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WATERS is a five-year research programme that started in spring 2011. The programme’s 
objective is to develop and improve the assessment criteria used to classify the status of 
Swedish coastal and inland waters in accordance with the EC Water Framework Directive 
(WFD). WATERS research focuses on the biological quality elements used in WFD water 
quality assessments: i.e. macrophytes, benthic invertebrates, phytoplankton and fish; in 
streams, benthic diatoms are also considered. The research programme will also refine the 
criteria used for integrated assessments of ecological water status. 

This report is a deliverable of one of the scientific sub-projects of WATERS focusing on 
establishing reference conditions of inland, coastal and marine ecosystems. The report 
presents reviews of WFD requirements and current Swedish approaches for establishing 
reference conditions and for setting class boundaries. These results will be further 
elaborated in coming work, thus providing a framework for a more harmonised treatment 
of reference conditions and classification using biological quality elements in monitoring 
programmes.  

WATERS is funded by the Swedish Environmental Protection Agency and coordinated 
by the Swedish Institute for the Marine Environment. WATERS stands for ‘Waterbody 
Assessment Tools for Ecological Reference Conditions and Status in Sweden’. 
Programme details can be found at: http://www.waters.gu.se 
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Summary 
The main purpose of this document is to provide guidance to improve assessment criteria 
for individual biological quality elements and to increase harmonisation of methods for 
establishing reference conditions and setting class boundaries within and among quality 
elements. This is done by establishing a common understanding of important concepts, 
identifying strengths and weaknesses of current approaches and suggesting ways forward 
towards an efficient and harmonised approach for defining reference conditions and class 
boundaries. 

Through discussions, an internal questionnaire and studies of the EU assessment of the 
Swedish WFD implementation, we identified challenges and potential solutions for issues 
concerning individual quality elements and, in terms of the overall coherence, of 
assessment criteria. Challenges in coastal waters are mainly associated with the definition 
and quantification of pressure criteria, which cause problems in the definition and 
harmonisation of reference conditions or alternative benchmarks. In inland waters 
challenges are associated with the efficiency and harmonisation of water body typologies 
and the definition of type-specific reference values. A general challenge for most 
biological quality elements in coastal and inland is to account for factors causing natural 
spatial variability within types as well as individual water bodies. As a result of these 
analyses we suggest the following priorities and guidelines for coming work within 
WATERS and projects related to the development of new assessment criteria for the 
WFD in Sweden:  

• Perform a systematic assessment and gap-analysis of pressures in coastal waters using 
existing data sources (measured and / or modelled) according to pressure types 
defined in annex 4, in order to define pressure criteria for reference conditions or 
more likely alternative benchmarks. 

• Use the newly developed typology for inland waters (or a revised version) as a 
framework for developing type-specific references and class boundaries for all quality 
elements as is currently done for coastal waters. 

• Use the proposed framework for modelling to explore the potential for empirical 
modelling using environmental factors to account for variability due to natural 
processes and thereby reduce uncertainty in ecological assessments. 
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Svensk sammanfattning 
Det huvudsakliga syftet med denna rapport är att ge praktiska råd för arbetet med enskilda 
biologiska kvalitetselement och för att förbättra samordningen dem emellan när det gäller 
metodik för att bestämma referenstillstånd och klassgränser. Detta åstadkoms genom att 
skapa en gemensam förståelse för viktiga begrepp, genom att identifiera styrkor och 
svagheter hos nuvarande bedömningsgrunder och genom att föreslå möjliga gemensamma 
lösningar som kan leda till bättre och ett mer harmoniserat sätt att definiera 
referenstillstånd och klassgränser. 

Genom diskussioner, en intern enkät och intryck från EU-kommissionens utvärdering av 
svensk implementering har vi identifierat flera utmaningar och möjliga lösningar rörande 
enskilda kvalitetselement och samordning av deras individuella bedömningskriterier. I 
kustområden handlar dessa utmaningar i stor utsträckning om att definiera och kvantifiera 
påverkansfaktorer. Detta leder till problem när det gäller att definiera vilka 
påverkansnivåer som råder vid referenstillstånd eller motsvarande jämförelsepunkter 
(”alternative benchmarks”). I inlandsvatten finns utmaningar när det gäller att skapa en 
användbar och harmoniserad typindelning som kan ligga till grund för typ-specifika 
referensvärden och klassgränser. En generell utmaning i kust- och inlandsvatten är att 
korrigera för naturliga faktorer och processer som orsakar naturlig variation inom 
vattentyper och –förekomster. Baserat på dessa analyser föreslår vi att följande 
prioriteringar och riktlinjer inför kommande arbete inom WATERS och i andra projekt 
kopplade till utvecklingen av nya bedömningsgrunder för vattendirektivet i Sverige:  

• Gör en systematisk genomgång och bristanalys av data på påverkansfaktorer i 
kustområden med hjälp av existerade datakällor (uppmäta och / eller modellerade) 
enligt den klassificeringen i bilaga 4, för att definiera påverkansnivåer för 
referenstillstånd eller motsvarande jämförelsepunkter. 

• Använd den nyligen utvecklade typologin för inlandsvatten (eller kommande 
revisoner) som grund för utveckling av typ-specifika referensvärden för alla 
kvalitetselement på samma sätt som gjorts inom kustvatten. 

• Använd den föreslagna generella ansatsen med empirisk modellering med potentiellt 
viktiga miljöfaktorer för att korrigera för variation som orsakas av naturliga processer 
för att på så sätt minska osäkerhet i skattning och klassificering av ekologisk status. 
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1 Introduction 
In Europe and elsewhere, ecological assessment is experiencing a rapid expansion due to 
recent environmental policies such as the European Water Framework Directive (WFD, 
European Commission 2000) and Marine Strategy Framework Directive (MSFD, 
European Commission 2008). These directives have resulted in much effort on designing 
and implementing monitoring programs (e.g. Pardo et al. 2011, Pardo et al. 2012) as well 
as harmonising sampling methods and data analysis (e.g. common metrics and 
classification) (e.g. van de Bund 2009, Poikane 2009). 

The design of classification criteria for the WFD involves the development and testing of 
references and class boundaries for individual indicators. In order to test and ensure 
comparability, protocols for definitions of boundaries and references among countries, 
the common implementation strategy (CIS) involves a process of intercalibration (IC). 
The first phase of the IC was carried out following CIS Guidance Document No. 14 
“Guidance on the Intercalibration Process 2004- 2006” (EC 2005) containing a 
framework for deriving class boundaries consistent with the WFD normative definitions, 
process options for intercalibration. This work revealed that lack of comparability in the 
application of criteria for setting reference conditions and class boundaries are general 
problems (e.g. Poikane et al. 2009, Poikane et al. 2014, van de Bund et al. 2009). Therefore 
a second phase of IC was initiated to close these gaps and improve the comparability of 
the results in time for the second river basin management plans due in 2015. In order to 
achieve this an update of the CIS Guidance Document No. 14 was produced (EC 2011), 
which involved further guidance for the intercalibration process and extended protocols 
for definitions of references (Annex III) and class boundaries (Annex IV). 

In an earlier report we reviewed a number of methods currently used to establish 
reference conditions and class boundaries of surface waters in Europe and elsewhere 
(Johnson et al. 2013). In consistency with other reviews the analysis indicated a large 
diversity of approaches and differences within and between inland and coastal waters 
methodologies used to establish reference conditions and class boundaries. In this report, 
we incorporate recent developments related to the issues raised in the review and 
consultation performed by the European commission on the implementation of the WFD 
(EC 2012a) and the commission staff working document on Sweden (EC 2012b) and 
focus on planned efforts within WATERS to suggest solutions to some of these 
problems. 
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1.1 Defining reference conditions 

In Sweden, the methodological approaches for existing criteria in inland surface waters are 
relatively well harmonized due to collaboration among working groups in developing 
WFD-compliant methods (SEPA 2007). One common feature of the methodology for 
inland waters is the use of “reference filters” (Table 1). These define the levels of 
pressures under which a water body may be suitable in the definition of reference values 
(see section 3.1). One area where inland waters differ among BQE’s is, however, the use 
and definitions of typologies. Although three main ecoregions are used in partitioning 
natural variability and deriving reference conditions for several quality elements (Central 
Plains, the Fenno-Scandian Shield and the Borealic Uplands), benthic diatoms and fish do 
not distinguish among types and thus do not define type-specific reference values. 
Perhaps the most striking exception is fish in lakes and streams where site-specific 
reference conditions are established by regression models using various environmental 
variables as explanatory variables and with minimally disturbed sites used in model 
calibration. However, it is also notable that additional environmental variables are used to 
introduce site-specific corrections also for benthic invertebrates and phytoplankton. 
Furthermore, it is worth pointing out that there has been a recent analysis and proposal 
for harmonisation of the range of typologies used in Swedish inland waters (Drakare 
2014). If accepted, this typology is likely to have impacts on future assessment criteria, 
including definitions of type-specific reference values. 

