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Map of riverine sampling stations: 
<please insert map(s). A list of co-ordinates of river stations should also be submitted, cf. footnote #1>
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Table A-IV-2. Coordinates of the 46 sampling points. 
	Regine No
	RID-ID
	Station name
	Latitude
	Longitude
	RID-Region

	002.A51
	2
	Glomma at Sarpsfoss
	59.27800
	11.13400
	Skagerrak

	012.A3
	15
	Drammenselva
	59.75399
	10.00903
	

	015.A1
	18
	Numedalslågen
	59.08627
	10.06962
	

	016.A221
	20
	Skienselva
	59.19900
	9.61100
	

	021.A11
	26
	Otra
	58.18742
	7.95411
	

	028.4A
	37
	Orreelva
	58.73143
	5.52936
	North Sea

	062.B0
	64
	Vosso (Bolstadelvi)
	60.64800
	6.00000
	

	121.A41
	100
	Orkla
	63.20100
	9.77300
	Norwegian Sea

	151.A4
	115
	Vefsna
	65.74900
	13.23900
	

	212.A0
	140
	Altaelva
	69.90100
	23.28700
	Barents Sea

	Regine No
	RID-ID
	Station name
	Latitude
	Longitude
	RID-Region

	001.A6
	1
	Tista
	59,12783
	11.44436
	Skagerrak

	017.A1
	21
	Tokkeelva
	58.87600
	9.35400
	

	019.A230
	24
	Nidelv (Rykene)
	58.40100
	8.64200
	

	020.A12
	25
	Tovdalselva
	58.21559
	8.11668
	

	022.A5
	28
	Mandalselva
	58.14300
	7.54604
	

	024.B120
	30
	Lyngdalselva
	58.16300
	7.08798
	North Sea

	025.AA
	31
	Kvina
	58.32020
	6.97023
	

	026.C
	32
	Sira
	58.41367
	6.65669
	

	027.A1
	35
	Bjerkreimselva
	58.47894
	5.99530
	

	028.A3
	38
	Figgjoelva
	58.79168
	5.59780
	

	031.AA0
	44
	Lyseelva
	59.05696
	6.65835
	

	032.4B1
	45
	Årdalselva
	59.08100
	6.12500
	

	035.A21
	47
	Ulladalsåna (Ulla)
	59.33000
	6.45000
	

	036.A21
	48
	Suldalslågen
	59.48200
	6.26000
	

	035.721
	49
	Saudaelva
	59.38900
	6.21800
	

	038.A0
	51
	Vikedalselva
	59.49958
	5.91030
	

	076.A0
	75
	Jostedøla
	61.41333
	7.28025
	

	083.A0
	78
	Gaular
	61.37000
	5.68800
	

	084.A2
	79
	Jølstra
	61.45170
	5.85766
	

	084.7A0
	80
	Nausta
	61.51681
	5.72318
	

	087.A221
	84
	Gloppenelva (Breimselva)
	61.76500
	6.21300
	

	109.A0
	95
	Driva
	62.66900
	8.57100
	Norwegian Sea

	112.A0
	98
	Surna
	62.97550
	8.74262
	

	122.A24
	103
	Gaula
	63.28600
	10.27000
	

	123.A2
	104
	Nidelva(Tr.heim)
	63.43300
	10.40700
	

	124.A21
	106
	Stjørdalselva
	63.44900
	10.99300
	

	127.A0
	108
	Verdalselva
	63.79200
	11.47800
	

	128.A1
	110
	Snåsavassdraget
	64.01900
	11.50700
	

	139.A50
	112
	Namsen
	64.44100
	11.81900
	

	155.A0
	119
	Røssåga
	66.10900
	13.80700
	

	156.A0
	122
	Ranaelva
	66.32300
	14.17700
	

	161.B4
	124
	Beiarelva
	66.99100
	14.75000
	

	196.B2
	132
	Målselv
	69.03600
	18.66600
	

	196.AA3
	133
	Barduelva
	69.04300
	18.59500
	

	234.B41
	150
	Tanaelva
	70.23000
	28.17400
	Barents Sea

	246.A5
	153
	Pasvikelva
	69.50100
	30.11600
	





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
Water discharges in 2012 were, on the whole, slightly lower than in 2011, but in general higher than the 30-year normal (1971-2000). 
When the general level of the water discharges in 2012 is taken into account, no major anomalies in riverine inputs were detected, with one exception: Riverine zinc (Zn) loads increased significantly since 2011. This was due to an increase in Zn loads in the Glomma River, which drains to the Skagerrak region.  The reason is unknown, since we have not managed to find increases in direct discharges of from point sources upstream of the sampling site. Further investigations should therefore be considered. 
There has also been an increase in nitrogen loads to the Barents Sea, despite lower water discharges. There has been a steady increase in nitrogen loads since 2010 in this region, and the increase is found in all the rivers presently monitored (i.e. both the main and tributary rivers).
Long-term trends in nine rivers are described in Appendix I to this report. 

ii. Direct discharges 
Phosphorus and nitrogen from aquaculture continued to increase; this is due to a steady increase in the number of fish farms. When compared to 2011, the nutrient discharges from fish farming increased with about 15 % both for total phosporus and total nitrogen. 
Phosphorus discharges from industry also increased (about 7 % as a total for all of Norway). 
