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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 dealing with 
uncertainty of current monitoring programmes in the perspective of the EU Water 
Framework Directive. We analyse the use and potential of various types of expert 
methods for ecological status assessment in Swedish surface waters. These methods are 
applied assessments cannot be made on direct monitoring data. We conclude that these 
methods are frequently used but that assessments and their scientific basis are poorly 
documented. We provide a coherent framework for assessment of status and uncertainty 
which is fully compatible with other methods on uncertainty and integrated assessment 
developed within WATERS. Expert methods based on incomplete data and on spatial 
extrapolation are evaluated quantitatively, while models based on regression approaches 
are illustrated and discussed in conceptual terms.  

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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Executive summary 
According to the Water Framework Directive, Swedish authorities shall assess the 
ecological status, including biological quality elements (BQEs) in all individual coastal and 
inland water bodies. Ideally this should be done using direct monitoring of relevant 
indicators in each individual water body, but due to limitations in available resources for 
monitoring assessments often need to be based on various expert methods. In this report 
we provide guidelines and methods as to how such assessments can be done. We do this 
by reviewing methods used in Swedish water management, outlining potentially useful 
scientific approaches and developing recommendations for suitable strategies when data 
on an indicator is missing or when the available data do not comply with the requirements 
defined in Swedish assessment criteria. 

Analyses of status assessments in Sweden demonstrated that many water bodies are 
assessed by various types of expert methods. The methods varied among BQEs and 
districts, but the main approaches are (1) assessments based on incomplete data (i.e. not 
compliant with monitoring requirements), (2) extrapolation from neighbouring water 
bodies (“grouping”) and (3) using alternative indicators or sampling methods. In coastal 
waters, assessments based on expert methods are roughly twice as frequent as those based 
on complete data for all BQEs. In lakes and streams the opposite situation is prevalent, 
but on the other hand, the analyses show that the vast majority of lake and stream water 
bodies were not assessed for individual BQEs indicating a potentially important role for 
expert methods. 

The rationale and statistical implications of the three main approaches for expert 
assessment were analysed. Importantly we noted that, although the Swedish authorities 
have developed qualitative tools for classifying the reliability of status assessments, 
methods for quantitative uncertainty assessments are missing. Therefore, we developed 
and illustrated a statistical framework that can be used to estimate uncertainty 
quantitatively for all types of expert methods. This framework is completely consistent 
with the general framework for uncertainty assessment and tool for integrated assessment 
developed within WATERS. Thus, we used realistic estimates of spatial and temporal 
variability to illustrate how uncertainty of status assessments can be calculated for each of 
the BQEs using incomplete data and spatial extrapolation. These illustrations can be used 
to obtain first appraisal of the relative precision and usefulness of various methods for 
different indicators. Finally, status assessment using complete data or expert methods are 
discussed in relation to the tool for integrated assessment developed within WATERS. 
This tool provides a solid framework for assessment of status and uncertainty which can 
be used adaptively to incorporate new indicators and expert methods in a transparent and 
reliable way.  
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Svensk sammanfattning 
I enlighet med EUs ramdirektiv för vatten skall svenska myndigheter bedöma ekologiska 
status, inklusive statusen på biologiska kvalitetsfaktorer i alla vattenförekomster i kust- och 
inlandsvatten. Helst bör detta göras med hjälp av direkta mätningar i enskilda 
vattenförekomster, men på grund av att resurserna är begränsade måste 
statusbedömningarna ofta baseras på olika typer av expertmetoder. I denna rapport 
föreslår vi riktlinjer för hur sådana expertbedömningar kan göras. Vi gör detta genom att 
granska vilka metoder som används inom den svenska vattenförvaltningen, gå igenom 
vetenskapligt motiverade ansatser och genom att utveckla lämpliga strategier när 
övervakningsdata saknas eller inte motsvarar de krav som ställs i de svenska 
bedömningsgrunderna. 

Analyser av hur svenska statusbedömningar har gjorts visar att expertbedömningar är är 
väldigt vanligt förekommande. Metoderna varierar mellan de biologiska kvalitetselementen 
och vattendistrikten, men de vanligaste typerna är (1) bedömningar med hjälp av 
ofullständiga data, (2) extrapolering från närliggande vattenförekomster (”gruppering”) 
och (3) alternativa indikatorer eller mätmetoder. I kustvatten var expertbedömningar 
dubbelt så vanliga som de baserade på fullständiga data i enlighet med rådande 
bedömningsgrunder. I sjöar och vattendrag rådde de motsatta förhållandet, men däremot 
visade det sig att den absolut största andelen av sjöar och vattendrag saknade 
bedömningar för enskilda kvalitetsfaktorer. Detta visar att det finns ett stort behov att 
utveckla metoder för expertbedömning även i inlandsvatten. 

Vi analyserade även de konceptuella och statistiska grunderna för de tre huvudsakliga 
ansatserna för expertbedömning. En viktig slutsats var att, även om svenska myndigheter 
har utvecklat ett kvalitativt system för att klassificera tillförlitligheten hos en 
statusbedömning, finns ingen metod för att kvantitativt uppskatta osäkerheten hos en 
statusbedömning. Vi har därför utvecklat och illustrerat ett statistiskt ramverk för 
skattning av osäkerhet som kan användas för alla ovan nämnda metoder för 
expertbedömning. Metodiken är helt kompatibel med den generella metoder för hantering 
av osäkerhet och verktyget för sammanvägd bedömning som utvecklats inom WATERS. 
Således användes realistiska skattningar av rumslig och tidsmässig variation för att 
illustrera hur osäkerheten hos samtliga biologiska kvalitetselement då status bestämts 
genom expertbedömning med ofullständiga data och genom gruppering. Dessa exempel 
kan användas för at få en övergripande bedömning av användbarheten av olika metoder 
för olika indikatorer. Slutligen diskuteras hur WATERS verktyg för samlad bedömning 
kan användas som ett övergripande och adaptivt ramverk för status- och 
osäkerhetsbedömning oavsett om dessa baseras på fullständiga data eller expertmetoder.   
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1 Introduction 
The Water Framework Directive (WFD) (2000/60/EC) was formulated to deal with the 
increasing pressures on European water resources and to achieve “good ecological status” 
in all European surface waters and groundwater as a basis for ensuring the long-term 
sustainable use of water for people, business and nature. The directive defines a cyclic 
adaptive process a number of administrative regulations, and several more or less specific 
guidelines for how the member states should implement the directive in their respective 
countries and laws. 

Implementation of the WFD into European and Swedish legislation has in many ways 
changed practical water management and, in particular, the demands on monitoring and 
other requirements for status assessment of biological quality elements (BQEs) have been 
more rigorously and extensively defined. A general aim of the research programme 
WATERS is to suggest improvements and further development of the indicators and 
assessment criteria, which were implemented in Swedish legislation as quality standards 
(NFS 2008:1, later replaced by HVMFS 2013:19) in connection to the first management 
cycle (2003-2009).  
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Figure 1.1. Map of the five water districts used in Swedish water management. 
Screenshot from www.viss.lansstyrelsen.se. 

1.1 Central concepts and challenges for WFD-assessment 
Because the aim of the WFD is to create a more transparent and harmonised assessment 
system across the EU, it defines a number of concepts which form the basis for its 
implementation and future use. Although the “water quality” of European waters were 
assessed already before the implementation of the WFD, the introduction of many of 
these new concepts is and have been challenging. 

Firstly, the WFD emphasises the importance of biological responses for status assessment. 
For example, it is specified that BQEs should have higher priority than chemical and 
physical quality elements when status is determined and that the two latter can only 
change an assessment from higher to lower classes (and not the opposite). The directive 
defines a number of BQEs (benthic invertebrates, benthic vegetation, phytoplankton and 
fish) that should be used by each the member states to assess ecological status. For each 
of these BQEs, indicators which are sensitive to human disturbances have been developed 
and to make assessments comparable among states and BQEs, the directive also states 
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that all indicators reflecting these BQEs should be transformed to a common assessment 
scale, the ecological quality ratio, which range from 0-1. 

A second and fundamentally important consequence of the WFD is that it requires that 
the state of the indicators is assessed in relation to class-boundaries derived as deviations 
from a fixed benchmark, the reference, which represent the expected state in undisturbed 
conditions. This is fundamentally different from the previous assessment paradigm, which 
was focussed on detection of trends. The consequences of this shift, from quantifying 
temporal patterns (usually at fixed sites) to quantifying and describing the state with a 
sufficient degree of confidence, for the design of monitoring and assessment-methods are 
far-reaching and beyond the scope of this study. Nevertheless, it is clear that these new 
tasks imposed by the WFD, requires that more emphasis is put on spatial and temporal 
representativity and precision in the monitoring and assessment process.  

Finally, a related issue with fundamental implications for the assessment process is the fact 
that the WFD takes a holistic perspective with the aim to assess and manage entire river 
basins. Because all lakes streams and coastal water bodies are connected and thus interact 
with each other, this strategy makes a lot of sense from an ecological perspective but it 
also poses a number of challenges due to the great diversity of habitats and physico-
chemical conditions which are present within a river basin. Thus, in order to account for 
ecological differences and gradients among different types of surface waters, and to define 
spatial assessment units, a system of water body types and water bodies have been 
introduced. This “typology” allows definition of type-specific references and class 
boundaries, which can account for some of the natural variability, as well as of delineation 
of assessment units suitable for administrative purposes. While the delineation of 
ecologically meaningful and administratively useful definitions of water bodies is a great 
step towards transparency of status assessments, it has also revealed the magnitude of 
challenges associated with status assessment based solely on monitoring in Swedish 
surface waters. The fact that Sweden has roughly 650 coastal water bodies, more than 7 
500 lakes and 40 000 streams, and that three to four BQEs need to be assessed every sixth 
year, means that assessments can only partially be based on direct monitoring data. As a 
consequence of this, the use of methods for extrapolation, modelling or other types of 
“expert methods” is often necessary. 

1.2 Guidelines for expert assessment  
In connection with the development of the formal Swedish assessment criteria and quality 
standards in 2008 (NFS 2008:1 later by HVMFS 2013:19), practical guidelines for 
professionals engaged in status assessment were developed in a handbook 
(Naturvårdsverket 2007). These guidelines were mainly concerned with the assessment 
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based on monitoring data fulfilling the requirements in the quality standards and other 
national monitoring guidelines, but one section (4.4) consisting of twenty pages were 
devoted to “assessments based on best available knowledge when the formal assessment 
criteria cannot be applied” (“expertbedömning” in Swedish)1. These guidelines basically 
outline when expert assessments can be applied, classify different types of expert methods 
and illustrate conceptually a few possible approaches when data is missing, based on 
assessment of significant pressures and when water bodies can be assessed in groups. 

Overall, the guidelines in the handbook provides a conceptual overview but it does not 
present a coherent strategy, nor any useful guidelines for how the status or its associated 
uncertainties can be estimated based on expert methods. In general, assessments based on 
expert methods are described as more uncertain and it is suggested that the methods for 
uncertainty assessment may vary among different approaches. Nevertheless, the need for 
development of formal methods, based on modelling is also emphasised 
(Naturvårdsverket 2007). While these recommendations were formulated in 2007, and 
despite the fact that expert methods have been frequently applied in the status assessment 
of Swedish surface waters (see chapter 3), a coherent framework for uncertainty- and 
status assessment using expert methods is yet to be proposed. This can probably be partly 
explained by the fact that a coherent framework for uncertainty assessment based on 
complete data also has been missing. We believe that the methods for uncertainty 
assessment developed and tested within WATERS (e.g. Lindegarth et al. 2013a, 2013b, 
Carstensen and Lindegarth 2016, Bergström and Lindegarth 2016) fulfil these 
requirements and therefore can provide a solid fundament also for expert methods.   

                                                        
 

 
1	Expertbedömning	-	En	bedömning	gjord	utifrån	bästa	tillgängliga	kunskap	i	de	fall	bedömningsgrunderna	inte	kan	

tillämpas.	
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2 Objective 
The WFD prescribes that the status of a number of biological quality elements are 
assessed in individual coastal and inland water bodies. This means that in Sweden 655 
coastal water bodies, more than 7 500 lakes and 40 000 streams need to be assessed every 
sixth year. Due to limitations in available methods and resources for monitoring, these 
assessments can only partially be based on monitoring data, but various methods for 
extrapolation, modelling or other types of expert judgements are often necessary. 

