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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 report from one of the scientific sub-projects of WATERS dealing with 
uncertainty of current monitoring programmes in the perspective of the EU Water 
Framework Directive. Using extensive monitoring data, we estimate the size of individual 
variance components for each of the existing BQEs, illustrate a general methodology and 
calculations of the overall uncertainty on estimation of status in water bodies to be used in 
WATERS tool for integrated assessment. We also illustrate a methodology for how the set 
of estimated variance components, the “ uncertainty library”, can used to produce realistic 
assessments of overall uncertainty in water bodies where monitoring is insufficient or 
incomplete. 

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 
Monitoring of biological quality elements (i.e. vegetation, benthic invertebrates, 
phytoplankton and fish) provides the foundation for the classification ecological status of 
coastal and inland surface waters within the WFD. In order to assess the reliability of 
classifications, it is of fundamental importance that the uncertainty of indicator estimates 
can be appropriately determined. In this report we develop an “uncertainty library”, a 
collection of quantitative estimates on dominant components of variability for all current 
Swedish WFD indicators, illustrate how it can be applied within WATERS proposed 
uncertainty framework and tool for integrated assessment. 

Using extensive data from national monitoring in coastal waters, lakes and streams, we 
quantify variance components reflecting the importance of various spatial and temporal 
scales within water bodies and 6-year assessment periods, which are the fundamental units 
for status assessment within the WFD. While accounting for monitoring strategies and 
assessment criteria for individual indicators, we derive and present generic and type- or 
area-specific estimates, and illustrate how they are used to calculate realistic and robust 
estimates of overall uncertainty even in water bodies with insufficient or incomplete 
monitoring. 

We propose a strategy which involves use of (1) monitoring data to estimate mean 
indicator values within water bodies and 6-year assessment periods, (2) information on 
monitoring design (i.e. number of years, sites and samples collected for the object to be 
assessed and (3) estimates of all relevant variance components from tables (i.e. the 
“uncertainty library”). The two latter are combined to estimate overall uncertainty using 
appropriate equations for error-propagation. In combination with defined class 
boundaries the means and uncertainties can be used to estimate classification uncertainty 
in WATERS tool for integrated assessment. 

In combination with the general framework for uncertainty assessment (Lindegarth et al. 
2013a, b) and the tool for integrated assessment under development, the “uncertainty 
library” (Carstensen et al. in prep.) provides a set of routines ensuring a harmonised and 
coherent treatment of all quality elements in future assessments for the WFD. 
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Svensk sammanfattning 
Miljöövervakning av de biologiska kvalitetsfaktorerna vegetation, bottenlevande djur, 
växtplankton och fisk, utgör grunden för klassificering av ekologisk status i kust- och 
inlandsvatten enligt EU:s vattendirektiv. För att kunna bedöma tillförlitligheten av dessa 
klassningar är det avgörande att man kan bestämma precisionen, och därmed också 
osäkerheten, hos de värden som ligger bakom en statusklassning. I denna rapport 
utvecklar vi ett så kallat “osäkerhetsbibliotek”, en sammanställning av kvantitativa 
skattningar av varianskomponenter, och illustrerar hur dessa kan användas tillsammans 
med de generella rutiner för hantering av osäkerhet och integrerad bedömning som 
lanserats inom forskningsprogrammet WATERS. 

Genom att använda omfattande data, huvudsakligen från den nationella 
miljöövervakningen i kustvatten, sjöar och vattendrag, har vi kvantifierat betydelsen av 
olika variationskällor inom vattenförekomster och 6-åriga bedömningsperioder som är de 
viktigaste enheterna för klassning av ekologisk status inom vattendirektivet. Samtidigt som 
vi tar hänsyn till olika indikatorers övervakningsprogram och tillämning inom de 
nuvarande bedömningsgrunder, beräknas och presenteras allmängiltiga såväl som typ- och 
områdesspecifika variationsskattningar för alla nuvarande indikatorer. Dessa används 
sedan för att illustrera en metodik för hur den övergripande osäkerheten kan beräknas på 
ett realistiskt och robust sätt i enskilda vattenförekomster, även om miljöövervakningen är 
bristfällig eller ofullständig.  

