater in forested areas show a similar pattern. The 
C/N ratio of the organic horizon of forest soils, however, does not show this pattern. Decades of 
inorganic N deposition, most of which is retained in the soil, should lead to lower C/N ratios. But the 
tendency for soils in southernmost Norway to have higher C contents masks the effect of N retention. 
 
Stepwise multiple linear regression of NO3 concentration in lakewater on N deposition and C/N ratio 
in the organic soil horizon gives the following relationship: 

NO3 lake (µmol/l) = 0.5 + 0.88 N deposition (mmol/m2) – 0.04 C/N g/g 
where n =  634, r2 = 0.33, p < 0.0001. 

 
The relatively weak correlation between C/N ratio and out/in ratio is probably due to the difficulty in 
determining a C/N ratio representative for the entire catchment. The soil samples are taken from 
discrete points at 9 km intervals, whereas the lakewater integrates runoff over entire catchments of 
hectares to several km2.  Soils are notoriously heterogeneous, and chemical characteristics can vary 
widely within distances of only meters. Thus there is no assurance that soil collected at one point in a 
catchment, or in an adjacent area, will have a C/N ratio representative for the lake catchment.  
 
Furthermore it is likely that within a given catchment N leaching probably occurs first at some discrete 
areas. Since most of the incoming N is retained in the catchment, the NO3 reaching the lake may 
originate from only a small fraction of the catchment soils.  
 
From the empirical relationships between nitrate concentration in lakes, N deposition and C/N ratio in 
forest soils, an estimate of risk of NO3 leaching can be made for each grid square.  High risk sites are 
those with high N deposition, low C/N ratio, and high output/input ratio. A score for risk of NO3 
leaching at each grid square is the sum of these 3 factors. 
 
Two scenarios were evaluated in this assessment of risk of NO3 leaching.  

Scenario 1 entails 50 years of N deposition at present-day levels, with evaluation of nitrate 
leaching in the year 2040.  
Scenario 2 entails constant N deposition plus climate change using results from the CLIMEX 
project, with evaluation of NO3 leaching in the year 2040. 
 

Under scenario 1 continued inputs of N for 50 years at present-day rates with retention in the soil 
results in an increase in the amount of N stored in the soil. Assuming that all of this N is stored in the 
organic horizon and that the C content does not change, then the C/N ratio decreases, and the risk of N 
leaching increases. Under scenario 2 the effect of climate change in addition to constant N deposition 
causes a relatively minor additional increase in risk. 
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1. Introduction 

Current negotiations for reducing emission of sulphur and nitrogen compounds to the atmosphere are 
based on the critical loads concept. The goal is to close the gap between current deposition of 
acidifying compounds and the critical load of sensitive ecosystems. For surface waters the first-order 
acidity balance (FAB) model is used to calculated critical loads (Posch et al. 1995; Posch et al. 1997). 
The FAB model takes a static approach, and assumes that deposited inorganic nitrogen not taken up in 
vegetation and removed from the system, denitrified or taken up in the terrestrial ecosystem is released 
to runoff mainly in the form of nitrate. An additional fraction of nitrogen may be retained in the lake 
or lost by denitrification. For Norway this is a “worst case” in that nitrogen retention is currently much 
higher, mostly due to microbial immobilisation and retention in the catchment soil. Few lakes have 
concentrations of inorganic nitrogen more than about 30% of that deposited from the atmosphere 
(Henriksen and Brakke 1988; Kaste 1998; Skjelkvåle et al. 1996). 
 
Input-output data from intensively-studied coniferous forest plots and catchments throughout Europe 
show a clear relationship between deposition and leaching of inorganic N (NOx + NHy) over a wide 
range of N deposition (Figure 1)  (Dise and Wright 1995). The data indicate a minimum threshold for 
N deposition of about 9 kgN/ha/yr (about 65 mmol/m2/yr) below which very little N is leached and a 
maximum threshold of about 25 kgN/ha/yr (about 175 mmol/m2/yr) above which all sites show 
significant leaching. In the transition range the fraction N leached varies widely.  
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Figure 1.  Relationship between deposition of inorganic nitrogen in throughfall and output in soil 
leachate below the rooting zone at 65 forested plots and catchments in Europe. Also shown are the 
minimum threshold below which leaching is insignificant and the maximum threshold at which 
leaching is significant at all sites (from Dise and Wright 1995). 
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This same pattern is found for lakes in Norway. Lakes in areas with high N deposition generally have 
higher concentrations of nitrate (Figure 2) (Henriksen and Brakke 1988; Skjelkvåle et al. 1996). This 
implies that chronic high deposition of nitrogen leads to increased leaching of inorganic nitrogen 
(mostly in the form of nitrate).  
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Figure 2. Relationship between deposition and runoff of inorganic N at 1000 Norwegian lakes 
sampled in 1995. The vertical line shows the minimum threshold of 9 kgN/ha/yr (65 mmol/m2/yr). 
From (Skjelkvåle et al. 1996). 
 
 
The wide variation between sites in the fraction leached at a given N deposition is probably due to 
site-specific characteristics related to the nitrogen cycle. A systematic study of data from the 65 
European forest sites indicates that the C/N ratio of the forest floor (organic soil layer) is the single site 
factor that explains a significant fraction of the variation in nitrate leaching  (Figure 3) (Dise et al. 
1998; Gundersen et al. 1998a). At sites with lower C/N ratios (i.e. more nitrogen per unit carbon) a 
greater fraction of deposited N is lost in leachate. Similar relationships are shown by the long-term 
large-scale experiments with nitrogen addition and removal (NITREX project) Tietema et al. 1998). 
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Figure 3.  Relationship between fraction of N leached (out/in) to C/N (g/g) in forest floor at forest 
stands and catchments in Europe (after Gundersen et al. 1998a).  
 
 
These relationships provide a basis for assessing the risk of N leaching in the future for lakes in 
forested areas of Norway. Necessary information is the C/N ratio in the organic layer of soil, N 
deposition and present-day nitrate concentrations and fluxes in lakes. For Norway such data are part of 
the critical load database, maintained by the National Focal Centre at NIVA. The soils data come from 
soil surveys conducted by the Norwegian Institute for Soil and Forest Monitoring (NIJOS), deposition 
data from the Norwegian Institute for Air Research (NILU) and surface water chemistry data from 
NIVA. The critical load database comprises values for each square within a 12x12 km grid in Norway.  
 