In contrast to inland waters, the typology and use of type-specific reference values is 
completely harmonised among the coastal quality elements (Table 1; except for fish which 
is not strictly included in the WFD). In coastal areas, there are 25 coastal types (including 
two transitional waters body types). These are defined from analyses and models of 
physical data (e.g. salinity and coastal circulation). Methods used to establish reference 
conditions of coastal and marine areas, on the other hand, are different from those of 
inland waters and vary among quality elements (Johnson et al. 2013). Difficulties of 
achieving harmonisation in methods and definitions of reference conditions in coastal 
waters are not only an issue in Sweden but also at the European level (e.g. EC 2011, Pardo 
et al. 2011). Challenges are due to a large extent to the openness and connectivity of 
marine areas coupled with subtle changes in anthropogenic (nutrients) and natural 
(salinity) gradients, making it difficult to define minimally disturbed areas. As a 
consequence of this, Pardo et al. (2011) concluded that there is a lack of biological and 
chemical data from high status sites and that there are very few sites across the whole of 
Europe at high status because of wide spread human pressures and impacts. Furthermore, 
they suggested that “Derivation of reference conditions that encompass the full natural variability found 
within a water body type is likely to take many years. It will be an iterative process and will be assisted by 
the collection of monitoring data for the purposes of the Directive over the forthcoming years (since not 
existing for some BQEs)” and “At least in the short term, expert judgement is essential because of the 
lack of good data sets. Over the forthcoming years as understanding increases it may be possible to develop 
sound predictive models, thus reducing the degree of expert judgement”. Finally, they also concluded 
that “No common checking of the absence of pressures or a common evaluation of ecological responses in 
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relation to gradients of pressures has been documented…” This is a very fitting description for the 
prevalent procedures in Swedish coastal waters (Table 1). Thus, current approaches for 
defining references do not involve the use of reference filters, but instead the use of what 
is perceived as relatively undisturbed sites (“alternative benchmark” rather than 
references), historical data, modelling and expert judgment. However, we also note that 
there is an increasing use of modelling for making site-specific corrections to reference 
values in order to reduce uncertainty and misclassification (Table 1). 

Table 1 Summary of approaches used to establish reference conditions in inland and 
coastal waters in Sweden. 

  Pressure criteria / filter 

used to define 

reference condition 

Typology 

used§ 

Type-specific reference Site-

specific 

correction 

Comment 

Lakes           

Benthic 

invertebrates 

YES 3 types YES YES* pH adjustment for MILA  

Macrophytes YES 3 types YES NO  

Phytoplankton YES 5 types YES NO 3 geographic regions, 2 

corrected for colour (1 + 

2 x 2 types) 

Fish YES NO NO YES 5 environmental factors 

Streams           

Benthic 

invertebrates 

YES 3 types YES YES* pH adjustment for 

MISA 

Diatoms YES NO NO NO  

Fish YES NO NO YES 17 environmental factors 

Coastal           

Benthic 

invertebrates 

No data from sites with 

local pressures excluded 

in definitions of G-M 

boundary. 

25 types YES YES depth (in some types) 

Macrophytes No historical data on 

undisturbed conditions 

and expert judgement. 

25 types YES NO  

Phytoplankton No historical data on 

undisturbed conditions 

and empirical 

relationships. 

25 types YES YES Salinity (in some types) 

Fish Not relevant Not relevant Not relevant Not relevant   

§ i.e. in the Swedish assessment criteria (HVMFS 2013:19) 

* if sites are acidified reference values for pH are adjusted to pre-acidified values  
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1.2 Methods for determining class boundaries 

Not only how reference conditions are established, but also how class boundaries were 
determined varied both within and between inland and marine systems (Table 2). Because 
of past collaboration among groups working with inland waters many of the approaches 
for establishing class boundaries and uncertainties (probability of false positive and false 
negative) were harmonized (SEPA 2007) and in the final classification consideration was 
given to the normative definitions given in the WFD. For example, related to the use of 
minimally disturbed sites in establishing reference conditions, classification schemes often 
used distributions of high quality sites in setting H-G boundaries (benthic 
macroinvertebrates, phytoplankton). For benthic invertebrates the boundary between high 
and good ecological quality was set as the 25th-percentile of the reference distribution of 
EQRs. Other BQEs used modelling (fish) or relationships between sensitive and tolerant 
taxa (benthic diatoms, macrophytes) to set H-G boundaries.  

By contrast, given the difficulties of establishing reference conditions for coastal and 
marine systems, few, if any attempts, were made at harmonizing approaches. Instead, 
focus was placed on carefully defining the G-M boundary. If thresholds were evident, 
breakpoints were used in setting the G-M boundary. Other methods included modelling, 
use of sensitive/tolerant taxa or equidistant classes. For setting class boundaries below the 
G-M boundary many approaches used generic methods such as using equidistance. 

Table 2 Summary of approaches used to establish class boundaries in inland and 
coastal waters in Sweden.  

Inland surface waters Coastal and Marine waters 

Minimally disturbed sites commonly used to set H-G 

boundaries 

 

Benthic invertebrates – G-M boundary set as 

the 20th percentile of BQI values from national 

reference sites 

 

Other methods: use of stress sensitive/tolerant taxa 

(macrophytes) and modelling (fish) 

 

Phytoplankton – relationships with Secchi depth 

and nutrients 

 

Class boundaries were checked against the WFD 

normative definitions, in particular G-M boundaries 

Macroalgae and angiosperms – equidistance 

1.3 References vs. alternative benchmarks 

Recently, Pardo et al. (2011) recommended a three tiered approach to be used when 
screening for reference sites. In tier 1, sites with no or minimal anthropogenic pressure 
that fulfil all criteria proposed in REFCOND Guidance for all pressures (similar to 
Johnson and Goedkoop, 2006) are used to establish expected reference conditions. 
Cognizant that not all pressures affect biological quality elements to the same extent, tier 2 
recommends the use of “partial” reference sites. Here, some level of anthropogenic 
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pressures are present and affect some biological quality elements, whilst others are 
considered to be in reference condition. For example, sites affected by hydromophological 
alteration may affect some taxonomic groups (e.g. fish) but not others (e.g. 
phytoplankton). For tier 3, Pardo et al. (2011) discuss the use of “alternative benchmarks”, 
i.e. the use of sites with some pressure and some level of impairment to biological quality 
elements for setting a benchmark (EC 2011); note that the tier 3 alternative was not 
originally given in the WFD. (Fig. 1; also to ensure that comparisons can be made in the 
intercalibration process). Note that all these different approaches involve descriptions, 
ideally quantitative, of relevant pressures, including reference criteria even if sites fulfilling 
such criteria do not exist at present (Fig. 1).  

Figure 1. Schematic diagrams of approaches for derivation of the reference values and 
status class boundaries when a spatial network of reference sites is available (upper 
left) or using modelling (upper right) and for derivation of “virtual references” using al-
ternative benchmarks (reproduced from annex III in EC 2011). 
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2 Objective 
This report is about definitions of reference conditions and class boundaries (sensu WFD) 
in Swedish inland and coastal waters. The objectives are to identify strengths and 
weaknesses of current procedures, establish a common description and provide practical 
guidance on future work, primarily within WATERS, on reference conditions and class 
boundaries for inland surface and coastal and marine waters. The document is written in 
an abbreviated form to increase clarity, and interested readers should refer to other 
literature (e.g. Johnson et al. 2013) and references cited therein for a more thorough 
understanding of the concepts and issues discussed. The background for this report is 
taken from a presentation given at the WATERS User Forum held in March 2013 and 
various discussions during 2013, a questionnaire that was distributed during 2013 and 
discussions at the extra dialog meeting which took place at the Swedish Agency for 
Marine and Water Management (SwaM) in October 2014.  
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3 Current weaknesses and planned approaches 
for establishing reference conditions and setting 
class boundaries 
Reference conditions are frequently used to characterize the magnitude and spatial extent 
of impairment, to identify sources of impairment (pressures) and to underpin the efficacy 
of restoration activities. At the outset, there are a number of issues that need to be 
considered when establishing reference conditions. For example, the spatial extent of the 
study (e.g. geographical boundary), the type of habitats included (e.g. if sampling effort is 
spatial/temporally stratified) and the size of an individual site (e.g. stream reach). 
Depending on the study question, what determines a “site” has ramifications for what 
determines an independent sample (i.e. replicate) and in turn what determines an 
independent replicate sample when identifying reference conditions. Usually, a site will be 
an individual lake, stream reach or coastal/marine area, and thus samples taken within a 
site are not true replicates per se, but measures for characterizing the spatial variability 
with the site. Along these lines, increasing the spatial scale to address questions among 
coastal/marine areas, catchments or ecoregions implies that sites within the larger spatial 
scales are used to characterize the variability within the larger spatial units. For example, 
when assessing differences among catchments, the lakes and streams within the 
catchments are measures of within-site variability, whilst the catchments are the 
independent replicates. Moreover, in developing classification schemes, consideration 
needs to be given to the spatial extent included/excluded in the calibration. For example, 
are all or only parts of the country included, all coastal/marine areas, all lake/stream types, 
all habitats within a site? Likewise, what is the temporal scope covered in the classification: 
random sampling or stratified sampling by season, use of annual means (based on what)? 
How these questions are answered constrain what inferences can be made in later 
analyses. 