Vi föreslår alltså en strategi som omfattar (1) övervakningsdata som används för att 
bestämma medelvärdet för indikatorn inom den aktuella vattenförekomsten och 
bedömningsperioden, (2) information om miljöövervakningens utformning och 
omfattning (d.v.s. antalet provtagna år, stationer och prover) i vattenförekomsten och (3) 
tabellerade skattningar på relevanta varianskomponenter från “osäkerhetsbiblioteket”. De 
två sist nämnda kan, med hjälp av lämpliga uttryck för “fel-propagering”, kombineras för 
att beräkna övergripande precision (och osäkerhet) för individuella indikatorer. Med hjälp 
av WATERS verktyg för sammanvägd bedömning ger det även en uppskattning av 
säkerheten med vilken en vattenförekomst kan klassas som “Hög”, “God”, “Måttlig”, 
“Otillfredsställande” eller “Dålig”. 

Sammanfattningsvis, ger “osäkerhetsbiblioteket” tillsammans med föreslagen metodik för 
osäkerhetshantering (Lindegarth et al. 2013a, b) och det verktyg för sammanvägd 
bedömning som är under utveckling (Carstensen et al. in prep.), möjligheter till en enhetlig 
och integrerad metodik bedömning av ekologisk status enligt vattendirektivet i framtiden. 
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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 groundwaters 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. 

Monitoring and assessment of biological quality elements (BQEs) is a central part of this 
process and 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). 

1.1 Using BQEs to assess ecological status according to the WFD 
In several ways the directive 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 that should be used by each the members states to 
assess ecological status. Furthermore, to make assessments comparable among member 
states and BQEs, the directive also states that all indicators reflecting these BQEs should 
be transformed to a common assessment scale, the Ecological Quality Ratio (EQR), 
which range from 0-1. 

Therefore the Swedish BQEs involve indicators based on benthic invertebrates, 
macrophytes and phytoplankton in coastal waters. In lakes assessments are based on 
benthic invertebrates, macrophytes, phytoplankton and fish, while in streams macrophytes 
are replaced by benthic diatoms (HMVFS 2013:19 and Naturvårdsverket 2007). For each 
of these BQEs, one or several operational indicators (“parameters” sensu WFD) with 
associated reference conditions and class boundaries on the EQR-scale have been defined 
and listed in HMVFS 2013:19. 

Furthermore, because the directive prescribes that measures need to be taken if a water 
body does not reach “good ecological status” as assessed in during a six-year cycle, the 
most important spatial and temporal unit for assessment is for a water body during a six-
year period. This means that monitoring for individual BQEs must be designed to give 
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sufficiently precise estimates of status at this particular scale of resolution or at least that it 
is of great importance that precision can be defined and estimated at this scale. This is also 
reflected in the directive which specifies that monitoring programs shall be designed in a 
way to achieve “sufficient confidence” of mean estimates and in classification. 

Finally, the directive also provides some general guidelines about how to combine 
classifications of individual BQESs into an integrated assessment of ecological status. 
Whereas there is a large flexibility regarding how different indicators (parameters) within a 
BQE are combined, the approach for combining all BQEs into an integrated assessment 
clearly prescribes that so called “one-out-all-out” approach should be adopted. 

1.2 Development of general principles for assessment of BQEs 
within WATERS 
One important objective of WATERS is to provide suggestions of how the assessment 
system can be made more consistent, coherent and transparent. Therefore the overarching 
part of the programme contains three topics “Reference conditions and class boundaries” 
(WP2.1), “Uncertainty in classification” (WP2.2) and “Whole-system assessment” 
(WP2.3), where general principles and approaches are developed. 

Previous work on uncertainty has resulted in the formulation of a general framework for 
uncertainty assessment (Lindegarth et al., 2013a). This was founded on an analysis of 
inconsistencies and challenges evident in the assessment of uncertainty in the current 
Swedish criteria and on the requirements defined in the directive. In particular, the 
analyses revealed that no coherent framework existed for assessing various types of 
spatial, temporal and methodological sources of variability and how to estimate the overall 
uncertainty of a status assessment and classification. 