Apart from the above, there were few changes in nutrients from direct discharges since 2011. 
Direct discharges of metals from sewage and industry in 2012 were relatively similar to those found in 2011. A small increase in mercury from sewage treatment plants, and a relatively large decrease of chromium (especially from industry but also from sewage treatment plants) was detected. 
Whereas zinc increased in the riverine loads in 2012, the direct discharges were more or less similar as to those found in 2011. 
Arsenic discharges from industry have tended to vary considerably from year to year; but this year there were practically no changes since 2011.
Copper from fish farming seems to have decreased with around 13%; from 780 tonnes in 2011 to 680 tonnes in 2012. However, the data on which these estimates are based are uncertain. Data are imported into a database annually and not monthly; variations from one year to the next will therefore depend on when data are reported to the database (e.g., in December or in January). The producers also report that the use of impregnation chemicals varies from year to year, which means that the apparent reduction can be a result of arbitrary variations. Variations in copper from fish farming therefore need to be assessed in a larger time-scale than from one year to the next. 
 
iii. Unmonitored areas
Loads from unmonitored areas are modelled or calculated (based on previous monitoring), and changes from one year to the next will mainly reflect changes in water discharges. Hence, a small overall decrease in loads of nutrients can be detected in the unmonitored areas since 2011, due to lower water discharges. 

iv. Overall loads
In total, the loads to the sea decreased somewhat from 2011 to 2012, with the following exceptions: 
· Increases in some nutrient fractions (tot-P, PO4-P and NH4-N); mainly due to increased inputs from fish farming; 
· Increases in Zn-loads; due to increased loads in the Glomma River.  


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

	Has the monitoring programme been changed this year? 



No:	X
Yes:	___

	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
	

	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)
	
	
	
	
	




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:  Include a list of coordinates in addition to the map in Part I. ] 

Co-ordinates for the monitoring stations are given in the first section. 
A total of 247 major rivers discharge into the coastal waters of Norway. In order to comply with the PARCOM 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 comprehensive study. These are the rivers Glomma, Drammenselva, Numedalslågen, Skienselva, Otra, Orreelva, Orkla and Vefsna. In addition, two relatively “unpolluted” rivers were included for comparison purposes; these now are River Vosso and River Alta, and are monitored at the same frequency. However, River Vosso only became a ‘main river’ in 2008/2009, when it replaced River Suldalslågen. 
In addition to these 10 main rivers, for 14 years (1990-2003) the RID Programme estimated the load of 126 to 145 so-called ‘tributary’ rivers, all of which discharge directly to the sea. These estimates were generally based on only one sample per year. Since the transport of dissolved and particle associated material in rivers can vary considerably over time, an important and necessary change in the programme was introduced in 2004: The number of monitored “tributary rivers” was reduced to 36, and the sampling frequency was increased to 4 samples per year. The total drainage area for the original selection of 145 tributary rivers was 134 000 km2, whereas the selected 36 rivers cover 86 000 km2. This constitutes 64% of the former tributary area, illustrating that the 36 tributaries were selected for their relatively large drainage areas. The total drainage area of the monitored rivers is, then, about 180 000 km2, which constitutes about 50% of the total land area draining into the convention seas.
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 rivers draining into coastal areas; and methods used to estimate loads from these rivers
	Type of river
	Number