The objective of this report is to provide guidelines and methods as to how such 
assessments can be done. We do this by (1) reviewing methods currently used in Swedish 
water quality management, (2) outlining potentially useful scientific approaches and (3) 
developing recommendations for suitable strategies for assessment when data on an 
indicator is missing or when the available data do not fully comply with the requirements 
defined in Swedish assessment criteria, i.e. HVMFS 2013:19 (and formerly the NFS 
2008:1). Such methods are hereafter collectively referred to as “expert” assessments / 
methods / judgements. 

The report is designed with the intention to give a general background to the issues in 
chapters 1-3. In chapter 4 and in the associated annex A, outline the scientific basis for the 
suggested methods and in chapters 5 and 6 we use real data and examples to develop 
general and specific recommendations for the use and further development of expert 
methods for individual BQEs.  
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3. Current approaches used in the Swedish 
WFD-assessments 
 

The WFD requires that all inland and coastal water bodies are assessed with respect to the 
BQE relevant to that type. Ideally this is done using the monitoring methods and data 
requirements described in the Swedish assessment criteria (HVMFS 2013:19). Due to 
economic constrains, however, this ambition is rarely fulfilled for all BQEs. Instead, 
assessments are done using various types of expert methods.  

We have analysed the frequency and types of assessment methods used in lakes, streams 
and coastal waters in the latest WFD cycle ending in 2015. Data have been collected from 
the official database VISS, which is the maintained by the Swedish Water District 
Authorities, which classify methods into those based on ”full data” (i.e. fulfilling HVMFS 
2013:19), ”incomplete data”, “spatial extrapolation”, ”modelling” and ”expert opinion”. 
As will be described below these terms are not used consistently among the different 
districts and BQEs and sometimes a combination of methods is used. Nevertheless, these 
data give a comprehensive overview of the extent to which the requirements are met and 
how often a certain BQE is not assessed in a water body. Interpretations of the relative 
importance of the various expert methods need more caution. 

3.1 Coastal waters 
The ecological status of Swedish coastal areas is assessed using three BQEs: benthic 
invertebrates, macroscopic vegetation and phytoplankton. Ideally assessments of the 
BQEs in all of the 650 water bodies are based on adequate monitoring, which are spatially 
and temporally representative. An overview of the actual types assessments that were 
done in 2015, however, reveal that this is not very common. In fact, full data are only 
available for 16, 9 and 17% to assess benthic invertebrates, macrovegetation and 
phytoplankton in the coastal water bodies (Table 3.1). Furthermore, we can observe that 
46, 75 and 18% of the same BQEs are not assessed at all (note that macrophytes are not 
assessed at all in district 1). This means that various expert methods are used in 38, 16 and 
65% of the water bodies for the three BQEs respectively. 

Table 3.1. Number of waterbodies for different methods of assessment for benthic 
fauna, macrophytes and phytoplankton in the five Swedish water districts (SE1-5). ”No 
assessment” indicate that the BQE was not assessed; ”Full data” indicate that status 
assessments were done using data complying with the requirements in HVMFS 
2013:19. ”Incomplete data”, “Spatial extrapolation” and ”Expert opinion” indicate that 
status assessments were made by various methods of ”expert judgement” (see text for 
details). Data extracted from VISS (2016-02-01). 

BQE Assessment method SE1 SE2 SE3 SE4 SE5 Total Tota

l % 

Benthic fauna No assessment 64 29 134 68 7 302 46 
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 Full data 9 34 32 18 10 103 16 

 Incomplete data 1 21 0 45 31 98 15 

 Spatial extrapolation 0 0 1 46 57 104 16 

  Expert opinion 39 1 0 1 5 46 7 

Macrophytes No assessment 113 39 162 95 79 440 75 

 Full data 0 8 4 33 16 61 9 

 Incomplete data 0 22 1 28 15 66 10 

 Spatial extrapolation 0 0 0 13 0 13 2 

  Expert opinion 0 16 0 9 0 73 4 

Phytoplankton No assessment 0 0 98 3 18 119 18 

 Full data 21 11 31 40 6 109 17 

 Incomplete data 31 56 0 122 13 222 34 

 Spatial extrapolation 3 2 19 12 0 36 6 

 Modelling 0 6 0 0 0 6 1 

  Expert opinion 58 10 19 1 73 161 25 

Total number of water bodies 113 85 167 178 110 653 100 
 

For benthic fauna the majority of expert assessments are characterised as “incomplete 
data” or “spatial extrapolation” and a few are characterised as “expert opinion” (Table 
3.1). A closer examination of notes and comments show that extrapolation of status of 
benthic fauna from a neighbouring water body is common under all of these types. Other 
common situations are that data exist from fewer than five stations or that data from 
single years are used to classify six-year assessment periods, which are both in contrast to 
the formal assessment criteria. The fact that the percentage of water bodies which are not 
assessed varies strongly among districts is to a large degree explained by differences in the 
use of expert methods (and to a smaller degree on the completeness of monitoring 
programs; Table 3.1). 

For macrophytes in coastal areas expert methods are used in 16% of the water bodies, i.e. 
it is approximately twice as common as those made according to the formal criteria (Table 
3.1). The reason why expert judgements have been used is mainly because data in these 
water bodies have been collected at transects, which do not fulfil the criteria prescribed by 
the monitoring standard (i.e. they are not sampled at sufficient depth or that the 
availability of hard substrates are limiting the lower limits of vegetation). Overall it is 
evident that expert methods are often used to compensate for lack of adequate data, in 
comparison to the other BQEs. In combination with the prevailing lack of adequate data, 
the result is that macrophytes are usually not assessed. 

Phytoplankton in coastal waters are assessed in more than 80% of the water bodies and 
approximately 65% of the water bodies are assessed using expert methods while data 
fulfilling the requirements are used for approximately 20% of the water bodies. The 
summary in Table 3.1 indicates that “incomplete data”, “spatial extrapolation” and other 
types of “expert opinion” are the dominant methods, examination of additional 
information indicate that different methods are often used in combination and that 
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methods are inconsistently classified. One common type of method for chlorophyll a, 
which is the most common indicator for phytoplankton abundance in Sweden, is to use 
data from satellite images (www.vattenkvalitet.se). This is a newly developed method 
which is used in many water bodies and in all districts (but is inconsistently classified 
either as “incomplete data”, “spatial extrapolation” or “expert opinion”). These are often 
used in combination with assessments of adjacent water bodies (“spatial extrapolation”) 
and with assessments based on modelled chlorophyll using the coastal zone model 
developed by SMHI 
(www.smhi.se/forskning/forskningsomraden/oceanografi/kustzonsmodellen-1.19391). 

3.2 Lakes 
The ecological status of lake water bodies in Sweden is assessed using four BQEs: benthic 
invertebrates, macrophytes, phytoplankton and fish. Assessment of the BQEs in all water 
bodies is preferably based on data that fulfils the requirements in HVMFS 2013:19. 
However, such data is available only of a small fraction (1-5%) of all waterbodies, and 
varies with BQE (Table 3.2). Proper assessments are made for less than 90% of all water 
bodies with only 1, 5, 5 and 3 % of the water bodies having using full data to assess 
benthic invertebrates, phytoplankton, fish and macrophytes repectively (Table 3.2) For 
anonothe 1-2% of the water bodies incomplete data is used for assessments. 

 

Table 3.2. Number of lake water bodies for different methods of assessment for benthic 
fauna, phytoplankton, fish and macrophytes in the five Swedish water districts (SE1-
5)”No assessment” indicate that the BQE was not assessed; ”Full data” indicate that 
status assessments were done using data complying with the requirements in HVMFS 
2013:19. ”Incomplete data”, “Spatial extrapolation” and ”Expert opinion” indicate that 
status assessments were made by various methods of ”expert judgement” (see text for 
details). Data extracted from VISS (2016-02-01). 

BQE Assessment method SE1 SE2 SE3 SE4 SE5 Total Total % 

Benthic fauna No assessment 2013 3404 371 450 635 6873 98 

BQI Full data 0 8 23 21 42 94 1 

 Incomplete data 0 0 8 15 16 39 1 

 Spatial extrapolation 0 0 0 0 0 0 0 

  Expert opinion 0 0 0 0 0 0 0 

Phytoplankton No assessment 2013 3405 210 292 578 6498 93 

Chlorophyll Full data 0 6 97 139 105 347 5 

 Incomplete data 0 1 89 55 10 155 2 

 Spatial extrapolation 0 0 0 0 0 0 0 

  Expert opinion 0 0 1 0 0 1 0 

Fish No assessment 2013 3362 353 327 531 6586 94 

FISHEQR8 Full data 0 49 42 122 151 364 5 

 Incomplete data 0 1 5 35 10 51 1 

 Spatial extrapolation 0 0 0 0 0 0 0 
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  Expert opinion 0 0 0 2 0 2 0 

Macrophytes No assessment 2013 3411 256 413 632 6725 96 

MAC_PHYTE Full data 0 1 121 47 27 196 3 

 Incomplete data 0 0 20 19 34 73 1 

 Spatial extrapolation 0 0 0 0 0 0 0 

  Expert opinion 0 0 0 2 0 2 0 

Total number of water bodies 2013 3412 402 486 693 6991 100 
 

Assessments of benthic fauna are made for only 2 % of all water bodies with half of the 
assessments made using full data and half using “incomplete data” (Table 3.2). Perusal of 
comments and notes for the individual assessments show that the lack of sufficient 
number of samples and/or number of years are the main reason for incomplete data, i.e. 
that data is available for only one year or for only one sample. In most cases of 
incomplete data, only one measurement from a single site in a single one year is available. 
In other cases the data used are from a previous assessment period and thus considered 
incomplete. All these cases contrast with the given assessment criteria. The difference in 
the percentage of water bodies assessed is to some extent explained by the large 
differences in number of water bodies per district, varies from 402 (SE3) to 3412 (SE2). 
However, from the overview of the assessment methods used it is also clear that there is a 
need for a more extensive use of different methods to assess the status in non-monitored 
water bodies as less than 10% of all water bodies are currently assessed. 

For macrophytes in lakes, the pattern is similar to that observed for benthic invertebrates, 
i.e. less than 5% of all water bodies are currently assessed (Table 3.2). However, in 
contrast to benthic invertebrates where roughly half of the assessments are made using 
data that fulfils the requirements, macrophytes are assessed using full data in almost 75% 
of the cases. The remaining assessments are almost exclusively made using “incomplete 
data” and in only two water bodies “expert opinion” is used. Most assessments made 
using “incomplete data” are a result of data not fulfilling the formal requirements in 
HVMFS 2013:19. In some situations the “vattenregleringsindex” WIc<-20, indicating that 
the water body is affected by unnatural fluctuations in water levels, and thus some 
additional information is used in the assessment, resulting in the assessments being 
classified as “incomplete data”. Overall it is evident that assessments, using expert 
methods are needed for a more complete assessment of lake water bodies. 

Phytoplankton is the most frequently assessed BQE of all BQEs in lake water bodies. 
Still, less than 10% of all lakes are assessed using phytoplankton (Table 3.2). Of the 503 
water bodies assessed ~70% (347 water bodies) are assessed using full data for 
phytoplankton. The remaining 30% are assessed using expert methods including cases 
when data are available but do not fulfil the requirements of the assessment criteria. 
Similar to the expert assessments of benthic invertebrates, most often the data are limited 
to a few samples in a single year for the water bodies, thus not satisfying the requirements 
sampling phytoplankton every year during each assessment period. 
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When assessments of fish in lake water bodies are performed they are to a large extent 
performed using full data (5% of all water bodies). Even so, no assessments are made for 
the majority of all water bodies (94%). In total 417 out of 6991 water bodies are assessed 
using BQE for fish. Differences in assessment criteria between Sweden and Norway has 
resulted in lakes, even though having data that fulfils the Swedish criteria, as being 
assessed using “expert opinion” (sometimes inconsistently classified as “incomplete 
data”), due to considering assessment criteria from both countries.  