 

2. Material and methods 

2.1 Data 
The soils, forest productivity, deposition and surface water chemistry data have been used previously 
to calculate critical loads for forest soils in Norway (Frogner et al. 1993; Frogner et al. 1994) and the 
data and aggregation procedures are described in these reports. 
 
2.1.1 NIJOS soils data 
 
During the period 1988-1992 NIJOS (Norsk Institutt for Jord- og Skogkartlegging, The Norwegian 
Institute for Land Inventory) conducted a systematic survey of forest soils on a countrywide network. 
This survey was part of a monitoring programme (“Overvåking av skogens sunnhetstilstand”, The 
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Monitoring of Forest Health Program) which is part of the International Co-operative Programme for 
Monitoring of Forest Damage under the United Nations Environment Programme and the United 
Nations Economic Commission for Europe. A total of 933 permanent plots in coniferous forest are 
located at each cross-point on a 9x9 km grid placed over the entire country (Esser and Nyborg 1992). 
In addition 122 permanent plots in birch forest are located at each cross-point on a 18x18 km grid 
(Esser 1994). At each plot a soil pit was dug, the soils were described, and samples collected for 
chemical analysis from each horizon. Sampling and analysis details are given by Esser (1994) and 
Esser and Nyborg (1992).  
 
The soils data are on a 9x9 (or 18x18) km grid, whereas the Norwegian critical loads database is on a 
12x12 km grid. The soils data were thus converted to the 12x12 km grid. In the event that more than 
one soil sample fell within a 12x12 km grid square the mass-weighted mean of the samples was used. 
Soils data cover 720 of the total 2315 grid squares on land area in Norway. 
 
The soil data is by horizon. The forest floor (organic horizon) is assumed to consist of horizons 
described as LHF, LH, L, H, F, or O. These were mass-weighted to obtain one value for contents of C 
and N in mol/m2 and C/N g/g for the organic horizon of each profile. 
 
2.1.2 NIJOS forest productivity data 
 
The NIJOS monitoring programme also includes estimates of productivity for each of the 933 plots in 
coniferous forest. At each plot annual maximum yield in m3/ha/yr is estimated. Yield capacity for a 
given site quality class and tree species is defined as the maximum mean annual increment for an 
established stand of high density and which is thinned to obtain maximum stem harvest. Actual yield 
(and increment) will be lower. The values were thus scaled by factor 0.4 in western Norway to 0.7 in 
eastern Norway (Frogner et al. 1993). Annual uptake of base cations and N was calculated from the 
annual increment and typical concentrations in stems and bark (Table 1). 
 
Table 1.   Concentrations of base cations and nitrogen (% dry weight) in stem and bark of coniferous 
trees used to calculate annual net uptake (from Frogner et al. 1993). 
 

Element Concentration % 
Ca .15 
Mg .09 
K .06 
N .34 

 
2.1.3 Deposition 
 
Tørseth and Pedersen (1994) have calculated a weighted-average total deposition value for each 50x50 
km NILU-grid (a 3 by 3 sub-division of an EMEP-grid) from ambient air concentrations and wet 
deposition taking into account land-use data (coverage of different receptors). Weighted-means for the 
5-year period 1988-1992 were used. The deposition values for each 12x12 grid square was estimated 
from the NILU-grids (Henriksen 1998).  
 
2.1.4 Surface water 
 
The chemistry of surface water within each 12x12 km grid square was based largely on the national 
lake surveys conducted in 1986 and 1995. The chemistry of lakes within each grid square was 
evaluated subjectively and the value judged most typical chosen to represent the grid. If there were 
large variation among lakes within a grid, the most sensitive lake was selected if it represented more 
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than 25% of the grid area. The database was last updated in October 1996. Details are given by 
Henriksen (1998).  
 
2.2 Scenarios 
Two scenarios were evaluated in this assessment of risk of nitrate leaching.  
 
Scenario 1 entails 50 years of nitrogen deposition at present-day levels, with evaluation of nitrate 
leaching in the year 2040.  
 
Scenario 2 entails constant N deposition plus climate change using results from the CLIMEX project, 
with evaluation of nitrate leaching in the year 2040. CLIMEX indicated that mean annual temperature 
elevated by 3.7oC causes increased decomposition of old soil organic matter with net loss of about 1 
molC/m2/yr and release of the nitrogen as nitrate to soil solution (Wright 1998; Wright et al. 1998). 
The increase in mean annual temperature of 3.7oC lies in the range of predited values for 60oN latitude 
for about 50-100 years in the future given only moderate decrease in emission of greenhouse gases. 
For this scenario the climate change effect was assumed to increase linearly from 0 in year 1990 to 1 
in year 2040. Thus the C pool was assumed to decrease by 0 mol/m2/yr in year 1990 and 1 mol/m2/yr 
in the year 2040 with linear increase between. The nitrogen contained in the decomposed organic 
matter was assumed to behave as N from deposition; the fraction retained in the soil was regulated by 
the C/N ratio. 
 
 

3. Results and discussion 

3.1 Status in 1990 
The map of deposition of inorganic N to forested areas of Norway for the period 1988-92 shows that 
deposition is highest in southernmost Norway, moderate in eastern and western Norway and low in 
central in northern Norway (Figure 4) (Tørseth and Pedersen 1994). 
 
Concentrations of nitrate in lakewater in forested areas show a similar pattern, with the highest 
concentrations generally found in southernmost and southeastern Norway (Figure 5) (Skjelkvåle et al. 
1996). 
 
The C/N ratio of the organic horizon of forest soils, however, does not show this pattern (Figure 6). 
Decades of inorganic nitrogen deposition, most of which is retained in the terrestrial soils, should lead 
to lower C/N ratios. This might be offset by an accumulation of carbon over the same time, i.e. more 
nitrogen stored but at the same C/N ratio. The data do not indicate significantly more C in organic soil 
horizons in soils in areas receiving higher N deposition (Figure 7).  
 