Quantitative indications of uncertainty are given for most of the inland BQEs (Table 1.1), 
and examples of how these can be used in the absence of replicated monitoring data are 
described in the handbook (Naturvårdsverket 2007). These estimates to a large degree 
reflect uncertainties of existing monitoring methods and do not explicitly address the sorts 
of spatial and temporal variability that are prevalent at the scale of water bodies, water 
body types and six-year assessment periods (Lindegarth et al., 2013b). Therefore an 
important challenge is to estimate the size of all relevant components of variability in 
order to improve the capacity to assess and model uncertainty at spatial and temporal 
scales relevant to water management according to the WFD. 

It is important to note that these efforts are coordinated with needs for developing a tool 
for integrated assessment in WP2.3 (Carstensen et al. in prep.). In this work, a hierarchical, 
modular system for integrated assessment of all BQEs, allowing for any number of 
indicators and incorporating uncertainty of indicators and overall uncertainty in 
classification is developed (Figure 1.1). One prerequisite for applying this tool in a sensible 
way is, however, that a realistic estimate can be given of the uncertainty of an estimated 
assessment (i.e. a mean value for a water body representative of a six-year assessment 
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period). If some of the important sources of variability are not accounted for and 
incorporated in the overall uncertainty, estimates of classification error risk to be seriously 
underestimated with important consequences for decisions about status and the need for 
measures. The framework developed in WP2.2, the quantitative estimates of variance 
components and the methods for estimating overall uncertainty (standard error, SE) 
described in this report provides the necessary support for applying the assessment tool 
for all existing indicators even when monitoring data is insufficient. 

Table 1.1 

Compilation of tabulated uncertainties (SD of EQR) for indicators currently incorporated in the 
Swedish assessment criteria (HVMFS 2013:19). 

Phytoplankton in lakes Chlorophyll Total biomass % Cyanobacteria TPI Richness 

Fjällen ovan trädgränsen 0.07 0.05 0 0.17 0.11 

Norrland klara sjöar 0.11 0.09 0.02 0.18 0.05 

Norrland humösa 0.13 0.13 0.02 0.18 0.03 

Södra Sverige klara 0.08 0.19 0.04 0.23 0.07 

Sodra Sverige humösa 0.28 0.12 0 0.002 0.07 
Benthic fauna in lakes MILA BQI ASPT     

Ekoregion 14 0.166 0.06 0.057   

Ekoregion 22 0.202 0.067 0.07   

Ekoregion 20 0.13 0.01 0.13   
Macrovegetation in lakes EQR        

Sweden  Deviation <0.05 units from class boundary indicates uncertainty 

 Fish in lakes EQR8         

Sweden 0.077 

    Benthic fauna in streams MISA DJ-index ASPT   

Ekoregion 14 0.135 0.219 0.075  

 Ekoregion 22 0.135 0.061 0.045 

  Ekoregion 20 0.135 0.07 0.027 

  Benthic diatoms in streams IPS     

Sweden "Margin of error” ±0.5 if IPS>13 and ±1 if IPS<13 

 Fish in streams VIX         

Sweden Regression formula (7.2) in HVMFS 2013:19  
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FIGURE 1.1 
Illustration of the interface of the prototype of WATERS integrated assessment tool showing the 
“Data” (top) and “Indicator Results” (bottom) sheets. Estimates of standard error are entered in 
“column O” in “Data” and are used to produce estimates of confidence in classification using 
Monte Carlo-simulations in “Indicator Results” and of overall classification (data are 
hypothetical). 
 

  



 WATERS: UNCERTAINTY OF SWEDISH WFD INDICATORS 
 

16 
 

 

 

 

 

2 Objective 
The objective of this report is to develop an “uncertainty library”, a collection of 
quantitative estimates on dominant components of variability for the current Swedish 
WFD indicators (Lindegarth et al 2013a) and to illustrate how it can be applied within the 
proposed uncertainty framework. 

The main driver for developing the library is to provide an operational tool for realistic 
estimation of uncertainty in WFD (and possibly MSFD) status assessments under a range 
of conditions, including situations where satisfactory monitoring data is available. As such 
it provides an important complement to WATERS integrated assessment tool which is 
under development, and which requires that appropriate estimates of estimation 
uncertainty can be given. Furthermore, the information contained in the uncertainty 
library offers valuable information for future attempts to design or revise monitoring 
programmes. 

