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Annual report on Riverine Inputs and Direct discharges (RID) to Convention waters


	CP (Country name):
	Norway

	Year:
	2017-data
(delivered November 2018) 



Reporting authority (to which any further enquiry should be addressed):
Name of authority: Norwegian Environment Agency

Contact person: Eivind Farmen

Email: eivind.farmen@miljodir.no

Phone (with country code): +47 73 58 05 00

	Information: The purpose of this template is to provide the OSPAR Commission with an assessment of this year’s waterborne inputs to Convention waters, and an up-to-date description of the methodology used. “This year” is the calendar year in retrospect (e.g. data from January – December 2013 is reported in autumn 2014, and so on). 
The template should be submitted to the Secretariat or RID Data Center by 1 November (30 November for Denmark only).
This template and the excel sheet templates (separate file) comprise the two mandatory submissions each year. These templates will be sent to all CPs in early September.   





Map of riverine sampling stations: 
[image: ]


	[bookmark: _Ref529098584]Table 1. Rivers included in the programme

	
	UTM
(east)
	UTM
(north)
	UTM
zone
	Catchment (km2)

	Glomma*
	621600
	6573156
	32
	41918

	Alna*
	600213
	6642144
	32
	69

	Drammenselva*
	556636
	6624287
	32
	17034

	Numedalslågen*
	561346
	6551822
	32
	5577

	Skienselva*
	534726
	6562938
	32
	10772

	Storelva**
	498897
	6503307
	32
	408

	Otra*
	438737
	6449755
	32
	3738

	Bjerkreimselva
	325246
	6487028
	32
	705

	Orreelva*
	299152
	6515475
	32
	105

	Vikedalselva
	325319
	6599745
	32
	118

	Vosso*
	336048
	6727293
	32
	1492

	Nausta
	327402
	6826450
	32
	277

	Driva
	477383
	6948637
	32
	2487

	Orkla*
	237185
	7018935
	33
	3053

	Nidelva
	569352
	7030201
	32
	3110

	Vefsna*
	418710
	7292351
	33
	4122

	Målselva
	406570
	7660047
	34
	3239

	Altaelva*
	586586
	7759686
	34
	7373

	Tana
	543964
	7791926
	35
	16389

	Pasvikelva
	386937
	7709634
	36
	18404


* “Main rivers” in the previous RID programme
** Also denoted “Vegårdselva” in the RID database




Please note that the monitoring programme changed from 2016 to 2017: This is the monitoring stations in 2016 and earlier: 
[image: ]
Old map of sampling stations, no longer valid. 
Map of the four Norwegian maritime areas; Skagerrak, North Sea, Norwegian Sea and Barents Sea.
[image: ]

Part I: Information on results from the monitoring

	Information: Give general comments on results from the monitoring that need to be highlighted, including general trends in loads and concentrations, but also any unusual concentrations or specific episodes; the occurrence of floods, droughts, etc. Also comment on missing data or other quality issues of the data.
Comparisons with previous years should be done. For rivers, these should be related to water discharge characteristics. If any statistical trend analyses have been carried out, please include these where appropriate, or submit as an appendix. 

Use the number of pages needed.



i. Riverine inputs
[bookmark: _Hlk529738264]
There has been a change in the RID Programme in Norway from 2016 to 2017, with a decrease in monitored rivers but an increase in monitoring frequency (with the exception of metals, where there has been a decrease). 
The new programme includes monthly monitoring in 20 rivers of which 11 are “main rivers” from the previous programme. The 20 rivers are monitored monthly (earlier 10-11 rivers were monitored monthly and 36 rivers monitored four times a year. However, metals are only analysed four times a year in the 20 rivers. 
Statistical trend analyses were performed for two time periods: 1990-2017 and 2004-2017. Long-term trends show that water discharge has increased significantly in Rivers Glomma, Drammenselva, Skienselva and Orreelva. Most of these rivers also had increases in the loads of total organic carbon, total nitrogen and silicate. Phosphorus loads have increased significantly in Rivers Drammenselva and Numedalslågen. In River Vefsna, however, the loads of nitrogen and phosphorus have decreased significantly over the same period. Opposite trends for loads of inorganic nitrogen (nitrate and ammonium) and total nitrogen in many of the Skagerrak rivers, indicate that the fraction of organic nitrogen in river runoff is increasing. 
In the rivers that were monitored quarterly before 2017, the trend tests were made only for 2004-2017 and for concentrations only. The concentrations of ammonium have decreased significantly in five rivers in the period 2004-2017. Rivers Bjerkreimselva and Vosso have statistically significant upward trends in concentrations of TOC, while Rivers Målselva and Pasvikelva have statistically significant upwards trends in the concentrations of silicate. 
Metal loads and concentrations show mainly downward trends in all Norwegian rivers (1990-2017), but analyses of the short-term period (2004-2017) reveal statistically significant upward trends in zinc concentrations in River Glomma and nickel concentrations in River Altaelva.
Overall, the total runoff from Norway increased somewhat from 2016 (Figure 1), but was on about the same level as 2015. 