Once the objectives and spatial/temporal extent of the study have been clearly defined, 
the next step is to determine what approach(es) to use in estimating reference conditions. 
Common approaches used for inland and marine areas consist of spatial analogues, 
historical data (e.g. paleoreconstruction), modelling and expert opinion (e.g. Stevenson 
2003b; Stoddard et al. 2006). Included in many approaches is the need to establish pre-
impaired or minimally disturbed habitat characteristics. For spatial approaches, a priori 
criteria are recommended for delineating reference sites (e.g. Wallin et al. 2003¸ Stevenson 
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et al. 2004a, b). Often reference criteria consist of physicochemical characteristics, such as 
catchment land use, water chemistry variables and substratum characteristics, while in 
some instances biological variables are used to characterize poor (e.g. presence of an 
invasive species) or high (rare or endangered species) quality sites (see Annex 1 in Johnson 
et al. 2013). Here it is important to keep in mind that the quality element to be 
characterized (e.g. phytoplankton assemblages) is not included as reference criterion to 
avoid circularity (sensu Wallin et al. 2003 and CIS Working Group 2.3, 2003). 

During the User Forum workshop held in Gothenburg in April 2013, differences between 
inland and coastal/marine approaches for dealing with reference conditions were 
discussed. From a user perspective there is a need to better explain the concept of using 
reference conditions and how reference conditions are obtained and used for individual 
BQEs of inland, coastal and marine systems. This information was deemed necessary for 
communicating what class boundaries actually refer to. Another point raised during the 
discussion was the variability of reference conditions within groups (types). 

To better harmonize the approaches used in establishing reference conditions and setting 
class boundaries, and address the needs of the individual WPs, each indicator WP was 
asked to answer the following questions in an internal questionnaire (Table 3). 

Table 3. Questions given to individual indicator WP’s during 2013. Responses from 
workpackages developing indicators in inland and coastal waters are shown in appen-
dices 1 and 3. 

A. Establishing reference conditions 

Q1. Do you plan to revise definitions or approaches currently used to establish reference conditions (RC) as part of 

WATERS? 

Q1a. If YES, please briefly describe why and how.  

Q1b. If NO, please explain why you think that the approach currently used is superior to other approaches (e.g. 

spatial analogues, historical data, modelling). Has the uncertainty associated with establishing the RC been 

quantified for the approach(es) currently used? 

Q2. Is the current or planned method for establishing RC a type specific approach (i.e. different for each water body 

type) or site specific approach (e.g. modelling)? 

Q3. How can work in FA2 assist you in developing this work? 

B. Setting class boundaries 

Q4. Do you plan to revise definitions or approaches currently used to establish class boundaries, in particular the 

Good-Moderate boundary(ies) as part of WATERS? 

Q4a. If YES, please briefly describe why and how for each of the currently used classification schemes. 

Q4b. If NO, please explain why you think that the approach currently used is superior to other approaches 

(e.g. ecological breakpoints, intercept between sensitive/tolerant taxa, equidistance). Has the uncertainty 

associated with the definitions of class boundaries been quantified? Were the class boundaries established 

using empirical relationships? Have class boundaries been intercalibrated? Are class boundaries consistent 

with normative definitions (e.g. WFD)? 

Q5. How can work in FA2 assist you in developing this work? 
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3.1 Inland surface waters 

The replies to internal questionnaire for inland waters are summarised in Annex 1. From 
these replies it is evident all WPs intend to continue with the development and use of 
pressure filters to identify spatial networks of reference or partial reference sites (Fig. 2; 
i.e. tiers 1 and 2 sensu Pardo [2011]), whilst alternative benchmarks (tier 3) might need to 
be used in areas strongly affected by land use (e.g. southern parts of the country strongly 
affected by agriculture). Several WPs mention that pressure filters are being modified and 
that adjustments are made to better harmonise with new typologies and recent 
intercalibration efforts.  

The planned work also involves developing site-specific approaches for establishing 
reference conditions, such as using models to predict the probability of taxon occurrence. 
Models will be developed using RIVPACS or species-by-species approaches (e.g. Hallstan 
et al. 2012), and comparisons will be made of models versus typology (spatial) approaches 
for determining biological reference conditions (e.g. Davy-Bowker et al. 2006; Aroviita et 
al. 2008, 2009 and submitted). Models provide an alternative approach to typology for 
establishing reference condition and classification. For example, the response variable in 
classification is often the ratio of observed to expected number of taxa, or other response 
metrics calculated using the predicted and observed taxonomic lists. Using models to 
predict reference conditions does not affect reporting using typologies, as the water 
bodies can still be classified according to an established typology.  

  

Figure 2. Schematic diagram of a pressure filter approach. Sites are classified using 
pressure criteria. Those passing the filter are considered as representing reference 
conditions. Sites passing through the filter represent a gradient of putatively high quality 
(minimally disturbed conditions, MDC) and low quality sites not affected by elevated 
nutrients or liming, but possibly other pressures such as acidification. 
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In the revision of biological classification schemes done in 2007 (SEPA 2007), many 
working groups used a number of parameters related to nutrient enrichment from 
agriculture and forestry, acidification, urbanization and metals (Annex 2; see Johnson and 
Goedkoop 2006). Criteria were based on ecoregion delineations as well as catchment land 
use. Including information on effects of hydromorphological alteration and invasive 
species were discussed, but data availability was deemed to be inadequate at the time that 
the biological classification schemes were developed. 

An important part of WATERS is revising the reference filter approach used in 2007 as 
well as to consider pressure criteria used in the intercalibration exercise (Pardo et al. 2011). 
For physicochemical indicators (water chemistry), much of the discussion will focus on 
inclusion of surface water physicochemical variables and habitat classification, as well as 
how much information can be accessed using only GIS variables (ideally moving away 
from site measurements, if possible). If it is decided to continue with surface water 
chemistry, then the most recent classification schemes will be used in the revised reference 
filter. For example, in developing the 2007 pressure filter the biological and chemical 
working groups worked in parallel, hence the pressure filter used “old” surface water 
physiochemical classification schemes. It should also be noted, however, that even use of 
old classification schemes agreed well with those used in other European countries, as 
shown by the intercalibration exercise (e.g. Poikane 2009). 

One of the main shortcomings of the reference/pressure filter approach currently used is 
the lack of variables of hydromorphological effects on the integrity of aquatic systems. 
Therefore, in revising the pressure filter consideration will be given to including criteria 
quantifying the effects of hydromorphological alteration (e.g. classification work led by 
Johan Kling) on lakes and streams. For hydromorphological alteration of lakes, the FA4 
group has discussed the inclusion of water level regulation (e.g. excluding lakes with > 1 
m amplitude of water level fluctuation) and the use of variables indicating the impact of 
ditching or intensive peat production (e.g. exclusion if > 0.3% of the catchment area). For 
streams, the use of relatively simple indicators of hydromorphological alteration on stream 
integrity is being assessed. Finally, in revising the reference filter approach, consideration 
will be given to criteria and thresholds used in the N-GIG intercalibration (i.e. Olin et al. 
2014) to define “other pressures” such as: no significant water level regulation or 
morphological changes (Finland), no fish farms (UK) and no intensive use of lake, i.e. 
abstractions (Ireland) will also be considered in the revision of the reference filter 
approach. 

