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SUMMARY 

 

The Nitrates Directive and Water Framework Directive aim to enhance water quality, focusing on reducing 

nitrate emissions from agriculture and achieving good ecological status of water bodies, respectively. 

Nutrient status influences aquatic ecological sta tus, alongside factors like water flow and temperature. 

Phosphorus often limits freshwater ecosystems, while nitrogen is limiting in estuaries. Phosphorus 

concentrations decreased in the EU from 1992 to 2016, but since 2016, nutrient concentrations in surf ace 

water have plateaued or increased, hindering good ecological status attainment.  

To comprehend nutrient fate in catchments, comprehensive data collection is essential, along with insight 

into turnover processes in key sectors. Agriculture and wastewater treatment plants play a central role in 

the four watersheds of the New Harmonica project.  While WWTP nutrient pathways are understood, 

agricultural nutrient use complexity persists. State and trend monitoring of surface water systems identify 

ecological status and Critical Source Areas (CSAs) for nutrient loading, requiring proportional sampling for 

precise assessment, particularly downstream. Sub -basin division aids in pinpointing nutrient loss hotspots, 

supported by modelling  nutrient loss from agricultural fields. It is concluded that b oth monitoring as well 

as modelling play an important role in determining the source - impact relationship between the utilisation 

of nutrients , nutrient loading  and water quality.  

In order to improve water quality , load reduction target s have to be set for each water body with in a 

catchment of river basin. However, member states use diverse methodologies to determine nutrient load 

sources . The study areas of NEW Harmonica were examined to evaluate the differences and to bring 

forward recommendation for a harmonised approach of Load Reduction Targets (LRT) for catchments. In 

the first place the LRT was defined , mainly based on the difference in actual concentration and target 

concentration and by taking into account the discharge of the surface water.  Furthermore, retention in 

surface water systems itself is taken into account because the concentration in surface water will change 

due to ret ention processes  like nitrification/denitrification & sedimentation /re suspension . For each of the 

relevant parameters of the LRT  aspect where mentioned that have to be taken into account  (e.g. number 

of monitoring locations per surface water body , location, chemical analysis, frequency , average values , 

data collection of water flow ) . 

Building on findings derived from the analyses performed in the four catchments of the NEW Harmonica 

project, following conclusions and recommendations were given :  

-  Water regulators use different methodologies to determine the ecological status of waterbodies in 

terms of nutrients, e.g. summer averages, winter averages and whole year averages are used. 

Furthermore, not all waterbodies are monitored regularly. In fact,  this holds also for Nitrates Directive 

monitoring reports of the Member States, where many different indicators for eutrophication are 

included.  

-  Based on the delineation of the watershed, it is necessary to sample all water inlets and outlets to the 

watershed on a flow -proportional basis in order to accurately establish nutrient balances for the 

catchment as a whole.  

-  Within a catchment some sampling locations are often of more importance than others, because the 

amount of nutrient loading differ. In order to assign óweightsô to the measured concentrations at each 

sampling location it is advised to take into account the  temporal and spatial distribution in nutrient 

loads from the sub -catchments where the nutrient load is coming from.  

-  When dividing the watershed into sub -basins, it is crucial to consider not only the location of point 

sources, the main types of land use and the type of waterbodies within the catchment, but also the 

magnitude of water discharges and nutrient loads origin ating from the sub -catchment areas.  

-  Because it is often too expensive to measure the origin and quantity of nutrient loads from sub -

catchments, the use of hydrologic and nutrient emission models may be useful in this regard. Many 

process oriented model approaches are able to assess diffuse n utrient loads from land to surface waters 

by taking into account the fate of manure and fertiliser inputs to agricultural land within the sub -basins.  

-  Dynamic hydrological and nutrient models can also help with the selection of locations for monitoring 

sampling points. Moreover, additional information on the fluctuations in water flows from the sub -

basins can help determine the sampling frequency.  
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-  The gap between good ecological status and the current water quality of a waterbody should not just 

be based on differences in averaged current concentration and the ecological target concentration, but 

based on the difference in annual riverine load at th e monitoring location (of the waterbody) and the 

desired load if the ecological target concentration is met.  

-  For this approach a hydrometric monitoring station should be sited at the downstream end of a 

waterbody in order to take into account all pollution sources that affect the waterbody, including all 

processes in the surface waters. Furthermore, a sufficient number of measurements must be available 

over a minimum period of three years. As a minimum  12 samples are needed: for every month 1 in 

the period of 3 years which hopefully represent the fluctuation in concentration during the year.  

-  Reduction targets for each of the sectors that contribute to the losses are often based on the current 

contribution to the loads for the whole catchment/river basins and the consequences can be substantial. 

However, the percentage load can differ from wate rbody to waterbody within the catchment. 

Consequently, there is no guarantee that targets will be met in all waterbodies within the catchment. 

It is recommended to analyse the consequences for all waterbodies independently.  

-  It is recommended to distinguish the following sources / sectors of nutrient loading: aquaculture plants, 

industrial plants, waste water treatment plants and sewerage, households not connected to public 

sewerage; diffuse anthropogenic sources and natural b ackground losses and water inlets. Allocation of 

the LRT to the sectors, based on the polluter -pay principle, is basically different that a method where 

cost -effectiveness is applied to select mitigation measures. When measures are selected for a sector 

lik e agriculture, it will take into account cost -effectiveness. But it can be more effective to achieve total 

LRT for instance by improvement or alteration of LRT in another sector, e.g. a large communal waste 

water treatment plant instead of agriculture. Ass igning a part of total LRT to a sector, does not impose 

any obligations on that sector. Such assignments are useful for policy makers, to stimulate mitigation 

measures to different sectors.  
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1. INTRODUCTION 

 

Both the Nitrates Directive (EEC, 1991)  and the Water Framework Directive  (EEC, 2000)  focus on 

improving water quality . While  the Nitrates Directive is focusing on reducing nitrate emissions from 

agriculture and preventing eutrophication, the Water Framework Directive is focus ing  on achieving good 

ecological status of water bodies. The a quatic ecological status of surface waters is strongly determined 

by the nutrient status ( both nitrogen (N) as well as phosphorus (P) ) , but other factors also play a role 

such as water flow, light penetration, temperature, oxygen levels  and the presence of o ther contaminants  

(e.g. pesticides) . In freshwaters phosphorus is often the limiting factor while in estuaries nitrogen is 

limiting  (EC, 2002) . Across the EU, phosphorus concentration s reduced  in the period 1992 ï 2016 due to 

increased connection to sewers, increase and improvements in  waste water treatment and lowering the 

phosphate content in detergents . T he decline in nitrate concentration reflects the effects of implementation 

of the Nitrates Directive (measures to reduce agricultural emissions of nitrates ) , as well as improvements 

in waste water treatment. However, since 2016, nutrient concentrations surface water have often 

stabilized  or even increased  (EEA, 2018, 2021a, b)  and in many surface water bodies good ecological 

status has still not been reached 1.  

Each member state has developed their own methodology to determine the contribution of sources  of 

nutrient loads  and defin e the gap  between nutrient concentrations required to meet with the good 

ecological status and the se losses. A source apportionment method is always required in order to derive 

information about pollution sources and the amount they contribute to ambient pollution levels. Regarding 

nutrient losses , HARP guidelines ha ve  been set up to determine , for most type s of nutrient sources , the 

contribution to the loads in  surface water s (Borgvang and Selvik, 2000) . However, especially regarding 

diffuse pollution from agricultural land a standard approach is missing , and models are required to asses s 

the diffuse nutrient  loss es from land to surface water . Within the EU -Euroharp project (200 2-200 62) it was 

shown that d ifferent type s of models are available and can be used to determine the nutrient losses from 

agricultural land  (Kronvang  et al. , 2009; Schoumans  et al. , 2009b; Silgram  et al. , 2009) . Depending on 

which processes are included in the models and in which way  the nutrient dynamics are described, the 

ability to assess scenarios may be limited, especially for empirical models 3 (Schoumans  et al. , 2009a) .  

To date, there are still differences in approaches among countries to identify the N/P load reduction targets 

necessary to stay within N/P targets for good ecological status  and , in addition , disparities in the ways in 

which the N/P flows from economic activities in catchments  are assessed . Within the New Harmonica 

project the approaches will be compared between the four catchments that are part of the project (Dutch 

and Flemish part of river basin Meuse , Neagh -Bann International River Basin (UK, Ireland)  and Wye 

Catchment within the Severn River Basin District (UK) ).  These approaches will be described in this report 

and eva luated together with the Policy Group  in which several stakeholders are involved (policy makers, 

members of water boards, environmental protection agencies , farmers organisation and experts ).   

In chapter two the systemic approach  of determining the load reduction target will be described along 

with the role  of monitoring measu rements . In chapter three the country specific approaches for the four 

catchments will be detailed including the strength s and weaknesses in order to bring forwar d current 

experiences and practical recommendations. The outcome of the exercise including the recommendations 

(chapter) 4 was presented and discusse d with the New Harmonica Policy Group (14 December 2023) . 

Although the policy group  recognised the identified problems related to  the load reduction targets  and the 

associated recommendations, they asked to discuss it in more detail with the stakeholders of  the four 

catchments . So, t his report is of preliminary importance to underpin the approach /methodology  of load 

reduction  targets , the relevant aspects  that  have  to be harmonised  in terms of measurements  of surface 

water quality  and load calculation s (measurements and/or modelling) from each of the sources within a 

river basin/catchment. The r ecommendation s (chapter  4) reflect on the  need for  improvement of the 

current approaches and data collection to robustly determine nutrient losses at river basin scale from 

different sources/ sectors.  The reflection s and recommendation s of the Policy Group and the stakeholders 

of the catchments will be summarised and distributed as a separate policy letter.  