To summarize, terminology is not used consistently within or among BQEs. Notes and 
comments for individual assessments often state “assessment made by extrapolation for 
nearby lake” while in the section describing the method used state “incomplete data” or 
“expert opinion”. Other cases include occasions when it has considered that an 
assessment for a previous assessment period is still plausible, when data from a previous 
period is used or when information on man-made changes to the extent of the lake, 
knowledge about presence of various species are used. These cases are sometimes 
classified as “incomplete data”, sometimes as “expert opinion”. It can also be noted that 
there are instances when assessments are available (looking at the status given for the 
water body) but no method is given by which the assessment is performed and where the 
method cannot be deciphered from notes and comments. 

3.3 Streams 
The ecological status assessment of stream water bodies differs from the assessments of 
lakes and coastal waters where macrophytes and phytoplankton are important BQEs, in 
streams these are replaced by phytobenthos. Thus the ecological status of streams is 
assessed using three BQEs: benthic invertebrates, fish and phytobenthos. In an ideal 
world, assessment of the BQEs in all water bodies would be based on data that fulfils the 
assessment criteria given in HVMFS 2013:19. However, with more than 10000 different 
water bodies this is not possible and other methods have to be used. Roughly 5% of all 
stream water bodies are assessed using full data that meet the requirements in HVMSF 
2013:19 and a further 2-3% are assessed using “incomplete data” (Table 3.3). Thus, 
although the ecological status in more than 800 water bodies is assessed using 
measurements, measurements are missing for the majority of streams. 

Table 3.3. Number of stream water bodies for different methods of assessment for benthic fauna, fish 
and phytobenthos in the five Swedish water districts (SE1-5) ”No assessment” indicate that the BQE 
was not assessed; ”Full data” indicate that status assessments were done using data complying 
with the requirements in HVMFS 2013:19. ”Incomplete data”, “Spatial extrapolation” and ”Expert 
opinion” indicate that status assessments were made by various methods of ”expert judgement” 
(see text for details). Data extracted from VISS (2016-02-01). 

BQE Assessment method SE1 SE2 SE3 SE4 SE5 Total Total % 

Benthic fauna No assessment 4819 5881 454 878 928 12960 94 

ASPT Full data 0 1 106 117 356 580 4 

 Incomplete data 0 76 9 18 131 234 2 
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 Spatial extrapolation 0 0 0 0 0 0 0 

 Expert opinion 0 0 3 0 0 3 0 

  Assessed but no method given 0 0 5 11 54 70 0 

Fish No assessment 4819 5570 544 915 1121 12969 94 

FISHVIX Full data 0 263 31 51 311 656 5 

 Incomplete data 0 125 1 56 34 216 2 

 Spatial extrapolation 0 0 0 0 0 0 0 

 Expert opinion 0 0 0 0 2 2 0 

  Assessed but no method given 0 0 1 2 1 4 0 

Phytobenthos No assessment 0 5809 236 797 1143 7985 58 

IPS Full data 15 4 332 155 255 761 5 

 Incomplete data 188 123 6 70 67 454 3 

 Spatial extrapolation 1 0 1 0 0 2 0 

 Expert opinion 4615 0 0 0 0 4615 33 

  Assessed but no method given 0 22 2 2 4 30 0 

Total number of water bodies 4819 5958 577 1024 1469 13847 100 
 

For benthic fauna the majority of expert assessments are characterised as “incomplete 
data” and a few a described as “expert opinion”, for unknown reasons another 70 water 
bodies are missing assessment description, but still assigned a status in the assessment 
(Table 3.3). A closer look at the notes and comments shows that the few cases of “expert 
opinion” are results of knowledge of sensitive species, that has previously been found in 
the stream no longer are present in the samples collected. Cases when an assessment 
method is missing are often characterized in the notes as “Bottenfaunaundersökning visar på 
hög status”, “Inga övergödningsproblem utifrån bedömning av näringsämnen”and “Resultatet grundas på 
9 bottenfaunaprovtagningar utförda på ett provtagningsområde, under åren 2002-2007. Samtliga prover 
visar hög status”. Thus indicating that some data is available but it is difficult to identify the 
quality of these data. Interestingly, 65 out of 70 water bodies assessed but missing 
information on method used are classified at having high ecological status. 

Fish are assessed in stream water bodies to a similar degree as benthic fauna but 
distributed differently among the districts, especially when it comes to “full data” where 
fish is assessed in more than 250 water bodies but benthic fauna in only one (Table 3.3). 
Like for most BQEs in both coastal waters, lakes and streams “incomplete data” is 
generally a result of data covering too few samples and/or years within the assessment 
period. However, it should be noted that caution is advised when evaluating the numbers 
of various types of assessments as digging deeper into the notes and comments reveals 
cases when the assessment method is set to “full data” but the notes suggests that the data 
used is from mid 90s (i.e. 20 years old) and thus truly not fulfilling the assessment criteria 
in HVMFS 2013:19. 

In streams phytobenthos is the most assessed BQE with 1215 water bodies assessed using 
either “full data” (in 761 water bodies) or “incomplete data” (454 water bodies). In district 
one there is not a single water body that is missing assessment according to the type of 
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assessment instead the major part of all water bodies are categorized as been assessed 
using expert opinion. Looking at the notes reveals that this might be incorrect as not a 
single one of these water bodies actually have been assigned a status. 

In summary, revisions of the type of assessment methods used for the individual 
assessments are needed and there is a need for consistency both among and within district 
on how the various type of expert methods (“incomplete data”, “expert opinion”, “spatial 
extrapolation”) are used and even a though review of the “full data” cases are needed. 
Without this consistency, caution is needed in evaluations of the assessments made and 
methods used. 
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4 Scientific basis for expert methods 
The analyses above show expert methods are frequently used in coastal as well as inland 
waters and the fact that many water bodies are not assessed for individual BQEs suggest 
that formalised guidelines for expert methods may be important to achieve a more 
complete and harmonised status assessment for the whole of Sweden. Although the 
methods used for expert assessment varied among coastal and inland waters, as well as 
among BQEs, three general approaches can be distinguished from the analyses above:  

1. assessment using incomplete data (i.e. in relation to the requirements in HMVFS 
2013:19) collected in the water body to be assessed 

2. assessment by extrapolation from other neighbouring water bodies or groups of 
water bodies from the same type and subject to similar human pressures 
(“grouping”)2 

3. assessment using data on other, relevant types of indicators (e.g. indicators of the 
same BQE but measured using alternative sampling methods, information on 
pressures etc.) not described in the formal assessment criteria (HVMFS 2013:19). 

All of these methods are based on logical arguments and are legitimate responses to 
pressing needs to provide reasonable assessments based on empirical data. The lack of 
consistency among districts and sometimes rudimentary documentation of assessment 
methods, reveal that further methodological development can provide a better scientific 
basis and more transparent status assessments. 

4.1 Assessing status and uncertainty using monitoring data with 
insufficient replication 
All assessments of biological quality elements are based on indicators which are measured 
in national and regional monitoring programs following specific monitoring standards for 
                                                        
 

 

2 HVMFS	2013:19,	kapitel	2	Klassificering,	2§	”Vid	klassificering	av	ekologisk	status	ska	de	biologiska	

kvalitetsfaktorerna	vägas	samman	för	ytvattenförekomsten.	Klassificeringen	kan	baseras	på	underlagsdata	från	grupp	

av	ytvattenförekomster”		
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each indicator (http://www.havochvatten.se/hav/samordning--
fakta/miljoovervakning/handledning-for-miljoovervakning/undersokningstyper-och-
miljoovervakningsmetoder.html). The national Swedish assessment criteria, the HVFMS 
2013:19, refers to monitoring standards and defines a number of requirements in terms of 
replication in time and space. 

Ideally, monitoring of a particular water body fulfils these criteria but experience shows 
that this is seldom the case. Nevertheless, provided that the spatial and temporal structure 
of monitoring data are properly addressed in estimation of means and uncertainty, such 
data arguably may still provide the best available representation of the BQE in the target 
water body and as a general recommendation they should be used to assess the status if 
available. Importantly, it is also evident that the monitoring requirements defined in the 
assessment criteria do not always provide sufficient representativity in terms of spatial and 
temporal replication (e.g. Lindegarth et al. 2013b). Because such representativity may be 
difficult to achieve due to economic and other constrains, Carstensen and Lindegarth 
(2016) and Bergström and Lindegarth (2016) proposed an approach based on an 
“uncertainty library” where estimates of uncertainty components are tabulated and used to 
complement direct monitoring data. 

Thus, previous work within WATERS has focused on developing and describing a 
framework for estimation of  uncertainty in status assessments for individual water bodies 
during a 6-year assessment period (for details on methods and rationale consult 
Lindegarth et al. 2013a, 2013b, Carstensen and Lindegarth 2016, Bergström and 
Lindegarth 2016). This work has shown that average status of a monitored water body,𝑦, 
and the associated sampling variability,	𝑉 𝑦 , need to be estimated using a comprehensive 
model accounting for the spatial and temporal structure of the monitoring design 
(Carstensen and Lindegarth 2016). In short, the important components for estimating 
uncertainty in status assessments are those among years, sites within water bodies, 
interactive variability (if sites or stations are revisited) and replicate samples (i.e. 𝑠%&, 
𝑠'()*)
& , 𝑠%∗'()*)

&  and 𝑠-& respectively). For a completely balanced monitoring design (all 
sites are monitored with same frequency and replicates) these components are combined 
into an overall variability around the total mean of a monitored water body, 𝑦, as: 

𝑉 𝑦 =
/0
1∗ 2340

5
+

/7(89)
1

:
+

/0∗7(89)
1

5:
+ /;1

5:<
.  (1) 

Note that the contribution of each component to the overall uncertainty depends on the 
number of years of sampling within an assessment period (a, where Y is the maximum 
number of years Y=6), number of sites sampled within a water body (c) and the number 
of replicate samples per site (n) (Cochran 1977, Clarke 2012). The standard error of the 
mean estimate is calculated as: 

𝑆𝐸 𝑦 = 𝑉 𝑦 .  (2) 

Irrespective of whether the data fulfil the requirements for replication defined by the 
Swedish assessment criteria, the use of this framework allows appropriate estimation of 
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the overall uncertainty of estimates of any indicator. Depending on which indicator it is 
and on how close the observed mean is to relevant class boundaries, estimates based on 
such monitoring data may or may not provide status classifications with sufficient 
confidence. The important thing is that the methodology allows estimation of uncertainty, 
which can be incorporated in a coherent framework, and that the empirical data provide 
the best available evidence of status (Bergström and Lindegarth 2016). Therefore, the 
general recommendation is to use available data, even though sampling requirements are 
not fully met. It is important, however, to assess the uncertainty of the status assessment 
according to the routines outlined in the references above. 

4.2 Modelling status and uncertainty in non-monitored sites 
Due to the large number of lakes, streams and coastal water bodies in Sweden, a 
substantial number of them cannot be assessed using monitoring data on the indicators 
prescribed in the assessment criteria. Nevertheless, these water bodies still need to be 
assessed using some sort of expert method. The main approaches to achieve this are to 
use information on the indicator from other water bodies or to use data on alternative 
indicators as described above. Although they represent two conceptually separate 
situations from a practical perspective, it can be show that both situations can be 
formulated and treated statistically as linear models. A generic formulation accounting for 
unbalanced monitoring designs and using the notation and framework presented in 
Carstensen and Lindegarth (2016) is given in annex A. However, in line with the technical 
reports on the uncertainty framework (i.e. Lindegarth et al. 2013a, 2013b, Bergström and 
Lindegarth 2016), the approaches and their implications can also be presented in a more 
conceptual way focussing on variance components and monitoring designs. Note, 
however, that these examples assume balanced sampling, i.e. that the same number of 
samples, stations etc. are monitored among years) and thus that they represent special 
cases of the more general formulation in annex A.  