In summary, in revising the pressure filter we will consider inter alia variables related to:  

(i) current criteria used in classification of water bodies using physicochemical 
variables (a minimalistic approach is to update the filter with current 
classifications; with possible inclusion of N) 

(ii) no liming (data from liming database) 
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(iii) hydromorphological effects such as water level regulation, ditching in the 
catchment, disturbance of flow, barriers to dispersal, etc. (data from VISS) 

(iv) information on invasive species (data from Artportalen) 
(v) catchment land use: agriculture < 10% of catchment (data from Jordbruksverket 

alt CORINE); forestry < 10% (five years) (data from Skogstyrelsen); 
impermeable areas < 0.1% or 1% (data from CORINE)  

(vi) no point sources (data from VISS) 
(vii) criteria and thresholds used in VISS and in N-GIG intercalibration for 

classifying water bodies 
(viii) consideration of other types of pressures, such as trace metals and pesticides 

3.2 Coastal and marine waters 

As noted above, existing approaches for setting reference conditions in coastal waters are 
not based on a network of sites which have been screened for a set of pressure criteria 
(“reference filter”; Table 1). For benthic fauna (BQI), a type-specific (and sometimes 
depth-specific) alternative benchmark has been established by a statistical definition of the 
G-M boundary (i.e. the lower 20% percentile of data from sites not exposed to local 
pressures). Note, however, that this is done only using data that are not exposed to point 
source pollution or other known direct disturbances. Furthermore, type-specific 
maximum observed values of BQI are given, but these are not considered to represent 
reference conditions. For macrophytes (MSMDI), type-specific reference conditions have 
been established on a species-by-species basis by assigning a score which is related to 
historical or observed maximum depth distributions in minimally disturbed areas within a 
water body type (reference depth limit; Blomqvist et al. 2012). For phytoplankton, type-
specific reference conditions have been derived from empirical relationships between 
nutrients, Secchi depth and biological indicators, chlorophyll a and biovolume, involving 
recent and historical data. Despite the fact that no “pressure filter” has been used (cf. 
inland waters), this process has actually involved the identification of reference criteria, 
based on historical nutrient concentrations, and a “virtual reference”, which represents the 
biological conditions had these nutrient criteria been fulfilled (similar reasoning is also the 
basis for definitions of reference depths of the MSMDI where quantitative criteria are not 
presented [Kautsky et al. 2007]). It is also worth noting that type-specific reference values 
are subject to a salinity correction based on observed salinities in some water body types. 
Finally, no reference values for fish have previously been established in coastal waters. 
Here focus is on developing assessment methods which are consistent with the MSFD. 

The responses to the questionnaire revealed that different approaches are planned for 
establishing reference conditions (Annex 3). For example, the groups working with 
macrophytes and fish are planning on revising the approaches used for defining reference 
condition (e.g. developing approaches that are compliant with the MSFD and WFD), 
while no such work is planned for phytoplankton at this stage. Regarding the latter, 
relationships between historical Secchi depth transparency and empirical data on nutrients 

Mats Lindegarth
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and chlorophyll are still considered robust; although consideration may be given to using 
basin morphology to correct for uncertainties in the current salinity-correction of 
nutrients, chlorophyll and transparency. For all WPs, evaluation of data from the gradient 
studies will be used to compare and contrast different approaches for establishing RC and 
deviations. 

Decisions are pending as to whether site- or type-specific approaches will be used in 
establishing RC for macrophyte and fish assemblages. The method used for 
phytoplankton is considered to be site specific, with modelling used to estimate reference 
N and P concentrations according to measured salinity in the coastal zone (i.e. RC change 
with measured salinity). For the Baltic Proper coastal area this dynamic modelling, based 
on empirical relationships with total nitrogen, is also used for chlorophyll and Secchi 
depth. However, for other areas (in Gulf of Bothnia and West coast) fixed reference 
values for chlorophyll and Secchi depth are used. 

3.3 Issues on harmonisation within and between inland and coastal 
waters 

The aims of WATERS are to develop improved assessment criteria for individual BQEs 
and to provide general frameworks, which will promote consistency and transparency of 
the overall assessment procedure. While, the preceding sections have described specific 
weaknesses and plans for individual BQEs in inland and coastal waters, there is also a 
need to synthesise and reflect upon the overall state of harmonisation of routines for 
defining references and class boundaries. In the light of the questionnaire and previous 
analyses (e.g. EC 2011, Pardo et al. 2011, Johnson et al. 2012, EC 2012), a few issues 
deserve attention: 

(i) Consistent use of pressure criteria for defining references and alternative benchmarks in inland and 
coastal waters. Methods for establishing reference conditions or alternative benchmarks 
for biological indicators require that corresponding pressure criteria are defined (e.g. 
EC 2011). While this approach has been adopted for all inland BQEs and responses 
to the questionnaire show that these criteria are being refined within WATERS, 
explicit and systematic use of pressure criteria has not been possible for many of the 
coastal BQEs. This is by no means a unique problem for coastal waters in Sweden 
but is prevalent in many other countries (e.g. Pardo et al 2011). The lack of 
information on pressures and their links to status and programmes of measures were 
also issues that were raised in the review and consultation performed by the 
European commission on the implementation of the WFD in Sweden (EC 2012b). 
Nevertheless, despite difficulties associated with lack of data (e.g. for coastal areas), 
new tools and sources of information, such as “VattenWeb”, VISS and other sources 
of GIS-data, should allow more comprehensive definitions of abiotic reference 
criteria, in line with what is required by the CIS guidelines. Furthermore, WATERS 
gradient studies and other biological data that have been compiled within the project 
allow for a better understanding of pressure-response relationships, which will 

Mats Lindegarth
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improve capabilities to define biological reference conditions, virtual or observable 
(see Fig. 1). 

(ii) Consistency in typologies among BQEs within inland and coastal waters. Definition of type-
specific reference values and class boundaries is a fundamental component of the 
WFD assessment system. Swedish coastal waters are divided into 25 different water 
body types based on geography and physicochemical criteria. These types have been 
used consistently to define reference values and class boundaries for all BQEs (they 
will also be used as assessment units for MSFD assessments). In contrast, the current 
assessment criteria for inland waters have in some cases used different typologies for 
the definition of type-specific references and class boundaries (benthic invertebrates 
and phytoplankton), while others do not provide any type-specific criteria at all. For 
benthic diatoms a single reference value is used for all streams and for fish models 
environmental factors are used to estimate site-specific references. These 
discrepancies risk causing inconsistencies in reliability among BQEs and lack of 
transparency to the user and wider community. Importantly, the recent review of the 
Swedish assessment criteria by the European commission clarified that type-specific 
references are required by the WFD. Along these lines, Drakare (2014) recently 
proposed a harmonised typology of inland water body types.  

(iii) Combining type-specific and site-specific approaches for defining references and class boundaries. One 
purpose of the use of typologies, apart from administrative reasons, is to account for 
biological differences which are caused by natural physicochemical variability among 
water body types; which may be particularly strong among certain types and BQEs. 
Nevertheless, type-specific references and class boundaries can be defined and used 
in assessments. On the other hand, it is also clear that biological variability within 
waterbody types can be substantial, and thus benchmarks which are defined for 
whole types cause uncertainty and errors to status assessments. This is because 
variability within or among water bodies in natural physicochemical factors (e.g. 
salinity, wave-exposure, depth, water-colour, altitude, etc. depending on what is 
relevant for different BQEs), have strong effects on the structure and function of 
biological assemblages. As previously demonstrated (Table 1), some BQEs are 
adjusted for such factors to some degree, but the importance of “natural variability” 
is becoming increasingly clear and a more consistent treatment and transparent 
coupling to the type specific approach is necessary. In this context the uncertainty 
framework developed within WATERS can provide a unifying methodology. 

(iv) Revision and harmonisation of class boundaries. In their replies, all respondents in the 
inland waters group have indicated that they will be assessing current class 
boundaries. This is largely a result of the compilation of more extensive datasets and 
expected better understandings of pressure-response relationships. For coastal waters 
the replies are more varied: for phytoplankton there are no specific plans to revise 
boundaries for chlorophyll or biovolume within WATERS (note however that an 
international project in the Kattegat connected to WATERS is now evaluating 
differences among countries); for macrophytes new indices are being developed, 
which will have new class boundaries; and for benthic invertebrates revision of 
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sensitivity classification may result in revised class boundaries. In general, any 
potential changes in the design of indicators, i.e. development of new indicators or 
new methodologies to account for environmental factors, has consequences for the 
definition of class boundaries. Therefore, in practice any such developments need to 
be considered when results of modelling and definition of new type-specific 
references have been evaluated. Finally, as indicated by several respondents, the 
process of defining and implementing new class boundaries is intimately linked to 
and must account for any on-going intercalibration requirements. 
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4. Suggested priorities and guidelines for the 
future 
The WATERS description of work (DOW) provides a detailed description of the tasks 
and deliverables that were originally planned within the program. The work described in 
the DOW addresses many of the issues identified in the preceding sections and remains 
the “template” for future work. Nevertheless, additional challenges and new 
developments have arisen that could not be foreseen at the start of the program. 
Therefore, the purpose of this section is to outline priorities and guidelines for improving 
consistency of assessment criteria with respect to issues listed in section 3.3, to highlight 
how WATERS work can be used to address issues concerning lack of compliance to the 
WFD-protocol, and to identify issues that require additional attention.  