Thus, we propose a strategy which involves use of (1) monitoring data to estimate mean 
indicator values at appropriate spatial and temporal scales (usually water bodies and 
assessment periods), (2) information on monitoring design (i.e. number of years, sites and 
samples collected for the object to be assessed and (3) estimates of all relevant variance 
components from tables (i.e. the “uncertainty library”). The two latter are combined to 
estimate overall uncertainty (i.e. SE) using appropriate equations for error-propagation as 
described below in a general context and for each BQE. In combination with defined 
class boundaries the means and uncertainties can be used to estimate classification 
uncertainty in WATERS tool for integrated assessment developed in WP2.3 (Carstensen 
et al. in prep.). 

The report is designed with the intention to give a general introduction to the 
methodology in chapters 1-3 (but see also Lindegarth et al. 2013a, b). In chapter 4 and in 
the associated annex B, we give sufficient instructions for calculating overall errors for 
those interested in particular BQEs and detail to allow critical assessment of the quality of 
the variance estimates. In chapter 5 we summarise patterns of variability and uncertainty, 
as well as discuss benefits and potential problems with the proposed strategy. 
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3 General methodology 
In this report, we outline a general overview of uncertainty components for all of the 
WFD BQEs. This work is based on the proposed uncertainty framework described in 
detail in Lindegarth et al. (2013a) and consists of the following steps: 

1. Identification of datasets appropriate for estimation of relevant variance (uncertainty) 
components for each of the BQEs, using indicators currently used in the Swedish 
assessment criteria. This was done in collaboration with WATERS experts on 
individual BQEs. The general rule has been to compile datasets with extensive spatial 
and temporal replication to allow for maximum representativity and precision in 
estimates of variability. All data have been collected within the national framework 
for monitoring in coastal and inland waters using national quality documents and 
routines (see www.havochvatten.se/hav/samordning--fakta/miljoovervakning.html) 

2. Estimation of variance components using appropriate linear models individually 
adjusted for each BQE. When possible these models have included more than one 6-
year assessment period (period fixed factor) and water body types (fixed factor). This 
has allowed estimation of generally applicable components with large data sets. In 
some instances these analyses have been complemented with estimation in individual 
types. 

3. Finally, estimates of variability have been combined into overall uncertainty in 
estimation of status in a water body over 6-year assessment periods and within 
individual years. This was done for two different purposes: (A) to illustrate for each 
indicator the necessary components for calculating the value of standard error (SE) 
used in WATERS integrated assessment tool and (B) to explore and compare the 
precision of indicators under a range of monitoring scenarios (i.e. under variable 
number of years, sites and replicate samples. 

3.1 Estimation of variance components 
A fundamental step in the assessment of uncertainty of current and future monitoring 
designs is the partitioning and estimation of different variance components. In order to do 
this a number of statistical mixed models for the partitioning of data according to 
different strategies were used. These models, which contained both fixed and random 
factors, were fitted to data on all BQEs (Table 3.1) and the importance of different 
random components were estimated using the restricted maximum likelihood (REML) 
method with the statistical software R (R Core Team, 2015) implemented in the RStudio 
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(RStudio 2014) interface and the library lmerTest version 2.025 (Kuznetsova et al. 2015) 
and its required packages. 

Variance components were generally calculated at the indicator (or EQR) scale and units, 
but visual inspection of residuals showed that a logarithmic transformation of data was 
more appropriate for some indicators. In these cases the natural logarithm was used. 

 

TABLE 3.1 

Compilation of the indicators used for the different BQEs in coastal, lake and stream waters 
evaluated in the aspect of variance components and overall uncertainty in this report. 