There is no a priori reason to believe that Norwegian forest ecosystems should not respond to nitrogen 
deposition in a manner similar to that shown by the coniferous forest stands in Europe analysed by 
Gundersen et al. 1998a. Their data indicate that chronic elevated nitrogen deposition causes lower C/N 
ratios in the forest floor. Data from the European NITREX experiments and similar experiments in 
forests in the eastern United States show that most of the added nitrogen is retained in the soil, and 
only a small fraction goes to vegetation (Gundersen et al. 1998b; Nadelhoffer et al. 1999). Unless the 
carbon pool increases commensurately, this retention of nitrogen must lead to lower C/N ratios. 
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Figure 4.  Map of Norway showing deposition of inorganic N (NOx + NHy) to grid squares with 
forest. Data from Tørseth and Pedersen (1994). 
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Figure 5.  Map of Norway showing concentrations of nitrate in lakewater in forested areas. Data from 
Skjelkvåle et al. (1996). 
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Figure 6.  C/N ratio (g/g) in the organic horizon of forest soils in Norway. Data from Esser and 
Nyborg (1992) and Esser (1994). 
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Figure 7. Carbon content of the organic horizon of forest soils in Norway. Data from Esser and 
Nyborg (1992) and Esser (1994). 
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Retention of N inputs at rates typical for large areas of southern Norway should cause significant 
lowering of C/N ratios in the organic soil horizon in the course of only a few decades. For example for 
50 years of N deposition and retention of 100 mmol/m2/yr is sufficient to lower the C/N ratio from 26 
to 22 g/g to of an organic soil with a C pool of 1000 mol/m2. From the empirical input/output 
relationship of Gundersen et al. (1998a), this would imply an increase in fraction N leached from 
about 0.2 to about 0.5 (Figure 3). 
 
That lower C/N ratios should lead to lower retention of nitrogen deposition follows from studies of 
nitrogen transformation processes in forest ecosystems. For example, a study of mineralisation of soil 
nitrogen at 600 deciduous forest sites in southern Sweden showed that net nitrogen mineralisation and 
nitrification were highest in regions receiving highest N deposition and were related to both soil pH 
and to soil C/N (Falkengren-Grerup et al. 1998).  
 
The relationship between input and output for lakes in forest areas of Norway shows the pattern 
familiar from the 65 forest stands in Europe, although the European sites span a much larger gradient 
in N deposition (Figure 8) (Dise and Wright 1995). The scatter of points is triangular, with no points 
occurring above the 1:1 line. This strongly indicates that N input is a necessary but not sufficient 
factor for N leaching. 
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Figure 8.  Deposition and runoff of inorganic N at forest lakes in Norway. Runoff is calculated from 
N concentrations in the lake times the annual mean specific runoff. Inputs are generally about ½ as 
oxidised and ½ as reduced nitrogen, whereas output is almost entirely as NO3. Data from NILU 
(Tørseth and Pedersen 1994) and NIVA (Skjelkvåle et al. 1996).  
 
 
There is only a very weak relationship between the fraction of N leached (output/input) and the C/N 
ratio of the organic horizon (Figure 9). The scatter plot indicates a slight tendency to higher leaching 
in soils with C/N ratios below about 25. Most of the soils have C/N ratios well above 30. Since high 
C/N ratios indicate N deficient systems, no significant leaching is expected from such soils 
(Gundersen et al. 1998a).  
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Figure 9.  Fraction of deposited inorganic N lost to runoff (out/in) and C/N ratio in organic soil 
horizon for 12x12 km grid squares in forested areas of Norway. Deposition data from NILU (Tørseth 
and Pedersen 1994), runoff data from NIVA (Skjelkvåle et al. 1996), and soils data from NIJOS (Esser 
1994; Esser and Nyborg 1992). 
 
Stepwise multiple linear regression of NO3 concentration in lake water on N deposition and C/N ratio 
in the organic soil horizon gives the following relationship: 
 
NO3 lake (µmol/l) = 0.5 + 0.88 N deposition (mmol/m2) – 0.04 C/N g/g 
 
where n =  634, r2 = 0.33, p < 0.0001. 
 
The most likely reason for the relatively weak correlation between C/N ratio and out/in ratio probably 
lies in the determination of a C/N ratio representative for the entire terrestrial catchment to the lake. At 
the European sites of Gundersen et al. (1998a), the soil and soil solution are sampled at the same point. 
In contrast in the Norwegian survey the soil samples are taken from discrete points at 9 km intervals, 
whereas the lake water integrates runoff over entire catchments of hectares to several km2 area. Soils 
are notoriously heterogeneous, and chemical characteristics can vary widely within distances of only 
meters. Thus there is no assurance that soil collected at one point in a catchment, or in an adjacent 
area, will have a C/N ratio representative for the lake catchment.  
 
Furthermore it is likely that within a given catchment N leaching probably occurs first at some discrete 
areas. Since most of the incoming N is retained in the catchment, most of the nitrate reaching the lake 
may originate from only a small fraction of the catchment soils. This is the case at the NITREX 
catchment at Gårdsjön, Sweden, where soil solution shows large spatial and temporal variations within 
the catchment, and the nitrate measured in runoff can be explained by leaching from a small fraction 
of the catchment area (Stuanes and Kjønaas 1998).  
 
3.2 Risk of nitrate leaching 
 
From the empirical relationships between nitrate concentration in lakes, N deposition and C/N ratio in 
forest soils, an estimate of risk of nitrate leaching can be made for each grid square.  High risk sites are 
those with high N deposition and low C/N ratio. In addition the flux ratio of output/input was used, 
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where output flux was assumed equal to the lake nitrate concentration times the annual average runoff 
at each grid square. The reasoning here was that sites at which a significant fraction of deposited N is 
leached will have a higher risk of NO3 leaching in the future, regardless of C/N ratio.   
 
All three factors increase the risk of nitrate leaching. The cumulative sum can be schematically 
represented by giving each factor a score and then summing the scores for each grid square. Scoring 
criteria from 1-5 were arbitrarily chosen for 5 classes within each factor (Table 2). 
  
Table 2.  Scoring criteria used in development of N leaching risk assessment  
 

soil C/N ratio g/g N dep mmol/m2/yr out/in ratio 
class score class score class score 
>30 1 <30 1 <0.010 1 

26-30 2 30-60 2 0.010-0.033 2 
22-26 3 60-90 3 0.034-0.099 3 
18-22 4 90-120 4 0.10-0.333 4 
<18 5 >120 5 >0.333 5 

 
 
On this basis there is a clear relationship between risk of nitrate leaching and concentrations of nitrate 
measured in 1990 in lakes in forested regions (Figure 10). At scores of 5 and below concentrations of 
nitrate were below about 5 µmol/l in all lakes, while at scores of 11 and above all lakes had 
concentrations above 5 µmol/l. The values of 5 and 11 are merely indicative and have no inherent 
meaning in themselves with respect to N processes or dose-response relationships. 
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Figure 10.  Measured nitrate concentration in lakewater and score for risk of N leaching in forested 
areas of Norway for the year 1990. 
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3.3 Evaluation of scenarios for the future 
3.3.1 Scenario 1: constant N deposition 
Continued inputs of nitrogen for 50 years at present-day rates with retention in the soil will result in an 
increase in the amount of N stored in the soil. Assuming that all of this N is stored in the organic 
horizon and that the carbon content does not change, then the C/N ratio will decrease in the future. 
And this will increase the risk of N leaching. Under this scenario the risk of N leaching increases for 
the majority of the gird squares (Figure 11).  
 