[image: ]
Figure 1. Riverine inputs of nutrients and SPM (total Norway). 
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Figure 2. Riverine inputs of metals (total Norway).








ii. Direct discharges 

Figure 3 and 4 show direct discharges since 1990 for nutrients/SPM/TOC and metals, respectively. Annual changes can be due to differences in reporting from factories and WWTPs, and may not always reflect actual discharges. However, extrapolation and interpolation is done when data are missing. 
Direct discharges of nutrients and copper from fish farming have increased steadily during the last ten years. As a result, the total Norwegian inputs to the sea of these substances have increased. 

[image: ]
Figure 3. Direct discharges of nutrients, SPM and TOC 1990-2017. 


[image: ]
Figure 4. Direct discharges of metals 1990-2017. 



iii. Unmonitored areas
Loads from unmonitored areas are modelled or calculated (based on previous monitoring), and changes from one year to the next reflect changes in water discharges, and to some extent also changes in agricultural practices (included in the model used). 

iv. Overall loads
Overall, the total loads to the Norwegian maritime areas did not differ significantly from former years.


Part II: Methodology
A. Overall information on changes in the monitoring methods 

	Has the monitoring programme been changed this year? 



No:	_
Yes:	X 

	If yes, please indicate which parts of the programme that have changed and give additional comments below the table when needed:



	Methodology of components 
	Main change since last year

	Direct discharges
	

	· Sewage
	

	· Industry
	

	· Aquaculture
	

	· Other
	

	Riverine monitoring
	Changed from 46 rivers to 20.
One of these is new to the programme. 
Sampling frequency increased to 12 a year for 9 of these rivers, but was as before for 10 rivers (those that were monitored monthly earlier).
Nutrients, sediments, TOC, silica was analysed in all samples. 
Metals were analysed in only 4 samples, distributed in spring, summer, autumn and winter. 

	Unmonitored areas
	

	Analytical methods or LOD/LOQ
	

	Water discharge 
	

	Other
	






	Information: All details on this year’s methodology should be given in the following sections. Please give a description of the methods used even if the methodology does not differ from previous years. This is necessary for keeping track of each year’s methodology in the archives.



B. Direct discharges (Tables 5a-5e)

	Information: Please give a comprehensive description of the methods used for determining direct discharges. If the methodology differs from the recommended methodology of the RID Principles, please give comments and explanations for this deviation.
The methodology description should, to the best possible extent, give information on: 
· Which types of point sources are included (e.g. all industries or only the larger ones); 
· General geographical location of point sources (e.g. are point sources downstream of the sampling sites in monitored rivers included? How far up the river mouths are point sources in unmonitored areas included, or are these not included at all?) 
· Sampling procedures or measurements/calculations used. 
· If possible, a list of analytical methods used, including the LOQ. How are values below LOQ dealt with when calculating inputs? Give comments if LOQs are higher than recommended in the RID Principles. 
· If any inter- or extrapolation of data series is done, please explain the method. 
· Give any other relevant information. 
Use the number of pages needed.