 

 
1 https://www.eea.europa.eu/en/analysis/indicators/ecological -status -of -surface -

waters?activeAccordion=ecdb3bcf -bbe9 -4978 -b5cf -0b136399d9f8  
2 https://cordis.europa.eu/project/id/EVK1 -CT-2001 -00096  
3 https://www.ospar.org/documents?v=32354 . 

https://www.eea.europa.eu/en/analysis/indicators/ecological-status-of-surface-waters?activeAccordion=ecdb3bcf-bbe9-4978-b5cf-0b136399d9f8
https://www.eea.europa.eu/en/analysis/indicators/ecological-status-of-surface-waters?activeAccordion=ecdb3bcf-bbe9-4978-b5cf-0b136399d9f8
https://cordis.europa.eu/project/id/EVK1-CT-2001-00096
https://www.ospar.org/documents?v=32354
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2. SURFACE WATER QUALITY AND NUTRIENT LOADING 

 

In order to understand the fate of nutrient  utilisation  within a catchment a cascade of information and 

data collection is needed together with information on the turnover processes within the main sectors 

involved in the catchment. Material Flow Analysis (MFA) is a method used to measure the imports/exports , 

movement and accumulation of materials (nutrients) within a clearly defined system , like a catchment . 

The distribution and use of nutrients within the watershed is often a starting point to distinguish the 

contributions of different sectors to nutrient input pressures. Their potential to impede the achievement 

of good ecological status requires further det ailed evaluation through monitoring and modelling. The MFA 

for the four catc hments will be described elsewhere (D 2.6) but in all  4 catchments of the New Harmonica 

project both agriculture (fertilisation with nutrients  in organic and mineral form) as well as waste water 

treatment plants (WWTP; accumulation and treatment of human faeces ) play a n important role . The fate 

of nutrients within  a WWTP is relatively  well known , including their location and loads of nutrients  to 

sur face water  (point sources) . However, the fate of nutrient use within the agricultural sector is rather 

complex since registration of nutrient use is still limited , including the nutrient status of agricultural soil s 

which strongly determine the long - term  effects on losses to groundwater and surface water.   

The water  authorities use state and trend monitoring of their surface water system s as the main approach  

to determine the ecological status of the surface water system  and to determine the location of critical 

source areas (CSA) which determine  nutrient loa ding of surface water. This requires a flow proportional 

sampling method  of sur face water quality  not only for all inlets and outlets of the catchment  but also for 

the sub -catchment in order to locate  the CSAs  and the ir  nutrient discharges.  Since flow proportional 

sampling is rather expensive, and technically challenging in many locations, a lot of expert knowledge is 

needed from  the water authorities to assess the contribution of sub -catchments to nutrient loads, 

especially in downstream parts of the catchments with a lot of surface water pathways (ditches and 

trenches)  and increasing diversity in sources .  

Nevertheless, dividing the watershed into sub -basins is an important first step in identifying areas where 

the greatest losses of nutrients to surface waters originate. An additional step is to determine losses from 

agricultural fields within the sub -catch ments using a stepwise modelling approach, and by taking into 

account nutrient use and the nutrient status of agricultural fields. In fact, the monitoring network can be 

used to determine from which regions the largest amounts of nutrients come, while the model can be used 

to determine which fields/agricultural areas are responsible for the greatest  nutrient losses.   

In this chapter the current role of monitoring (section 2.1) in determining water quality and nutrient 

loading is described  in more detail.  

2.1 Role of monitoring data to determine source ã impact relationships  

Regular collection of monitoring data at a range of scales (field to catchment) has a critical role to play in 

directing, developing and assessing the effectiveness of farm and catchment -based policies, strategies 

and practical solutions to address the complex issue of mitigating nutrient pollution of waterways to 

maintain safe potable water and good ecological condition. A large amount of resources, cost and effort is 

devoted each year to  waterbody monitoring at a range of spatial and temporal scales to es tablish the 

current state of the aquatic environment, establish trends in waterbody nutrient status over successive 

years and assess compliance with targets to achieve Good Ecological Status  (GES) . When combined with 

catchment monitoring data on sector activities (e.g . industry and wastewater discharges, land use) and 

land management variables such as annual nutrient inputs and soil nutrient status, water quality 

monitoring also provides the  capacity to examine key sector al and landscape drivers of nutrient loss , and 

to identify nutrient loss hotspots and in so -doing provide catchment stakeholders with an evidence base 

to take appropriate actions. Such water quality monitoring data is also essential for calibrating and 

validating farm and catchment models to assess nutrie nt emissions and quantify source apportionment  by 

sector . A large amount of monitoring data is often collected to characterise the spatial and temporal 

variation in water qual ity to meet ND and WFD targets but  is often not integrated or interrogated to its 

maximum potential benefit.  

Monitoring Networks  

Monitoring networks therefore provide the foundation for a clear evidence base for sectors to take action 

to mitigate their nutrient contributions to receiving waters and to monitor progress in the effectiveness of 
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farm and catchment nutrient pollution mitigation policies. Ideally such monitoring networks should have 

satisfactory coverage of the river continuum from headwater to catchment outlet, monitor both flow and 

concentration, allow flow -proportional sampling t o accurately quantify temporal variation in nutrient 

export (most critically at the catchment outlet), measure the different forms of nutrient being transported, 

and be integrated with landscape monitoring programmes  (Jiang  et al. , 2020) . The value of measured 

data to policy makers, water regulators, water utilities, landscape managers and scientists depends on 

the accuracy and robustness of monitoring programmes and networks. Frequency and consistency of 

monitoring, range of determinants , analysis methods and detection limits and coverage across the 

catchment are all highly influential on the ultimate value of the data collected.  

Since the costs of landscape and waterbody monitoring are very high, often only the waterbody 

concentrations of nutrients are routinely measured within the catchment to assess compliance with targets 

as a minimum, and at sampling frequencies that vary with  the resources available. Consequently, water 

flow and therefore estimation of nutrient loads and linkages to potential landscape drivers of nutrient loss 

are missing. In addition, the inflows of water into the catchment are not always  measured making it 

difficult to set up inlet -outlet nutrient balances for surface waters. Often too much reliance on the location 

of long - term monitoring stations designed to monitor discharges from major wastewater treatment works 

confounds assessment of water quality status  in other areas of the catchment that might be impacted by 

more diffuse inputs from agriculture. Variable allocation of monitoring resources further compromises 

consistency in the data record, with some monitoring station s ceasing or the frequency of sampl ing much 

reduced. Such issues are critical for quantifying the potential nutrient loads from diffuse sources in 

agricultural and urban runoff where the accuracy of load estimations depends on capturing nutrient losses 

during episodic high flow events. With  the advent of more mobile in -situ continuous monitoring sensors, 

monitoring networks and programmes need to become more flexible as sector activities change and 

mitigation policies become implemented.  However , such flexible monitoring still needs to be l inked to 

accurate estimation of the flow record to capture nutrient loads and potential sector contributions to these 

loads.  

The value of accurate flow monitoring  

Analysis of the fluctuation in nutrient concentrations in surface water and rainfall (distribution and 

intensity) over time at specific locations can help identify the main pathways of N and P loss from land to 

surface water (surface runoff, subsurface los ses, contribution of artificial drainage and deep groundwater 

loads) and this type of information can be used to help select the right hydrological model.  However, 

when combined with accurate flow monitoring, consistent monitoring programmes can not only provide 

estimation of the spatial and temporal variation in nutrient loads, but also provide unique information on 

the main sector drivers of those nutrient loads, and by inference the ultimate nutrient concentrations in 

the waterbody. Flow monitoring also , over a sufficient multi -annual period  (5 -10 years or longer) , allows 

assessment of baseflow index and flashiness (e.g Q5/Q95) both of which are critical facto rs affecting 

nutrient loading rates to surface waters.  

As rainfall -driven flow is the main driver of nutrient loss in runoff, and taking into account the  behaviour  

differences  in how point source and diffuse source losses are influenced by flow, the variability in the 

nutrient load with flow (the load -  flow plot) can  broadly  apportion point and diffuse source contributions 

(Bowes  et al. , 2008) and help identify potential bad practice , provided it is based on a good data record. 

Analysis of the relationship between water nutrient concentration (c) and flow (q) allows further visual 

assessment of the dominance of different source contributions to the total measured load, rates of loss 

and their seasonal behaviour  (Moatar  et al. , 2017) .  

Given the value of a good flow record for accurate estimation of sector nutrient loads and their relative 

apportionment, it is particularly important that flow is measured at least at the outlet of each operational 

catchment, especially given the potential  long - term recovery timescales to achieve GES. Given the costs 

of establishing rigid flow -gauging weirs and cross sections, the avenues for sensor technologies to 

continuously monitor flows need to be explored. Flow is largely determined by catchment area  and amount 

of rainfall  and there are often good relationships between catchment area and flow across catchments 

with broadly similar lithologies. Since c -q behaviour is influenced more by relative flow change as opposed 

to absolute flow change, estimation of flow by catchment area can provide valuable source loading data.  