Type of Water BQE Indicators Section 
Coastal Benthic Invertebrates Benthic Quality Index (BQI) 4.1.1 
 Macrophytes Multi Species Maximum Depth Index (MSMDI) 4.1.2 
 Phytoplankton Chlorophyll a 4.1.3 
  Biovolume 4.1.3 
 Fish No. of predatory fishes>11 cm (PISC>11) 4.1.4 
  No. of Percidae>11 cm (ABBO>11) 4.1.4 
  No. of Cyprinidae>11 cm (CYPR>11) 4.1.4 
  No. of Percidae>24 cm (ABBO>24) 4.1.4 
  No. of predatory fishes>29 cm (PISC>29) 4.1.4 
  Total no. of fishes >11 cm (TOT>11) 4.1.4 
  Total no. of fishes >29 cm (TOT>29) 4.1.4 
  Total no. of Percidae (ABBOTOT) 4.1.4 
Lakes Benthic invertebrates Average Score Per Taxon (ASPT) 4.2.1 
  Multimetric Index for Lake Acidification (MILA) 4.2.1 
  Benthic Quality Index (BQI) 4.2.1 
 Macrophytes Trophic Macrophyte Index (TMI) 4.2.2 
 Phytoplankton Total Biomass 4.2.3 
  % Cyanobacteria 4.2.3 
  Trophic Plankton Index (TPI) 4.2.3 
  Chlorophyll a 4.2.3 
  Total Index 4.2.3 
 Fish EQR8 4.2.4 
  No. of native species (Niart) 4.2.4 
  Relative biomass of native species (lgWiart) 4.2.4 
  Simpson’s Dn (SDn) 4.2.4 
  Simpson’s Dw (SDw) 4.2.4 
  Relative no. of native species (lgNiind) 4.2.4 
  Average weight in total catch (lgMeanW) 4.2.4 
  Prop. of potentially piscivore Percidae (Andpis) 4.2.4 
  Biomass ratio Percidae/Cyprinidae (lgAbCyW) 4.2.4 
Streams Benthic invertebrates Average Score Per Taxon (ASPT) 4.3.1 
  Multimetric Index for Stream Acidification (MISA) 4.3.1 
  Dahl-Johnson Index (DJ-index) 4.3.1 
 Benthic diatoms Idice de Pullo-Sensibilité Spécifique (IPS) 4.3.2 
  ACID 4.3.2 
  Trophic Diatom Index (TDI) 4.3.2 
  Prop. Pollutant tolerant valves (%PT) 4.3.2 
 Fish Vattendragsindex (VIX) 4.3.3 
  Vattendragsindex, hydrological impact(VIXh) 4.3.3 
 

 
Vattendragsindex acidification/morphological 
impact (VIXsm) 

4.3.3 
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3.2 Estimation of Uncertainty 
The uncertainty of any mean estimate of an indicator is determined by the size of spatial 
and temporal variability and by the monitoring design. The central spatial units for status 
assessment in the WFD are the water bodies and the fundamental temporal unit is the 6-
year assessment period (Lindegarth et al. 2013a, b). Therefore the analyses in this study 
focus primarily on uncertainty within water bodies and assessment periods. As a general 
rule, in a design where sampling sites are revisited among years, the important 
components for estimating uncertainty at this scale are those among years, sites within 
water bodies, interactive variability and replicate samples (i.e. 𝑠!!, 𝑠!!, 𝑠!∗!!  and 𝑠!! 
respectively). These components are combined into an overall variability of the total mean 
as: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$ =
!!
!∗ !!!!

!
+ !!

!

!
+ !!∗!

!

!"
+ !!!

!"#
 (Equation 1). 

Note here that the contribution of each component to the overall uncertainty can be 
modulated by the number of years of sampling within a period (a, where Y is the 
maximum number of years Y=6), number of sites sampled within a water body (b) and the 
number of replicate samples per site (n) (Cochran 1977, Clarke 2012). 

Additionally, it is also of interest to estimate the variability and uncertainty of status 
assessments during individual years. Overall variability within water bodies and years are 
calculated as: 

𝑉 𝑦!"#$∗!"#$%  !"#$ = !!
!

!
+ !!∗!

!

!
+ !!!

!"
 (Equation 2). 

These equations were used firstly to estimate the necessary estimates of standard error 
used in WATERS integrated assessment tool: 

𝑆𝐸 = 𝑉 𝑦     (Equation 3). 