The direct discharges reported from Norway comprise effluents from point sources (industry, sewage treatment plants and fish farming) in the unmonitored areas. Unmonitored areas (see part D) comprise the 92 rivers that drain to the sea but have not been monitored by RID neither in this nor in former years (see under part C), areas downstream the sampling points, and coastal areas. 
The estimates are based on national statistical information, including: 
· Sewage: Municipal wastewater and scattered dwellings (Statistics Norway - SSB / the KOSTRA Database);
· Industry: the database “Forurensning” from the Norwegian Environment Agency. 
· Aquaculture: Nutrients (from the Directorate of Fisheries / the ALTINN-database (www.altinn.no)) and copper (based on sales statistics of antifouling products made available by the Norwegian Environment Agency)

i. Sewage
Statistics Norway (SSB) is responsible for the annual registration of data from wastewater treatment plants in the country. Approximately 50% of the Norwegian population is connected to advanced treatment plants with high efficiency of phosphorus or both phosphorus and nitrogen treatment. The rest of the population is connected to treatment plants with simpler primary treatment (42%) or no treatment (8%) (SSB, 2002). Most of the treatment plants with only primary treatment serve smaller settlements, while the majority of advanced treatment plants (plants with chemical and/or biological treatment) are found near the larger cities. Of the total hydraulic capacity of 5.74 million p.e. (person equivalent), chemical plants account for 37%, chemical/biological treatment for 27%, primary treatment for 24%, direct discharges for 8%, biological treatment for 2% and others for 2% (2002 data). In the region draining to the North Sea, most of the wastewater (from 83% of the population in the area) is treated in chemical or combined biological-chemical treatment plants, whereas the most common treatment methods along the coast from Hordaland county (North Sea) and northwards are primary treatment or no treatment. The fifty percent reduction target for anthropogenic phosphorus has been met for the Skagerrak coast as a result of increased removal of phosphorus in treatment plants. 
Statistics Norway (SSB) and the Norwegian Environment Agency jointly conduct annual registration of data on nutrients from all wastewater treatment plants in the country with a capacity of more than 50 person equivalents (p.e.). The data are reported each year by the municipalities. The electronic reporting system KOSTRA is used for reporting of effluent data from the municipalities directly to SSB. For the plants with no reporting requirements (<50 p.e.), the discharge is estimated by multiplying the number of people with standard Norwegian per capita load figures and then adjusting the estimate according to the removal efficiency of the treatment plants. The “Principles of the Comprehensive Study of Riverine Inputs and Direct Discharges” (PARCOM, 1988) recommends the derived per capita loads listed in the table below. The Norwegian per capita loads are based on studies of Norwegian sewerage districts (Farestveit et al., 1995), and are listed in the same table. The latter are used in the Norwegian reporting. 
Table of per capita loads used for estimation of untreated sewage discharges:
	Parameter 
	OSPAR
	Norway

	BOD (kg O/person/day) 
	0.063
	0.046

	COD (kg O/person/day) 
	
	0.094

	TOC (kg TOC /person/day) 
	
	0.023

	S.P.M. (kg S.P.M./person/day) 
	0.063
	0.042

	Tot-N (kg N/person/day) 
	0.009
	0.012

	Tot-P (kg P/person/day) 
	0.0027
	0.0016



Discharges from the population not connected to public treatment plants are assumed to be the same per capita as those for treatment plants without reporting requirements. 
Municipal wastewater also includes industrial effluents. The fraction of the total person equivalents (p.e.) is partitioned between sewage and industrial wastewater according to the number of persons and the size of industrial effluents connected to each treatment plant.
Total nutrient loads from sewage in unmonitored areas are estimated using the transport model TEOTIL (e.g. Tjomsland and Bratli, 1996; Bakken et al., 2006; Hindar and Tjomsland, 2007), based on the input data described above. The model takes account of retention of nutrients in lakes. The Norwegian Institute for Water Research (NIVA) performs this modelling.  
The metal and organic pollutant loads from wastewater treatment plants reflect the sum of the reported load from wastewater treatment plants in unmonitored areas and along the coast. Reporting of these substances is required only for the largest treatment plants (>20.000 p.e. for metals and >50.000 p.e. for selected organic pollutants). No assumptions on loads from other plants than those reporting have been considered. 