Landscape monitoring data  

Implementing monitoring programmes across catchment landscapes is also potentially useful to help 

identify broad drivers of nutrient loss and therefore help direct mitigation strategies. This is particularly 

important for assessing whether more mitigation effort should , for example,  be directed at livestock 

farming or arable farming, at reducing annual inputs of nutrients (e.g. N and P) or at  land management 
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practices to restrict the losses from the legacies of past nutrient management ( e.g.  P loss from P - rich 

soils). Quantification of the annual nutrient input pressures on catchments ( e.g.  NANI/NAPI) and 

relationships to waterbody loadings of N and P can identify landscapes with a high risk of loss and quantify 

the potential contribution of legacy nutrients. The role and contribution of legacy nutrients in catchments 

is particularly importa nt because it has a major impact on the timescales over which waterbodi es are likely 

to achieve their water quality targets.  

Landscape scale datasets that integrate well with water quality monitoring include agricultural census data 

on land use  and livestock , human population data, numbers and locations of wastewater treatment works 

discharging effluent, and farm measurements of soil P and annual nutrient surpluses.  For example, recent 

research in one of the Lough Neagh catchments has identified a strong link between the percentage  of 

high P soils  in the sub -catchment and  river P concentrations  at the outlet  (Cassidy  et al. , 2019) . There is 

also  a role for landscape scale assessments of physical characteristics influencing diffuse loss risk, such 

as hydrologically sensitive area mapping using combinations of high - resolution  digital elevation models 

and soil permeability data sets  (Thomas  et al. , 2016)  to identify catchment areas prone to surface runoff 

and erosion .   

However, although the gap in N/P concentration s in surface water can be high, the measures required can  

sometimes  be relative ly  small e.g. in situations where the absolute load from the agricultural area is rather 

small.  

 

So in summary, i n order to improve source ï impact relationships, it is important to:  

-  invest in better sensor technologies to monitor water quality status and flow more effectively and 

most important more flexibly across the catchment.  

-  put more emphasis on monitoring flow because it is the main driver of nutrient loss and provides 

unique information on loss drivers and source apportionment  

-  integrate landscape monitoring more effectively with water quality monitoring and modelling to 

provide the evidence of linkage between cause and effect and direct effective mitigation.  

 

2.2 Role of modelling to determine source ã impact relationships  

Although monitoring surface water quality provide s important information about the status and trend s in 

nutrient concentrations, it does not often give sufficient detailed information o n the sources and pathways 

of nutrient loading to  surface waters  to direct site -specif ic mitigation measures . The nutrient concentration 

in surface water is an overall summary parameter of many processes regarding  the fate of nutrient use 

within the catchment/river basin  by all sectors  (agriculture, human consumption, industrial activities , 

waste water treatment plants , etc). Nutrient loading by point sources is quite well deter mined, but the 

quantification of diffuse nutrient losses from land to surface water is rather complex. I n particular , the 

impact of land use (mere specific crop type) strongly determines the application of nutrients over time , 

and soil characteristics  and hydrological circumstances have a considerable influence on the biological, 

physical and chemical nutrient turnover processes in soils . Land management has a strong influence on 

runoff generation and soil vulnerability to erosion. Finally, rainfall distribution, landscape  and soil  

characteristics  and groundwater fluctuation determine the pathways  from land to surface waters  (e.g. 

surface runoff, subsurface, artificial drains, deep groundwater).  

Process oriented models are very helpful in  predict ing  the fate of nutrients  at catchment/river basin scale. 

Such models are capable to interpret a  huge amount of geographical  information  in terms  of  use of 

nutrients, crop yield  offtake , soil  processes , water flows, and surface water network . Although models are 

a simplification of reality  and the principle of ñgarbage in ï garbage outò is always valid, they still can 

provide clear  insights in to  the origin / sources of the nutrient losses  and which parameters  /  factors are 

of importan ce when planning the collection of more data.   

There is quite a long list of options for  modelling nutrient pollution of surface waters (Cherry  et al. , 2008; 

Schoumans  et al. , 2009b) . However, for every implementation and application of a selected model  in a 

catchment/river basin , m odel  calibration and validation should  be an important aspect in predicting trends 

in water quality and to underpin the contribution of the main sources and pathways  of nutrient loss . Such 

information will contribute greatly to stakeholder acceptance of the results  and is highly relevant  to 

determine the right measure at the right place . 
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3. REDUCTION TARGETS APPROACHES IN THE CATCHMENTS  

3.1 Country specific approaches to setting reduction targets  

3.1.1 Dutch Meuse 

3.1.1.1 Methodology and principles 

In the Dutch part of the Meuse river basin, load reduction targets (LRT) are s et for each surface water 

body.  The Meuse catchment that covers the province of Limburg and Noord -Brabant  includes 140 surface 

water bodies  (SWB) . Each SWB has one or more WFD monitoring sites. The total LRT are primarily based 

on the exceedances of the target concentrations at the WFD monitoring sites at the downstream part of 

each SWB. These WFD target concentrations have been set for each type of SWB and represent the 

average concentrations that are measured in the summer period  (1 April  -  30 September; 6 months ) . The 

assessment of the physical - chemical status of each S WB is based on the concentr ations of total P and 

total N that are measured wit hin th e summer half -year for 3 years in a row.  If the average concentration 

exceeds the WFD - target concentration, th en this gap is translated into a L RT by multiplying the % 

exceedance with the load in the summer half year that is calculated by the source -apportionment 

modelling  that is developed for the catchment  (see formula 1):  

 

In this way, the LRT is expressed as the reduction in the summer half year  period. T his was done to have 

a direct connection with the status assessment. Note that the contribution of diffuse runoff and leaching 

to the total loads are relatively small in this period compared with the large point sources (wwtpôs), because runoff 

and leaching varies with the precipitation surplus, whereas wastewater treatment plants provide a constant load 

throughout the year.  

In determining the exceedance , the WFD monitoring sites are selected. If there are multiple WFD-

monitoring sites in a SWB, the monitoring site that is located near the outlet of the SWB  is used .  

As shown in the formula, the calculation of the LRT assumes the total loads of all point and diffuse sources 

in the sub -catchment plus the loads from upstream . This is illustrated in  Figure 1. The source 

apportion ment  model takes into account the retention of N and P in the surface waters. The surface water 

retention factor is often different per source, especially between diffuse and large point sources. So the 

loads from upstream are a result of the modelled point and diffuse sources upstream, corrected by the 

retention factor of these sources.  

 

 

Figure 1. The Dutch approach to determine LRT: The GAP is based on de observed concentrations at the WFD 

monitoring site. The loads are the modelled point and diffuse sources within the catchment plus the loads that 

are modelled as outlet from the upstream SWB .  

In summary , the Dutch approach to calculate LRT is based on the exceedances of the WFD - targets that 

are set per SWB for the average summer half -year concentrations and the total loads in the sub -catchment  

of the SWB , including the loads that originate from upstream surface waterbodies.  
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3.1.1.2 Sectoral reduction targets 

Reduction targets per waterbody express how much emissions should be reduced to meet water quality 

standards, but they do not express how this reduction should be achieved. A common approach  is to 

attribute a portion of the reduction target to the sectors or actors contributing to the emissions. Each actor 

or sector should then take measures to mitigate their emissions in accordance with the reduction target 

attributed to them. Evidently, the  manner in which this sectoral division is made has a direct impac t on 

the required mitigation measures for the sectors.  

For the Meuse region, the regional policy makers distributed the LRT among the sectors following the 

polluter -pay s principle. Using the results of the source -apportionment modelling, for each SWB the 

contribution of the sector to the loads can be easily calculated. But first, a split was made between the 

loads that are assumed to originate from anthropogenic sources and loads that originate from natural (or 

semi -natural )  causes. For this purpose, the regional policymakers assume the distribution among sectors 

as shown in  Table 1. 

Table 1. Distribution of the modelled nutrient loads sources over the sectors. In the calculation of the LRT per 

sector, the portion of the natural sources is distributed over the sector based on their contribution of the total 

anthropogenic sources . 

Nutrient loads  Anthropogenic sources , 

allocated to sector  

Natural sources  
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Driven by the actual and historical 

use of fertilizers (manure and 

chemical)  

Agriculture  
 

Driven by atmospheric deposition   Natural  

Driven by natural leaching and 

mineralization and seepage from 

aquifers  

 Natural  

Runoff from paved farmyards, discharges of spills 

from greenhouses, direct spills of fertilizer on ditches  

Agriculture  
 

Leaching and runoff from natur al soils   Natural  

Atmospheric deposition on open water   Natural  

Diffuse loads from water birds   Natural  

Discharges from communal waste water treatment 

plants (WWTP)  

Waterboard  
 

Discharges from industrial waste water  Industry  
 

Flows from rainwater sewers  Municipality   

Overflow of sewers (mixed sewer systems)  Municipality   

Other anthropogenic sources (recreational boating, 

traffic, raw domestic discharges)  

Waterboard and municipality  
 

Discharge at the Dutch border from upstream 

Belgian and German rivers/streams/canals  

Foreign (Belgium or Germany)   

 

According to  Table 1, the LRT in each SWB is allocated to the sectors Agriculture, Waterboard, Municipality 

and Foreign, based on their contribution to the total anthropogenic loads. This includes the loads from 

upstream SWB. A simplified example is given in  Figure 2.  
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Figure 2. Illustrative example of the Dutch calculation method for the LRT and subsequent distribution of 

the LRT among the sector s.   

   

3.1.1.3 Data requirement 

To apply this method, it is necessary to have a detailed source apportion ment  analysis, where the loads 

from point and diffuse sources are calculated in the summer half year at catchment level for all individual 

SWB and to distinguish the loads from natural and anthropogenic origin. It is also necessary  to label the 

sources that determine the modelled outlet of the upstream SWB. Therefore , the modelling method WFD -

ECHO has been developed by the WUR in 201 14 and applied at national 5 and regional level 6 7. 