	Total number of rivers draining into Norwegian coastal areas
	247

	Main rivers, monitored monthly or more often since 2004
	10

	Tributary rivers, monitored quarterly since 2004
	36

	Tributary rivers, monitored once a year in 1990-2003; modelled from 2004 onwards
	109

	Rivers that have never been monitored by the RID Programme (loads are modelled/calculated)
	92



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)
	Comments

	Rivers Glomma and Drammenselva
	16
	Except PCB7 and lindane; these are monitored only 4 times a year

	Remaining eight main rivers
	12
	-“-

	36 “tributary” rivers
	4
	PCB7 and lindane are not monitored in these rivers



For the ten main rivers, samples are collected once a month. For 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. PCB7 and lindane are only monitored four times a year in the main rivers
In the 36 rivers with quarterly sampling, the sampling has been designed to cover four main meteorological and hydrological conditions in the Norwegian climate. These include the winter season with low temperatures, snowmelt during spring, summer low flow season, and autumn floods/high discharges. 
iv. Chemical parameters and their analytical method, incl. LOD/LOQ 
In Norway, LOD has been used until now. 
The table below shows the LOD and the analytical methodology for each parameter: 
	Parameter (units)
	Detection limit
	Analytical Methods
(NS: Norwegian Standard)

	pH
	
	NS 4720

	Conductivity (mS/m)
	0.05
	NS-ISO 7888

	Suspended particulate matter (SPM.) (mg/L)
	0.1
	NS 4733 modified

	Total Organic Carbon (TOC) (mg C/L)
	0.1 
	NS-ISO 8245

	Total phosphorus (µg P/L) 
	1.0 
	NS 4725 – Peroxidisulphate oxidation method

	Orthophosphate (PO4-P) (µg P/L) 
	1.0 
	NS 4724 – Automated molybdate method

	Total nitrogen (µg N/L)
	10 
	NS 4743 – Peroxidisulphate oxidation method

	Nitrate (NO3-N) (µgN/L)
	1 
	NS-EN ISO 10304-1

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

	Silicate (SiO2) (Si/ICP; mg Si /L)
	0.02
	ISO 11885 + NIVA’s accredited method E9-5

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

	Cadmium (Cd) (µg Cd/L)
	0.005 
	NS-EN ISO 17294-1 and NS EN ISO 17294-2

	Copper (Cu) (µg Cu/L)
	0.01 
	NS-EN ISO 17294-1 and NS EN ISO 17294-2

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

	Arsenic (As) (µg As/L)
	0.05 
	NS-EN ISO 17294-1 and NS EN ISO 17294-2

	Chromium (Cr) (µg Cr/L)
	0.1
	NS-EN ISO 17294-1 and NS EN ISO 17294-2

	Nickel (Ni) (µg Ni/L)
	0.05
	NS-EN ISO 17294-1 and NS EN ISO 17294-2

	Mercury (Hg) (ng Hg/L)
	1.0 
	NS-EN 1483 and NIVA’s accredited method E4-3

	Lindane (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,4,4’-trichlorobiphenyl (CB28) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,2’,5,5’-tetrachlorobiphenyl (CB52) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,2’,4,5,5’-pentachlorobiphenyl (CB101) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,3’,4,4’,5-pentachlorobiphenyl (CB118) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,2’,3,4,4’,5’-hexachlorobiphenyl (CB138) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,2’,4,4’,5,5’-hexachlorobiphenyl (CB153) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)

	2,2’,3,4,4’,5,5’-heptachlorobiphenyl (CB180) (ng/L)
	0.2 
	NIVA’s accredited method H3-2 (PCB)




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.] 

Only LOD is used in Norway until now. 
Chemical concentrations are given as two values; i.e. the upper estimate and the lower estimate. These are defined as follows: 
· For the lower estimates, samples with concentrations below the detection limit have been given a value of zero; 
· For the upper estimates, samples with concentrations below the detection limit have been given a value equal to the detection limit. 

This implies that if no samples are below the detection limit, the lower and upper estimates are identical. However, for compounds that have a high number of samples below the detection limit, the highest and lowest estimates may differ considerably. 