ii. Industry
Estimates of discharges from industry are based on data reported to the database “Forurensning” (Norwegian Environment Agency) and the share of municipal wastewater considered to derive from industry (see above). Sampling frequency for industrial effluents varies from weekly composite samples to random grab samples. Sampling is performed at least twice a year. 
Nutrient loads from industry in unmonitored areas are estimated using the TEOTIL model, based on the reported data. Metal and organic pollutant loads, where reported, are summed.  

iii. Aquaculture
The fish farms are mainly located in the sea, often in fjords close to the shore. Their discharges are therefore reported as discharges to the sea in the Norwegian RID Programme.
Fish farmers report monthly data for fish fodder, biomass, slaughtered fish and slaughter offal down to net cage level. These are reported by The Directorate of Fisheries. Raw data are available at altinn.no.
Statistics Norway has sales statistics for farmed trout and salmon. 
The waste from aquaculture facilities is predominantly from feed (De Pauw and Joyce, 1991: Pillay, 1992; Handy and Poxton, 1993), and includes uneaten feed (feed waste), undigested feed residues and faecal/excretion products (Cripps, 1993). The main pollutants from aquaculture are organic matter, nitrogen and phosphorus (Cho and Bureau, 1997).
NIVA estimates nitrogen and phosphorus discharges from fish farming according to the HARP Guidelines (Guideline 2/method 1, see Borgvang and Selvik, 2000). The estimates are based on mass balance equations, i.e. feed used (based on P or N content in feed), and fish production (based on P or N content in produced fish). The estimates do not distinguish between particulate and dissolved fractions of the nitrogen and phosphorus discharge/loss. This simple approach will therefore overestimate the nitrogen and phosphorus discharges/losses, as it does not take into account the burial of particulate nitrogen and especially phosphorus in the sediments. 
The total nutrient loads from fish farming are estimated using the TEOTIL model, based on the input data described above.
Fish farms also cause losses of copper to the environment. This is because the cages are impregnated with anti-fouling chemicals, and these contain copper. The quantification of discharges is based on sales statistics for a number of antifouling products in regular use. The Norwegian Environment Agency assumes that 85% of the copper is lost to the environment. The quantity used per fish farm is not included in official statistics, but for the RID Programme, a theoretical distribution proportional to the fish production has been used. 

iv. Urban storm runoff
Not reported.
v. Any other direct discharges reported 
No other direct discharges reported. 


	Determinand coverage for direct discharges (indicate with an X):



	Determinand
	Sewage
	Industry
	Aquaculture
	Storm/urban
	Other 

	Tot-P
	X
	X
	X
	
	

	PO4-P
	X
	X
	X
	
	

	Tot-N
	X
	X
	X
	
	

	NH4-N
	X
	X
	X
	
	

	NO3-N
	X
	X
	X
	
	

	SiO2
	
	
	
	
	

	TOC
	
	X
	
	
	

	SPM
	X
	X
	
	
	

	Conductivity
	
	
	
	
	

	pH 
	
	
	
	
	

	
	
	
	
	
	

	As
	X
	X
	
	
	

	Cd
	X
	X
	
	
	

	Cu
	X
	X
	X
	
	

	Cr
	X
	X
	
	
	

	Hg
	X
	X
	
	
	

	Ni
	X
	X
	
	
	

	Pb
	X
	X
	
	
	

	Zn
	X
	X
	
	
	

	PCB
	(X)*
	
	
	
	

	Lindane
	
	
	
	
	

	Other 
(please specify)*
	
	
	
	
	


* The reporting is incomplete and we have chosen not to include PCBs in the total loads to the sea this year. 


C.	Riverine inputs (Tables 6a-6c)

	Information: Please give a comprehensive overview of the methods used for riverine inputs. If the methodology differs from the recommended methodology of the RID Principles, please give comments and explanations for this deviation.
The methodological description should cover the following items (if there are rivers with differing monitoring procedures, please provide a description for each type): 
Use the number of pages needed.



i. Station network[footnoteRef:1]  [1:  List of coordinates is found in the introduction to this report. ] 