 

3.1.2 Flemish Meuse 

3.1.2.1 Principles & methodology 

Reduction targets i n the Flemish region  are typically calculated per waterbody to enable policy makers to 

define  actions to meet the ecological quality standards. Reduction targets are therefore expressed either 

in absolute terms, i.e. as  the  load  to which the net emissions in a catchment have to be reduced, or in 

relative terms, i.e. a reduction percentage of the net emissions.  

In  the Flemish methodology, in  waterbodies downstream in a river network , it is assumed the upstream 

inflowing water  already meets the target concentration. Because of this assumption, an immediate 

differentiation can be made between gaps located upstream or downstream in the system.  

The calculation of the reduction goals comprises a couple of steps; the first being the selection of a 

monitoring location to base the calculation on. An ideal station is located at the downstream end of a 

waterbody, so the concentrations measured there ar e taking into account all pollution sources (either 

diffuse or point ) that affect the waterbody, but also all processes in the waterway itself.  In order to have 

a representative sample, it is also desirable  that there is a large  enough number of measuremen ts 

available. In Flanders, th e minimum threshold is currently set to at least 12 measurements within the 

three -year  reference period.  

 
4 https://library.wur.nl/WebQuery/wurpubs/fulltext/176384  

https://library.wur.nl/WebQuery/wurpubs/fulltext/537689  
5 http://library.wur.nl/WebQuery/wurpubs/fulltext/392093  
6 https://library.wur.nl/WebQuery/wurpubs/fulltext/468844   
7   

WFD Load Reduction Targets (LRT) 2 surface water bodies

4.8 mgN/L

100 ton

4.0 mgN/L

2.4 150 ton

LRT reference 50 ton 2.4
 agriculture 20 ton

 Waterboard 30 ton LRT reference 60 ton

 agriculture 30 ton

 Waterboard 30 ton

6040

30 10 10

0

Surface water body 1

WFD- target  mgN/L

Surface water body 2

WFD target      mgN/L

WWTPAgriculture

agriculture

Nature

Nature WWTP

https://library.wur.nl/WebQuery/wurpubs/fulltext/176384
https://library.wur.nl/WebQuery/wurpubs/fulltext/537689
http://library.wur.nl/WebQuery/wurpubs/fulltext/392093
https://library.wur.nl/WebQuery/wurpubs/fulltext/468844
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Once adequate stations ha ve  been selected, the next step is to calculate the riverine yearly load at the 

monitoring location. The measured concentrations are therefore combined with flow rates , according to 

following formula:  

ὒώ 
ὗ

ὗ
 Ȣ
ρ

ὲ
 ὅ Ȣὗ ȢὟ  

Where:  

Ly =annual load (t/yr)  

Qd = arithmetic mean of daily flow (m³/s)  

Qmeas  = arithmetic mean of all daily flow data with concentration measurements (m³/s)  

Ci = concentration (mg/l)  

Qi = measurements of daily flow (m³/s)  

Uf = concentration factor for the different location of flow and water quality monitoring station  

n = number of data with measurements within the investigation period  

 

In Flanders, the flow rates are typically derived from the Pegase model at the location of the quality 

monitoring station, which eliminates the U f factor. To achieve a more stable number, representative of the 

ógeneral statusô of the waterbody (i.e. not during extreme events), these yearly riverine loads are 

calculated based on three years of data, with a minimum of 12 concentration samples. Furthermore , an 

outlier detection  step  is applied to both quality & quantity data in order to filter out the most ext reme 

samples.  

Once the actual annual riverine load has been calculated, the same formula is applied again to calculate 

a ótheoretical acceptable loadô, which is the annual riverine load in a case where concentrations would 

meet the quality standards. To achieve this, factor C i is substituted with the standard concentration. By 

subtracting this theoretic al acceptable load from the actual annual load, the reduction target at the 

monitoring location is calculated.  

This reduction target at the monitoring location is merely a describing value for local status and not suitable 

for policy use. Due to retention in waterbodies, this absolute value will deviate from the reduction in 

emissions that is actually necessary in the catchment to achieve good status at the monitoring location. 

Since the interest is in the latter, a translation between emissions and riverine load is necessary. Therefore 

an area factor is calculated for each waterbody, which is a ratio between all em issions within the catchment 

area and the riverine loads observed at the monitoring location. The reduction target at the monitoring 

location is then multiplied with this area factor to achieve a reduction target per waterbody catchment . 

In  cases where  waterbodies upstream of the waterbody are considered, th e reduction target (at catchment 

level) of the latter is then decreased by the reduction target(s) at the monitoring stations of the upstream 

waterbodies. By doing so, the final reduction target for the waterbody considered is directly relatable to 

the actions to reduce emissions that should be taken within the catchment area and can thus be used to 

define management plans.  

3.1.2.2 Sectoral reduction targets 

In Flanders , no formal division over the sectors was made in the 3 rd  RBMP. The reduction target for each 

water body was reported alongside the sectoral loads from the  WEISS emission inventory . But a tentative 

division was made for certain purposes , such as planning of sewage infrastructure . In that case a 

proportional division was made by using WEISS sectoral emissions  for the last year of the three -year 

period of concentration measurements that are taken into account for a reduction target  were used . For 

example, the reduction target calculated for a certain reference year x in a certain waterbody will be 

calculated based on the measurements  available  in the years x -2, x -1 & x. The attribution to the sectors 

will then be made based on the WEISS results of ye ar x in the catchment of that waterbody. In the RBMP3 

the sectoral loads of 2017 were used. The total reduction target is divided between sectors in proportion 

to their relative contribution to  emissions. Hereby, the sectors currently taken into account are agriculture, 

deposition, households (including wastewater treatment plants) and industry.  For the sector households 

the reduction targets were used to determine the required investments in wastewater infrastructure by  

2027. The reduction targets for indu stry, agriculture or deposition sectors were not further used to define 

actions in the RBMP 3. 
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3.1.2.3 Data requirements 

The process described in 3.1.2.1  requires different sets of data to be available and of sufficient quality in 

every step, to allow for an adequate reduction target calculation.  

First is the required concentration monitoring data. While Flanders has a respectable number of measuring 

stations in different networks, many of them are unsuitable for an accurate reduction target calculation. 

The two main criteria for this aim are a suitable location and a high enough number of measurements. For 

the first criterium, the ideal location should be representative for the waterbody. Oftentimes, this is at the 

very downstream end of a waterbody , which implies the observed concentration is affe cted by all emissions 

in the catchment. In that case, the area factor used in the translation from reduction target at point scale 

towards catchment scale will be determined most accurately. On the other hand, the monitoring location 

should not be in close proximity (downstream) of an emission p oint.  

Besides the necessity of a representative location, it is also a requirement to have an adequate number 

of measurements to be representative for the waterbodyôs water quality. To achieve this, measurements 

are ideally spread evenly throughout the year, to avoid seasonal bias. Additionally,  if few measurements 

are available, the weight of each measurement in the result increases, resulting in unstable reduction 

targets prone to alter drastically between reference periods. Therefore, a minimum number of 

concentration measurements should be aspired  to . 

Another cornerstone of the methodology is flow rates. Theoretically, these could be either measured or 

modelled, but practically they are exclusively modelling results due to the small overlap between 

monitoring locations for water quantity & quality. As a result, sufficient thought should be give n to model 

validation & versioning when using water quantity models for reduction target purposes.  

In case s where  no modelled  flows are available, an alternative method of gap calculation is still possible . 

However, this method does pose problems further downstream as without flow rates no riverine loads can 

be determined, which in turn reduces the accuracy of reduction target calculations in downstream 

waterbodies. Therefore, this method is only used as a secondary option.  

Likewise, the translation to catchment scale & the attribution to sectors requires is based on an emission 

inventory system, fed in turn by underlying models. Evidently, the data quality of these are also impacting 

the reduction target calculation, both in the magnitude of the gap and the attribution to sectors.  

3.1.3 Neagh-Bann 

National surveillance monitoring was established several decades ago to assess both long term statistical 

trends and compliance with the WFD. It is undertaken at 450 river waterbodies across NI by the Northern 

Ireland Environment Agency (NIEA), 141 of whic h are within the Lough Neagh Catchment (LNC).  A map 

of the LNC is shown below  (Figure 3) . The larger Neagh Bann International River Basin (NBIRB) covers an 

area of 8127 km2, approximately 6125 km2 of which is within Northern Irelandôs (NI) territorial area 

(75%) and the remainder located in the Republic of Ireland (ROI). Six major rivers drai ning into Lough 

Neagh have a total catchment area of approximately 4450 km2, which comprises the Lough Neagh 

Catchment (LNC).  
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Figure 3. Map of NI and the NBIRB showing LNC (labelled, coloured sub -catchments). The Lower Bann 

catchment is shown by the light blue shading and forms the outflow catchment of Lough Neagh (darker blue). 

The remainder of the NBIRB is shown by the grey shading.  