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. ] 

For 9 out of 10 main rivers, daily water discharge measurements are used for the calculation of loads. Since the discharge monitoring stations are not located at the same site as the water sampling is conducted, the water discharge at the water quality sampling sites were calculated by up- or downscaling, proportional to the drainage areas. 
For the last main river, the 36 rivers monitored quarterly, as well as the remaining 109 rivers monitored before 2004, 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. Earlier, the water discharge in the 145 rivers was calculated based on the 30-year average, and adjusted with precipitation data for the actual year. The results from the spatially-distributed HBV are transferred to TEOTIL for use in the load estimates. 
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

PCB7 and lindane are not monitored in the 36 tributary rivers

	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
	
	
	

	
	
	
	
	

	PCB
	x
	
	
	

	Lindane
	x
	
	
	

	
	
	
	
	

	Other 
(please specify)
	
	
	
	





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 (i.e. the 92 rivers that drain to the sea but have not been monitored by RID either this or former years, areas downstream the sampling points, and coastal 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 Bioforsk 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 these substances 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 km²
	

	Total area draining to the OSPAR Maritime Area 
	308787 km²
	100% *

	Monitored area draining to the OSPAR Maritime Area**
	180000 km²
	58

	Unmonitored area draining to the OSPAR Maritime Area
	128787 km²
	42


* 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 46 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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Appendix  I: Riverine trend analyses 1990-2012. 
In this appendix, an analysis of long-term temporal trends (1990-2012) and anomalies in the inter-annual variability of the riverine loads and concentrations of pollutants in nine of the main rivers is given. 

Methodology
Only main rivers[footnoteRef:4] are included in these trend analyses, due to the lower sampling frequency for the tributary rivers. Statistical trend analyses were conducted only for some metals, given the problem with changed levels of detection (LOD) over time and/or a large number of samples reported below or at LOD.  [4:  Neither River Suldalslågen nor River Vosso have been analysed for trends due to incomplete datasets. ] 

The partial Mann-Kendall test (Libiseller and Grimvall, 2002[footnoteRef:5]) has been used to test for long-term monotonic[footnoteRef:6] trends (including linear trends) in annual riverine inputs and monthly concentrations measured in nine of the ten main rivers. The method has its methodological basis in the seasonal Mann-Kendall-test (Hirsch and Slack, 1984[footnoteRef:7]) with the difference that water discharge is included as explanatory variable. The test also includes a correction for serial correlation up to a user-defined time span; in our case a span of one year was used. The method also offers convenient handling of missing values.  [5:  Libiseller, C. and Grimvall A. 2002. Performance of Partial Mann Kendall Tests for Trend Detection in the Presence of Covariates, Environmetrics 13, 71-84. ]  [6:  Monotonic is here defined as a consistent increase or decrease over time. Monotonic trends may be linear (the same slope over time) or non-linear. ]  [7:  Hirsch, R.M. and Slack, J.R. 1984. A nonparametric trend test for seasonal data with serial dependence: Water Resources Research v. 20, p. 727–732.] 

The trend analyses for nutrients and suspended particulate matter were performed on the upper estimates of the loads, except for orthophosphate where both upper and lower estimates were used. The trend analyses for metals were performed on both the upper and lower estimates of the loads. The trends were regarded as statistically significant at the 5%-level (double-sided test)[footnoteRef:8], and trend slopes were computed according to Sen (1968[footnoteRef:9]). In addition to the formal statistical test, a visual inspection of all the time series was performed.   [8:  In statistics, a result is called significant if it is unlikely to have occurred by chance. "A statistically significant trend" simply means there is statistical evidence that there is a trend; it does not mean that the change necessarily is large, important or significant in the usual sense of the word. Thus, the 5%-level in this case, does not mean a 5% or larger change in concentrations.]  [9:  Sen P.K. 1968. Estimates of the regression coefficient based on Kendall's tau. Journal of the American Statistical Association, 63, 1379-1389.
] 

Chemical variables analysed for trends include ammonium nitrogen (NH4-N), nitrate nitrogen (NO3-N), total nitrogen (TN), orthophosphate (PO4-P), total phosphorus (TP) and suspended particulate matter (SPM), cadmium (Cd), copper (Cu), lead (Pb), zinc (Zn) and nickel (Ni). Analyses were also performed for mercury (Hg), but it should be noted that these results are highly uncertain because of the general high analytical uncertainty of this parameter and the change in analytical methods during the period 1999-2003 (Weideborg et al., 2004). The same holds true for arsenic (As). PCB7 and lindane (g-HCH) are not analysed for trends due to too short time series, gaps in the series and/or a majority of the observations at or below LOD. Chromium (Cr), total organic carbon (TOC) and Silica (SiO2) are not required pollutants in the RID-reporting and thus not included in this analysis.
[bookmark: _GoBack]
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Results are shown for loads only. For a more comprehensive analysis, and more discussions of results, see Skarbøvik et al. (2013[footnoteRef:10]).  [10:  Skarbøvik et al. 2013. Riverine inputs and direct discharges to Norwegian coastal waters – 2012, NIVA Report 6584-2013, M-Report 80/2013. In press. 