Co-ordinates for the monitoring stations are given in the first section. 
Norway is divided into 262 main catchment areas, of which 247 drain to coastal areas. In order to comply with the requirements to measure 90 % of the load from Norwegian rivers to coastal areas, it would have been necessary to monitor a large number of rivers. In order to reduce this challenge to a manageable and economically viable task, it was early on decided that 8 of the major load-bearing rivers should be monitored in accordance with the objectives of the Riverine input and discharge programme (RID). These are Rivers Glomma, Drammenselva, Numedalslågen, Skienselva, Otra, Orreelva, Orkla and Vefsna. In addition, two relatively “unpolluted” rivers were included for comparison purposes; these are River Vosso and River Alta, and were monitored at the same frequency. However, River Vosso replaced River Suldalslågen in 2008/2009, and was only monitored four times a year before that year. In 2013, a new river, River Alna, was included amongst the rivers monitored monthly. The river runs through the capital of Oslo with some industrial effluents. 
In 2017, the programme changed again: 20 rivers are now monitored monthly, the rest are modelled. 
Since it has been of special importance to estimate the major loads to Skagerrak, a proportionally higher number of rivers have been chosen for this part of the country.
Table of Norwegian catchment areas and rivers draining into coastal areas; and monitoring frequencies. Note that some catchment areas have more than one associated river.  
	Type of river or catchment
	Number of rivers
	Catchment areas

	Rivers monitored at least monthly from 2017 onwards
	20
	20

	Rivers monitored at least monthly before 2017 
	11
	11

	Rivers monitored quarterly since 2004, and once a year in 1990-2003
	36
	33

	Rivers monitored once a year in 1990-2003; estimated from 2004 onwards
	108
	82

	Catchment areas that have never been monitored by the RID Programme 
	
	140

	Total number of catchment areas draining into Norwegian coastal areas
	
	247



ii. Sampling methodology
The sites are located in regions of unidirectional flow (no back eddies). In order to ensure as uniform water quality as possible, monitoring is carried out at sites where the water is well mixed, e.g. at or immediately downstream a weir, in waterfalls, rapids or in channels in connection with hydroelectric power stations. Sampling sites are located as close to the freshwater limit as possible, without being influenced by seawater. 
iii. Sampling frequency
Table of sampling frequency: 
	River
	Sampling frequency
(times/yr)

	Rivers Glomma and Drammenselva
	16

	18 rivers monitored monthly
	12



In Rivers Glomma and Drammenselva, four additional samples are collected, two in May and two in June, in order to ensure sufficient sampling during the spring floods. 
All parameters are analysed monthly, except the metals (Ag, As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) which are analysed quarterly from 2017 onwards. 

iv. Chemical parameters and their analytical method, incl. LOD/LOQ 
In Norway, LOD has been used until now. In order not to cause a shift in the entire data series, the LOD has been kept in the historical data but is assumed to be relatively similar to the LOQ now used, for the laytter years. 
The table below shows the LOQ and the analytical methodology for each parameter in 2017: 
	[bookmark: _Ref529100659]Table 2. Analytical methods, limits of detection (LOD) and quantification (LOQ) in 2017


	Parameter
	LOD/LOQ
	Analytical Method

	pH
	n.a.
	NS-EN ISO 10523

	Conductivity (mS/m)
	0.03/0.1
	NS-ISO 7888

	Turbidity (FNU)
	0.1/0.3
	NS-EN ISO 7027

	Suspended particulate matter (SPM) (mg/L)
	0.1 mg/l when 1 L is filtered
	NS 4733 modified

	Total Organic Carbon (TOC) and Dissolved Organic Carbon (DOC) (mg C/L)
	0.03/0.1
	NS 1484 modified

	Total phosphorus (tot-P) and total dissolved phosphorus (TDP) (µg P/L) 
	0.3/1
	NS 4725 – Peroxodisulphate oxidation method modified (automated)

	Orthophosphate (PO4-P) (µg P/L) 
	0.3/1
	NS 4724 – Automated molybdate method modified (automated)

	Total nitrogen (tot-N) (µg N/L)
	3.3/10 
	NS 4743 – Peroxodisulphate oxidation method

	Nitrate (NO3-N) (µg N/L)
	0.7/2
	NS-EN ISO 10304-1

	Ammonium (NH4-N) (µg N/L)
	0.7/2 
	NS-EN ISO 14911

	Calcium (mg/L)
	0.0017/0.005
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Particulate Organic Carbon (POC) and particulate Nitrogen (PN)
	Dep. on blank & vol. filtered
	NS-EN ISO/IEC 17025, Test 009