Chemical water quality assessments are undertaken by grab sampling on 10 -12 occasions annually and 

the average used to determine the riverôs chemical status against the threshold boundary conditions set 

for each riverôs estimated reference conditions based on alkalinity and altitude (UKTAG, 2013;  NIEA 

(2021) ). In the 2021 statistical update to the WFD in NI  (NIEA, 2022) , the NIEA quoted a figure of only 

55 WFD sub -catchments (27%) achieving ñGoodò or better ecological status in the NI section of the larger 

Neagh Bann International River Basin  (which in their definition includes both the Lower Bann and the 

Carlingford Lough sub -catchments). No sub -catchments now achieve ñGoodò overall status due to the 

inclusion in 2021 of the presence of ubiquitous, persistent, bioaccumulative, toxic (uPBT) subs tances in 

the assessment of chemical status. As these substances, as well as c ypermethrin, were detected in all 

river water quality samples tested the highest overall status achieved is now ñModerateò for all 

waterbodies. In the LNC the latest figures from 2021 data indicate that 47.5% achieved ñGoodò or ñHigherò 

status based on sol uble reactive phosphorus (SRP) concentrations alone (Fig. 2). of failures in the ñGeneral 

chemical and physiochemical quality elementsò category, following the one-out -all -out principle (used by 

NIEA and the Environmental Protection Agency (EPA) in ROI to determine compliance), were due to high 

soluble reactive phosphorus (SRP) concentrations.  

WFD failures can also occur due to ammonia exceeding a threshold, however the number of sub -

catchments failing to achieve ñGoodò status due to this measure alone was relatively small, so this 

pollutant was not considered to be a significant problem in the catchment. Dissolved Inorganic Nitrogen 

(DIN), which is assessed as a WFD chemical element for transitional and marine waterbodies, is not 

monitored in freshwaters.  

The draft 3rd Cycle River Basin Management Plan (RBMP) (NIEA, 2021)  suggested targeted measures for 

water quality improvements in the catchment including: (i) to ñaddress pressures from sewage 

infrastructure through capital investmentò and (ii) ñreduce the application of chemical fertiliser taking into 

account the soil opt imum indicesò. To our knowledge the RBMP has not yet been finalised and published 

two years on from the consultation period ending. A draft DAERA/NIEA ñProgramme of Measuresò for Cycle 

3 (2021 -2027) aimed to achieve ñGoodò status in 70% of NI freshwater bodies by 2027 (it was decided 

that 100% was not achievable partly due to the abundance of ñpriority substancesò such as cypermethrin 

and other chemicals in freshwaters). The measures needed will be discussed further below and include 

reducing nutrient poll ution both from diffuse sources (e.g. erosion from soil and in runoff of applied 

slurry/chemical fertilisers during rainfall) and from point sources (e.g. sewage discharges, farmyard spills) 

in the catchments. In ROI, the EPA used a risk -based methodology to identify WFD sub -catchments ñat 

riskò of failing the WFD objectives and these sub-catchments are targeted for more intensive surveillance 

operations including identifying the key pressures on water quality in each that may require measures to 

be adopted  to mitigate against any ongoing issues.  
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3.1.3.1 Load Reductions 

In the NBIRB the baseline observed SRP concentrations from surveillance monitoring 10 -12 times annually 

were used by NIEA (in NI) and EPA (ROI) to classify each Water Framework Directive (WFD) sub -

catchment in terms of its WQ chemical status (for P concent ration) in the catchment. It follows on that 

any sub -catchments at ñGoodò status or better should not require reductions in loadings. The level of SRP 

load reductions (LR) required were determined using the gap analysis method (within WP2 of the New 

Harmon ica project) that the project has found to be most applicable to all four catchments. In the EPAôs 

version of the ñgap methodò applied in the ROI, the observed SRP concentrations from 2013-2015 and 

average flow, or estimated Q30 (flows exceeded for 30% of the time) when flow data were unavailable, 

were used to estimate the total annual load. The load was then re -calculated using the target SRP 

concentration and the difference (the ñgapò) between the estimated and target loads used to determine 

the required LR (EPA, 2018) . In the 2nd Cycle 2 of the WFD (2018) the EPA estimated the LRs in the 

Blackwater sub -catchments (the only trans -border sub -catchment draining into Lough Neagh) in terms of 

LR classes based on the Irish national -scale RBMPs (in kg P ha -1 year -1) with ñVery Highò being > 1, ñHighò 

being 0.5 -1, ñMediumò 0.25-0.5, and ñLowò less than 0.25.  NIEA did not, however, produce similar or 

equivalent quantification of the LRs for the NI part of the catchment in any of their Management Plans. In 

the most re cent EPA 3r d Cycle report from 2021  (EPA, 2021)  these quantified LRs were no longer tabulated 

for the ROI part of the catchment. Therefore, the quantitative analysis of the LRs required in the 

Blackwater catchment (Adams and Quinn, 2023)  is now extended in the New Harmonica project to cover 

both cross -border sections of the catchment, and will be the first time a full catchment assessment has 

been undertaken.  

3.1.3.2 Source Apportionment 

In terms of apportionment of the required LRs between different sources of nutrients in the catchment 

(specifically SRP in the case of the LNC) the existing reports on NIôs government policy have not been 

updated since the draft RBMP described above was re leased in 2021.  

In 2015 DAERA (in NI) carried out a review of the Urban Waste Water Treatment Directive (UWWT) which 

was based on assessments of wastewater discharges over a period from 2007 -2015 when substantial 

improvements were made by NI Water to reduce the N&P (mostl y P) loads from their plants to reduce 

point source loads to the catchments. These came about partly due to the research carried out in the 

1990s and 2000s (e.g.  Foy  et al.  (2003) ) which estimated the point source load reductions needed to 

prevent Lough Neagh becoming hyper -eutrophic, and LR estimates urgently required updating to reflect 

improvements made since this period. The review identified a number of ñsensitive areasò in the NBIRB. 

However, all of these were in the outflowing catchment from Lough Neagh. The only recommendation for 

load reductions made within the report was for urgent reductions in the Castletown sub -catchment 

(incorporating wastewater from the large town of Newry), which flows southeast into Carlingford Lough , 

and is  also  not in the LNC.  

Since 2015, however, there has been no sector -based apportionment of these LRs to our knowledge, and 

the UWWT itself is currently under review (according to the RBMP) with an updated report due for release 

to the public  from DAERA . The RBMP is critical of NI Waterôs performance since 2015, stating that 

ñsignificant investment is still required to make the difference on the delivery of óGood Statusô and the 

protection of sensitive watersò. There has been an apparent underfunding of capital works required to 

increase the capacity of an overloaded storm sewer network under pressure from urban development. The 

Materials Flow Analysis (MFA) for P carried out as part of the RePhokUs project for the entire area of NI 

(Doody  et al. , 2020)  found that over one third of P input to the water environment can be attributed to 

sewage related impacts. Of this figure, 24 % of the overall P load lost to the water environment is linked 

to wastewater treatment facilities, whereas a further 12% is link ed to septic tanks. A similar apportionment 

of P loads would be applicable to the NB catchment, and, as it covers such a large area of the NI territory  

(over 40%)  the results are likely to be similar.  

In ROI, within the Blackwater catchment flowing  across the international border  to Lough Neagh, the EPA, 

in their 2018 2nd Cycle reporting, indicated that improvements to two of the larger wastewater treatment 

plants in Co. Monaghan were required to target point source pollution, although as of early 2021, when 

the 3rd Cycle report w as published, none were scheduled  however the water company has reported that 

there have been improvements to the largest plant (Monaghan Town) as of 2023 . The EPA also use thei r 

Source Load Apportionment Model (SLAM) to calculate the N&P loadings on an annual (or single year : 

2018 being the most recent ) basis from diffuse and point sources in the WFD sub -catchments  (Mockler  et 

al. , 2016) . 
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3.1.4 Wye  

The cur rent lead regulatory approach in England and Wales and therefore in the Wye catchment effectively 

implements fair share polluter pay principles where all sectors proportionally reduce their nutrient 

emissions to deliver the overall water quality target requ ired (termed Environmental Water Standard 

(EQS)). This polluter pays approach for environmental water quality planning to achieve a desired EQS 

has been developed for both N and P and will  be the main methodology for assessing nutrient load 

reduction gaps until at least 2027. For the Wye catchment the EQS for achieving good ecological condition 

is phosphorus, expressed as an annual average concentration of orthophosphate -P.  

3.1.4.1 Methodology 

Where current levels of pollution are above the EQS, sources of pollution are targeted for reduction to 

move towards the EQS. The required pollution reduction from a sector will depend on the share of the 

EQS for that sector and assumes that sector pollute rs are responsible for removing their pollution above 

the EQS. Fair share allocation applies to all sectors with no bias. Sector share is the proportion of the EQS 

allocated to that sector and the allocation is based on the sector concentrations in the rec eiving 

environment for the baseline year, which has been set at 2009 to correspond to the first river basin 

management planning cycle (2009 -2015). A sector will therefore reduce its baseline concentration to their 

EQS allocation. The spatial allocation of the sector share allocation will depend on whether the waterbody 

is a single entity (eg. Lake) or occurs as a number of extended sites in line (river). Transfer of nutrient 

loading from upstream waterbodies to downstream waterbodies is taken account of by assuming a 

modelled nutrient retention coefficient.  

The overall methodology for a given operational waterbody adopts a multi -stage planning approach:  

Stage 1 ï Establish sector contributions to the riverine nutrient load for the baseline year (2009).  

Estimates of in - river concentrations (mg/l) and loads (kg/day) of nitrate and orthophosphate to rivers in 

England and Wales from multiple sector sources are currently modelled with SAGIS -SIMCAT (Source 

Apportionment GIS). This is an integrated modelling pl atform of interconnected mathematical models, 

data on water discharge and quality, river network and hydrology data, and external tools for data 

optimisation that provides a breakdown of nutrient contributions by sector. Diffuse sources include 

livestock f arming, arable farming, highways, urban runoff, background (from soils), onsite wastewater 

treatment systems and atmospheric deposition. Point sources include treated wastewater effluent, 

combined sewer overflows and storm tanks, industrial discharges and mine water discharges.  