4.2.1 Models for extrapolation from monitored water bodies 
The analyses in section 3 show that one frequently used expert method is to estimate the 
status of an un-monitored water body by extrapolating from a neighbouring water body 
with similar levels of pressure. This means that the state of a “donor” water body is used 
to predict the state in a “target” water body (or group of water bodies). This method is 
also proposed as possible alternative in the Swedish assessment criteria which states that 
“classifications can be based on a group of water bodies” (HVMFS 2013:19; Ch. 2, 2§). 
However, no further guidance on how to assess the added uncertainty of such 
extrapolation is however given. In order to use such approaches, it is however imperative 
that the uncertainty and therefore the usefulness of the extrapolation are assessed. Except 
from a qualitative “confidence rating” of different methods for assessment or expert 
judgement, this is not included in today’s status assessments. 
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Nevertheless, if monitoring data on the accepted indicator or on any alternative indicator 
is absent and if no useful quantitative information about pressure-response relationships is 
available, one possible option for expert judgement is to use data from other water bodies 
or assessment periods to assess status. Such extrapolation, without empirical data from the 
spatial and temporal assessment unit, should of course be seen as a secondary alternative, 
and must address issues of uncertainty. Nevertheless, under certain circumstances it may 
provide a useful tool for status assessment and for some BQEs it is in fact a frequently 
used approach (see section 4). 

The rationale behind assessments using spatial or temporal extrapolation is that the state 
of a particular indicator in one water body at one time, is to some degree predictable from 
its state in an adjacent water body or at a previous time. The accuracy of such a 
proposition depends on the spatial and temporal variability, typical of that indicator, and 
whether the levels of human pressures are similar in the water body to be assessed and 
those upon which the predictions are based (the latter is crucial and cannot be assumed 
without investigation). Because the spatial and temporal variability differs among BQEs 
(Bergström and Lindegarth 2016), we must expect that the usefulness of extrapolation 
differ among indicators and BQEs. 

One positive aspect of assessments based on extrapolation is that they can be done at the 
relevant indicator scale. Therefore, there is no need to transform data from an alternative 
indicator or proxy into the accepted indicator scale. On the other hand, spatial and 
temporal extrapolation has a price in terms of greater uncertainty compared to 
assessments based on direct monitoring. Although the absence of monitoring precludes us 
from knowing the exact errors associated with extrapolation, a proper framework for 
estimating uncertainty and relevant estimates of spatial and temporal variability, however, 
allows estimation the added uncertainty. 

 
Figure 4.1. Schematic map of thirteen water bodies in coastal. Four water bodies WB1-
4, can be assessed using monitoring data while the remaining nine (A-I) must be 
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assessed using expert methods (see text for further explanations). 

Now, if we were to assess the status of water body A in coastal area by spatial 
extrapolation from water bodies within the same water body type (Fig. 4.1), there are at 
least two different options of doing this. First, the most straightforward approach, and the 
one frequently used in Swedish assessments is to use the status of an adjacent “donor” 
water body, i.e. WB1, and assume that 𝑦? = 𝑦)*2 (Fig. 4.1). This may or may not be a 
reasonable assumption, and the likelihood of this being a reasonable assumption depends 
on the additional error caused by extrapolation. Because extrapolation from one water 
body to another introduces additional error, we can however not conclude that the 
uncertainty for 𝑦? is the same as for 𝑦)*2, i.e. 𝑆𝐸 𝑦? ≠ 𝑆𝐸 𝑦)*2 . This is because the 
uncertainty of 𝑦? also involves variability among water bodies. Thus, where 𝑠)*

&  represent 
variability among neighbouring water bodies the overall variability for the “target” water 
body, A, can be estimated as: 

𝑉 𝑦A5BC-A = 𝑠)*
& + 𝑉 𝑦DEAFE<	GH<HB ,  (3) 

where 𝑉 𝑦DEAFE<	GH<HB  is the variability within WB1 as estimated from equation 1. Thus, 
the uncertainty of the extrapolated water body is determined by the variability within the 
donor water body and the variability among water bodies determined from estimates 
among WB1-4 or by a generic estimate from an “uncertainty library”.  

A second approach, which is more in agreement with the formulation in the assessment 
criteria, is based on extrapolation from a group of comparable water bodies. For example, 
if we were to assess water body E in coastal water by extrapolation (Fig. 4.1), there may be 
no obvious argument for choosing either of the four potential donor water bodies (WB1-
4). In such situations it is more logical to use the average of all monitored water bodies to 
extrapolate the state in E, so that 𝑦J = 𝑦)*23K	. In fact, in this situation there are a total 
of thirteen water bodies but only four of them can be assessed directly using monitoring 
data and the remaining nine must be assessed using extrapolation. In a general 
formulation, the predicted average of the target water bodies and its associated variability 
can be written as: 

𝑦A5BC-A = 𝑦GH<HB	CBHLM 

𝑉 𝑦A5BC-A =
/89
1 ∗ 23NO

P
+ 𝑉 𝑦DEAFE<	GH<HB	D5A-B	PHGE-/  (4) 

where b is the number of water bodies used to calculate the average and G is the total 
number of water bodies in the group (defined as number of neighbouring water bodies or 
those within the same type). Although the usefulness and precision of these two 
approaches for extrapolation may vary, it is worth noting that the second, where the 
extrapolation is based on more than one water body has potential to be more precise 
because several water bodies are monitored, which means that the uncertainty due to 
variability among water bodies is reduced. As an example, uncertainties of extrapolated 
means for benthic fauna on the Swedish west coast are calculated for a set of scenarios 
where the number of sampled water bodies (b) and group sizes are varied using authentic 
estimates of variance (Fig. 4.2; data from Table 5.2). The expected uncertainty of 
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monitored water bodies according to data requirements from the Swedish assessment 
criteria is SE=0.75, and compared to that the uncertainty of assessments based on one 
neighbouring water body is more than three times larger (SE=2.46).  The uncertainty of 
assessments by extrapolation from a group of water bodies however, varies depending on 
how many water bodies have been sampled (Fig. 4.2). If the half of the water bodies in the 
group has been sampled, SE is approximately double that of a monitored water body (i.e. 
SE≈1.5) and if the majority have been sampled the error approaches 1. 

Thus, as a general recommendation, extrapolation from a group of water bodies appears 
to be associated with lower uncertainties and should generally be preferred. However, if 
there are strong arguments for selecting one particular neighbouring water body, due to 
strong ecological coupling or pressure gradients, the first approach could be justified.

 
Figure 4.2. Expected precision for estimates of mean BQI in a water body on the 
Swedish west coast during a 6-year period using direct monitoring, extrapolation from a 
neighbouring water body or from b water bodies from a group of G possible water 
bodies. Number of years sampled, a=6, number of sites per water body, c=5, number of 
samples per site and year, n=1. 

4.2.2 Regression models based on proxies or pressures 

In situations when monitoring data on the desired indicator form the actual water body to 
be assessed is missing, other data correlated to the indicator may be available and useful 
for status assessment (Chapter 3). These data include alternative indicators (i.e. those not 
included in the HVMFS 2013:19), data on the indicator collected with alternative sampling 
methods or other proxies to human pressures. The important thing, however, for these to 
be useful is that a quantitative relation between the indicator and the potential proxy can 
be established. These relations can take many forms (e.g. linear or non-linear) and be more 
or less complex, but the important thing is that they can be formalised and that the 
uncertainty can be addressed. A general formulation extending the approach from spatial 
extrapolation discussed in section 4.2.1.1 is presented in annex A.  
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The principal steps of the procedure, however, can be illustrated with a simple example of 
linear regression which is summarised in a linear model: 

𝑦E = 𝛼 + 𝑃E ∗ 𝛽T + 𝜀E (5), 

where 𝑦E is the value of the desired indicator, 𝑃E is the proxy, 𝛼 and 𝛽T are the regression 
coefficients and 𝜀E are the individual deviations from the model normally distributed with 
a variance of 𝑠V& (estimated by the MS error in a linear regression). For the purpose of 
using the regression models to predict the values of 𝑦 at a particular level of 𝑃 (𝑦Wand 𝑃W) 
it is important to note that the sampling variance of 𝑦W is affected both by the variance of 
the sampling distribution of the model, 𝑦W, and the variance of 𝑦 at 𝑃 = 𝑃W (e.g. XYNeter 
et al. 1990). Thus the variance of a predicted value 𝑦W can be expressed as: 

𝑉 𝑦W = 𝑠XY
& + 𝑠V& (6) 

While 𝑠V& is constant for the whole range of P, 𝑠XY
&  varies as a function of P according to:  

𝑠XY
& = 𝑠V&

2
Z
+ TY3T 1

T[3T 1 , (7) 

where N is the number of points in the regression. Therefore, the variance of a predicted 
value can be written as: 

𝑉 𝑦W = 𝑠V& 1 + 2
Z
+ TY3T 1

T[3T 1 ≈ 𝑠V& (when 𝑁 → ∞) (8) 

Thus, the uncertainty of a predicted value of the indicator is (1) affected by the uncertainty 
of the estimated regression model as well as the uncertainty of individual estimates and (2) 
generally larger at the low and high end of the range of the proxy, P. Now, if we are to 
predict the value of an indicator at a certain value of the proxy, using a model with 
parameters that have been determined from a large data set, it can be shown that the two 
latter terms in equation 8 will be much smaller than 1 and that the variance can be 
simplified to 𝑠V& (the same applies when the model parameters are known). The prediction 
error at 𝑦W can then be estimated as 𝑆𝐸 𝑦W = 𝑉 𝑦W , which in combination with the 
appropriate value for critical t can be transformed into a “prediction interval”. 

To illustrate regression models can be applied to predict status and uncertainty of 
unmonitored water bodies we use simulated data on chlorophyll a in lakes (simulated from 
empirical relationships from Swedish 367 lakes reported by Drakare, in review). These 
data show that there is a strong positive relationship between the concentration of total 
phosphorous and the chlorophyll a concentration (Fig. 4.3). Now, if we assume that the 
log of the phosphorous concentration 𝑃W = 1, the predicted chlorophyll concentration is 
0.77 (𝑃 = 1.41; 𝑃W − 𝑃 &=0.167; 𝑃E − 𝑃 &=57.2). Thus the variance of 𝑦W at 𝑃W can 
be calculated as: 

𝑉 𝑦W = 0.356 1 + 2
hij

+ W.2ij
kj.&

=0.358, 𝑆𝐸 𝑦W = 0.1893, 

or as: 

𝑉 𝑦W = 0.356, 𝑆𝐸 𝑦W = 0.1888 
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These calculations show that because of the large number of lakes, the two last terms 
within brackets, contribute only very slightly to the overall uncertainty and that the 
simplified version of equation 8 provides an accurate approximation for assessing the 
uncertainty. Thus, we can conclude that if the average concentration of phosphorous in a 
lake is 101=10 µgl-1, the predicted concentration of chlorophyll a is 100.77=5.89 µgl-1 with a 
standard error of 3.21 µgl-1, i.e. an error of approximately 54% of the mean3. To put these 
results into perspective we can note that this uncertainty is similar to that expected for 
monitored water bodies within six-year assessment periods and smaller than that observed 
within individual years by Bergström and Lindegarth (2016). 

 
Figure 4.3. Simulated data on the relationship between total phosphorus (µg*l-1) and 
chlorophyll a (µg*l-1) in 367 Swedish lakes (empirical model reported by Drakare (in 
review): log Chl a = 0.980x – 0.234; adjusted R2=0.804).  