4.1 Characterisation of pressures and definition of pressure criteria 

Information about relationships between pressures and biological indicators is of 
fundamental importance for our general understanding of environmental impacts and for 
successful implementation of programs of measures. Therefore, the definition of pressure 
criteria for reference conditions or quantitative descriptions of pressure levels, when 
alternative benchmarks are used, remain cornerstones in the WFD context (e.g. EC 2011, 
SWD 2012). Nevertheless, this and previous assessments of Swedish assessment criteria 
show that this has not been fully achieved and implemented for all BQEs. In particular, 
there are substantial differences between inland waters, where pressure criteria are 
consistently used to establish a network of reference sites, and coastal waters where such 
an approach has not been possible. It is also worth noting that such problems have been 
prevalent for coastal and transitional waters in most European countries (e.g. Pardo et al. 
2011). 

In order to achieve better harmonisation within and between inland and coastal waters, 
increased transparency and improved compliance with the WFD requirements, we suggest 
that the following tasks are prioritised: 

• Continued refinement of reference filters as outlined in proposal and in replies to 
questionnaire. Judging from the DOW and the responses to the questionnaire, this 
work is well underway within inland waters.  
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• Revisit and clarify conceptual definitions of reference criteria, criteria for alternative 
benchmarks and “virtual references” (cf. Fig. 1) for individual BQEs in coastal 
waters in light of new experiences and guidelines following the initial definition in 
2007 (SEPA 2007, cf. Poikane et al. 2009, EC 2011). These definitions will provide 
important and transparent definitions, explaining the underlying arguments of any 
revised assessment criteria in a future “handbook”. WATERS FA2 is willing to 
coordinate this work (possibly a one-day workshop with FA2 and FA3 in the spring 
2015) in close collaboration with SwAM. 

• Characterise anthropogenic pressures quantitatively (or semi-quantitatively) in coastal 
water bodies which have been used to define reference conditions or perhaps more 
likely, alternative benchmarks for individual BQEs. As a template for this work it is 
suggested that the list of pressures and potential indicators suggested in annex 4 (EC 
2011) is used. This list is largely consistent with the administrative databases 
developed by Swedish authorities in VISS. This task is not explicitly defined in the 
DOW, and as it may require a substantial amount of work it might not be fully 
completed by the end of the project. Nevertheless, a systematic approach to 
characterise pressures according to annex 4 would provide an important step towards 
a better understanding of pressures and compliance with the WFD requirements. 
Furthermore, characterisation of pressures will also provide an important 
background for future work on developing methods for extrapolation (modelling and 
“grouping”) of status to water bodies without monitoring data (in WP 2.2 and 2.3). 
Despite the potential magnitude of the task, establishment of collaboration with 
authorities and those responsible for main data bases (e.g. VattenWeb, VISS, VMS-
data etc.) will give an indication of the level of detail and completeness that can be 
achieved. By linking these data to monitoring stations it will be possible to 
characterise pressures under “alternative benchmark” scenarios, as required by the 
WFD, and to estimate deviation from reference condition. 

4.2. Typologies and type-specific reference values 

Apart from minor adjustments, there appears to be no need for revisions of the current 
typology in coastal waters (but note that transitional waters may be transformed into 
coastal waters in coming revisions). In this area there is also complete harmonisation 
among BQEs. In inland waters, however, there are substantial discrepancies among BQEs 
(Table 1). While type-specific references are given for the types for benthic invertebrates 
and macrophytes, five regions are used for phytoplankton. For benthic diatoms and fish 
reference values do not distinguish among types, and while the former has a static value to 
characterise the reference condition, the latter has used a complex regression model to 
calculate site-specific reference values. Despite the fact that they are practically not used 
for the definition of type-specific reference values, there exist a number of systems for the 
classification of lakes and streams. In response to these inconsistencies, a new 
“consensus” typology has recently been suggested (Drakare 2014). We suggest that this 
system is evaluated as a template for type-specific references in all BQEs. While it is 
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possible that sufficient biological data are not available for all types, a systematic 
assessment of this proposed typology would address some of the issues relating to 
harmonisation of methods used for inland waters. As indicated by the tasks already 
defined in the DOW, this work will be tightly linked to attempts to adjust assessment 
criteria to the existence of natural variability using modelling (see also section 4.3). Most 
of the inland BQEs have indicated that they intend to develop models for “site-specific” 
references and to subsequently compare these to type-specific alternatives. Thus, our 
assessment is that this prioritisation does not require any particular adjustments to the 
plan, except that perhaps the new proposed typology needs to be assessed. 

4.3 Modelling: reconciling the requirements for type-specific 
reference values and precision through site-specific corrections  

According to the WFD, all surface water bodies should be classified and grouped into 
types based on ecoregions and environmental factors, such as altitude, size, salinity, 
geology, depth. These types shall have corresponding “type-specific” reference conditions, 
which should represent the biological conditions in these types when no disturbances are 
present. Thus, the typology provides a strategy for accounting for changes in biological 
structure and function due to major geographic and other environmental gradients. 
Nevertheless, it is clear that the reliability of assessments using assessment criteria for 
practically all BQEs in Sweden is currently hampered by uncertainties due to a multitude 
of natural, environmental gradients which are not accounted for by this classification. This 
is reflected by the fact that additional factors are incorporated in different ways to correct 
for site-specific conditions for several of the BQEs (Table 1). 

Thus, previous experiences as well as insights gained from research within WATERS 
show that there is a general need for accounting for natural sources of variability in the 
definition of biological reference conditions and class boundaries. A general approach to 
achieve this is to use some sort of empirical modelling technique, which can be used to 
establish quantitative relationships between the BQE of interest and various static or 
dynamic environmental factors. Although the number of potential statistical techniques is 
exhausting (e.g. Guisan and Zimmermann 2000, Elith and Leathwick 2009), two 
approaches are of particular relevance for the WFD: (1) regression modelling of a specific 
index and (2) classification modelling of biological communities. In principle, both these 
approaches can be used to predict BQEs across water body types (with or without types 
as predictors), but for clarity the following discussion assumes that reference sites (or sites 
representing an alternative benchmark) within a type are modelled. 

Regression modelling of an index. This approach can be used to model a defined indicator 
based on one or many biological variables (e.g. simple or multimetric indices). Although 
the complexities of models vary this approach is used in lakes and streams (benthic 
invertebrates and fish) as well as in coastal waters (phytoplankton). The basic steps for 
using this approach in status assessment can be described as: 

1. Calculate biological indicator (continuous response variable); 
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2. Fit a regression model (linear or non-linear) to the response variable and a set of 
environmental (predictor) variables (Fig. 3); 

3. Use the fitted model as an average reference condition across the environmental 
gradient or define an alternative benchmark at any selected level of deviation 
from the fitted model (Fig. 3). 

4. Calculate deviations from the fitted model. The average of these will be zero and 
the alternative benchmark corresponds to the selected level, and is constant 
across the gradient (Fig. 3). 

5. Construct a distribution of deviations and select appropriate class boundaries, 
Assess status of a sample (or an average of several samples) by calculating the 
deviation of the observed values from an expected value calculated according to 
the model (using the same predictors as above) (Fig. 4). 

 

 

Figure 3. Illustration of regression of an indicator against an environmental variable 
(upper panel) and plot of deviations (lower panel). Fitted model is represented by solid 
line and alternative benchmark by dashed line. 
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Figure 4. Illustration of cumulative distribution of deviations and hypothetical class 
boundaries. Model based on reference sites (upper panel) or on sites with existing but 
known and approximately homogeneous pressures (i.e. alternative benchmark; lower 
panel). The position on the x-axis of A and B represent deviations from the model of 
corresponding points in Fig. 3. 
 

In summary, this approach can be applied when the indicator is single- or multimetric. If 
models are powerful, which must be demonstrated, it can involve any type of regression 
model, including categorical or continuous predictors and it provides user-friendly, simple 
class boundaries across environmental gradients. Note also that the approach is fully 
compatible with, and indeed an extension of, the general framework for assessment of 
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uncertainty proposed within WATERS (e.g. Lindegarth et al. 2013) and shares the general 
approach suggested for benthic fauna in British coastal waters by Phillips et al. (2014). 

 

Classification and modelling of biological communities. Several BQEs involve assessment of 
composition and abundance of various types of biological communities. For such data, 
the predictive approach developed in the UK (River InVertebrate Predictive and 
Classification System (RIVPACS; Moss et al., 1987).) shows much promise (e.g. Clarke et 
al. 2003, Davy-Bowker et al. 2006). Despite their potential in determining reference values 
and use in environmental assessment, these types of models are not yet incorporated into 
Swedish assessment criteria; whilst elsewhere (e.g. Great Britain, USA and Australia) 
variations of this approach have been successfully incorporated into regional and national 
assessments. 

Predictive modelling of expected taxon occurrences in the absence of stress is increasingly 
used to establish reference communities and to determine deviation which may signal 
biotic impairment. In its simplest form, the observed number of taxa (O) is compared to 
the expected (E) number of taxa, where E is the expected number or sum or probabilities 
of taxa reaching a designated threshold (Moss et al. 1987; Hawkins 2006). When 
combined with stress-specific indices these approaches are promising tools for the 
assessment and diagnostics of ecological systems (Johnson et al. 1993).  For example, a 
low O/E ratio indicates that a site deviates from the undisturbed condition. When sites 
deviate from the reference, calculation of biological indices from O and E lists can then 
assist in determining what pressures might be causing the deviation (diagnostics).  