This calculation takes into account net uptake of N in the forest with subsequent removal of N in the 
stems with forest harvest. For coniferous forest the net uptake is related to forest productivity. For 
birch forests it is assumed that there is no net removal of N and thus no net uptake. 
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Figure 11.  Risk of N leaching in the year 2040 under the scenario with constant N deposition as 
compared with risk in 1990. 
 
3.3.2 Scenario 2: constant N deposition plus climate change 
 
Under this scenario the C pool in the organic soil horizon is assumed to gradually decrease due to an 
increase in mean annual temperature. The annual decrease in C pool for full climate change of 3.7oC is 
taken as the value measured over 4 years of the CLIMEX experiment. N deposition is assumed to 
remain constant at present-day levels, and N removal in tree harvesting is assumed to be the same as 
for scenario 1. 
 
The change in the C pool caused by this climate change is relatively minor. The C pool in the organic 
horizon at most sites is 500-1500 molC/m2 (Figure 7). Over 50 years with gradually increasing climate 
change, the CLIMEX data indicate that the C pool decreases only by about 25 molC/m2. Nevertheless 
there appears to be a slightly larger risk of N leaching under this scenario (Figure 12).  
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Figure 12. Risk of N leaching in the year 2040 under the scenario with climate change as compared 
with the scenario with constant N deposition. 
 
 
Thus relative to present-day 1990 the frequency of grid squares with high risk of N leaching (> 10) is 
larger for the year 2040 due to the continued N deposition and accumulation of N in the soil (scenario 
1), and even larger under the combined conditions of continued N deposition and climate change 
(Figure 13).  
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Figure 13.  Frequency histogram of scores for risk of N leaching at grid squares in forested areas of 
Norway for the present-day situation (1990), and two scenarios for the year 2040. 
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Figure 14.  Map of risk of N leaching in forest areas of  Norway for the year 1990. 
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Figure 15. Map of risk of N leaching in forest areas of  Norway for the year 2040 with constant N 
deposition. 
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Figure 16. Map of risk of N leaching in forest areas of  Norway for the year 2040 with constant N 
deposition plus climate change.   



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

23 

 

4. References 

 
Dise, N. B., Matzner, E., and Forsius, M. 1998. Evaluation of organic horizon C:N ratio as an 

indicator of nitrate leaching in conifer forests across Europe. Environ.Pollut. 102: 453-461. 

Dise, N. B. and Wright, R. F. 1995. Nitrogen leaching from European forests in relation to nitrogen 
deposition. For.Ecol.Manage. 71: 153-162. 

Esser, J. M. 1994. Jordsmonn i bjørkeskog - en oversikt for Norge. Rapport nr. 4/94, Norsk Institutt 
for Jord- og Skogkartlegging, Ås, Norway. 36 pp. 

Esser, J. M. and Nyborg, Å. 1992. Jordsmonn i barskog- en oversikt for Norge. Rapport nr. 3/92, 
Norsk Institutt for Jord- og Skogkartlegging, Ås, Norway. 50 pp. 

Falkengren-Grerup, U., Brunet, J., and Diekmann, M. 1998. Nitrogen mineralisation in deciduous 
forest soils in south Sweden in gradients of soil acidity and deposition. Environ.Pollut. 102, 
S1: 415-420. 

Frogner, T., Wright, R. F., Cosby, B. J., and Esser, J. M. 1994. Maps of critical loads and exceedance 
for sulphur and nitrogen to forest soils in Norway. Naturens Tålegrenser Fagrapport 56, 
Norwegian Institute for Water Research, Oslo. 27 pp. 

Frogner, T., Wright, R. F., Cosby, B. J., Esser, J. M., Håøya, A. O., and Rudi, G. 1993. Map of critical 
loads (sulphur) for coniferous forest soils in Norway. Naturens Tålegrenser Fagrapport 33, 
Norwegian Institute for Water Research, Oslo. 30 pp. 

Gundersen, P., Callesen, I., and de Vries, W. 1998a. Nitrate leaching in forest ecosystems is controlled 
by forest floor C/N ratio. Environ.Pollut. 102: 403-407. 

Gundersen, P., Emmett, B. A., Kjønaas, O. J., Koopmans, C. J., and Tietema, A. 1998b. Impact of 
nitrogen deposition on nitrogen cycling in forests: a synthesis of NITREX data. 
For.Ecol.Manage. 101: 37-56. 

Henriksen, A. 1998. Application of the first-order acididty balance (FAB) model to Norwegian surface 
waters. Naturens Tålegrenser Fagrapport 94, Norwegian Institute for Water Research, Oslo. 33 
pp. 

Henriksen, A. and Brakke, D. F. 1988. Increasing contributions of nitrogen to the acidity of surface 
waters in Norway. Water Air Soil Pollut. 42: 183-201. 

Kaste, Ø.,. Henriksen, A. and Hindar, A. 1998. Retention of atmospherically-derived nitrogen in 
subcatchments of the Bjerkreim River in southwestern Norway. Ambio 26: 296-303.  

Nadelhoffer, K. J., Emmett, B. A., Gundersen, P., Kjønaas, O. J., Koopmans, C. J., Schleppi, P., 
Tietema, A., and Wright, R. F. 1999. Nitrogen deposition makes a minor contribution to 
carbon sequestration in temperate forests. Nature in press:  

Posch, M., de Vries, W., and Hettelingh, J. P. 1995. Critical loads of sulfur and nitrogen, p.31-41, In: 
Posch, M., de Smet, P. A. M., Hettelingh, J. P., and Downing, R. J., Calculation and Mapping 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

24 

of Critical Thresholds in Europe: Status Report 1995, RIVM, Bilthoven, The Netherlands, 
195 pp. 

Posch, M., Kämäri, J., Forsius, M., Henriksen, A., and Wilander, A. 1997. Exceedance of critical loads 
for lakes in Finland, Norway and Sweden: Reduction requirements for acidifying nitrogen and 
sulfur deposition. Environmental Management 21: 291-304. 

Skjelkvåle, B. L., Henriksen, A., Faafeng, B., Fjeld, E., Traaen, T. S., Lien, L., Lydersen, E., and 
Buan, A. K. 1996. Regional unnsjøundersøkelse 1995. En vannkjemiske undrsøkelse av 1500 
norske innsjøer. Statlig program for forurensningsovervåking Rapport 677/96, Statens 
forurensningstilsyn, Oslo, Norway. 73 pp. 