Although this was only an example illustrating the principles for modelling uncertainty, 
these results suggest that this approach may in fact provide a viable alternative for 
chlorophyll in lakes when data on the desired indicator are not available for the water 
body to be assessed. It is, however, not known whether this result is representative to 
other BQEs and indicators. Developing empirical models for existing indicators requires 
detailed data, extensive ecological experience with the individual BQEs and statistical 
modelling of indicators. This was not within the scope of this work and therefore, detailed 
recommendations for all indicators are not given here. Nevertheless, although we can 
observe that quantitative procedures like these are seldom reported in a transparent way, 
expert methods involving quantitative proxies like these are currently being used to a 
substantial degree in Swedish water quality assessments. The routines presented here show 

                                                        
 

 
3 Noting that ln(X)=log(X)*ln(10) and that 𝑆𝐸nFo = 𝑋 ∗ (𝑒'Jrs − 1) see Bergström and Lindegarth (2016). 
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how this can be done in a transparent way and in a way that allows consistent treatment of 
uncertainty and integrated assessment. 
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5. Developing recommendations for expert 
judgement of biological quality elements. 
The frequent use of expert methods for status assessment, the fact that many water bodies 
are not assessed for individual BQEs suggest that there is a great need for methods based 
alternative assessment routines. It is however important that these methods are based on 
sound scientific principles and best available data, that they are transparent and that their 
uncertainty can be estimated. The preceding chapter provided general descriptions of the 
scientific basis for some potentially useful strategies with special reference to how to 
assess and predict status and the associated uncertainties. In this chapter we develop some 
general recommendations and evaluate the potential usefulness and limitations of different 
approaches for individual BQEs. 

A general order of priority among different strategies for status assessments is proposed in 
Table 5.1. If data which comply with the requirements of the assessment criteria are 
available, these are the obvious first priority. Note however, that for none of the BQEs do 
the present assessment criteria describe comprehensive methods for assessing status and 
uncertainty at the scale of six-year assessment periods. Thus, even if data do comply with 
the recommendations it may be argued that the newly developed assessment methods are 
essential to achieve an appropriate assessment. As a second option, if data on the accepted 
indicator is available, but not to the extent that is recommended in the HVMFS 2013:19, 
those data should generally be preferred in favor of other types of strategies. In order to 
avoid biased assessments, it is however important that these data are complemented with 
estimates of critical uncertainty components if these cannot be estimated from data 
(Bergström and Lindegarth 2016). The potential precision of assessments based on 
incomplete data is evaluated for individual BQEs below. 

The most challenging situation is of course to make status assessments when no data on 
the accepted indicator is available from a water body. In this situation we have 
distinguished two different approaches: spatial extrapolation and the use of quantitative 
regression models. Both of these approaches can be scientifically well founded and 
previous chapters have demonstrated that they are used to some extent in Swedish status 
assessments and that it is possible to formulate rigorous methods with respect to 
assessment and uncertainty. Nevertheless, because quantitative models which can be used 
to predict the state of current indicators have rarely been reported quantitative 
assessments of uncertainty of different BQEs are mainly done for spatial extrapolation, 
while regression models are mainly discussed from a conceptual point of view. 
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TABLE 5.1. RECOMMENDED ORDER OF PRIORITY AMONG STRATEGIES FOR 
ASSESSMENT OF INDIVIDUAL BQE:S 

Order of 
priority 

Available data Recommended assessment method 

1 Data from water body fully compliant with 

assessment criteria in HVMFS 2013:19 

Use available data to estimate status. In 

order to assess status and uncertainty of 

water bodies within assessment periods use 

WATERS uncertainty framework described in 

section 4.1. 

2 Data from water body on existing indicator with 

appropriate sampling method but spatial and 

temporal replication not compliant with 

assessment criteria in HVMFS 2013:19 

Use incomplete data and assessment 

method based on WATERS uncertainty 

framework described in section 4.1. 

3a Data on existing indicator not available in water 

body but in adjacent water bodies within the 

same water body type. 

Use methods for spatial extrapolation 

(grouping of water bodies) and uncertainty 

framework described in section 4.2.1 

3b No data on existing indicator available in water 

body. Alternative indicator, i.e. related indicator 

measured with alternative sampling method, 

indicator of pressure or other proxy, with known 

quantitative relation to existing indicator 

available from water body. 

Use methods for extrapolation based on 

quantitative regression and uncertainty 

framework described in section 4.2.2 

 

 

5.1 Coastal waters 

5.1.1 Benthic fauna 

For benthic fauna only 16% of the coastal water bodies have complete data (i.e. data that 
fulfills the requirements of HVMF 2013:19) and no assessment is made for 46% of the 
water bodies. Unless the monitoring is improved, there is a great need for expert methods 
to assess water bodies without complete data. Although there are differences among water 
districts in how water bodies without complete data is handled, extrapolation and the use 
of incomplete data are the most common methods (see Table 3.1 for further details). 
Estimates of variance components can be used to assess uncertainty for expert 
assessments using incomplete data and for spatial extrapolation between waterbodies 
(Table 5.2).  
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Table 5.2. Variance components for BQI of benthic fauna in coastal waters. Table 
modified from Annex B in Bergström and Lindegarth (2016). 

Variance component West Coast Baltic Proper Gulf of Bothnia 

Y = 𝑆%& 0.03 0.13 0.16 

WB = 𝑆)*
&  5.48 0.30 0.48 

WB*Y = 𝑆)*∗%
&  0 0.28 0.19 

S(WB) = 𝑆'()*)
&  2.59 2.15 1.71 

Y*S(WB) = 𝑆%∗'()*)
&  0.63 0.59 0.19 

Residual = 𝑆-& 0.64 1.06 1.24 

 

Incomplete data. Using the sampling design recommended in the current assessment criteria, 
the uncertainty is 0.75 BQI for the Baltic Proper. Figure 5.1 can be used to illustrate the 
loss of precision in the assessment if data are incomplete (e.g. too few years, samples, sites 
etc.). On a yearly basis, if data are collected at three sites instead of the recommended five 
sites the uncertainty is 1.1 BQI in contrast to the 0.75 BQI when using five sites. Looking 
at the scale of assessment periods the figure 5.1 shows that current recommendations give 
an uncertainty of approximately 0.7 BQI. However the figure also shows that a reduction 
of the number of years to 2-3 has a very small effect on the precision. 

 
Figure 5.1. Overall uncertainty in estimation for the status in a water body for BQI for 
benthic invertebrates in the Baltic Proper. Left: Overall uncertainty within a year. Right: 
Overall uncertainty within a 6-year assessment period. Stars indicate recommended 
sampling design in HVMFS 2013:19. 

 

Spatial extrapolation. The variability among water bodies can together with the variability 
among samples, sites, years and their various interactions be used to calculate the 
uncertainty of a water body assessed using spatial extrapolation. As shown in the previous 
section the uncertainty is 0.6 BQI units at the scale of assessment period. Extrapolation 
from a single neighbouring water body gives an uncertainty that is ~0.95 BQI units, Fig. 
5.2). 

However, by using a procedure, where extrapolation is made from a number of similar 
water bodies, this uncertainty can be reduced. The potential of this method to reduce the 
uncertainty depends on how many water bodies (from a group of similar water bodies) 
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that have been sampled (b) and how many water bodies that are considered similar 
enough to be grouped together (G). As an example, if six water bodies have been sampled 
from a group of 10 water bodies and the remaining water bodies are assessed by 
extrapolation, the SE of their assessments will be approximately 0.75 BQI (Fig. 5.2). If the 
number of water bodies in the group instead is 20, the SE will be roughly 0.85 BQI units. 

 
Figure 5.2. Expected precision for estimates of mean BQI in a water body in the Baltic 
Proper during a 6-year period using direct monitoring, extrapolation from a neighbouring 
water body or from b water bodies from a group of G possible water bodies. Number of 
years sampled, a=6; number of sites per water body, c=5; number of samples per site 
and year, n=1. 

Regression modelling. Quantitative relationships allowing BQI to be predicted from other 
variables or proxies are not established. Possible candidates may be the indicator for 
benthic habitat quality (BHQ) or other types of indicators but such models remain to be 
developed. Theoretically it may also be possible to establish quantitative relationships 
between benthic indicators and indicators of human pressures. Thus, within this task of 
WATERS we have evaluated relationships between existing analyses of pressures and 
status assessments for benthic fauna (using flexible regression and classification 
approaches (e.g. “random forests” and data on pressures retrieved from VISS). While, 
these analyses have revealed some significant patterns, these were generally difficult to 
interpret and the general impression were that they did not provide sufficient predictive 
power.  

5.1.2 Macrophytes 

No assessment for the status of macrophytes is made for a massive 75% of the coastal 
water bodies and only 9% of all water bodies are assessed using complete data (Table 3.1). 
Thus, without improved monitoring, the need for expert methods to assess water bodies 
without complete data is huge. The use of incomplete data is the most commonly used 
method to assess macrophytes status in water bodies without complete data. Other 
methods used are spatial extrapolation and expert judgement. However, these methods 
are in total used in 6% of all water bodies (Table 3.1). To assess the uncertainty for expert 
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assessments using incomplete data and for spatial extrapolation between water bodies 
estimates of variance components can be used (Table 5.3). 

 

Table 5.3. Variance components for MSMDI of macrophytes in coastal waters. * 𝑺𝑬𝟐and𝑺𝒀∗𝑺(𝑾𝑩)
𝟐  

combined. Table modified from Annex B in Bergström and Lindegarth (2016). 

Variance component West Coast (10-3) Baltic Proper (10-3) Gulf of Bothnia (10-3) 

Y = 𝑆%& 0 0 0 

WB = 𝑆)*
&  3.348 2.292 4.313 

WB*Y = 𝑆)*∗%
&  0 0.023 0.624 

S(WB) = 𝑆'()*)
&  1.394 2.250 4.709 

Y*S(WB) = 𝑆%∗'()*)
&  0.960   

Residual = 𝑆-& 1.761 2.024* 1.887* 

	
Incomplete data. The uncertainty for the recommended sampling design for macrophytes is 
0.03 MSMDI units in the Baltic Proper. The loss of precision in the assessment if data are 
incomplete can be illustrated using Figure 5.3. The number of sites has a strong influence 
on the overall uncertainty. In a single year, using fewer sites than the recommended three 
will increase the uncertainty to between 0.05 (2 years) and 0.065 MSMDI units (1 year). 
For a 6-year assessment period the current design gives an uncertainty of 0.03 units and 
the uncertainty would remain almost unaffected by reducing the number of years sampled 
from the current 6 to 3 (or even 2) by further reducing the number of year will increase 
the uncertainty to roughly 0.04 units (Fig. 5.3) 

 
Figure 5.3. Overall uncertainty in estimation for the status in a water body for MSMDI for 
Macrophytes in the Baltic Proper. Left: Overall uncertainty within a year. Right: Overall 
uncertainty within a 6-year assessment period. Stars indicate recommended sampling 
design in HVMFS 2013:19 

Spatial extrapolation. The uncertainty in assessment of water bodies using spatial 
extrapolation can be assessed using variability among water bodies and the variabilities 
used to assess the overall uncertainty within a water body. In the previous section it was 
shown that the uncertainty is 0.03 MSMDI units at the scale of a 6-year assessment 
period. Extrapolation from one neighbouring water body will result in an uncertainty of 
about 0.057 (Fig. 5.4). Using several neighbouring water bodies for spatial extrapolation to 
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unassessed water bodies will reduce this uncertainty. Depending on the number of water 
bodies from a group of similar water bodies sampled and used for the extrapolation (b) 
and how many water bodies that the group consists of (G) the uncertainty is reduced to 
various degrees. For example, using 8 water bodies from a group of 15 reduce the 
uncertainty to roughly 0.045 MSMDI units while for a group of 20 water bodies the 
corresponding uncertainty would be ~0.05 units (Fig 5.4). 

 

 
Figure 5.4. Expected precision for estimates of mean MSMDI in a water body in the 
Baltic Proper during a 6-year period using direct monitoring, extrapolation from a 
neighbouring water body or from b water bodies from a group of G possible water 
bodies. Number of years sampled, a=6; number of sites per water body, c=3; number of 
samples per site and year, n=1. 

 

Regression modelling. Although alternative indicators have been used in practice regionally to 
assess status of macrophytes in coastal waters, these have not been based on explicit 
relationships with the existing indicator. At present, there is no obvious candidate proxy 
that could be used for quantitative prediction of the existing indicator.  However, other 
work within WATERS have shown that the current indicator is problematic and likely will 
be replaced by a set of indicators. The development of these indicators has shown that 
responses to pressure gradients can be quantified, thus opening prospect for prediction. 
These studies have also shown that this can only be effective if other, natural sources of 
variability (e.g. salinity, exposure, exposure) are accounted for. 