	UV-visible absorbance spectrum
	n.a.
	Internal method

	Silicone (Si) (Si/ICP; mg Si/L)
	0.008/0.025
	NS-EN ISO 16264 modified

	Silver (Ag) (µg Ag/L)
	0.0007/0.0020
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Arsenic (As) (µg As/L)
	0.008/0.025
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Cadmium (Cd) (µg Cd/L)
	0.0010/0.0030
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Chromium (Cr) (µg Cr/L)
	0.008/0.025
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Copper (Cu) (µg Cu/L)
	0.013/0.040
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Mercury (Hg) (µg Hg/L)
	0.0003/0.001
	NS-EN ISO 12846 modified

	Nickel (Ni) (µg Ni/L)
	0.013/0.040
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Lead (Pb) (µg Pb/L)
	0.0017/0.005 
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified

	Zinc (Zn) (µg Zn/L)
	0.05/0.15
	NS-EN ISO 17294-1 and NS EN ISO 17294-2 modified



v. Values below LOD/LOQ[footnoteRef:2]  [2:  Explain how values below LOQ/LOD are dealt with when calculating loads. Give comments if LOQs are higher than recommended in the RID Principles.] 

LOQ is used in Norway in 2017. 
Only one parameter has been calculated. When the results recorded were less than the limits of quantification (LOQ) the following estimate of the concentration has been used:
Estimated concentration = ((100%-A) • LOQ)/100		
Where A = percentage of samples below LOQ.
This procedure is in accordance with OSPAR Agreement 2014-04 (the updated RID Principles). 
vi. Water discharge[footnoteRef:3]  [3:  Could include information on whether the discharge is monitored or modelled (if modelled, please state which model); monitoring frequency, etc. ] 