] 

Overview of trend results for water discharge, nutrients and particulate matter
The main conclusions of the trend analysis on annual loads for the period 1990-2012 are summarised as follows (see Table A1, below):
1. For water discharge, statistically significant upward trends could be detected in Rivers Drammenselva, Glomma and Numedalslågen.
1. For nutrients:
· In Rivers Skienselva, Vefsna and Altaelva, downward trends in nitrogen loads (total-N and nitrate-N, the latter also in River Otra);
· Downward trends in ammonium loads in six rivers;
· In Rivers Vefsna and Altaelva, downward trends in total phosphorus load;
· In Rivers Otra, Vefsna and Altaelva, downward trends in orthophosphate load (lower estimates).
1. For suspended particles, downward trends were detected in River Otra. 

	Table A1. Long-term trends in annual water discharge (Q; estimated from daily measurements except in Orkla were modelled), nutrient and particle loads (upper estimates; upper and lower estimates given for orthophosphate) in nine Norwegian main rivers 1990- 2012. The table shows the p-values. The colours indicate the degree of statistical significance (see legend). 

	River
	Q
	NH4-N
	NO3-N
	Tot-N
	PO4-P (1)
	PO4-P (2)
	Tot-P
	SPM

	Glomma
	0.0248
	0.0009
	0.6787
	0.4187
	0.6445
	0.6046
	0.2356
	0.1451

	Drammenselva
	0.0121
	0.0836
	0.7022
	0.3929
	0.4544
	0.3874
	0.2549
	0.3192

	Numedalslågen
	0.0369
	0.3427
	0.8194
	0.0603
	0.6744
	0.7215
	0.8457
	0.5512

	Skienselva
	0.3553
	0.0447
	<0.0001
	0.0011
	0.3726
	0.7041
	0.4515
	0.6572

	Otra
	0.9789
	0.4259
	<0.0001
	0.2245
	0.6169
	0.036
	0.0658
	0.0426

	Orreelva
	0.1463
	0.0297
	0.1276
	0.9578
	0.8544
	0.8544
	0.2612
	0.1068

	Orkla
	0.2346
	0.0206
	0.3943
	0.1281
	0.9223
	0.3968
	0.717
	0.4738

	Vefsna
	0.6158
	<0.0001
	<0.0001
	0.004
	0.0793
	0.0326
	0.0008
	0.2290

	Altaelva
	0.4437
	0.0080
	0.0039
	0.0037
	0.0249
	0.0128
	0.0055
	0.1499

	 
	Significant downward (p<0.05)
	
	PO4-P(1) – upper estimates

	 
	Downward but not significant (0.05<p<0.1)
	PO4-P(2) – lower estimates

	 
	Significant upward (p<0.05)
	
	
	
	

	 
	Upward but not significant (0.05<p<0.1)
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Trends in metal loads and concentrations
In this section the annual riverine loads of metals in the nine main rivers during the period 1990-2012 are assessed. All charts are given in Appendix V for loads and Appendix VI for concentrations. The metals for which long-term trends are statistically investigated are:
1. Copper (Cu)
1. Lead (Pb)
1. Zinc (Zn)
1. Cadmium (Cd)
1. Nickel (Ni)