Stage 2 ï Identify water quality targets (EQS)  

The EQS for a waterbody prioritises specially protected sites (where they are present) above non -protected 

sites in setting the overall EQS for that waterbody . 

Stage 3 ï Account for natural background and internal nutrient loading.  

Natural background loading is subtracted from the diffuse agriculture sector share allocation and estimates 

of lake internal loadings are used to adjust the EQS.  

Stage 4 ï Calculate sector EQS share  

This is a two -step process as illustrated in  Figure 4. The baseline concentrations are initially compared to 

the EQS. In Step 1, the pollution from each sector that exceeds the EQS is removed. In this example, the 

concentration from Sector B exceeds the EQS on its own, even without the contribution from Sector A. 

Therefore, the first step is to remove this pollution above the EQS. The impact concentration from Sector 

A is below the EQS (on its own) in the Baseline so there  is no adjustment for Sector A at this stage. The 

sector impact concentrations from Step 1 are added back together, revealing  that in  combination they still 

exceed the environmental target. Therefore at Step 2, the concentrations of both sectors are reduced by 

the same proportion necessary to achieve the EQS.  
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Figure 4. An illustration of Non -Uniform Proportionality used to calculate sector load reduction targets under 

the polluter pays approach to environmental water quality planning in England.  

Stage 5 ï Establish current planned water quality  

At this stage, the current sector share of the total nutrient loading is compared to the baseline loading to 

assess sector progress in achieving their sector share allocation to the EQS. Achievability of sector load 

reduction targets are assessed against c urrent planning assumptions.  

Stage 6 ï Identify improvement requirements  

This stage identifies the pollutant reductions required to meet the sectors EQS share beyond the current 

planning assumptions. For point source reductions, this requires optimisation of permitting flow and 

emission limits, whilst diffuse load reduction pla nning takes account of uptake or regulatory measures, 

voluntary measures and potential land use change.  

Further stages assess compliance with targets and potential gap filling options where planning 

assumptions have failed to deliver the load reductions required.  

3.2 Strengths and weaknesses (for each of the catchments)  

3.2.1 Dutch Meuse  

Strengths  

The high concentrations of N and/or P in the SWB are a major impediment to achieving good ecological 

status in  many (the majority) SWBôs in the Meuse region. For the implementation of the WFD, policy 

makers need to know how the WFD -targets can be met. To determine a set of measures that will achieve 

the WFD - targets, the policy makers prefer a method in which each sector contributes according to  the 

polluter pays principle. Another method that could be used is to look for the most cost -effective measures, 

but that is not preferred  by the policy makers .  

Quantification of LRT provide direct information in the required reductions. The Dutch method quantifies 

the total LRT and distribution among the sectors based on the polluter pay s principle per SWB. The 

application requires a detailed modelling for the source apportionment, in which the anthropogenic source 

loadings must be separated from natural source loadings. Such analyses provide a robust and objective 

view on the contribution of all point and diffuse sources and the impact of sources to downstream SW Bôs 

(including discharge from Belgian and German rivers and streams) . To gain support for the results, it helps 

that the LRT is calculated primarily on the basis of measured exceedances. But furthermore, it is important 

to validate modelling results  and to involve the sectors in the work process  of the source apportionment 

modelling . This is especially the case for the water boards, who need to support the modelling input s for 

the hydrological schematization of the surface water system  through:  the delineation  of sub -catchments, 

water intake from canals and rivers to smaller streams in dry periods and measur ing  discharges at their 
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monitoring sites.  In fact, the close cooperation of the water  board and involvement of the other sectors in 

the research project can be clearly seen as part of the Dutch method.  

Once the source apportion ment  modelling is done, the LRTs can be easily calculated using different policy 

assumptions. The model is then also used to quantify the effects of baseline and other policy scenarios. 

The effects (less loadings of N and P to surface waters) of scenarios can easily be subtracted from the 

LRT, and as such be quantified as the ñremaining LRTò (in total and/or per sector).  

 

Weaknesses  

The method requires that the results of the model calculations are sufficiently reliable at the level of 

individual water bodies. As mentioned, the method requires a detailed modelling for the source 

apportionment. This is also a weakness, because itôs very difficult to assess the uncertainties of the LRTôs. 

The reliability of the calculated LRT depends on the uncertainties of the measured exceedances, the various 

point and diffuse sources, the retention in the surface waters and the hydrological schematiza tion 

(especially the assumptions for water intake) of the surface water system. The ranges of these various 

uncertainties are not well known. Given the uncertainties, the results can easily be criticized, especially if 

they are unfavo urable to a (commercial) sector like agriculture or managers of large wastewater treatment 

plants. The monitoring strategy of the Dutch water boards is not designed to be able to derive water and 

nutrient balances at the sub -catchment level of the SWB. This  hampers detailed cal ibration and validation 

of modelling results.  

Updates of models to quantify the loads, or to choose a more recent period to quantify LRT , will result in 

different LRT ôs, which can hamper support from the sectors. Several assumptions determine the LRT and 

distribution among the sectors. For instance, what reference period is chosen, what source loadings are 

considered to be natural instead of anthropogenic, what sectors are considered to be responsible for the 

LRT, how to deal with differences b etween the model and the monitoring? For instance, if a sec tor has 

taken effective measures in the past to reduce their loads, but the reference period for LRT is chose n just 

after th ese measures have been taken, this sector can still get a part of the LRT is the target concentration 

is exceeded mainly due to the other point and diffuse sources in the sub -catchment. The method to 

distribute the LRT among the sectors doesnôt take into account the mitigation measures that have been 

taken in the past. There is no general guideline form the EC (no WFD CIS guidance) and  also no National 

(Dutch) guideline to quantify LRT and to distribute this among sectors.  

The method quantifies LRT in term of load reduction. Large LRT can be allocated to a sector with high 

water discharges but quite low concentrations. In fact, such a sector can have a LRT even if the 

concentrations of their discharge is below the WFD - target. The weakness lies not so much in the method itself, 

but more in the difficulty of explaining the results to stakeholders and gaining acceptance for those results 

An important assumption of the LRT, is that if the loads in the sub -catchment are reduced by x %, the 

concentration at the monitoring location will also be reduced by x %. This is a (strong) simplification of 

the complex hydro -chemical processes in the water ways that determine the concentrations in the SWB.  

 

3.2.2 Flemish Meuse 

Strengths    

Load reduction targets provide a robus t and objective  view on the status of surface water quality and help 

quantifying the scale of the challenges ahead. By taking into account the (upstream) river network, a 

spatial differentiation is made, which allows the localisation of chokepoints and can help in determ ining 

where remediating action is needed. Combining the gap calculation with an attribution to contributing 

sectors or responsible actors, results in a better knowledge  of the water system , which can be easily 

translated to more efficient mitigating measures. As such, reduction targets can be used to  facilitate the 

policy  making process . 

Weaknesses    

The presented approach combines data of various sources  (measurements of different monitoring 

networks, modelling, estimates,...) , which immediately makes it dependent on data being available  and 

qualitative . The combination of these various data sources also implies the combination of the error 

margins, thus leading to a degree of uncertainty on the resulting reduction targets. Furthermore 
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revalidation, recalibration or other revis ions  of the contributing models will inevitably alter  the calculated 

gap .  

Various assumptions and decisions are made  regarding the allocation of the load reduction targets  to the 

different sectors. Since a sectoral reduction target assigns a responsibility to design and implement  

measures, defining them is a very delicate exercise and each policy decision has an impact. The choice of 

reference year,  for example,  will determine which actions from the past are considered in the sectoral 

targets . Another key point is the definition of the sectors: how to take into account natural bac kground 

losses  or  atmospheric deposition , how to take historic pollution into account ? 

Another drawback of this methodology is the lack of consideration for  techn ological  or financial feasibility; 

proportional allocation to sectors does not take the relative differences in cost and feasibility between the 

sectors into account.  

Reduction targets are currently a snapshot of the status of a waterbody in a certain period, that in turn 

can get translated in policy. But concentrations, sectoral emissions can all change over time. It is difficult 

to account for t hese  changes and a ttribute them to specific actions of the sectors. How to deal with 

reductions in emission that are not reflected into measured concentrations. How to deal with increases in 

concentrations, without clear culprit?  

3.2.3 Neagh-Bann 

Strengths     

In terms of strengths, policymakers appear to be open to some flexibility, and willing to integrate new 

evidence and research findings as they develop. Policies in both jurisdictions have been adjusted over 

time, such as in NIôs WFD assessments which introduced emerging contaminants and in alterations 

following reviews of the NAP and the Derogation Decision for NI. However, the management actions 

underpinning the desired improvements in each cycle of the WFD appears to have been lacking. This was 

clearly identified in the NIEAôs draft RBMP, for example, in which a lack of subsequent investment in 

improving wastewater plants, as recommended, may have resulted in the expecte d improvements in water 

quality during the 3rd Cycle not being demonstrated, or indeed being achievable by 2027.  

In terms of future policies , t he devolved government in NI has control  over agricultural and environmental 

policy definition in the p ost EU -exit period , separate from England, Scotland or Wales . This provides the 

potential for policymakers to ensure greater alignment with policies in RoI, and to ensure monitoring  and 

evaluations are  more harmonised across the island .   

