
 

  

Nutrient reference conditions in Nordic rivers 

Both managers and scientists working with the implementation of the EU Water Framework Directive (WFD) will 

be familiar with the term ‘reference conditions’, which can be defined as the natural state of a water body. The 

concept is useful for several water management purposes (Fig.1), and is becoming increasingly important since 

climate and land use changes increase the pressures on our water bodies. However, determining nutrient 

reference conditions in areas that have been cultivated for centuries has proven difficult. In this policy brief, we 

therefore compare how Nordic countries have approached the challenge.  

We discovered that different definitions and methods have been used in each of the three Nordic countries Finland, 

Norway and Sweden. The transfer of methods from 

one country to the next was tested for Denmark, 

which has not yet established reference conditions 

for streams.  Our results indicate that catchment 

models may be the best method to establish 

harmonised and transparent reference values in 

streams, but these models need to be further 

developed to ensure their adaption to a variety of 

Nordic catchments.   
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BIOWATER (2017-2022) is a Nordic Centre of Excellence, funded by 

Nordforsk. Our main goal is to examine the impacts of a 

bioeconomy on land use, freshwater resources and the society.  

We are eight institutions in four Nordic countries (Denmark, 

Finland, Norway and Sweden), and with three European 

collaborating partners.  

We cooperate closely with policy makers and stakeholder 

representatives to ensure that our research questions meet 

current needs.  
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Figure 1: Reference conditions can be used for a 
number of water management purposes.  
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For river types where pristine conditions are scarce, it is more difficult to estimate reference values. These 

catchments are often found in the lowland areas that have been cultivated for centuries. Here, the 

countries have chosen different approaches:  

In Finland, monitored data from impacted catchments have been compared with data from more pristine 

catchments, and expert judgement has then been used to set the reference conditions. The resulting 

concentration is 40 µg TP/l (Fig 2.), which represents the High/Good status class boundary.  

In Norway, especially clay-rich areas have posed a problem, and the country has used a correlation 

between phosphorus concentrations and the proportion of land covered by Quaternary clay soils in 

catchments with as little agriculture as possible. The resulting reference concentration lies between 20 and 

40 µg TP/l (Fig 2). The data coverage is poor since there are few areas with marine clay soils that have not 

been cultivated.  

In Sweden, reference conditions are 

modelled, and assumed to be 

represented by nutrient leaching from 

fallow on tile-drained land. Leaching 

coefficients for 10 soil classes and 22 

climate types have been estimated using 

the NLeCCS modeling system. The 

resulting reference concentration for 

phosphorus is about 22-26 µg TP/l in 

areas with 20-60 % agricultural land, 

respectively (Fig. 2).  

Figure 2. Total phosphorus concentrations in Nordic lowland rivers:  
Finland: High/Good status class boundary concentrations, Norway 
and Sweden: Reference concentrations.   

Relatively similar reference concentrations in many river types 

In Nordic rivers for which pristine or near-pristine conditions can be found, nutrient reference 

concentrations are relatively comparable across borders (Table 1).   

    Norway Finland  Sweden 

Type River characteristics TP TN TP TN TP TN  

R-N1 Small lowland siliceous, moderate 
alkalinity 

15 425 15 335 14  870  

R-N3 Small/medium lowland organic 17 425 20 450 19 692 

R-N4 Medium lowland siliceous, moderate 
alkalinity 

15 425 15 335 14  573  

R-N5 Small mid-altitude siliceous 8 250 15 335 6 210 

R-N9 Small/medium mid-altitude silicious, 
low alkalinity, organic (humic) 

13 400 20 450 12 557 

Table 1. High/Good status class boundaries in five river types in three Nordic countries. (See the full paper for ranges 
of reference concentrations in Norway and Sweden. Finland operates with High/Good boundary only).  

Different Nordic approaches in lowland river types  

https://link.springer.com/article/10.1007/s13280-020-01370-4
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Although expert judgement is easy enough to copy as a 

method, the results may be difficult to compare. The 

Swedish method has objective qualities as it is based on 

a leaching model, and we tested this on 16 Danish 

headwater streams (Fig. 3) with less than 10% 

agricultural land.  

 

We also tested the Norwegian method to determine 

phosphorus reference conditions in a clay-rich Danish 

catchment, River Uggerby in Northern Jutland (Fig 3).  

Figure 4 shows the results of using the Swedish method to find phosphorus reference concentrations in 16 

Danish streams. The first bar to the left (orange) shows the direct results of monitored data (average 65 µg 

TP/l) in these least disturbed catchments, whereas the second bar (yellow) gives the result of the Swedish 

method (average 15 µg TP/l). Clearly, there were large deviations, with almost all catchments having higher 

monitored than modelled concentrations. Since the Swedish method does not account for bank erosion, we 

added the estimated effect of this process (light blue bar; 33 µg TP/l). Furthermore, we added the effect of 

anoxic groundwater (blue bar; 49 µg TP/l).  