Stuanes, A. O. and Kjønaas, O. J. 1998. Soil solution chemistry during four years of NH4NO3 addition 
to a forested catchment at Gårdsjön, Sweden. For.Ecol.Manage. 101: 215-226. 

Tietema, A., Boxman, A. D., Bredemeier, M., Emmett, B. A., Moldan, F., Gundersen, P., Schleppi, P., 
and Wright, R. F. 1998. Nitrogen saturation experiments (NITREX) in coniferous forest 
ecosystems in Europe: a summary of results. Environ.Pollut. 102: 433-437. 

Tørseth, K. and Pedersen, U. 1994. Deposition of sulphur and nitrogen components in Norway 1988-
1992. Naturens tålegrenser Fagrapport 60, Norwegian Institute for Air Research, Kjeller, 
Norway.  

Wright, R. F. 1998. Effect of increased CO2 and temperature on runoff chemistry at a forested 
catchment in southern Norway (CLIMEX project). Ecosystems 1: 216-225. 

Wright, R. F., Beier, C., and Cosby, B. J. 1998. Effects of nitrogen deposition and climate change on 
nitrogen runoff at Norwegian boreal forest catchments: The MERLIN model applied to 
Risdalsheia (RAIN and CLIMEX projects). Hydrol.Earth System Sci. 2 : 399-414. 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

25 

Appendix A.  Naturens Tålegrenser - Oversikt over 
utgitte rapporter 

1  Nygaard, P. H., 1989. Forurensningers effekt på naturlig vegetasjon en litteraturstudie. Norsk institutt for 
skogforskning (NISK), Ås. 

 
Uten nr.  Jaworovski, Z., 1989. Pollution of the Norwegian Arctic: A review.  
 Norsk polarinstitutt  (NP), rapportserie nr. 55. Oslo. 
 
2 Henriksen, A., Lien, L. &  Traaen, T.S. 1990. Tålegrenser for overflatevann. Kjemiske kriterier for tilførsler av 

sterke syrer. Norsk institutt for vannforskning (NIVA), O-89210. 
 
3  Lien, L., Henriksen, A., Raddum ,G. & Fjellheim, A. 1989. Tålegrenser for overflatevann. Fisk og evertebrater. 

Foreløpige vurderinger og videre planer. Norsk institutt for vannforskning (NIVA), O-89185. 
 
4 Bølviken, B. & medarbeidere, 1990. Jordforsuringsstatus og forsuringsfølsomhet i naturlig jord i Norge. Norges 

geologiske undersøkelse (NGU), NGU-rapport 90.156. 2 bind (Bind I: Tekst, Bind II:Vedlegg og bilag). 
 
5  Pedersen, H. C. & Nybø, S. 1990. Effekter av langtransporterte forurensninger på terrestriske dyr i Norge. En 

statusrapport med vekt på SO2, NOx og tungmetaller. Norsk institutt for naturforskning (NINA),  Utredning 005. 
 
6  Frisvoll, A. A., 1990. Moseskader i skog i Sør-Norge. Norsk institutt for naturforskning (NINA), Oppdragsmelding 

018. 
 
7  Muniz, I. P. & Aagaard,  K. 1990. Effekter av langtransportert forurensning på ferskvannsdyr i Norge - virkninger 

av en del sporelementer og aluminium. Norsk institutt for naturforskning (NINA),  Utredning 013. 
 
8  Hesthagen, T., Berger, H. M.  & Kvenild,  L. 1992. Fiskestatus i relasjon til forsuring av innsjøer. Norsk institutt 

for naturforskning (NINA), Forskningsrapport 032. 
 
9  Pedersen, U., Walker, S.E.  & Kibsgaard, A. 1990. Kart over atmosfærisk avsetning av svovel- og 

nitrogenforbindelser i Norge. Norsk institutt for luftforskning (NILU), OR 28/90. 
 
10   Pedersen, U. 1990. Ozonkonsentrasjoner i Norge. Norsk institutt for luftforskning (NILU), OR 28/90. 
 
11  Wright, R. F., Stuanes, A.  Reuss, J.O.  & Flaten,  M.B. 1990. Critical loads for soils in Norway. Preliminary 

assessment based on data from 9 calibrated catchments. Norsk institutt for vannforskning (NIVA), O-89153. 
 
11b   Reuss, J. O., 1990. Critical loads for soils in Norway. Analysis of soils data from eight Norwegian catchments. 

Norsk institutt for vannforskning (NIVA), O-89153. 
 
12   Amundsen, C. E., 1990. Bufferprosent som parameter for kartlegging av forsuringsfølsomhet i naturlig jord. 

Universitetet i Trondheim, AVH (stensil). 
 
13  Flatberg, K.I, Foss, B., Løken,A.  & Saastad,  S.M. 1990. Moseskader i barskog. Direktoratet for naturforvaltning 

(DN), notat. 
 
14  Frisvoll, A.A., & Flatberg, K.I., 1990. Moseskader i Sør-Varanger. Norsk institutt for naturforskning (NINA) , 

Oppdragsmelding 55. 
 
15  Flatberg, K.I., Bakken, S., Frisvoll, A.A., & Odasz, A.M. 1990. Moser og luftforurensninger. Norsk institutt for 

naturforskning (NINA) , Oppdragsmelding 69. 
 
16  Mortensen, L.M. 1991. Ozonforurensning og effekter på vegetasjonen i Norge. Norsk landbruksforsk. 5:235-264. 
 
17  Wright, R.F., Stuanes, A.O. & Frogner, T.  1991. Critical Loads for Soils in Norway Nordmoen. Norsk institutt for 

vannforskning (NIVA), O-89153. 
 
18 Pedersen, H.C., Nygård, T., Myklebust, I. og Sæther, M. 1991. Metallbelastninger i lirype. Norsk institutt for 

naturforskning (NINA), Oppdragsmelding 71. 
 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

26 

19  Lien, L., Raddum, G.G. & Fjellheim, A. 1991. Tålegrenser for overflatevann evertebrater og fisk. Norsk institutt 
for vannforskning (NIVA), Rapport 0-89185,2. 

 
20 Amundsen, C.E. 1992. Sammenlingning av parametre for å bestemme forsuringsfølsomhet i jord. NGU-rapport 

91.265. 
 