The government in NI is investing in whole - territory baseline assessments for  the landscape. This includes 

the Soil Nutrient Health Scheme which will measure the nutrient status of every field on farmed land in N I  

by 2023 . It is also undertaking a LiDAR mapping of the entire land area and using this to model runoff 

risk for diffuse loss to waterbodies . Combined with soil nutrient data this provides a powerful basis for 

identifying catchments at greatest risk off loss es, and a focus for targeting measures to  address it . In RoI  

a number of soil pilot schemes a re underway , funded by DAFM, and  which may well lead to a similar 

approach to that in NI in future.  

Weaknesses    

There are several weaknesses to the environmental policy in place in NI and to a lesser extent ROI (the 

ROI part of the catchment is quite small so any impact or improvement in water quality here is likely to 

have only a small effect on the overall catchme nt).  

Firstly, there are few sources of quantified LRs available for any nutrient, particularly SRP, which is 

arguably the most important nutrient assessed by the WFD. This critical data gap acts as a barrier to 

imposing LRs as a tool to drive policy changes by sector. Historically, most source apportionment efforts 

looked at point rather than diffuse sources. This is presumably because it is easier to quantify the loadings 

from known sources such as wastewater treatment plants operating under fixed discharge con sents set 

by the regulators (NIEA, EPA). It may also be because Lough Neagh was rightly perceived as vulnerable 

to high loads of N and P from wastewater  (Foy  et al. , 2003) . Other point sources of nutrients such as 

septic tanks are more difficult to assess due to a lack of information as to their location and status and 

their loadings are usually estimated based on the non -sewered population figures in the catchment. Storm 

overflows from wastewater and urban areas have also been overlooked because the short duration of 

events makes monitoring difficult to plan and resource intensive.  
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Diffuse sources are more difficult to conceptualise, comprising of cumulative small losses over extensive 

areas of land. The environmental policy for diffuse nutrient mitigation is largely controlled in NI by the 

Nutrients Action Programme (NAP) Regulation s (2019 -2022). The NAP does not set sector specific targets 

for diffuse load reductions but focuses on input control (e.g. nutrient application limits based on stocking 

rates) and measures which reduce the risk of loss of applied nutrients to watercourses through better 

management (e.g. winter closed periods for nutrient application). Compliance with the NAP regulations is 

compulsory for all farmers and a requirement for farm payments such as the outgoing Basic Payment 

Scheme, and the new farm support schem es that will be introduced from 2025 on.  

Voluntary measures offered as agri -environmental schemes (AES) to farmers include the Environmental 

Farming Scheme (EFS), which was introduced in 2016 and part - funded by the EU Rural Development 

Programme under the second pillar of CAP. This is currently w inding down in anticipation of a new AES 

from 2025 onward. As far as reducing diffuse losses to the water environment is concerned the EFS offered 

a relatively limited set of water protection measures compared to those for biodiversity and enhancing the 

landscape on farms. These focussed on fencing riparian buffer strips (2m and 10 m widths) along 

watercourses in conjunction with provision of water troughs and pipes to provide alternatives to livestock 

accessing rivers for water. In its defence, at the time  the scheme was developed there was limited 

information as to the effectiveness of BMPs for mitigating diffuse losses and which were suited to the 

demanding administration processes associated with EU - funded schemes.   

The NAP does have stringent regulations surrounding the source control of nutrients to agricultural 

grassland (particularly N) but the linkage between these sources and in -stream nutrient concentrations 

and loads is not generally well -understood or researc hed outside of small -scale academically - led research 

projects (AFBI and UU, Teagasc ACP). Secondly, until recently most chemical status indicators (and 

therefore reasons for failure) in the WFD were based on SRP, but other forms of P and indeed all forms o f 

N were not routinely assessed in Irish freshwaters even though it is TP, and moreover the loads of TP that 

are usually driving adverse environmental conditions in the lakes.  

 

3.2.4 Wye 

The current approach to estimating load reduction targets in England and Wales is relatively new. It has 

been mostly  used to assess load reduction gaps for point source emissions from the wastewater sector, 

but has not yet been widely used for establishing load reduction gaps for diffuse emissions from 

agriculture. Application to the wastewater sector is more straightfo rward because optimisation of planning 

assumptions to deliver load reductions at single point sources is reliably based on a combination of 

measured data on flow and concentrations and permitted estimates of P load removal capacity at the 

treatment works. Estimates of point source contributions to the total baseline nutrient load and any 

assessment of current progress towards reducing that contribution is consequently much more accurate 

than the modelled estimates of loadings from the remaining diffuse sour ces. This is the main strength of 

the approach.  

Diffuse load estimates by comparison remain highly uncertain as does the planning assumptions on how 

the diffuse load will be reduced. The main weakness of the approach is therefore the reliance on modelled 

data to estimate the agricultural and urban runof f contribution to the total river N/P loading and both 

improvements to model performance across a wide variety of landscapes and more robust integration of 

measured river N/P data with modelled data is required.  

 

3.3 General approach for a harmonised load reduction target  

 

3.3.1  Definition of the load reduction target (LRT)   

The difference between  the  current  measured nutrient concentration in surface water and the Water 

Framework nutrient target concentration (expressed in kg  N or P m -3)  fully determines  the required 

reduction in the nutrient load target (kg N or P per year) , where the difference in concentrations is 

multiplied with the discharge of the s urface water  (expressed in m 3 y -1).   

The load reduction target is then calculated as:  
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,24 ὅ  ὅ  Ø  ὗ  (1)  

LRT = Load Reduction Targe t  (kg y -1)  

C  = Concentration  (kg m -3)  

QSW = Surface water d ischarge  (m 3 y -1)  

 

Equation  1 can be rewritten as:  

,24 
  

 Ø  ὗ  ὅ  
  

 Ø  ὒ  (2)  

LSW = net surface water  nutrient losses  (out of the s tream)  (kg y -1)  

 

The net surface water nutrient loss (L SW) is caused by the nutrient loading from different  sources in the 

catchment / river basin such as point sources  (e.g. WWTW effluent, septic tanks, farmyard / domestic point 

sources) , agricultural diffuse losses  and  natural losses . In addition,  all loads at the inle ts of water to the 

catchment / river basin must  be included as source s. However, a fraction of nutrient loading s to surface 

water s is not discharged at the downstream  outlet  due to retention processes operating within the surface 

waters  themselves . For example, a s a result of  nitrification and denitrification processes in surface water , 

a part of the N loading  will volatilize to the air , mainly as N 2, and disappear out of the surface water 

system . The discharge of P  out of the catchment  is attenuated by settlement and adsorption to the physical 

and chemical components of fine sediment (Sherriff  et al. , 2016; Sherriff  et al. , 2018; Simpson  et al. , 

2021) , through the  remov al of  sludge from waterways , and mowing and harvesting  of aquatic plants . P 

that is precipitated in the s ludge of waterways can be released if hydro chemical  circumstances change 

and the stream sediment s can be transported downstream, especially during stor m  events  (Li  et al. , 2023) .  

Each nutrient source  within a (sub - )catchment  or water body has its  own (average) retention factor (RSW) 

depending on the diffe rences in the location of the nutrient inputs and the outlet of the (sub - )catchment 

or water body. As a result, the net  surface water nutrient losses of source i  down stream  / out of the stream  

(L SW,source i )  become :  

ὒ ȟ  Ὕὒȟ   Ø ρ  Ὑ ȟ   (3)  

RSW = Retention faction in surface water  ( - )  

TLSW = total load to surface water of source i  (kg y -1)  

 

If the LRT is distributed among sectors, the retention of the different sources must be taken into account 

to determine the contribution of the sector at  the outlet of the sub -catchment.  

 

The target concentration of a surface water body (CWFD) has been set by each of the countr ies in an early 

stage of the implementation of the WFD. Therefore , in the load reduction target , the target concentration  

is a (defined) ófixedô value, for both nutrients (N and P). On the other hand, assumptions of conditions 

must  be set regarding LRT itself and C actual , T LSW and R SW, which will be discussed hereafter.  

 

3.3.2  Conditions and assumptions regarding the load reduction target   

LRT  

The defined Load Reduction target (Eq. 4)  for a surface water body  is the overall reduction required of all 

sources  to meet with the target value  of the water body. It is important to locate where in the catchment 

/ stream this value has to be reached , because in principle at that place the actual concentration has to 

be determine d and the retention for each of the nutrient sources has to be calcu lated. In an  óidealô situation 

this would involve locating monitoring sampling points downstream  at the location where the stream /river  

flows out of the su b-catchment . In other situations , many monitoring sampling points for a waterbody are 

available  (from different locations within a catchment/river basin)  which are combined . This approach is 

also used to establish  a value in  load  reduction targets for similar waterbodies which have no monitoring 

sampling sites  at all .  

Another important aspect is how to deal with input from an upstream waterbody . Two assum ption s are  

possible. Firstly, assume  that the upstream water body will meet with the WFD objective , or  secondly,  

include  load reduction from the up stream  water body  in the load reduction downstream. From a scientific 
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and WFD perspective the first approach is the best approach, since also in the upstream the targets of the 

WFD have to be met.  

Cactual  

The actual concentration plays an important role in the determination of the  load reduction target. The  

degree of exceedance of the ecological target concentration  is often called the gap -value in water quality 

and is defined as:  

ÇÁÐ  
  

 (4)  

There are many aspects related to determining the C actual  value of a surface water body  (SWB) :  

a)  Number of monitoring locations per SWB  

At least one monitoring station for each surface water bod y has to be available  and point s b- f should 

be valid. If this is not the case  a clear assumption has to  be made in which  other similar water bodies 

are assigned and documented as representative  in terms of actual concentration  for that specific water 

body . 

b)  Location downstream or upstream; Representativeness of the monitoring location s 

As mentioned earlier , monitoring locations  are often selected from the current monitoring network of 

the water authorities  and are not always representative of the general state of the whole water bod y. 