5.1.3 Phytoplankton  

Contrary to macrophytes and benthic invertebrates were large parts of all water bodies are 
not assessed at all (75% respectively 46% of the water bodies), phytoplankton is only 
missing assessment for 18% of the water bodies (Table 3.1). However, this is mainly a 
result of a higher degree of use of various expert methods rather than a more extensive 
sampling as only 17% of the water bodies is assessed using data that fulfils the 
recommendations in HVMF 2013:19.  Incomplete data is the most common method to 
assess water bodies and twice as common (34% of the water bodies) as using complete 
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data (17%). Expert opinion is also a rather common method and applied for 25% of the 
total number of water bodies while extrapolation is used in 6%.  However, these numbers 
varies among districts and in district 3 almost 60% of the water bodies are assessed with 
complete data while in district 4 barely 2% have complete data. Instead, the assessments 
are made using incomplete data in about 70% of the cases in district 4. The uncertainty of 
spatial extrapolation and expert assessments when using incomplete data can be assessed 
using variance components (Table 5.4). 

	
Table 5.4. Variance components for ln(Chlorophyll a) and ln(Biovolume) of phytoplankton in coastal 
waters. Table modified from Annex B in Bergström and Lindegarth (2016). 

Variance component West Coast Baltic Proper Gulf of Bothnia 

Chlorophyll a    

Y = 𝑆%& 0.053 0.021 0.020 

WB = 𝑆)*
&  0 0.028 0.147 

WB*Y = 𝑆)*∗%
&  0 0.006 0.009 

S(WB) = 𝑆'()*)
&  0 0 0.025 

Y*S(WB) = 𝑆%∗'()*)
&  0 0 0 

Residual = 𝑆-& 0.278 0.200 0.133 

Biovolume    

Y = 𝑆%& 0.428 0.033 0.151 

WB = 𝑆)*
&  0.158 0.293 0.279 

WB*Y = 𝑆)*∗%
&  0 0 0.092 

S(WB) = 𝑆'()*)
&  0 0.013 0 

Y*S(WB) = 𝑆%∗'()*)
&  0.008 0 0 

Residual = 𝑆-& 1.144 0.423 0.396 

 

Incomplete data. The recommended sampling intensity for phytoplankton in coastal waters 
has an uncertainty of 0.4 Chl a units in Gulf of Bothnia. The precision loss occurring if 
data are incomplete can be illustrated using Figure 5.5. For a single year assessment the 
number of sites has a strong influence when low (1-4 sites) after which the effect of site 
decline. With only one site used in the recommendation it is clear that increasing the 
sampling intensity to two years would reduce the uncertainty to 0.3 units. For an 
assessment period of 6-years the current monitoring gives an uncertainty of about 0.21 
units and a reduction in years from today 6 to half (3 years) would increase the uncertainty 
to 0.27 units while increasing site to three will almost half the uncertainty (Figure 5.5).  
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Figure 5.5. Overall uncertainty in estimation for the status in a water body for 
Chlorophyll a for Phytoplankton in the Gulf of Bothnia. Left: Overall uncertainty within a 
year. Right: Overall uncertainty within a 6-year assessment period. Stars indicate 
recommended sampling design in HVMFS 2013:19. 

Spatial extrapolation. Variance components for water bodies can be used to assess the 
uncertainty in assessment of water bodies when using spatial extrapolation for assessment. 
In the example above it was shown that the uncertainty in assessment during a 6-year 
period was 0.21. Using extrapolation of information form one neighbouring water body 
results in an uncertainty of 0.42 units (Figure 5.6). By applying methods were more than 
one water body is used for the extrapolation the uncertainty can be reduced. This 
reduction is dependent on the number of water bodies from a group of comparable water 
bodies that are sampled and used in the extrapolation (b) and how large the group is (G).  
For instance, having a group of 10 water bodies with only 2 sampled will only slightly 
reduce (0.39 units) the uncertainty compared to using a single neighbouring water body. 
However, if the number of assessed waterbodies is instead 8 the uncertainty is almost 
halved 0.25 units (Figure 5.6). 

 
Figure 5.6. Expected precision for estimates of mean Chlorophyll a in a water body in 
the Gulf of Bothnia during a 6-year period using direct monitoring, extrapolation from a 
neighbouring water body or from b water bodies from a group of G possible water 
bodies. Number of years sampled, a=6; number of sites per water body, c=1; number of 
samples per site and year, n=3. 
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Regression modelling. Various methods to assess the biomass (or indicators thereof) of 
phytoplankton in Swedish coastal waters with other methods than those described in the 
current assessment criteria. These involve the model developed by SMHI 
(http://vattenwebb.smhi.se) and using satellite images (e.g. http://vattenkvalitet.se). 
Although these methods appear promising, it is important that quantitative relationships 
to existing monitoring programs and methods are established and tested under a range of 
conditions and spatio-temporal scales. This includes not only calibration of means but 
also accounting for uncertainty at various spatial and temporal scales, which may differ 
among methods (Fig. 5.7). An illustration of this using data on chlorophyll from 
monitoring and satellite measurements show that using such relationships may not always 
be straightforward and associated with substantial uncertainty. Note, however, that the 
illustration is based on a small data set and that uncertainty.  

 
Figure 5.7. Quantitative relationships among chlorophyll (log X) measurements 
performed by traditional sampling in the water column and by satellite at fourteen 
sampling stations on the Swedish west-coast during 2009-2011 (three-year means ± 
SE). Data extracted www.smhi.se and www.vattenkvalitet.se. Estimates of uncertainty 
based on methods in Bergström and Lindegarth (2016) and three years of data. 
SEmonitoring≈0.15, SEsatellite≈0.11. 

5.2 Lakes 

5.2.1 Benthic fauna  

With the large number of lake water bodies compared to the number of coastal water 
bodies it comes to no surprise that a larger part of the water bodies is missing assessment 
in lakes. In total only 2% of the lakes are assessed of which half has complete data. Thus 
98% of the lake water bodies lack assessment for benthic fauna (Table 3.2). Similar to the 
other BQEs in lake waters spatial extrapolation is for some reason not used to assess 
water bodies although it would be possible. The uncertainty of assessment by means of 

y = 1.27x - 0.18
R² = 0.47
p < 0.005

RMSE = 0.097

-0.5

0

0.5

1

1.5

-0.5 0 0.5 1 1.5

Sa
te

llit
e

Monitoring



 WATERS: A  SYSTEM  FO R STATUS ASSESSM ENT IN  NO N-M O NITO RED W ATER 
BO DIES 

 

41 
 

spatial extrapolation and by incomplete data is possible using variance components (Table 
5.5). 

Table 5.5. Variance components for MILA, ASPT and BQI of benthic fauna in lakes. Table modified 
from Annex B in Bergström and Lindegarth (2016). 

Variance component MILA ASPT (10-3) BQI (10-3) 

Y = 𝑆%& 3.743 0.585 4.253 

WB = 𝑆)*
&  120.787. 135.178 307.888 

WB*Y = 𝑆)*∗%
&  51.487 96.805 109.443 

S(WB) = 𝑆'()*)
&  0 0 0 

Y*S(WB) = 𝑆%∗'()*)
&  0 0 0 

Residual = 𝑆-& 90.311 390.344 63.963 
 

Incomplete data. Benthic fauna in lakes and the recommended sampling strategy result in an 
uncertainty of the assessment of ~0.1BQI units. The loss of precision if dealing with 
incomplete data for the assessment can be illustrated by means of figure 5.8 . For an 
individual year, the number of replicates has a slightly stronger effect on the overall 
uncertainty than the number of sites. Nevertheless, if only a few sites are used (i.e. 1-3) 
number of sites still has a substantial effect on the uncertainty. Assessments for 6-year 
periods have an uncertainty of 0.2 units with the current monitoring. Further reducing the 
number of years from 2 to 1 would increase the uncertainty to roughly 0.25 units whereas 
increasing sites from one to 3 will result in an uncertainty of 0.1 units (Fig. 5.8) 

 
Figure 5.8. Overall uncertainty in estimation for the status in a water body for BQI for 
benthic invertebrates in lakes. Left: Overall uncertainty within a year. Right: Overall 
uncertainty within a 6-year assessment period. Stars indicate recommended sampling 
design in HVMFS 2013:19. 

Spatial extrapolation. As shown above the uncertainty for an assessment using monitoring is 
roughly 0.1 BQI units. If instead extrapolating from a neighbouring water body the 
uncertainty is equivalent to 0.56 units. There is potential to reduce this uncertainty by 
using a number of water bodies (b) from a homogenous group of water bodies (G) to 
extrapolate. How much the uncertainty can be reduced depends on the number of 
sampled water bodies and the size of the group. For example, if 4 water bodies are 
sampled the uncertainty is roughly 0.25 BQI units if the group contains 5 water bodies in 
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total but if the group contains 20 water bodies the uncertainty is only reduced to just over 
0.5 units (Figure 5.9). 

 
Figure 5.9. Expected precision for estimates of mean BQI in a lake water body during a 
6-year period using direct monitoring, extrapolation from a neighbouring water body or 
from b water bodies from a group of G possible water bodies. Number of years 
sampled, a=2; number of sites per water body, c=1; number of samples per site and 
year, n=5. 

5.2.2 Macrophytes 

Macrophytes are assessed in 4% of the available water bodies while 96% do not have any 
assessment. Complete data are used in 3% of all water bodies while the remaining water 
bodies that are assessed has been done so using incomplete data (Table 3.2). Spatial 
extrapolation is currently not used in the assessment of macrophytes in lakes. Uncertainty 
of assessments made using spatial extrapolation and by using incomplete data can be 
calculated using variance components (Table 5.6). 

Table 5.6. Variance components for TMI of macrophytes in lakes. Table modified from Annex B in 
Bergström and Lindegarth (2016). 

Variance component TMI 

Y = 𝑆%& 0 

WB = 𝑆)*
&  0.0208 

Residual = 𝑆-& 0.0017 
 

Incomplete data. The uncertainty of the current monitoring of macrophytes is slightly lower 
than 0.05 TMI units for assessment during a single year while for a 6-year period the 
uncertainty is also 0.05 with the current sampling (Figure 5.10). Due to the fact that in the 
current recommendations the entire water body is sampled in a way to collect data from 
different parts of the lake to produce a “complete” list of species for the lake the 
uncertainty is non-dependent on the number of sites. However, the number of years 
sampled during a 6-year period affects the uncertainty obtained for the assessment over 
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the period (Figure 5.10). The precision lost if the data is incomplete can be demonstrated 
using Figure 10. With the current sampling intensity of one year per period further 
reduction of sampling is not possible thus the uncertainty is currently at its maximum. 
Increasing the number of years sampled would lower the uncertainty from the current 
levels of 0.05 TMI units to between 0.04 units (2 years sampled) and 0.02 when sampling 
occurs every year during the assessment period (i.e. 6 years, Fig. 10). 

 
Figure 5.10. Overall uncertainty in estimation for the status in a water body for TMI for 
Macrophytes in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty 
within a 6-year assessment period. &Indicate recommended sampling design in 
HVMFS 2013:19 

Spatial extrapolation. Variance components can be used to evaluate the uncertainty of 
assessments made using spatial extrapolation. Above it was shown that the uncertainty for 
assessments made during a single year was close 0.05 TMI units. Extrapolation from a 
neighbouring water body instead of sampling will give an uncertainty that is about three 
times higher (0.15 units). This uncertainty can be reduced using waterbodies (b) from a 
group of similar water bodies (G) instead of using only a single neighbouring. The 
uncertainty achieved using this method depends on how many water bodies that are 
considered similar enough to be grouped and the number of water bodies within that 
group that are sampled. For a group of 20 similar water bodies the uncertainty ranges 
from 0.15 units when only one water body is sampled to 0.11 units when half of the water 
bodies are sampled. When 75% of the water bodies (15 water bodies) are sampled the 
uncertainty is down to 0.08 TMI units (Figure 5.11) 

 
Figure 5.11. Expected precision for estimates of mean TMI a lake water body during a 
6-year period using direct monitoring, extrapolation from a neighbouring water body or 
from b water bodies from a group of G possible water bodies. Number of years 
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sampled, a=1; number of sites per water body, c=1; number of samples per site and 
year, n=1. 