For indicators subject to a logarithmic transformation, the standard error of the 
transformed data, SEln, is roughly a measure of proportional error (e.g. Kirkwood 1979). 
For these analyses, the standard error can be “back-transformed” to the indicator scale 
and units using equation 4: 

𝑆𝐸!"#!$%&'( = 𝑋 ∗ 𝑒!"!" − 1  (Equation 4). 

Estimates of variability and calculations of overall uncertainties were generally obtained on 
indicator values using the minimum required monitoring designs (Table 3.2). This was 
done in order to assess variability and precision of mean estimates at appropriate spatial 
and temporal scales. In some cases, however, it was relevant to evaluate the estimated 
overall precision to tabulated measures of uncertainties (Table 1.1). Therefore, to 
transform estimates of standard error for a given indicator (SEindicator), into a comparable 
estimate on the EQR-scale (SEQR), the observed value was divided by the relevant 
reference value for the indicator in a certain type or region corresponding to those in the 
current assessment criteria (Equation 5). Reference values are also listed in annex A).  
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𝑠!"# =
!"!"#!$%&'(
!"#!"#!$%&'(

   (Equation 5). 

Second, these equations were also used to (A) provide explicit instructions for how to 
estimate overall uncertainty for individual BQEs (to use with WATERS integrated 
assessment tool) and (B) explore and compare among areas and indicators relative error 
(SE/mean) at a range of scenarios for monitoring. Within individual years we estimated 
the uncertainty within water bodies, using monitoring at a varying number of sites (b=1-
10) and replicate samples (n=1-10). At the scale of assessment periods we evaluated 
uncertainty using a variable number of years (a=1-6) and sites (b=1-10), while keeping the 
number of samples constant at n=1. The latter is motivated by the fact that increasing n 
usually has a comparatively small effect on overall uncertainty (Lindegarth et al. 2013a). 

TABLE 3.2 

Summary of requirements for monitoring design per BQE and water body as specified in the 
Swedish assessment criteria (Naturvårdsverket 2007, HVMFS 2013:19) 

BQE  

Typical number of 
years per 

WFD cycle 

Minimum number 
of sites  

per water 
body 

Minimum number  
of samples 

per site 
and time 

Coastal Waters    
Benthic 
Invertebrates 

6 1-5 1-5 

Macrophytes 6 3 1 
Phytoplankton 6# 1 1 
Lakes    
Benthic 
Invertebrates 

2 1 5 

Macrophytes 1 1 (>8*) 1 
Phytoplankton 6 1 5* 
Fish 1 1 (8-64*) 1 
Streams    
Benthic 
Invertebrates 

2 1 5 

Benthic diatoms 6 1 5* 
Fish 6 1 1 
# Sampled five times per year (i.e. 30 times per WFD cycle) 
* Data are pooled across sites or samples to calculate the Swedish WFD metric. 
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4 Uncertainty of indicators for individual BQEs 

4.1 Coastal waters 

4.1.1 Benthic invertebrates 

Short description of dataset 

Analysis of variance components for benthic invertebrates in Swedish coastal waters have 
previously been performed by Lindegarth et al. (2014) and by Leonardsson and Blomqvist 
(2014) for the west coast and the Baltic Sea respectively. Thus the estimated variance 
components from these two recent reports were performed on the same scales as required 
in this study and were considered up to date and were therefore used directly in this 
report. For the Swedish west coast, Lindegarth et al. (2014) used data collected during 12 
years (2001-2012) and more than 3000 samples from depths deeper than 5m covering all 
coastal water body types except transitional waters. Note that in the analyses the water 
body type 1 was split into a northern (1n) and a southern (1s) part in accordance with 
common practice and that “types” 0n and 0s are not defined for WFD. The data in the 
used in the Baltic Sea consisted of data from national and regional monitoring programs. 
Leonardsson and Blomqvist (2014) used data from 6 years and five stations for each 
cluster. The five stations were randomly selected from all available stations within each 
cluster. For further details on the available data and analyses consult WATERS reports 
2014:3 by Lindegarth et al (2014) and the report by Leonardsson and Blomqvist (2014). 