Consequently,  an over -  or  underestimation of the load reduction target can occur . This mismatch has 

to be clearly do cumented, but even better a new monitoring location should be set up . Measurement 

period  

I n the different countries , different periods of the WFD target value are set , namely summer half year 

or full year (see chapter 2) , and consequently , the C actual  values are determined for the same period. 

Since the loading of surface water and the nutrient losses are  often high in the period autumn -spring 

it is advised to determine also the C actual  in this period.  This is n ot from a load reduction target 

perspective but to better understand the sources of the losses.  

c)  Measured parameters  

Both the nutrient concentrations as well as the water flow/discharge ha ve  to be measured.  A flow 

proportional sampling  method  provides assurance  that , in principle , no discharges of nutrient s are 

missed  and is the preferred sampling method. However, for  many monitoring stations  there are no 

associated flow measurements  and therefore hydrological modelling approaches are needed to 

estimate the fluct uation in discharges during the year. In some cases , both the flow and the 

concentration are measured independently from each other,  and a lot of expertise is needed to 

calculate a proper load , especially if the frequency of the measurements is limited (see  e) and many  

high rainfall events are missed. Finally, the right parameters must  be dete rmined (total -P, ortho -P, 

total -N, NH4, é) in line with the parameter of the determined C WFD.  Also , the same sampling  method s 

(filtration, acid  application )  of C WFD have to be applied.  

d)  Measurement frequency  

If no flow (proporti ona l)  measurements are available , the calculation of the average concentration in 

the waterbody should be based on a ñsufficientò number of measurements during a few years. A 

number of years are needed because of inter annual variation s in weather condition s. At least 3 recent 

years are needed  and the measure d concentrations  should not be older than five years.  A weekly 

sampling  programme  is preferred, but seldom available. As a minimum  12 samples are needed : f or 

every month 1 in the period of 3 years  which hopefully represent the fluctuation in concentration during 

the year.  It has to be noted that much more samples are needed to decrease uncertainty, but  this 

generally not feasible because the  costs are high because many waters have to be sampled . 

e)  How to deal with similar SWB within the river basin  

Sometime s no monitoring locations  are available  for a specific SWB . The best way forward is to use 

the average concentrations of a similar SWB within the catchment of  the  river basin, but  to try to 

determine flow / discharge estimates locally, because the flow can differ remarkably.  
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LOADS:  

Although the WFD target concentration  (CWFD) , and as a result also the gap , can be referring to a period 

of a half year (summer period) , the load should be calculated for the whole year in order to estimate the 

annual load reductions for all sources  (point, agriculture , é) .  If the target concentration of the upstream 

water body is higher or lower than the WFD target of the downstream SWB , the nutrient load excess or 

dilution (difference in  the  two target concentrations of the two water bodies) should be taken into account  

(resp. positive load or negative load) . In the case of  an  inlet  providing  water  (which cannot be controlled) , 

the total load must  be taken into account.    

When t he LRT is distributed among sectors, the quantification is based on the anthropogenic source 

loadings. If the actual concentrations exceed the target concentration by for instance 50%, the total loads 

have to be reduced by 50% in order to meet the target concentr ation. That means that the portion of 

natural source loadings must  be included in the distribution of the LRT to the sectors.   

The following sources / sectors should  be distinguished: aquaculture plants , industrial plants , waste water 

treatment plants and sewerage , households not connected to public sewerage; diffuse anthropogenic 

sources and natural background losses  and water inlets . 

Often the average concentrations of diffuse sources and the water inlet are know n, while information about 

the amount of water (annual water flows)  from these sources is poor. Hydrological models and/ or expert 

judgement are  needed to correct the LRT in a proper way.       

Finally , the net load must  be assessed after net  retention is taken into account. Retention values are often 

the most unknown parameters within  the surface water network of a sub -catchment  or S WB. Surface 

water quality models can be very useful in helping to estimate retention values. Since retention values 

can be quite high (50% both for N and P;  Kronvang  et al.  (2004) ) the impact on the LRT of a sub -

catchment or SWB is high. In order to meet the WFD targets, it is important to underpin the retention 

factors quite well.  However, the complexity / dynamics of retention is very complicated e.g. due to 

variation in water flow and especially disturbance of the sediments due to s torm events .  
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4. CONCLUSIONS AND RECOMMENDATIONS 

 

While both the Nitrates Directive and the Water Framework Directive share the common goal of enhancing 

water quality, a notable gap exists in the absence of specific guidelines from the European Commission 

regarding the direct monitoring of water quality. This has led to Member States independently establishing 

their own independent monitoring networks, resulting in divergent approaches across European countries. 

Although many monitoring networks primarily focus on assessing groundwater and surface water st atus 

and trends in nutrient concentrations, significant variations persist in the number of monitoring points and 

the frequency  of sampling , both at country and river basin levels. Generally , there is a paucity of flow -

gauging stations to enable estim ates of nutrient loads. The lack of a truly harmonized approach is evident.  

Furthermore, there is a noticeable oversight in adapting monitoring networks to accurately quantify 

several crucial aspects  related to nutrients :  

1.  The contribution of nutrient losses from different sectors/actors  and diffuse sources.  

2.  Determin ation of  the main  pathways  and seasonality of diffuse pollution .  

3.  Measuring the effectiveness of implemented measures in altering the load to  surface water bodies.  

The lack of a standardized approach confounds establishing a level playing field among member states . 

In addition, collecting this  type of information is crucial not only for creating awareness among the 

stakeholders in a river basin regarding pollution levels of surface waters , but also for providing a robust 

evidence base of the contributions of all sources and their respective pathways . This will help to define 

and implement effective measures in the right place  within the catchment.  

Building on findings derived from the analyses performed in the four catchments of the NEW Harmonica 

project, concrete conclusions and recommendations have been developed , which have been discussed  

with the Policy Group :  

-  Water regulators use different methodologies to determine the ecological status  of 

waterbodies  in terms of nutrients , e.g.  summer averages, winter averages and whole year 

averages  are used . Furthermore, not all waterbodies are monitored  regularly.  In fact, this 

holds also for  Nitrates Directive monitoring reports of the Member States, where m any 

different indicators for eutrophication are included . 

 

-  Based on the delineation of the watershed, it is necessary to sample all water inlets and 

outlets to the watershed on a flow -proportional basis in order to accuratel y establish nutrient 

balances for the catchment as a whole.  

 

-  Within a catchment some sampling locations are often of more importance than others , 

because the amount of nutrient load ing  differ . In order to assign óweights ô to the measured 

concentrations at each sampling location it is advised to take into account the temporal and 

spatial distribution in nutrient loads from the sub -catchments where the nutrient load is 

coming from.  

 

-  When dividing the watershed into sub -basins, it is crucial to consider not only the location of 

point sources , the main types of land use  and the type of waterbodies within the catchment , 

but also the magnitude of  water discharg es and nutrient  loads  originating from the sub -

catchment areas .  

 

-  Because it is often too expensive to measure the origin and quantity of nutrient l oads  from 

sub -catchments, the use of hydrologic and nutrient emission models may be useful in this 

regard.  Many process oriented model approaches are able to assess diffuse nutrient loads 

from land to surface waters by taking into account the fate of manure and fertiliser inputs to 

agricultural land within the sub -basins.  

 

-  Dynamic hydrological and nutrient models can also help  with the selection of  locations for 

monitoring sampling points. Moreover, a dditional information on  the  fluctuations in water 

flows from the sub -basins can help determine the sampling frequency.   
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-  The gap between good ecological status and the current water quality  of a waterbody  should 

not just be based on differences in averaged current  concentration  and the ecological target 

concentration , but based on the difference in annual riverine load at the monitoring location 

(of the waterbody)  and the desired load if the ecological target concentration is me t.  

 

-  For this approach a hydrometric  monitoring station should be sited at the downstream end of 

a waterbody  in order to take into account all pollution sources that affect the waterbody, 

including all processes in the surface waters. Furthermore, a sufficient  number of  

measurements must  be available  over a minimum period of three years .. As a minimum 12 

samples are needed: for every month 1 in the period of 3 years which hopefully represent 

the fluctuation in concentration during the year. It has to be noted that much more samples 

are needed to decrease uncertainty, but this generally not feasible because the costs are high 

because many waters have to be sampled.  

 

-  Reduction targets for each of the sectors that contribute to the losses are often based on the 

current contribution to the loads  for the whole catchment/river basi ns and the consequences 

can be substantial . However, the percentage load can differ from waterbody to waterbo dy 

within the catchment. Consequently, there is no guarantee that targets will be met  in all 

waterbodies within the catchment . It is recommended to analyse  the consequences for all 

waterbodies independently.  

 

-  It is recommended to distinguish  the following sources / sectors  of nutrient loading : 

aquaculture plants, industrial plants, waste water treatment plants and sewerage, households 

not connected to public sewerage; diffuse anthropogenic sources and natural background 

losses and water inlets.  

 

-  Allocation of the LRT to the sectors, based on the polluter -pay principle, is basically different 

that a method where cost -effectiveness is applied to select mitigation measures. When 

measures are selected for a sector like agriculture, it will take into ac count cost -effectiveness. 

But it can be more effective to achieve total LRT for instance by improvement or alteration of 

LRT in another sector, e.g. a large communal waste water treatment plant  instead of agricu . 

Assigning a part of total LRT to a sector, does not impose any obligations on that sector. Such 

assignments are useful for policy makers, to stimulate mitigation measures to different 

sectors.  
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