5.2.3 Phytoplankton  

The phytoplankton community is sampled according to the recommendation in 5% of the 
water bodies while no assessment is made in 93% of the water bodies. The remaining 2% 
are assessed using incomplete data (Table 3.2). Unless the current sampling efforts are 
increased, there is a great need for expert methods to assess water bodies without 
complete data. Estimates of variance components can be used to assess the uncertainty 
for expert assessments using incomplete data or spatial extrapolation between water 
bodies (Table 5.7). 

Table 5.7. Variance components for phytoplankton and the different BQEs used in lakes. Table 
modified from Annex B in Bergström and Lindegarth (2016). 

Variance 
component 

TPI 
Total 
Biomass 

% 
Cyanobacteria 

Chlorophyll 
a 

Species 
Richnss 

Total Index 

Y = 𝑆%& 0.001 0.014 0.675 0.008 1.93 0.003 

WB = 𝑆)*
&  1.652 1.198 314.789 0.783 104.287 0.957 

WB*Y = 𝑆)*∗%
&  0.093 0.081 26.857 0.007 21.993 0.037 

Residual = 𝑆-& 0.322 0.239 106.759 0.219 38.521 0.126 
 

Incomplete data. Using the monitoring design recommended in the current assessment 
criteria (HVMFS 2013:19), the uncertainty of the assessment is 0.23 TPI units. Figure 5.12 
can be used to illustrate the loss of precision in the assessment if data are incomplete. On 
a yearly basis using one replicate sample instead of 5 which is the recommendation would 
increase the uncertainty from 0.23 units to 0.57 units. At the scale of assessment period 
(i.e. a 6 year period), figure 5.12 show that assessments made using the current 
recommendations have an uncertainty of 0.23 TPI units. The figure also shows that by 
reducing the number of years sampled from 6 to 2 would result in an uncertainty of 0.4 
units. 

 
Figure 5.12. Overall uncertainty in estimation for the status in a water body for TPI for 
phytoplankton in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty 
within a 6-year assessment period. Stars indicate recommended sampling design in 
HVMFS 2013:19  
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Spatial extrapolation. The variability among water bodies can, together with variability 
measurements at smaller scales (e.g. sites, replicates) and times (i.e. years), be used to 
calculate the uncertainty of a water body assessment made using spatial extrapolation. In 
the previous section it was shown that the uncertainty is 0.23 as the scale of assessment 
period. Spatial extrapolation from a single neighbouring water body gives an uncertainty 
of 1.3 units (Fig. 5.13). However, using a procedure were the extrapolation is performed 
using a number of similar water bodies the uncertainty can be reduced. Exactly how much 
the uncertainty can be reduced depends on how many water bodies that has been sampled 
(b) and the number of water bodies belonging to the group (G). As an example, using data 
from 6 sampled water bodies from a group of 10 water bodies would give an uncertainty 
of 0.8 units for the water bodies assessed by extrapolation (Fig. 5.13).  If the number of 
water bodies belonging to the group instead is 20 the corresponding uncertainty will be 
1.1 units. 

 
Figure 5.13. Expected precision for estimates of mean TPI in a lake water body during a 
6-year period using direct monitoring, extrapolation from a neighbouring water body or 
from b water bodies from a group of G possible water bodies. Number of years 
sampled, a=6; number of sites per water body, c=1; number of samples per site and 
year, n=5. 

5.2.4 Fish 

No assessment is made for 94% of all lake water bodies for fish. The major part, 5 of the 
6% assessed, of the assessed water bodies are assessed using complete data (Table 3.2). 
The final percent of the water bodies are assessed using incomplete data. Thus, without 
improved monitoring the need for expert methods to assess water bodies without 
complete data is great. To assess the uncertainty for expert assessments using incomplete 
data or spatial extrapolation between water bodies, the estimates of variance components 
can be used (Table 5.8). 

Table 5.8. Variance components for the BQEs of fish in lakes. Table modified from 
Annex B in Bergström and Lindegarth (2016). 
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Variance 
component 

EQR8 Niart lgWiart SDn SDw lgNiind lgMeanW andpis LgAbCyW 

Y = 𝑆%& 0 0 0 0 0 0 0 0 0 

WB = 𝑆)*
&  0.018 9.363 0.279 0.753 1.178 0.21 0.057 0.03 0.388 

Residual + 

WB*Y = 𝑆-& 

+𝑆)*∗%
&  

0.006 0.347 0.021 0.072 0.191 0.013 0.015 0.007 0.041 

 

Incomplete data. The strategy for monitoring recommended in the assessment criteria gives 
an uncertainty of nearly 0.08 EQR8 units. Figure X shows that with this minimal sampling 
effort (one year) during an assessment period of 6 years there are room for quite an 
improvement in the uncertainty (i.e. reduction of uncertainty) by increasing the number of 
years. For example by doubling the sampling effort (=2 years) the uncertainty will 
decrease to 0.055 while a full sampling (=6 years) will further reduce the uncertainty down 
to 0.03 (Figure 5.14). 

 
Figure 5.14. Overall uncertainty in estimation for the status in a lakes water body for 
fish. Overall uncertainty within a 6-year assessment period. Stars indicate 
recommended sampling design in HVMFS 2013:19 

Spatial extrapolation from neighbouring water bodies is a possibility to assess 
unmonitored water bodies. The uncertainty of an assessment made using extrapolation 
from a single neighbouring water body is about twice (0.16 EQR8 units) the uncertainty 
of an assessment using complete data (0.8 units). Using several neighbouring water bodies 
for assessment by spatial extrapolation will reduce this uncertainty. Depending on the 
number of water bodies, from a group of similar water bodies, used for the extrapolation 
(b) and how large the group is (G) the uncertainty will decrease to various extents. For 
example, using four water bodies from a group of 20 will reduce the uncertainty to 0.14 
units while is a large number of water bodies from the group of 20 are used, let say 15 the 
uncertainty decreases to 0.10 EQR8 units (Figure 5.15). 
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Figure 5.15. Expected precision for estimates of mean EQR8 in a lake water body 
during a 6-year period using direct monitoring, extrapolation from a neighbouring water 
body or from b water bodies from a group of G possible water bodies. Number of years 
sampled, a=1; number of sites per water body, c=1; number of samples per site and 
year, n=1. 

5.3 Streams 

5.3.1 Benthic fauna  

With a huge number (>10000) of streams classified as water bodies the requirement for 
methods to assess water bodies without monitoring is potentially substantial. At the 
moment ~4% of all stream water bodies are assessed using complete data and 94% are 
not assessed at all (Table 3.3). Uncertainty of assessments made using incomplete data or 
by the means of spatial extrapolation can be estimated using variance components (Table 
5.9).  

Table 5.9. Variance components for MISA, DJ-index and ASPT of benthic invertebrates in streams. 
Table modified from Annex B in Bergström and Lindegarth (2016). 

Variance component MISA DJ-index ASPT 

Y = 𝑆%& 4.625 0.028 0 

WB = 𝑆)*
&  168.7 0 0.279 

WB*Y = 𝑆)*∗%
&  19.344 0.132 0.015 

S(WB) = 𝑆'()*)
&  0 0 0 

Y*S(WB) = 𝑆%∗'()*)
&  0 0 0 

Residual = 𝑆-& 58.593 0.721 0.194 
 

Incomplete data. The uncertainty of an assessment of benthic fauna in streams made using 
complete data (i.e. data that fulfils the requirements set up in HVMFS 2013:19) is 3.4 units 
at the temporal scale of individual years while for an assessment period the corresponding 
uncertainty is 2.7 units. The loss of precision of an assessment made using incomplete 
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data can be demonstrated using figure 5.16. For an individual year the number of 
replicates has in general a stronger influence on the uncertainty than the number of sites 
sampled. If the available data consists of data with only one replicate sample the 
uncertainty is about twice the uncertainty of the recommended monitoring design. 
Assessments for 6-year periods will have an uncertainty of 3.3 units instead of 2.7 units if 
the sampling occurs at 3 sites instead of 5 (Fig. 5.16) 

 
Figure 5.16. Overall uncertainty in estimation for the status in a water body for MISA for 
benthic invertebrates in streams. Left: Overall uncertainty within a year. Right: Overall 
uncertainty within a 6-year assessment period. Stars indicate recommended sampling 
design in HVMFS 2013:19 

Spatial extrapolation.  The uncertainty in assessment of water bodies using extrapolation can 
be assessed using measurements of variability among water bodies. In the previous section 
it was shown that the uncertainty at the scale of 6-year assessment periods are 2.7 MISA 
units. Assessments made by spatial extrapolation from a neighbouring water body will 
have an uncertainty of 13.3 units (Fig. 5.17). Using information from several water bodies 
instead of a single one to assess non-monitored water bodies have the potential to reduce 
this uncertainty. Depending on how many water bodies (b) from a group of similar water 
bodies that have complete data to use in the extrapolation and the number of water 
bodies that make up the group (G) the uncertainty can be reduce to various levels. For 
instance, using 10 water bodies from a group of 20 to assess the rest, non-monitored 
water bodies in the group will result in an uncertainty of 9.6 units but if the group only has 
15 water bodies in total the uncertainty is reduced further to 8.0 MISA units  as illustrated 
by figure 5.17. 
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Figure 5.17. Expected precision for estimates of mean MISA in a stream water body 
during a 6-year period using direct monitoring, extrapolation from a neighbouring water 
body or from b water bodies from a group of G possible water bodies. Number of years 
sampled, a=2; number of sites per water body, c=1; number of samples per site and 
year, n=5. 

5.3.2 Benthic diatoms 

In contrast to benthic fauna and benthic diatoms that are unassessed in more than 90 % 
of the stream water bodies, the level of non-assessed water bodies is much lower (58%) 
for fish (Table 3.3). Complete data is used in 5% of the water bodies while 3% is assessed 
using incomplete data. A massive 33% is assessed by expert opinion. However, looking 
deeper into the number it is clear that expert opinion is used only in one district (district 
1) and in this district every single water body is assessed! The uncertainty of assessments 
based on spatial extrapolation or incomplete data can be estimated using variance 
components found in table 5.10. 

Table 5.10. Variance components for IPS, TDI, ACID and %PT of benthic diatoms in streams. Table 
modified from Annex B in Bergström and Lindegarth (2016). 

Variance 
component 

IPS TDI ACID %PT 

Y = 𝑆%& 0.011 1.985 0.017 0.486 

WB = 𝑆)*
&  6.064 445.328 2.607 91.704 

WB*Y = 𝑆)*∗%
&  0 16.307 0.051 0 

S(WB) = 𝑆'()*)
&  0.781 64.356 0.257 6.339 

Y*S(WB) = 𝑆%∗'()*)
&  0.489 12.934 0.351 0 

Residual = 𝑆-& 0.068 15.522 0.064 24.474 
 

Incomplete data. Using the recommended sampling design the uncertainty is 1.13 IPS units 
in a stream water body at the scale of individual years. The diagram in figure 5.18 can be 
utilized to demonstrate the precision loss occurring if the data is incomplete. With the 
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assessment criteria used requiring sampling at only one site and the number of replicates 
per sample having a negligible effect on the uncertainty, the uncertainty in assessments 
made at the scale of individual years can only improve from the levels reach using data 
corresponding to the assessment criteria. Actually, increasing the number of sites to three 
will almost cut the uncertainty in half, reducing it from 1.13 to 0.65 units. Taking a look at 
the scale of 6 year assessment period, the uncertainty with the current monitoring is nearly 
1 IPS unit and reducing the number of years from 6 to 2 will only have a limited effect 
(Figure 5.18). The same figure also shows that by increasing the number of sites in the 
recommendation, the uncertainty of a water body with “complete” data would be half or 
even less depending on the number of site increased to. 