An overview of the statistical trend tests of the metals are given in Table 12 (upper estimates) and Table 13 (lower estimates). The results in the tables are further commented in the sections below for each metal.
Overall, out of 45 trend tests carried out for the metal loads, 33 were statistically significant downward (p<0.05) for the upper and 28 for the lower estimate, respectively. For the concentrations series, 37 downward trends were statistically significant (p<0.05) for the upper and 22 for the lower estimate, respectively.
For loads, the following conclusions can be drawn: 
1. For copper there were downward trends in Rivers Numedalslågen, Altaelva, Vefsna, Orkla and Skienselva.
1. For zinc, there were downward trends in Rivers Orkla, Vefsna, Numedalslågen, Skienselva and Otra. 
1. For lead, downward trends were detected in six (upper estimate) and four (lower estimate) rivers. The LOD for lead has changed by a factor of 100 during the monitoring period (1990-2012), so no firm conclusions on the trend should be drawn.  
1. For the other metal loads (Hg, As, Cr, Ni), no firm conclusions can be drawn about long-term changes. For lindane and PCB, no conclusion about trends can be drawn. A majority of analyses were below LOD, and there have also been changes in the LOD during the monitoring period.

It should be emphasised that no firm conclusions can be drawn about long-term changes in metal loads, except for copper, zinc and to some extent lead. This is due to the problem with changed detection limits over time and/or large numbers of samples reported at or below the detection limit (see Skarbøvik et al., 2007 and Stålnacke et al., 2009 for details). Appearent visual trends in the data are, therefore, not necessarily explained by ‘real’ changes in loads. Thus, interpretations of metal trends should be done with great caution.



	[bookmark: _Ref339366920]
 Table 12A. Long-term trends for metal loads in nine Norwegian main rivers 1990-2012. The table shows the p-values. The colours indicate the degree of statistical significance (see legend). The trend test was performed on the upper estimates. 

	River
	Q
	Cd
	Cu
	Ni
	Pb
	Zn

	Glomma
	0.0248
	0.0041
	0.0732
	0.0118
	0.0051
	0.1996

	Drammenselva
	0.0121
	0.0001
	0.7411
	0.5097
	0.3531
	0.3777

	Numedalslågen
	0.0369
	0.0013
	0.0282
	0.0081
	0.0074
	0.0089

	Skienselva
	0.3553
	0.0001
	0.0039
	0.0001
	0.2465
	0.0011

	Otra
	0.9789
	0.0001
	0.1186
	0.0015
	0.0283
	0.0068

	Orreelva
	0.1463
	0.0449
	0.3515
	0.0009
	0.2172
	0.822

	Orkla
	0.2346
	0.0028
	0.0039
	0.0077
	0.0031
	0.0009

	Vefsna
	0.6158
	<0.0001
	0.0010
	0.0000
	0.0003
	0.0014

	Altaelva
	0.4437
	<0.0001
	0.0004
	0.0016
	0.0164
	0.5237

	
	
	
	
	
	
	

	 
	Significant downward (p<0.05)
	
	

	 
	Downward but not significant (0.05<p<0.1)
	

	 
	Significant upward (p<0.05)
	
	
	

	 
	Upward but not significant (0.05<p<0.1)
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Table 13A. Long-term trends for metal loads in nine Norwegian main rivers 1990-2012. The table shows the p-values. The colours indicate the degree of statistical significance (see legend). The trend test was performed on the lower estimates. 

	River
	Q
	Cd
	Cu
	Ni
	Pb
	Zn

	Glomma
	0.0248
	0.1901
	0.0732
	0.0118
	0.0282
	0.1996

	Drammenselva
	0.0121
	0.0017
	0.7411
	0.9287
	0.4122
	0.3777

	Numedalslågen
	0.0369
	0.0105
	0.0282
	0.1875
	0.023
	0.0089

	Skienselva
	0.3553
	0.001
	0.0046
	0.0223
	0.3049
	0.0011

	Otra
	0.9789
	0.0862
	0.1186
	0.0011
	0.0692
	0.0068

	Orreelva
	0.1463
	0.1996
	0.3515
	0.0009
	0.2818
	0.8220

	Orkla
	0.2346
	0.0059
	0.0039
	0.0077
	0.0037
	0.0009

	Vefsna
	0.6158
	0.0005
	0.0010
	0.0002
	0.0009
	0.0029

	Altaelva
	0.4437
	0.0034
	0.0004
	0.0032
	0.4022
	0.1996

	
	
	 
	 
	 
	 
	 

	 
	Significant downward (p<0.05)
	 
	 
	 
	 
	 

	 
	Downward but not significant (0.05<p<0.1)
	 
	 
	 
	 
	 

	 
	Significant upward (p<0.05)
	 
	 
	 
	 
	 

	 
	Upward but not significant (0.05<p<0.1)
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