The main objective of RIVPACS-type models is the prediction of which species are likely 
to occur in a system in the absence of anthropogenic stress. The four basic components 
of this approach can be described as: 

1. Determination of community types: classify samples of data on species composition 
(and abundance) into discrete communities using a multivariate clustering method. 
These communities are response variables of future models. 

2. Determination of explanatory variables: use of discriminant function analysis (if site 
classification was used in step 1) or other approaches for selecting potential predictor 
variables. Environmental variables judged to be unaffected by human intervention 
are used as predictor variables. 

3. Model calibration and validation: use of e.g. a random forest model for predicting 
group membership. In RIVPACS-type models calibration is done with sites deemed 
to be in relatively high state (i.e. pristine or minimally disturbed; although even best 
available sites can be used). Model uncertainty is often evaluated using a leave-one-
out cross validation procedure. 

4. Compare observed (O) versus expected (E) communities and assess ecological status. 
The most widely used index for assessing status is taxonomic completeness (O/E) 
which describes the proportion of the taxa expected (E) at a site if the site were in 
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reference condition and the taxa observed (O) at the site when a sample was taken. 
The expected (predicted) taxa composition can be used to derive other indices 
describing ecological status. 

Theoretically, predictive models should perform better than typology-based approaches, 
due to the use of continuous as opposed to categorical variables. Indeed, model-based 
approaches have been shown to be more precise than spatial approaches (e.g. Davy-
Bowker et al. 2006; but see Aroviita et al. 2009). Besides the use of continuous variables, 
other advantages of modelling are that many potentially important predictor variables can 
be included and the models can be used over large spatial scales. RIVPACS is the most 
widely used modelling approach for ecological assessment of inland aquatic ecosystems 
(Moss et al., 1987). A key feature of the RIVPACS approach is the grouping (clustering) 
of sites into community types (known as classification-then-modelling). Advocates of the 
classification-then-modelling approach argue that this approach better approximates the 
realized niche by including information on co-occurring species (e.g. Johnson 2000), while 
critiques have argued that discrete communities seldom exist, but that changes in 
community composition are gradual (e.g. McIntosh 1995).For example, Hallstan et al. 
(2012) in comparing classification-then-modelling and species-by-species models found 
the latter approach performed better. 

Thus, these two types of modelling approaches provide strategies for accounting for 
small-scale, site-specific sources of variability, while at the same time complying with the 
WFD requirements of reporting on type-specific reference conditions. If models are based 
solely on samples from areas which fulfil references criteria, models can be used to predict 
expected biological reference conditions for all sites belonging to a type and for all 
biological indices. Using model output, some statistical measure of the type is reported, 
such as the mean modelled community for the type along with some measure of 
uncertainty (e.g. the standard deviation of the modelled predictions for the type). 

In this section we have outlined a general approach for how models can be used to 
provide more precise estimates of status and classification. This is achieved by correcting 
for site-specific environmental factors in a way that is fully compatible with requirements 
for type-specific reference values. Experiences within WATERS and other contexts 
suggest that development of models could potentially lead to improved and more 
sophisticated assessment criteria, albeit the increase complexity of models may result in 
lower transparency for many end users. However, development of user-friendly tools (e.g. 
software) for prediction and classification will increase understanding and usage. The 
development of such tools will likely be an important task for future collaborations 
between WATERS and responsible authorities. 
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4.4 Setting class boundaries – a short tutorial 

Once the reference condition has been established the next step is to describe the 
biological response to expected pressures, such as elevated nutrients and hydromorpho-
logical alteration. Inferences regarding impairment are drawn after setting a criterion 
defining impairment, i.e. a threshold or class boundary. Although not always explicitly 
stated, expected pressure – response relationships are usually based on a conceptual 
model. For example, the European WFD defines a number of attributes characterizing 
different quality classes (Table 4). Deviations from high (reference) status are often 
expressed as an Ecological Quality Ratio (EQR), or the observed value divided by the 
reference value, with values ranging from 1 (high status) to 0 (bad status). 

 

TABLE 4 Conceptual model describing ecological status for High, Good and Moderate 
status using benthic macroinvertebrates in rivers. Taken from Annex 5. European 
Commission (2000). 

Classes Ecological descriptors 

High status 

The taxonomic composition and abundance correspond 
totally or nearly totally to the undisturbed conditions. 
The ratio of disturbance sensitive taxa to insensitive taxa 
shows no signs of alteration from undisturbed levels. 
The level of diversity of invertebrate taxa shows no sign 
of alteration from undisturbed levels. 

Good status 

There are slight changes in the composition and 
abundance of invertebrate taxa compared to the 
type-specific communities. 
The ratio of disturbance sensitive taxa to insensitive taxa 
shows slight signs of alteration from type-specific levels. 
The level of diversity of invertebrate taxa shows slight 
signs of alteration from type-specific levels. 

Moderate 
status 

The composition and abundance of invertebrate taxa differ 
moderately from the type-specific conditions. 
Major taxonomic groups of the type-specific community 
are absent. 
The ratio of disturbance sensitive to insensitive taxa. and 
the level of diversity, are substantially lower than the 
type-specific level and significantly lower than for good 
status. 

Inferences regarding impairment at a site can be made by comparing the observed value 
of an indicator with the distribution of indicator values that occur among an appropriate 
set of reference sites. This approach permits an evaluation of the probability that the 
observed condition at the assessed site belongs to the reference distribution. When setting 
criteria or class boundaries it is important that the boundaries are both ecologically and 
statistically meaningful. Here the interplay between false positive and false negative errors 
should be considered. A type I error occurs when an inference is drawn that a site is 
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impaired when in fact it is not (false positive), and a type II error occurs when a site is 
inferred to be unimpaired when in fact it is perturbed (false negative). In statistical terms, 
alpha (α) is used to signify the probability of committing a type I error (often set at 5%), 
and beta (β) is the probability of setting a type II error. Considering the extremely high 
type II errors that may be associated with ecological data (e.g. Johnson 1998; Sandin and 
Johnson 2000), ignoring the importance of type II errors threatens resource degradation 
because impairment will frequently go undetected. For more information on uncertainties 
associated with ecological assessment see WATERS deliverables D 2.2-1 and D2.2-2 
(Lindegarth et al. 2013a,b). 

Regression and model simulations are two approaches that can be used to characterize 
land use – pressure and pressure - response relationships. Before assuming simple cause-
and-effect relationships it is, however, recommended that correlation analysis (e.g. PCA) is 
used in order to distinguish between pressures that cause problems and environmental 
attributes that simply covary with pressures. Assessments of causality are also confounded 
by variation through time and space and, increasingly, the interaction of multiple stressors. 
For example, some stressors may have long term effects, such as modifications in 
hydrology, geomorphology and habitat, whilst others may be episodic or seasonal, such as 
influxes of nutrients and pesticides in agricultural catchments. Moreover, environmental 
effects can be observed long after remediation (e.g. land use effects on lake benthos can 
persist for decades), complicating interpretation of pressure-response relationships; 
Harding et al. (1998) refers to such effects as “the ghost of land use past”. 

Schmedtje et al. (2009) and the ISO (International Standardization Organization)/TC 
(Technical Committee) 147/SC (Subcommittee) 5 workgroup (ISO/CD 8689-1) 
summarized approaches commonly used for setting class boundaries. Scatter plots are 
recommended to visually assess the relationship between the response and putative 
pressure variable. If the response variable(s) do not show a relationship with impact, then 
setting class boundaries is not possible. Here, use of other response variables should be 
considered, as well as collection of more data for the response and pressure variables and 
finally re-evaluation of the conceptual model. Other factors to consider, as discussed 
above, are the importance of other pressures affecting the response (multiple stressor 
situations) and partitioning natural variability (e.g. using typology-based approaches). 

4.1 Examples of approaches used in developing classification schemes  

Modified from Schmedtje et al. (2009), a number of steps are given below for developing 
classification schemes.  

Step 1 : As discussed above, identify criteria for establishing type-specific reference conditions. 

Step  2 : Develop a conceptual model describing how the biological quality is expected to change with an 
increase in pressure or pressures. For the WFD, the conceptual model should relate to the normative 
definitions of ecological status (see e.g. Table 4). 
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Step 3 : Select suitable response variables (metrics) of the quality element and evaluate whether the 
metric(s) responds to the gradient of impact contained in the data set. Where possible, assessments should 
range from low impact (reference conditions) to high impact (impaired conditions) (Fig. 5). 

 

Figure 5.The left panel shows no response to the putative pressure, the right a linear 
relationship between biological response and pressure. Taken from Schmedtje et al. 
(2009). 