[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK17][bookmark: OLE_LINK18]For the 11 “main rivers” of the previous RID programme (up to and including 2016), daily water discharge measurements have been used for the calculation of loads. Except for River Alna, where discharge data has been provided by Oslo Water and Sewerage Works, discharge data have been provided by the Norwegian Water Resources and Energy Directorate (NVE). Since the hydrological stations are usually not located at exactly the same sites as the water quality sampling, the water discharge at the water quality sampling sites have been calculated by up- or downscaling, proportional to the respective drainage areas. For the remaining 9 rivers, water discharge was simulated with a spatially distributed version of the HBV-model (Beldring et al., 2003). The use of this model was introduced in 2004, and Skarbøvik et al. (2017) gives more information on the methodology. 
The gridded HBV-model model performs water balance calculations for square grid-cell landscape elements characterised by their altitude and land use. Each grid cell may be divided into two land-use zones with different vegetation cover, a lake area and a glacier area. The model is run with daily time steps, using precipitation and air temperature data as inputs. It has components for accumulation, sub-grid scale distribution and ablation of snow, interception storage, sub-grid scale distribution of soil moisture storage, evapotranspiration, groundwater storage and runoff response, lake evaporation and glacier mass balance. Potential evapotranspiration is a function of air temperature; however, the effects of seasonally varying vegetation characteristics are considered. The algorithms of the model were described by Bergström (1995) and Sælthun (1996). The model is spatially distributed in that every model element has unique characteristics which determine its parameters, input data are distributed, water balance computations are performed separately for each model element, and finally, only those parts of the model structure which are necessary are used for each element. When watershed boundaries are defined, runoff from the individual model grid cells is sent to the respective basin outlets.  
The parameter values assigned to the computational elements of the precipitation-runoff model should reflect the fact that hydrological processes are sensitive to spatial variations in topography, soil properties and vegetation. As the Norwegian landscape is dominated by shallow surface deposits overlying rather impermeable bedrock, the capacity for subsurface storage of water is small (Beldring, 2002). Areas with low capacity for soil water storage will be depleted faster and reduced evapotranspiration caused by moisture stress shows up earlier than in areas with high capacity for soil water storage (Zhu and Mackay, 2001). Vegetation characteristics such as stand height and leaf area index influence the water balance at different time scales through their control on evapotranspiration, snow accumulation and snow melt (Matheussen et al., 2000). The following land-use classes were used for describing the properties of the 1-km2 landscape elements of the model: (i) areas above the tree line with extremely sparse vegetation, mostly lichens, mosses and grasses; (ii) areas above the tree line with grass, heather, shrubs or dwarf trees; (iii) areas below the tree line with sub-alpine forests; (iv) lowland areas with coniferous or deciduous forests; and (v) non-forested areas below the tree line. The model was run with specific parameters for each land use class controlling snow processes, interception storage, evapotranspiration and subsurface moisture storage and runoff generation. Lake evaporation and glacier mass balance were controlled by parameters with global values.
A regionally applicable set of parameters was determined by calibrating the model with the restriction that the same parameter values are used for all computational elements of the model that fall into the same class for land surface properties. This calibration procedure rests on the hypothesis that model elements with identical landscape characteristics have similar hydrological behaviour, and should consequently be assigned the same parameter values. The grid cells should represent the significant and systematic variations in the properties of the land surface, and representative (typical) parameter values must be applied for different classes of soil and vegetation types, lakes and glaciers (Gottschalk et al., 2001). The model was calibrated using available information about climate and hydrological processes from all gauged basins in Norway with reliable observations, and parameter values were transferred to other basins based on the classification of landscape characteristics. Several automatic calibration procedures, which use an optimisation algorithm to find those values of model parameters that minimise or maximise, as appropriate, an objective function or statistic of the residuals between model simulated outputs and observed watershed output, have been developed. The nonlinear parameter estimation method PEST (Doherty et al., 1998) was used. PEST adjusts the parameters of a model between specified lower and upper bounds until the sum of squares of residuals between selected model outputs and a complementary set of observed data are reduced to a minimum. A multi-criteria calibration strategy was applied, where the residuals between model simulated and observed monthly runoff from several basins located in areas with different runoff regimes and landscape characteristics were considered simultaneously.
Precipitation and temperature values for the model grid cells were determined by inverse distance interpolation of observations from the closest precipitation stations and temperature stations. Differences in precipitation and temperature caused by elevation were corrected by precipitation-altitude gradients and temperature lapse rates determined by the Norwegian Meteorological Institute. There is considerable uncertainty with regard to the variations of precipitation with altitude in the mountainous terrain of Norway, and this is probably the major source of uncertainty in the stream flow simulations. The precipitation-altitude gradients were reduced above the altitude of the coastal mountain ranges in western and northern Norway, as drying out of ascending air occurs in high mountain areas due to orographically induced precipitation (Daly et al., 1994). These mountain ranges release most of the precipitation associated with the eastward-migrating extra tropical storm tracks that dominate the weather in Norway. Figure A-IV-1 shows the spatial distribution of mean annual runoff (mm/year) for Norway for the period 1961-1990. The Norwegian Water Resources and Energy Directorate (NVE) performs this modelling.
[image: Avrenning_61-90_engelsk]
Figure:  Average annual runoff (mm/year) for Norway for the period 1961-1990.


vii. Calculation method for determining loads
As outlined in Stålnacke et al. (2009), the RID calculation formula has been slightly modified from the original formula recommended by the RID/OSPAR Programme (PARCOM, 1988), and the following formula is now used:  


where Qi represents the water discharge at the day of sampling (day i);
Ci the concentration at day i;
ti the time period from the midpoint between day i-1 and day i to the midpoint between day i and day i+1, i.e., half the number of days between the previous and next sampling; and
Qr is the annual water volume.
The main improvement with this modified method is that it handles irregular sampling frequency in a better way and allows flood samples to be included in the annual load calculations. 
For the 109 rivers monitored once a year in the period 1990-2003, but not from 2004 onwards, the calculation of loads is conducted as follows: 
· For nutrients, sediments, silica and total organic carbon, the modelled annual water volume for the year in question is multiplied with average concentration for the period 1990-2003. 
· For metals, the modelled annual water volume for the year in question is multiplied with average concentration for the period 2000-2003 (data from earlier years were not used due to high detection limits).

	Determinand coverage for riverine inputs (indicate with an X):
Please fill in the table as far as possible. If different rivers are monitored differently (e.g. less load-bearing rivers are monitored with fewer parameters), please indicate this/prepare a separate table. 