21 Bølviken, B., R. Nilsen, J. Romundstad & O. Wolden. 1992. Surhet, forsuringsfølsomhet og lettløselige 

basekationer i naturlig jord fra Nord-Trøndelag og sammenligning med tilsvarende data fra Sør Norge. NGU-
rapport 91.250. 

 
22 Sivertsen, T. & medarbeidere. 1992. Opptak av tungmetaller i dyr i Sør-Varanger. Direktoratet for naturforvaltning, 

DN-notat 1991-15. 
 
23 Lien, L., Raddum, G.G. & A. Fjellheim. 1992. Critical loads of acidity to freshwater. Fish and invertebrates. 

Norwegian Institute for Water Research (NIVA), Rapport O-89185,3.  
 
24 Fremstad, E. 1992. Virkninger av nitrogen på heivegetasjon. En litteraturstudie. Norsk institutt for naturforskning 

(NINA),  Oppdragsmelding 124.  
 
25 Fremstad, E. 1992. Heivegetasjon i Norge, utbredelseskart. Norsk institutt for naturforskning (NINA), 

Oppdragsmelding 188. 
 
26 Flatberg, K.I. & Frisvoll, A. 1992. Undersøkelser av skader hos to sigdmoser i Agder. Norsk institutt for 

naturforskning (NINA), Oppdragsmelding 134.  
 
27 Lindstrøm, E.A.1992. Tålegrenser for overflatevann. Fastsittende alger. Norsk institutt for vannforskning (NIVA), 

O-90137/E-90440, rapport-2.  
 
28 Brettum, P. 1992. Tålegrenser for overflatevann. Planteplankton. Norsk institutt for vannforskning (NIVA), O-

90137/E-90440, rapport-3.  
 
29 Brandrud, T.E., Mjelde, M. 1992. Tålegrenser for overflatevann. Makrovegetasjon. Norsk institutt for 

vannforskning (NIVA), O-90137/E-90440, rapport-1.  
 
30 Mortensen, L.M. & Nilsen, J. 1992. Effects of ozone and temperature on growth of several wild plant species. 

Norwegian Journal of Agricultural Sciences 6: 195-204. 
 
31 Pedersen, H.C., Myklebust, I., Nygård, T. & Sæther, M. 1992. Akkumulering og effekter av kadmium i lirype. 

Norsk institutt for naturforskning (NINA), Oppdragsmelding 152. 
 
32 Amundsen, C.E. 1992. Sammenligning av relativ forsuringsfølsomhet med tålegrenser beregnet med modeller, i 

jord. Norges geologiske undersøkelse. NGU-rapport 92.294. 
 
33 Frogner, T., Wright, R.F., Cosby, B.J., Esser, J.M., Håøya, A.-O. & Rudi, G. 1992. Map of critical loads for 

coniferous forest soils in Norway. Norsk institutt for vannforskning (NIVA), O-91147. 
  
34 Henriksen, A., Lien, L., Traaen, T.S. & Taubøll, S. 1992. Tålegrenser for overflatevann - Kartlegging av 

tålegrenser og overskridelser av tålegrenser for tilførsler av sterke syrer. Norsk institutt for vannforskning (NIVA), 
O-89210. 

 
35 Lien, L. Henriksen, A. & Traaen, T.S. 1993. Tålegrenser for sterke syrer på overflatevann -Svalbard. Norsk institutt 

for vannforskning (NIVA), O-90102.  
 
36 Henriksen, A., Hesthagen, T., Berger, H.M., Kvenild, L., Taubøll, S. 1993. Tålegrenser for overflatevann - 

Sammenheng mellom kjemisk kriterier og fiskestatus. Norsk institutt for vannforskning (NIVA), O-92122. 
 
37 Odasz, A.M., Øiesvold, S., & Vange, V. 1993. Nitrate nutrition in Racomitrium  lanuginosum (Hedw.)Brd., a 

bioindicator of nitrogen deposition in Norway. Direktoratet for naturforvaltning. Utredning for DN 1993-2. 
 
38 Espelien, I.S. 1993. Genetiske effekter av tungmetaller på pattedyr. En kunnskapsoversikt. Norsk institutt for 

naturforskning (NINA), Utredning  051. 
 
39 Økland, J. & Økland, K.A. 1993. Database for bioindikatorer i ferskvann - et forprosjekt . Laboratorium for 

ferskvannsøkologi og innlandsfiske (LFI), Zoologisk Museum, Oslo, Rapport 144, 1993. 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

27 

 
40 Aamlid, D. & Skogheim, I. 1993. Nikkel, kopper og andre metaller i multer og blåbær fra Sør-Varanger, 1992. 

Rapport Gkogforsk 14/93. 14/93. 
 
41 Kålås, J.A., Ringsby, T.H. & Lierhagen, S. 1993. Metals and radiocesium in wild animals from the Sør-Varanger 

area, north Norway. Norsk institutt for  naturforskning (NINA), Oppdragsmelding 212.    
 
42 Fløisand, I. & Løbersli, E.  (red.)1993. Tilførsler og virkninger av lufttransporterte  forurensninger (TVLF) og 

Naturens tålegrenser. Sammendrag av foredrag og postere fra møte i Stjørdal, 15.-17.februar 1993. Norsk institutt 
for luftforskning (NILU), OR 17/93. 

 
43 Henriksen, A. & Hesthagen, T. 1993. Critical load exceedance and damage to fish populations. Norsk institutt for 

vannforskning (NIVA), O-89210. 
 
44 Lien, L., Henriksen, A. & Traaen, T.S. 1993. Critical loads of acidity to surface waters, Svalbard. Norsk 

institutt for vannforskning (NIVA), O-90102. 
  
45 Løbersli, E., Johannessen, T. & Olsen, K.V (red.) 1993. Naturens tålegrenser.  Referat fra seminar i 1991 og 1992. 

Direktoratet for naturforvaltning, DN-notat 1993-6. 
 
46 Bakken, S. 1993. Nitrogenforurensning og variasjon i nitrogen, protein og klorofyllinnhold hos   

barskogsmosen blanksigd (Dicranum majus). Direktoratet for naturforvaltning (DN). Utredning for DN             
1994-1.  

 
47 Krøkje, Å. 1993. Genotoksisk belastning i jord . Effektstudier, med mål å komme fram til akseptable   

grenser for genotoksisk belastning fra langtransportert luftforurensning. Direktoratet for    
naturforvaltning (DN). Utredning for DN 1994-2. 

 
48 Fremstad, E. 1993. Heigråmose (Racomitrium lanuginosum) som indikator på nitrogenbelastning. Norsk   

institutt for naturforskning (NINA)  Oppdragsmelding 239.  
 