Step 4 : Identify if any discontinuities exist in the pressure – response relationship. If discontinuities are 
evident, determine how the values of discontinuity are derived from the data and proceed to Step 5; if not, 
proceed to Step 8 (Fig. 6). 

 

Figure 6 Non linear (left panel) and linear (right panel) plots of biological response ver-
sus pressure variables. Taken from Schmedtje et al. (2009). 

Step 5 : Determine if the discontinuity relates to a class boundary or a class centre. State the reasoning for 
the decision and set class boundaries accordingly. Specify how uncertainties in the estimate of the class 
boundaries or class centres are considered in setting class boundaries (Fig. 7). 
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Figure 7. Non linear response of biological metric versus pressure gradient and 
classification boundaries. Taken from Schmedtje et al. (2009). 

Step 6 : Considering results of Step 2, assess whether class centres or class boundaries can be determined 
using paired metrics (Fig. 8). 

 

Figure 8. Example of interactions between paired metrics. Taken from Schmedtje et al. 
(2009). 
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Step 7 : Determine whether values derived from analysis of paired metric correspond to class centres or 
class boundaries. Clarify how the values derived from the paired metric assessments are used to determine 
the good-moderate class boundary. Specify how uncertainties in the estimate from the paired metric 
assessments are considered in setting class boundary (Fig. 9). 

 

Figure 9. Example of how the interaction between two opposing metrics can be used to 
set class boundaries. Taken from Schmedtje et al. (2009). 

Step 8 : If the relationship between the quality element and the pressure gradient is a continuum and Step 
6 has failed to identify boundaries based on paired metric assessments, divide the continuum below the 
high-good boundary (established in Step 1) into e.g. four equidistance classes. Examine the values of the 
metric of the quality element represented at the good and moderate status class boundaries and compare the 
ecological meaning of these values with the Step 2 analysis of the normative definitions (e.g. no major 
reference taxonomic groups of benthic invertebrates should be absent at good status – normative definitions 
for rivers and lakes). Revise class boundaries until the values represented in the good and moderate status 
classes are consistent with the descriptions provided by the Step 2 analysis of the normative definitions (Fig. 
10). 

 

Figure 10. Example of how class boundaries can be set using a linear response to 
pressure. Taken from Schmedtje et al. (2009). 
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A
nnex 1. R

eplies to internal W
A
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R

S
 questionnaire in inland w

aters.  
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C
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identify thresholds and class boundaries 
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definitions of indices are consistent. 

N
ot 

relevant. 

  
  

W
P

4.3 B
enthic diatom

s 
M

aria 

K
ahlert 

Y
E

S
 

S
ee w

p 4.1. 
N

ot 

relevant. 

  
  

W
P

4.4 B
enthic 

invertebrates 

R
ichard 

Johnson 

Y
E

S
 

S
ee w

p 4.1. 
N

ot 

relevant. 

  
  

W
P

4.5 Fish 
K

erstin 

H
olm

gren 

Y
E

S
  

C
urrent m

ethods w
ere developed w

ithin 

the FA
M

E
 project. In the intercalibraton 

process, it w
as evident that m

ost 

countries used "25%
-percentiles" and 

"equal distances" 

N
ot 

relevant. 

  
  

  
 



W
A

TE
R

S
: R

E
FE

R
E

N
C

E
 C

O
N

D
ITIO

N
S

 A
N

D
 C

LA
S

S
 B

O
U

N
D

A
R

IE
S

 
  

43 

A
nnex 2. R

eference criteria used for the classification of lakes and stream
s

§ 

Zone 
Type of 

pressure 

R
eference criteria for lakes 

R
eference criteria for w

atercourses 

 
 

C
oncentration 

Land use 
C

oncentration 
Land use 

Arctic-Alpine 

zone (Illies 20) 

N
 and P

 from
 

agriculture 

TP
<8 µg/l 

For sites w
ith TP

>8 µg/l use the m
odified 

R
eference-TP

 (µg/l) = M
ean A

bsF x 59.3 + 3.72) 

 
TP

<8µg/l 

For sites w
ith TP

>8 µg/l use the relationship 

betw
een TP

 and A
bsF (R

eference-TP
 = (m

ean 

A
bsF x 17 + 2.3 µg P

/l) 1). 

 

Northern. mid boreal and southern boreal 

zones. (Illies 22) 

N
 and P

 from
 

agriculture 

Tot-P
<10 µg/l  

For sites w
ith TP

>10 µg/l use the m
odified 

relationship betw
een R

eference-TP
 (µg/l) = M

ean 

A
bsF x 39.0 + 5.92) 

<10%
 agriculture in 

catchm
ent 

Tot-P
<10µg/l  

For sites w
ith TP

>10 µg/l use the m
odified 

relationship betw
een TP

 and A
bsF from

 

current B
G

 (flow
-w

eighted yearly m
ean).  

<10%
 agriculture in 

catchm
ent 

N
 and P

 from
 

forestry 

Tot-P
<10 µg/l  

For sites w
ith TP

>10 µg/l use the relationship 

betw
een TP

 and A
bsF (R

eference-TP
 = ((M

ean 

A
bsF x 27.2 + 5.2) + 8.1 µg P

/l). 

<10%
 clear-cut in 

catchm
ent (N

ote: only for 

N
 effects).E

ffects can 

rem
ain ca. 5 year after 

clear cutting in southern 

S
w

eden and ca. 10 years 

in the north. 

Tot-P
<10 µg/l  

 For sites w
ith TP

 >10 µg/l use the relationship 

betw
een TP

 and A
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 current B
G

 (flow
-

w
eighted yearly m

ean). 

<10%
 clear-cut in catchm

ent 

(N
ote: only for N

 effects). 

E
ffects can rem

ain ca. 5 year 

after clear cutting in southern 

S
w

eden and ca. 10 years in 

the north. 

Nemoral and 

Boreonemooral 

zones (Illies 

14) 

N
 and P

 from
 

agriculture 

Tot-P
<10 µg/l 

For sites w
ith TP

>10 µg/l use the relationship 

betw
een R

eference-TP
 (µg/l) = M

ean A
bsF x 17.5 

+ 10.9.2) 

<10%
 agriculture in 

catchm
ent. 

Tot-P
<10µg/l  

For sites w
ith TP

>10 µg/l use the relationship 

betw
een TP

 and A
bsF from

 current B
G
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-

w
eighted yearly m

ean). 

<10%
 agriculture in 

catchm
ent. 
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N
 and P

 from
 

forestry 

Tot-P
<10 µg/l  

For sites w
ith TP

>10 µg/l use the relationship 

betw
een TP

 and A
bsF (R

eference-TP
 = ((M

ean 

A
bsF x 27.2 + 5.2) + 8.1µg P

/l). 

<10%
 clear-cut in 

catchm
ent (N

ote: only for 

N
 effects). E

ffects can 

rem
ain ca. 5 year after 

clear cutting in southern 

S
w

eden and ca. 10 years 

in the north. 

Tot-P
<10µg/l  

For sites w
ith TP

>10 µg/ use the relationship 

betw
een TP

 and A
bsF from

 current B
G

 (flow
-

w
eighted yearly m

ean) 

<10%
 clear-cut in catchm

ent 

(N
ote: only for N

 effects). 

E
ffects can rem

ain ca. 5 year 

after clear cutting in southern 

S
w

eden and ca. 10 years in 

the north. 

Whole country 

A
cidification 

A
nnual m

ean pH
 ≥ 6.0 

For sites w
ith annual m

ean pH
<6.0 use F-factor 

according to B
G

.  

 
A

nnual m
ean pH

 ≥ 6.0 

For sites w
ith annual m

ean pH
<6.0 use F-

factor according to B
G

.  

 

P
oint sources 

 
<0.1%

 urbanization (red 

m
aps). 

 
<0.1%

 urbanization (red 

m
aps). 

M
etals 

S
tatus class 1 or 2 according to current B

G
. 

 
S

tatus class 1 or 2 according to current B
G

. 
 

Whole country 

 

H
ydrom

orphologica

l alteration 

(only for fish) 

N
o criteria currently available. 

N
o criteria currently available. 

Invasive species 
N

o criteria currently available. 
 

 

N
o criteria currently available. 

§ The 2007 revision of biological classification schem
es (translated from

 Johnson and G
oedkoop, 2006). A

bsF = absorbance of filtered w
ater, B

G
 -= 

B
iological classification criteria. 

S
ites affected by urbanization (>0.1%

), as w
ell as lim

ing and acidification excluded 
S

ites affected by agriculture (>10%
) and/or urbanization (>0.1%

), as w
ell as lim

ing and acidification excluded 
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 A
nnex 3. R

eplies to internal W
A

TE
R

S
 questionnaire in coastal w

aters. 
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R
utger 

R
osenb
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N
O

! D
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are based on a statistical 

approach and on em
pirical 

thresholds in pressure 

gradients (Leonardsson et al. 