	Determinand
	Coverage
	
	
	Comments

	Tot-P
	x
	
	
	See section iv for methods and LODs



	PO4-P
	x
	
	
	

	Tot-N
	x
	
	
	

	NH4-N
	x
	
	
	

	NO3-N
	x
	
	
	

	SiO2
	x
	
	
	

	TOC
	x
	
	
	

	SPM
	x
	
	
	

	Conductivity
	x
	
	
	

	pH 
	x
	
	
	

	
	
	
	
	

	As
	x
	
	
	

	Cd
	x
	
	
	

	Cu
	x
	
	
	

	Cr
	x
	
	
	

	Hg
	x
	
	
	

	Ni
	x
	
	
	

	Pb
	x
	
	
	

	Zn
	x
	
	
	

	Ag
	
	
	
	

	PCB
	
	
	
	

	Lindane
	
	
	
	

	
	
	
	
	

	Other 
(please specify)
	Stable nitrogen and oxygen isotope ratios (not reported to RID).
	
	
	





D.	Unmonitored areas (Table 6d)

	Information: Please give a thorough description of the method used for estimating loads from unmonitored areas. If a model is used, please give information on and references to this model. 
Use the number of pages needed. 



i. Methodology
For the unmonitored areas, the nutrient loads were calculated by means of the TEOTIL model (e.g. Tjomsland and Bratli, 1996; Bakken et al., 2006; Hindar and Tjomsland, 2007). The model has been utilised for pollution load compilations of nitrogen and phosphorus in catchments or groups of catchments. The model estimates annual loads of phosphorus and nitrogen from point and diffuse sources. The point source estimates are based on national statistical information on sewage, industrial effluents, and aquaculture (see Chapter 2.8). Nutrient loads from diffuse sources (agricultural land and natural runoff from forest and mountain areas) are modelled by a coefficient approach (Selvik et al., 2007). Area specific export coefficients for nutrients have been estimated for agricultural land in different geographical regions. The coefficients are based on empirical data from agricultural monitoring fields in Norway and are adjusted annually by NIBIO based on reported changes in agricultural practice (national statistics). For forest and mountain areas, concentration coefficients for different area types and geographical regions have been estimated based on monitoring data from reference sites. The annual loads of natural runoff vary from year to year depending on the annual discharge. The model adjusts for retention in lakes between the source and the sea. Only the nutrient loads originating from diffuse sources are reported under “Unmonitored areas”. The nutrient loads from point sources are reported as part of the direct discharges.
There is no relevant model available to estimate metal or organic pollutant loads from diffuse sources. Point source discharges of metals in the unmonitored areas are included in the estimates of the direct discharges to the sea.

ii. Proportion of unmonitored area
	Please fill in the table below:

	
	km2
	%

	Total area of your country
	323 787
	

	Total area draining to the OSPAR Maritime Area 
	308 787
	100% *

	Monitored area draining to the OSPAR Maritime Area**
	140 390
	45

	Unmonitored area draining to the OSPAR Maritime Area
	168 397
	55


* The total land area draining to the OSPAR Maritime area is set to 100%. The proportions of monitored and unmonitored area should be given relative to this.
** About 15 000 km2 drains to neighbouring countries.  

E.	Quality assessment
	Information: Please give relevant information on how quality assessment is carried out. 



The personnel carrying out the water sampling is given a common set of instructions on how to sample. 
Water samples are stored in cooling boxes when transferred to the laboratory. 
Data from the laboratory analyses are transferred to a database and quality checked against historical data by researchers with long experience in assessing water quality data. If any anomalies are found, the samples are re-analysed. 
The data are available on-line at http://www.aquamonitor.no/rid, where users can view values and graphs of each of the 47 monitored rivers. 
When gaps in data series occur in the direct discharges, extrapolation or interpolation is done. Basically, discharges from a plant are extra- or interpolated whenever data are lacking and there is no information that the plant has been shut down. It is then assumed that the plant has continued to discharge pollutants, but has failed to report this. Interpolation was done as a straight line between former and newer data points in the data series from 1990-2009. Since then, extrapolation has been used. The extrapolation is based on a trend line constructed from data on former years’ direct discharges. 
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