49 Nygaard, P.H. & Ødegaard, T.H. 1993. Effekter av nitrogengjødsling på vegetasjon og jord i skog.  

Rapport  Skogforsk 26/93. 
 
50 Fløisand, I. og Johannessen, T. (red.) 1994. Langtransporterte luftforurensninger. Tilførsler, virkninger  

og tålegrenser. Sammendrag av foredrag og postere fra møte i Grimstad, 7.-9.3.94.  Norsk institutt for  
luftforskning NILU OR: 17/94  

 
51 Kleivane, L. Skåre, J.U. & Wiig, Ø. 1994. Klorerte organiske miljøgifter i isbjørn. Forekomst, nivå og  

mulige effekter. Norsk Polarinstitutt  Meddelelse nr. 132. 
 
52 Lydersen, E., Fjeld, E. & Andersen, T. 1994. Fiskestatus og vannkjemi i norske innsjøer. Norsk institutt  

for  vannforskning  (NIVA)  O-93172  
 
53 Schartau, A.K.L. (red.) 1994. Effekter av lavdose kadmium-belastning på littorale ferskvanns-  

populasjoner og -samfunn. Norsk institutt for naturforskning (NINA) Forskningsrapport 055. 
 
54 Mortensen, L. (1994). Variation in ozone sensitivity of Betula pubescens Erh. from different sites in             

South Norway. Direktoratet for naturforvaltning (DN). Utredning for DN, Nr. 1994-6. 
 
55 Mortensen, L. (1994). Ozone sensitivity of Phleum alpinum L. from different locations in South                 

Norway.  Direktoratet for naturforvaltning (DN). Utredning for DN, Nr. 1994-7. 
 
56 Frogner, T., Wright, R.F., Cosby, J.B. and  Esser, J.M. (1994). Maps of critical loads and exceedance       

for sulfur and nitrogen to forest soils in Norway. Norsk institutt for vannforskning (NIVA) O-91147. 
 
57  Flatberg, K.I. & Frisvoll, A.A. 1994. Moseskader i Agder 1989-92 (1994). Norsk institutt for  naturforskning    

(NINA),  Oppdragsmelding 298. 
 
58 Hesthagen, T. & Henriksen, A. (1994). En analyse av sammenhengen mellom overskridelser av   

tålegrenser for overflatevann og skader på fiskebestander.  Norsk institutt for naturforskning (NINA),                  
Oppdragsmelding 288. 

 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

28 

59 Skåre, J.U., Wiig, Ø. & Bernhoft, A. (1994). Klorerte organiske miljøgifter; nivåer og effekter på   
isbjørn. Norsk Polarinstitutt Rapport nr. 86 - 1994. 

  
60 Tørseth, K. & Pedersen, U. 1994. Deposition of sulphur and nitrogen components in Norway. 1988-1992.  Norsk 

institutt for luftforskning (NILU): OR 16/94. 
 
61 Nygaard, P.H. 1994. Virkning av ozon på blåbær (Vaccinium myrtillus), etasjehusmose (Hylocomium 

splendens), furumose (Pleurozium schreberi) og krussigd (Dicranum polysetum). Rapport Skogforsk 9/94. 
 
62 Henriksen, A. & Lien, L. 1994. Tålegrenser for overflatevann: Metode og usikkerheter. Norsk institutt  

for vannforskning (NIVA), O-94122. 
 
63 Hilmo, O. & Larssen, H.C. 1994. Morfologi hos epifyttisk lav i områder med ulik luftkvalitet.   

ALLFORSK Rapport 2. 
 
64 Wright, R.F. 1994. Bruk av dynamiske modeller for vurdering av vann- og jordforsuring som følge av  

redusert tilførsel av sur nedbør. Norsk institutt for vannforskning (NIVA), O-94112. 
 
65 Hesthagen, T.,  A. Henriksen & Kvenild, L. 1994. Overskridelser av tålegrenser for overflatevann og                

skader på fiskebestander i norske innsjøer med spesiell vekt på Troms og Finnmark. Norsk institutt for  
naturforskning (NINA), Oppdragsmelding 298.  

 
66 Sagmo Solli, I.M, Flatberg, K.I.F., Söderström, L., Bakken S. & Pedersen, B.  1996. Blanksigd og   

luftforurensningsstudier. NTNU. Vitenskapsmuseet. Rapport botanisk serie 1996-1. 
                
67  Stuanes, A. & Abrahamsen, G. 1996. Tålegrenser for nitrogen i skog - en vurdering av    

kunnskapsgrunnlaget. Aktuelt fra Skogforsk 7-96.  
 
68 Ogner, G. 1995. Tålegrenser for skog i Norge med hensyn til ozon. Aktuelt fra Skogforsk 3-95.  
    
69 Thomsen, M., Nellemann, C. Frogner, T., Henriksen A., Tomter, S. & Mulder, J. 1995. Tilvekst og  

vitalitet for granskog sett i relasjon til tålegrenser og forurensning. Rapport fra Skogforsk 22-95.  
 
70 Tomter, S. M. & Esser, J. 1995. Kartlegging av tålegrenser for nitrogen basert på en empirisk metode.  

Norsk institutt for jord- og skogkartlegging (NIJOS). Rapport nr 10/95. 
 
71 Pedersen, H.Chr. (red.). 1995. Kadmium og bly i lirype: akkumulering og cellulære effekter. Stiftelsen for 

naturforskning og kulturminneforskning (NINA-NIKU) Oppdragsmelding 387 
  
72 Bakken, S. & Flatberg, K.I.F. 1995. Effekter av økt nitrogendeposisjon på ombrotrof myrvegetasjon. En  

litteraturstudie. ALLFORSK Rapport 3. 
 
73 Sogn, T.A., Stuanes, A.O. & Abrahamsen, G. 1995. Akkumulering av nitrogen - en kritisk parameter for  

beregning av tålegrenser for nitrogen i skog. Rapport fra  Skogforsk 21/95. 
 
74 Nygaard, P.H. & Eldhuset, T. 1996. Forholdet mellom basekationer og aluminium i jordløsning som  

kriterium for tålegrenser i skogsjord. Norsk institutt for skogforskning (NISK). Rapport fra Skogforsk          
1/96 

 
75 Mortensen, L. 1993. Effects of ozone on growth of several subalpine plant species. Norw. J. Agric. Sci. 7:               

129-138. 
 