 
Figure 5.18. Overall uncertainty in estimation for the status in a water body for IPS for 
benthic diatoms in streams. Left: Overall uncertainty within a year. Right: Overall 
uncertainty within a 6-year assessment period. Stars indicate recommended sampling 
design in HVMFS 2013:19 

Spatial extrapolation. The uncertainty of assessments made using spatial extrapolation can 
be evaluated using variance components. As shown earlier, the uncertainty of an 
assessment made for a single year is 1.13 IPS units. Extrapolation from a neighbouring 
water body will result in an uncertainty of that assessment of 2.5 units. However, this 
uncertainty can be reduced by using assessments of several similar water bodies. The 
uncertainty obtained using this method depends on the number of water bodies (b) from 
a group of similar water bodies and how large that group is (G).  For example, using 6 
assessed water bodies from a group of 10 water bodies to assess the remaining 4 water 
bodies gives an uncertainty of these assessments based on extrapolation of roughly 1.5 
units while if the same number of assessed water bodies (i.e. 6) are used from a group of 
15 water bodies to assess the remaining would result in an uncertainty of about 2.0 units 
for the water bodies assess by extrapolation (Figure 5.19).  
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Figure 5.19. Expected precision for estimates of mean IPS in a stream water body 
during a 6-year period using direct monitoring, extrapolation from a neighbouring water 
body or from b water bodies from a group of G possible water bodies. Number of years 
sampled, a=6; number of sites per water body, c=1; number of samples per site and 
year, n=5. 

5.3.3 Fish 

Like for benthic fauna, fish are assessed in only a fraction of the total number of stream 
water bodies. Complete data is used for assessment in 5% of the water bodies while a 
further 2% is assessed using incomplete data (Table 3.3). For the remaining 94% of the 
water bodies no assessment is made.  The uncertainty of assessments based on spatial 
extrapolation or incomplete data can be estimated using variance components found in 
table 5.11. 

Table 5.11 . Variance components for VIX, VIXsm and VIXh of fish in streams. Table modified from 
Annex B in Bergström and Lindegarth (2016). 

Variance component VIX (10-3) VIXsm (10-3) VIXh(10-3) 

Y = 𝑆%& 0.067 0.127 0.114 

WB = 𝑆)*
&  8.486 16.874 10.663 

WB*Y = 𝑆)*∗%
&  0.594 0.983 1.433 

S(WB) = 𝑆'()*)
&  9.394 9.359 6.499 

Y*S(WB) = 𝑆%∗'()*)
&  0 3.213 5.293 

Residual = 𝑆-& 10.1 5.537 1.048 
 

Incomplete data. Using sampling that corresponds to the current assessment criteria, the 
assessments have an uncertainty of 0.14 VIX units for assessments made at the scale of 
individual years. For an assessment period the uncertainty of water bodies with complete 
data is close to 0.1 units. Using the information in figure 5.20 the loss of precision in 
assessments based on incomplete data can be demonstrated. On a yearly basis, no loss of 
precision is possible since the current recommendation include only one replicate at one 
site. However, there are room for increased precision by increasing the number of 
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replicates and/or number of sites even is increasing the number of sites have a stronger 
effect on the uncertainty. At the scale of 6-year assessment periods having data from 
fewer years than recommended will only have a limited effect even if data is only available 
for 2 years the uncertainty do not increase to more than 0.12 units. But again it is wort 
noting that by increasing the number of sites the precision would be much higher (Figure 
5.20). 
 

 
Figure 5.20. Overall uncertainty in estimation for the status in a water body for VIX for 
fish in streams. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 
6-year assessment period. Stars indicate recommended sampling design in HVMFS 
2013:19 

Spatial extrapolation. Variance components can be used to calculate the uncertainty of an 
assessment made by extrapolation.  Using a single neighbouring water body to extrapolate 
will give an uncertainty of 0.14 units instead of roughly 0.1 for a water body assessed with 
complete data (Fig. 5.21). This uncertainty in assessments made by extrapolation can be 
reduced by using more than one water body for the extrapolation. By using a number of 
water bodies (b) from a group of similar water bodies consisting of G water bodies the 
uncertainty can reduced to, for example 0.11 units if 8 water bodies from a group of 10 
are used for the extrapolation or to 0.13 if 4 assessed water bodies from a group of 20 is 
used to assess the remaining 16 water bodies. Thus de uncertainty achieved using this 
method depends on the number of assessed water bodies used and how large the group is. 

 

Figure 5.21. Expected precision for estimates of mean VIX in a stream water body 
during a 6-year period using direct monitoring, extrapolation from a neighbouring water 
body or from b water bodies from a group of G possible water bodies. Number of years 
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sampled, a=6; number of sites per water body, c=1; number of samples per site and 
year, n=1. 
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6. Conclusions and recommendations  

6.1 Current approaches 
Analyses of current approaches to status assessment in Sweden clearly demonstrates that 
the extent and dimensioning of existing monitoring programmes cannot fully provide 
solid data for all BQEs and in all water bodies, fulfilling all the requirements defined in the 
Swedish assessment criteria (HVMFS 2013:19). Thus, in order to fulfil the requirements of 
the WFD, the status assessment of many water bodies are therefore relying on various 
types of expert methods. The use of such methods varied strongly among BQEs but it 
was also evident that the practical application and documentation differed strongly among 
water districts. Because the resources available for monitoring are not likely to increase 
dramatically, this situation is likely to persist during coming years. 

Apart from demonstrating the great need for and diversity of expert methods, the analyses 
also pointed towards a number of areas where the scientific basis of these methods can be 
developed, and where further guidance is needed to improve the transparency and 
harmonisation in their practical use. 

6.2 Recommendations 
The magnitude of the challenge posed by the WFD, i.e. assessing the status of several 
biological (and other) quality elements in thousands of water bodies, means that expert 
methods need to be used also in the future. The analyses presented here provide a 
theoretical framework, which can accommodate a range of different methods with respect 
to status and uncertainty assessment. Because the approach is fully compatible with 
WATERS suggested method (and tool) for integrated status assessment, it also has the 
potential for integrating assessments based on monitoring and expert methods into a 
harmonised and coherent assessment system. Thus, in order to maximise the benefits of 
monitoring and methodological developments in the process of status assessment we 
therefore recommend that this framework is adopted and that its components involving 
quantitative estimation of status and uncertainty are considered for novel methods, 
intended to be used in this context. 

Furthermore, in the report we have proposed a generic strategy for prioritising among 
different approaches for status assessment based on data and expert methods (Table 5.1). 
While, this strategy is founded on the philosophy that (1) direct empirical measurements 
provide the best available basis for decisions and (2) that quantitative, empirical models 
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can provide adequate surrogates for prediction of the ecological status with known 
uncertainty. Of course, these assumptions need to be scrutinised for individual situations 
but in general we believe that the proposed strategy can be very helpful for actors both 
engaged in the process of status assessment and for those relying on transparent and 
reliable decision support. 

6.3 Remaining challenges 
Providing a general framework for expert methods, which is compatible with assessments 
made from direct monitoring is an important milestone for improving assessment 
routines. Nevertheless, in order to be really helpful in practice, it is necessary that this 
framework is filled with specific methods for predicting status when no data are available 
for all situations and BQEs. In this report we have provided extensive examples of the 
utility of “incomplete data” and “spatial extrapolation” (“grouping”) for all BQEs. For 
some situations these may be viable alternatives for expert assessment, but in other cases 
it will be necessary to develop expert methods based on quantitative regression modelling 
using various proxies. To develop such models for individual indicators and BQEs pose a 
great challenge for research aimed at contributing in this field. Nevertheless, experiences 
within WATERS and as shown in a few examples here, it is often possible to find useful 
proxies which are strongly correlated to existing and future indicators. The fact that the 
proposed framework gives direct advice on how to incorporate such models into the 
assessment procedure, can provide an important catalyst for further development. 

Finally, it is also important to develop a strategy where expert methods can be 
incorporated into the assessment system, where the status of new methods is transparent 
and where they can contribute to improvement of the formal assessment criteria. In this 
context, we believe that WATERS tool for integrated assessment can provide a useful 
framework where methods can be tested and, if they prove to be useful, incorporated in 
the toolbox of methods necessary to meet the great challenge of assessing the status of 
Swedish inland and coastal waters. 

 

 

Figure 6.1. Schematic illustration of how WATERS assessment tool can form the core 
of an adaptive system where new demands and advances in expert methods can be 
evaluated within the framework and ultimately incorporated into the system.  
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Annex A: A general statistical framework for 
modelling status at non-monitored sites 
Let us assume that there are G waterbodies within a specific type and only b of these are 
monitored (e.g. 3 out of 13 waterbodies are monitored). The aim is to estimate the status 
of an indicator (I) in a non-monitored waterbody and the associated uncertainty. Thus, the 
population of indicator values for a given waterbody (and assessment period) is finite, 
I1,I2, …., IG. For each of the monitored waterbodies the indicator value and variance 
(within the given assessment period) has been estimated using data from within that 
waterbody, i.e. 𝐼2 and 𝑉[𝐼2], 𝐼& and 𝑉[𝐼&], …, 𝐼P and 𝑉[𝐼P]. These are considered 
“waterbody observations” belonging to the finite population of indicator values within the 
given type. 

The simplest model for describing variation in I among waterbodies is to assume that all 
waterbodies have the same mean (µ) and variance between waterbodies (V[eWB]). Thus, 

𝐼 = 𝜇 + 𝑒)* 

The mean of the population is unknown and therefore has to be estimated based on 
indicator values from the monitored waterbodies, i.e. 

𝜇 =
1
𝑏

𝐼�

P

E�2

 

𝑉 𝜇 =
1
𝑏&

𝑉[𝐼�]
P

E�2

 

The indicator value for a non-monitored waterbody can be estimated (or predicted) using 
the simple model for the waterbody population within the given type, i.e. 

𝐼� = 𝜇 

𝑉 𝐼� =
1
𝑏&

𝑉[𝐼�]
P

E�2

+ 𝑉[𝑒)*](1 −
𝑏
𝐺
) 

where the last term includes a finite population correction factor from Cochran (1977), 
accounting for reduced random variation among waterbodies when larger proportions of 
the finite population have been monitored. 

The simple model can be extended to include predictors for the mean of the population. 
For example, if the indicator mean is related to a given pressure (P) by a linear relationship 
the model becomes: 

𝐼 = 𝛼 + 𝛽 ∙ 𝑃 + 𝑒)* 

In this case, the predicted value for a non-monitored waterbody can be estimated from 
the parameters of a and b, and the given pressure level in the non-monitored waterbody. 
The variance of the indicator is similarly found from the regression model, where 
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observations used are assigned weights using 𝑉[𝐼�]. Hence, for a given value of the 
pressure P0 the indicator prediction becomes 

𝐼T�TY = 𝛼 + 𝛽 ∙ 𝑃W 

𝑉 𝐼T�TY = 𝑉 𝛼 + 𝑉 𝛽 ∙ 𝑃W + 2𝑐𝑜𝑣 𝛼, 𝛽 ∙ 𝑃W + 𝑉[𝑒)*](1 −
𝑏
𝐺
) 

where  

𝑉 𝛼 =
1
𝑏

𝑉 𝐼�

P

E�2

(
1
𝑏
+

𝑃&

(𝑃 − 𝑃)&P
E�2

) 

𝑉 𝛽 =
1
𝑏

𝑉 𝐼�P
E�2

(𝑃 − 𝑃)&P
E�2

 

2𝑐𝑜𝑣 𝛼, 𝛽 ∙ 𝑃W = −
𝑃
𝑏

𝑉 𝐼�P
E�2

(𝑃 − 𝑃)&P
E�2

 

are the variances and covariance between the two regression parameters. 
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Assessing status of biological 
quality elements in water bodies 
without adequate monitoring: 
current approaches and 
recommended strategies for 
“expert assessment” 
 
In this report we review the current approaches used for assessing the status of biological 
quality elements in water bodies without monitoring data that fulfils the requirements of 
the Swedish assessment criteria and makes recommendations on strategies for expert 
assessments of such water bodies. The aim of the study are to provide guideline methods 
for status assessment of water bodies without adequate monitoring data by reviewing 
potential scientific approaches and assessing the methods currently used in Swedish water 
quality management any finally develop recommendations for suitable strategies for 
assessment when the available data do not fully comply with the requirements defined in 
Swedish assessment criteria.  

 

 