Figure 4. Testing the Swedish method to find phosphorus reference concentrations in 16 Danish headwater streams. 
Dominant soil types: S: Sandy soils, L: Sandy loam M: Mixed soils.   

Swedish method for finding phosphorus 

reference concentrations 

Since none of the small 16 catchments have clay-rich soils, we tested the Norwegian method on a 

catchment in northern Jutland with Quaternary clay soils (River Uggerby; Fig. 3). However, large parts of the 

clay soils were overlain with air-borne sediments. Hence, we could either use the percentage clay in surface 

materials (less than 10 %; giving a reference concentration of ca. 10 µg TP/l), or we could assume that the 

river had eroded into most of the clay deposits (about 40 % coverage; giving a reference concentration of ca. 

30 µg TP/l). This attempt to transfer a method therefore gave us more questions than answers.  

Figure 3. Map of the 16 small Danish catchments, 
and River Uggerby in Northern Jutland. 

Testing Nordic methods in Danish streams  

Norwegian method for finding phosphorus reference concentrations 
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Figure 5. Testing the Swedish method to find nitrogen reference concentrations in 16 Danish headwater streams 
and downstream rivers. Soil types as in fig 4.   

Testing the Swedish method to find nitrogen reference concentrations in Danish streams 

The Swedish model has not yet been implemented for nitrogen in Sweden, the reason being that phosphorus 

is more critical for eutrophication of freshwaters. Nevertheless, we used the model to calculate tentative 

nitrogen reference conditions for the 16 Danish streams (Fig. 5). Interestingly, for several catchments, the 

model (the second, yellow bars; average of 1505 µg TN/l) now yielded higher reference concentrations than 

the monitored data (the first orange bars; average of 1066 µg TN/l). We also tested the model when adding 

groundwater retention locally (third bar; average of 1038 µg TN/l) and we tried to estimate the reference 

conditions  of the larger, down-stream rivers (fourth bar; average of 582 µg TN/l).  

Figure 6. In the Swedish model nutrient leaching from fallow is assumed to represent reference conditions for 
agricultural land. Agricultural landscape in south Sweden with fallow in the foreground. Photo: K. Kyllmar. 



 

  

Towards a common Nordic methodology to find reference conditions 

Figure 7. Illustration of (A) pristine catchment and (B) human impacted catchment. In B, also the pathways of 
nutrients are indicated.  

Figure 7A shows a pristine catchment with reference conditions in all water bodies. In B, humans 

have impacted the landscape, and reference conditions can only be found in nature reserves and 

upland areas. Figure B also indicates processes that a more comprehensive model to find 

reference conditions in streams should account for.  



 

  

This policy brief is based on the Ambio paper  

Skarbøvik, E.a, J. Aroviitab, J. Fölsterc,  A. Lyche Solheimd, K. Kyllmarc , K. Rankinenb & B. Kronvange 2020. Comparing nut-

rient reference concentrations in Nordic countries with focus on lowland rivers. Ambio 49, 1771–1783 (2020). https://

doi.org/10.1007/s13280-020-01370-4  
aNIBIO, Norway; bSYKE, Finland, cSLU, Sweden, dNIVA, Norway; eAarhus University, Denmark.  

Graphical design by Tinna Christensen, University of Aarhus, Denmark.  

If you are interested in our progress, follow BIOWATER updates at our web-site www.biowater.info or on twitter @bio-

water_info See also the 11 other papers in Ambio Special Issue 49(11) 2020 and our policy brief summarising the issue. 

As illustrated in Fig. 1, reference conditions can have many uses, not least as a benchmark for expected, 

forthcoming changes in the rural landscapes of Nordic countries, following a shift to bioeconomy and the 

assumed increased biomass exploitation. Reference conditions are also often used as a support when 

establishing the Water Framework Directive’s Good/Moderate status boundary. The consequences of getting 

it wrong can be severe: If the values are set too strict, the result can be overly costly mitigation measures, 

whereas too slack values can give enhanced eutrophication and toxic algae blooms. 

Our results show important possible steps on the way to reduce the uncertainty and ensure more 

harmonised and transparent Nordic nutrient reference conditions in streams. However, more research needs 

to be done before we arrive at a common Nordic methodology. Ideally, a method should be developed that 

accounts for important processes in Nordic catchments, including the natural nutrient sources and their 

pathways through the landscape (Fig. 7).    

We suggest that Nordic countries consider to jointly re-evaluate national values of nutrient reference 

concentrations in lowland streams, and develop improved models and methods to reduce the uncertainty.  

Why do reference conditions matter? 

Figure 8. Lowland river in Norway  
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