76 Mortensen. L. 1994. Further studies on the effects of ozone  concentration on growth of subalpine plant              

species. Norw. J. Agric. Sciences 8:91-97. 
 
77 Fløisand, I. & Løbersli, E. (red.) 1996. Lufttransporterte forurensninger - tilførsler, virkninger og                   

tålegrenser. Norsk institutt for luftforskning (NILU) OR 2/96. 
 
78 Thomsen, M.G., Esser; J., Venn, K. & Aamlid, D. 1996. Sammenheng mellom trærs vitalitet og   

næringsstatus i nåler og humus på skogovervåkingsflater i Sørøst-Norge (in prep).   
 
79 Tørseth, K., Mortensen, L. & Hjellbrekke, A.-G. 1996. Kartlegging av bakkenær ozon etter tålegrenser  

basert på akkumulert dose over 40 ppb. Norsk institutt for luftforskning (NILU) OR 12/96. 
 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

29 

80 Esser, J.M. & Tomter, S.M. 1996. Reviderte kart for tålegrenser for nitrogen basert på empriske verdier  
for ulike vegetasjonstyper. Norsk institutt for jord- og skogkartlegging (NIJOS). 

 
81 Henriksen, A. , Hindar; A., Styve, H., Fjeld, E. & Lien, L. 1996. Forsuring av overflatevann,   

beregningsmetodikk, trender og mottiltak. Norsk institutt for vannforskning (NIVA). Rapport LNR   3528-96.          
 
82 Henriksen, A., Hesthagen, T. & Fjeld, E. 1996. Overskridelser av tålegrenser for overflatevann og skader  

på fiskebestander. Norsk institutt for vannforskning (NIVA). Rapport LNR 3565-96.    
 
83 Wright, R. F., Raastad, I.A., & Kaste, Ø. 1996. Atmospheric deposition of nitrogen, runoff of organic nitrogen, 

 and critical loads for soils and waters. Norsk institutt for vannforskning  (NIVA) Report SNO 3592-97 
 
84 Mortensen, L.M. 1995. The influence of ozone pollution on growth of young plants of Betula pubescens  

Ehrh. And Phleum alpinum L. Dose-response relations. Norw. J. Agr. Sci. 9:249-262 
  
85 Mortensen, L.M. 1996. Ozone senistivity of Betula pubescens at different growth stages after budburst in  

spring. Norw. J. Agr. Sci. 10:187-196. 
 
86 Tørseth, K., Rosendahl, K.E., Hansen, A.C., Høie, H. & Mortensen, L.M. 1997. Avlingstap som følge av  

bakkenært ozon. Vurderinger for perioden 1989-1993. SFT-rapport.  
 
87  Rognerud, S, Hognve, D. & Fjeld, E. 1997. Naturlige bakgrunnskonsentrasjoner av metaller. Kan    

amosfæriske avsetninger påvirke metall-konsentrasjoner slik at det ikke reflekterer berggrunnens   
geokjemi? Norsk institutt for vannforskning (NIVA) Rapport LNR 3670-97  

 
88 Skjelkvåle, B.L., Wright, R.F. & Tjomsland, T. 1997. Vannkjemi, forsuringsstatus og tålegrenser i    

nasjonalparker; Femundsmarka og Rondane. Norsk institutt for vannforskning (NIVA) Rapport LNR                
3646-97 

 
89 Nordbakken; J.-F. 1997. Småskalaendringer i ombrotrof myrvegetasjon i SØ-Norge 1990/91-96. Botanisk  

Hage og Museum, Univ. Oslo Rapp. 1  
 
90    Sogn, T.A., Kjønnås, J., Stuanes, A.O., & Abrahamsen, G. 1997. Akkumulering av nitrogen - variasjoner  

avhengig av bestandsutvikling, nitrogentilførsel og simulert snødekke. Norges Landbrukshøgskole,  
Institutt for jord- og vannfag, Rapport nr. 10/97. 

 
91 Nygaard, P.H., Ødegård, T. & Flatberg, K.I.F. Vegetasjonsendringer over 60 år i fattig skog- og myrvegetasjon i 

Karlshaugen skogreservat. Skogforsk (in prep) 
 
92 Knutzen, J., Gabrielsen, G.W., Henriksen, O.E., Hylland, K., Källqvist, T. Nygård, T., Pacyna, J.S. Skjegstad, N. & 

Steinnes, E. 1997.  Assessment of the applicability for pollution authorities ofthe concept “critical load” of long-
range transported micrpollutants in relation to aquatic an terrestrial ecosystems. Norsk institutt for vannforskning 
(NIVA) Report SNO 3751-97. 

 
93 Tørseth, K. & Semb, A. 1997. Deposition of major inorganic components in Norway 1992-1996. Norsk institutt for 

luftforskning (NILU),  OR 67/97. 
 
94            Henriksen, A. 1998. Application of the first order acicvity balance (FAB) model to Norwegian surface  
                waters. Norsk institutt for vannforskning (NIVA) Report SNO 3809-98 
 
95 Sogn, T.A. & Wright, R.F. 1998. The model MERLIN applied to Nordmoen, Norway. Norsk institutt for 

vannforskning (NIVA)  Report SNO 3844-98 
 
96 Skjelkvåle, B.L. & A. Henriksen, 1998. Vannkjemi, forsuringsstatus og tålegrenser i nasjonalparker; 

Hardangervidda. Norsk institutt for vannforskning (NIVA). Report SNO 3895-98 
 
97 Henriksen, A. 1998. Binding grid cells – Norway. An evaluation. Norsk institutt for vannforskning (NIVA) Report  

SNO 3942-98 
 
98 Lükewille, A. & A. Semb. 1998. Deposition in Norwegian Mountain areas. Norsk institutt for luftforskning (NILU) 

OR 66/97 
 
99 Strand, L.T., Stuanes, A.O. & G. Abrahamsen. 1998. Akkumulering av karbon og nitrogen i unge jordsmonn. 

Institutt for jord og vannfag, rapport nr 9/98. 



Naturens Tålegrenser Fagrapport 102     NIVA 4038-99 

30 

 
100 Wright, R.F. & Henriksen, A. 1999. Gap closure; use of MAGIC model to predict time required to achieve steady-

state following implementation of the Oslo protocol. Norsk institutt for vannforskning (NIVA) 
 
101 Henriksen, A. (red.) 1999. Tålegrenser i fjellområder. Hva vet vi – og hva bør vi vite? Norsk institutt for 

vannforskning (NIVA) 
 
 
Henvendelser vedrørende rapportene rettes til utførende institusjon 
 