2009, Josefson et al. 2009). 

N
ot relevant. 

The approach used for B
Q

I 

has been approved by the 

C
om

m
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therefore been on developing 

the sensitivity of the indicator 

and not to change the 
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w
ork related to D
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W
P
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M
acrophytes 

M
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B
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P
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O
B

A
B
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! W
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ent and -
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S

M
D
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 approach is 

probably necessary. 

Too early to say. 
N

ot relevant. 
Too early to say. 

 

W
P

3.3 P
hyto-

plankton 

Jakob 

W
alve 

N
O

 (and Y
E

S
)! 

A
lthough not explicitly 

included as a part of our 

w
ork, a spin-off of the w

ork 

m
ay be results that suggest 

that other factors than the 

current salinity-correction (in 

The basic w
ork w

ith historical 

S
ecchi depth and em

pirical 

relationships w
ith nutrients 

and C
hl has not really been 

questioned and it is not 

evaluated in the project. There 

The current m
ethod is sem

i-site-

specific. A
 m

odel is used to 

estim
ate reference values for N

 

and P
 in the coastal gradient 

according to m
easured salinity. 

In the B
altic proper coastal area 

  



W
A

TE
R

S
: R

E
FE

R
E

N
C

E
 C

O
N

D
ITIO

N
S

 A
N

D
 C

LA
S

S
 B

O
U

N
D

A
R

IE
S

 
  

46 

the coastal gradients) for 

nutrients, C
hl and S

ecchi 

depth should preferably be 

m
odified or supplem

ented 

according to other factors, 

such as basin m
orphology. 

have been som
e sensitivity 

tests. B
ut not quantified 

uncertainty as I know
 of. 

this approach is used for C
hl 

and S
ecchi depth using 

em
pirical relationships w

ith total 

N
. Fixed references are used in 

B
othnian S

ea and B
ay, and 

W
est coast. The pros and cons 

of a com
m

on approach should 

be evaluated but is not included 

in the planned FA
3 w

ork. 

W
P

3.4 Fish 
Lena 

B
ergströ

m
 

N
O

T R
E

LE
V

A
N

T! D
efinitions 

and approaches for coastal 

fish do not exist today. 

W
A

TE
R

S
 aim

s at developing 

a first set of definitions and 

approaches for the status 

assessm
ent of coastal fish. 

The approach developed for 

coastal fish should be, as far 

as possible, applicable to both 

M
S

FD
 and W

FD
 criteria. 

N
ot relevant. 

N
ot relevant. 

This has not been decided yet 

but site specific is probably m
ore 

relevant. 

  

B
. S

etting 

class 

boundaries 

R
espon

-dent 

Q
4 

Q
4a 

Q
4b 

!Q
5 

!!

W
P

3.1 B
enthic 

invertebrates  

R
utger 

R
osenb

erg 

M
A

Y
B

E
! This m

ight be the 

case depending on how
 the 

outcom
e of refining the 

sensitivity values goes. 

N
ot possible to answ

er at 

the m
om

ent 
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W
P

3.2 

M
acrophytes 

M
ats 

B
lom

qvi

st 

P
R

O
B

A
B

LY
! 

The current m
ethod for the 

M
S

M
D

I is based m
ainly on 

expert judgem
ent of scores 

at different depths for 

individual species per w
ater 

body type. If another 

indicator is selected, the 

m
ethod for determ

ining 

boundaries w
ill have to 

change. 

- 
  

  

W
P

3.3 

P
hytoplankton 

Jakob 

W
alve 

N
O

! N
ot in term

s of E
Q

R
, but 

if reference values are 

m
odified w

here a dynam
ic 

approach is used to set the 

reference, this w
ill also affect 

class boundaries. 

N
ot relevant. 

G
-M

 boundary w
as 

established according to 

expert judgem
ent of status in 

open sea area (M
 close to G

). 

C
lass boundaries for C

hl are 

intercalibrated for som
e areas, 

w
hile for biovolum

e they are 

not intercalibrated. 

  
  

W
P

3.4 Fish 
Lena 

B
ergströ

m
 

N
O

T R
E

LE
V

A
N

T! These do 

not exist today for coastal fish. 

A
 set of approaches has been 

suggested for coastal fish in 

relation to the M
S

FD
 criteria. 

These w
ill be review

ed in 

W
A

TE
R

S
 deliverable 3.4.3. 

The focus of these is on the 

M
S

FD
 G

E
S

 - subG
E

S
 border, 

N
ot relevant. 

- 
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w
hich is com

parable to the 

W
FD

 G
-M

 boundary.  
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A
nnex 4. List of pressures and potential pressure indicators per w

ater category (from
 From

 E
C

 [2010])  

R
ivers  

Lakes  
Transitional  

C
oastal  

P
ressure 

type  

Indicators  
P

ressure 

type  

Indicators  
P

ressure 

type  

Indicators  
P

ressure 

type  

Indicators  

1. P
oint 

source 

pollution  

P
opulation density, 

oxygen, phosphate, 

nitrogen  

1. P
oint 

source 

pollution  

P
opulation density, total 

phosphorus  

1. P
oint 

source 

pollution  

P
opulation density, 

oxygen, phosphate, 

nitrogen  

1. P
oint 

source 

pollution  

P
opulation density, oxygen, 

phosphate, nitrogen 

2. D
iffuse 

source 

pollution  

A
griculture land use, 

phosphate, nitrogen  

2. D
iffuse 

source 

pollution  

A
griculture land use, 

total phosphorus  

2. D
iffuse 

source 

pollution  

A
griculture land use, 

phosphate, nitrogen  

2. D
iffuse 

source 

pollution  

A
griculture land use, 

phosphate, nitrogen 

3. R
iparian 

zone 

vegetation  

R
iparian use, riparian 

com
position, riparian 

longitudinal and lateral 

connectivity  

3. R
iparian 

zone 

vegetation  

R
iparian use, riparian 

com
position, riparian 

longitudinal and lateral 

connectivity  

3. R
iparian 

zone 

vegetation  

R
iparian use, riparian 

com
position, riparian 

longitudinal and lateral 

connectivity  

3. S
horeline 

m
odifications  

S
horeline occupation, 

continuity betw
een coastal 

perim
eter and natural 

settings  

4. M
orpho-

logical 

alterations  

S
edim

ent transport, 

river continuity, 

channelisation, 

siltation, river profile, 

presence of w
eirs and 

dam
s  

4. M
orpho-

logical 

alterations  

Q
uantity and dynam

ics 

of flow
, w

ater level, 

residence tim
e, 

groundw
ater connection, 

depth variation, 

substrate and structure 

of shore zone  

4. H
ydro-

m
orpho- 

logical 

alterations  

Q
uantity and dynam

ics 

od flow
, w

ater level, 

residence tim
e, 

groundw
ater connection, 

depth variation, 

substrate and structure 

of shore zone  

4. H
ydro-

m
orphological 

alterations  

C
hanges in deposition / 

erosional areas, groyns  

5. W
ater 

abstraction  

A
bstraction below

 a 

threshold  

5. W
ater 

abstraction  

A
bstraction below

 a 

threshold  

  
  

  
  

6. R
iver flow

 
P

resence of dam
s 
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regulation  
influencing natural 

flow
 regim

e, storage 

and seasonal patterns  

7. B
iological 

pressures  

presence of invasive 

species, 

biom
anipulation, 

intensive fishery / 

aquaculture  

7. B
iological 

pressures  

presence of invasive 

species, 

biom
anipulation, 

intensive fishery / 

aquaculture  

7. 

B
iological 

pressures  

presence of invasive 

species, 

biom
anipulation, 

intensive fishery / 

aquaculture  

7. B
iological 

pressures  

P
resence of invasive 

species, biom
anipulation, 

intensive fishery / 

aquaculture  

8. O
ther 

pressures  

Intensity recreational 

use  

8. O
ther 

pressures  

Intensity recreational 

use  

8. O
ther 

pressures  

Intensity recreational 

use  

8. O
ther 

pressures  

Intensity recreational use  

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

WATERS is coordinated by:   WATERS is funded by:  

 

 

 

Reference conditions and class 
boundaries: Initial set of guidelines for 
reference conditions and class 
boundaries 
In this report identify inconsistencies and scope for improvement for definitions of 
reference conditions and class boundaries in assessment criteria for the WFD in Sweden. 
The main purpose is to provide guidance for work within WATERS to improve 
assessment criteria for individual biological quality elements and to increase harmonisation 
of methods. We propose a systematic assessment and gap-analysis of pressures in coastal 
waters using existing data sources, a more consistent use of typologies for inland waters 
and use of empirical modelling to account for variability due to natural processes and 
thereby reduce uncertainty in ecological assessments. 

 