Estimation of variance components 

A detailed account of the results of estimated variance components for benthic 
invertebrates (BQI) in coastal waters on the Swedish west coast, the Baltic Proper and the 
Gulf of Bothnia is given in annex B (Table B1.1a, b). Although there are some differences 
among water body types in the Skagerrak and the Kattegat and among coastal areas in the 
Baltic Sea, a number of qualitative and quantitative similarities among coastal seas are 
evident for the components that affect the precision and uncertainty within water bodies 
(Table 4.1). 

Thus, the rank order of the components is identical for all seas. The most important 
component is the variability among sites within a water body, followed by the variability 
among samples within the site. The size of these components is also similar among areas, 
with 𝑠!! ≈ 2 and 𝑠!! ≈ 1. There is also substantial interactive variability (𝑠!∗!! ≈ 0.5), which 
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means that changes in BQI among years differ to some degree among sites within a water 
body. Finally, the overall variability among years within an assessment period is 
consistently the smallest component. Although this component tend to be slightly larger 
in the Gulf of Bothnia but it is clear that changes among years are predominantly caused 
by processes operating at scales among sites. 

TABLE 4.1 

The variance components used in calculating the overall uncertainty of the status of benthic 
invertebrates in a coastal water body within a single year and over a 6-year assessment period. 

Component West Coast Baltic Proper Gulf of Bothnia 

𝑠!! 0.03 0.13 0.16 

𝑠!! 2.59 2.15 1.71 

𝑠!∗!!  0.63 0.59 0.19 

𝑠!! 0.64 1.06 1.24 

Overall uncertainty within water bodies 

The current monitoring of invertebrates in coastal water bodies typically involves 
sampling every year during a WFD cycle (a=6). Each year, one site per water body is 
typically sampled in western Sweden while five sites is sampled in the Baltic Sea (b=1-5) 
and one to five core samples (n=1–5) are taken (Table 3.2). Using the estimated variance 
components for benthic invertebrates in coastal waters (Table 4.1) the overall uncertainty 
in the status of the benthic invertebrates in a Swedish west coast water within a 6-year 
assessment period the following formula was used: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"# =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

Using quantitative estimates of variance components and sampling design required in the 
assessment criteria (Table 3.2) for the west coast (a=6, b=5, n=2) we can calculate a 
realistic value for the uncertainty in estimated BQI as: 

!.!"∗(!!!!)

!
+ !.!"

!
+ !.!"

!∗!
+ !.!"

!∗!∗!
= 0.56, 𝑆𝐸 = 0.56 = 0.75. 

The corresponding calculations for individual years can be made as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"# =
𝑠!"!

𝑏
+
𝑠!"∗!"!

𝑏
+
𝑠!!

𝑏𝑛
 

!.!"
!
+ !.!"

!
+ !.!"

!∗!
= 0.71, 𝑆𝐸 = 0.71 = 0.84. 

Thus, the precision expressed as standard error of a mean estimate during a 6-year period 
is on the order of 0.75 BQI units, while for a single year the precision is 0.84 BQI units. 
This, exercise illustrate the type of calculations necessary to provide WATERS integrated 
assessment tool with useful input to the uncertainty estimates. It also illustrates the fact 
that the estimated means at the scale of 6-year assessment periods can actually be more 
precise than those for individual years. Furthermore, it can be noted that in this case 
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precision would be substantially improved if there more than 5 site per water body. For 
example using the components for the west coast and ten sites per water body (a=6, b=10 
and n=2) we arrive at corresponding estimates of 0.53 and 0.59 for SE within assessment 
periods and years respectively. 

 

 

 
FIGURE 4.1 
Overall uncertainty in estimation of the status in a water body for BQI for benthic invertebrates. 
Left: Overall uncertainty within a year. Right: Overall uncertainty within a 6-year assessment 
period. 

The analyses showed that the uncertainty of the BQI for benthic invertebrates in coastal 
waters for a water body within a year are mainly affected by the number of sites sampled 
while the number of replicate samples at each site is less important for the overall 
uncertainty (Figure 4.1). However the number of replicates per site is slightly more 
important along the Swedish east coast. For the uncertainty of a water body within a 6-
year assessment period, the results are analogous with the number of sites being the most 
important factor in determining the overall uncertainty (Figure 4.1). The analyses also 



 WATERS: UNCERTAINTY OF SWEDISH WFD INDICATORS 
 

24 
 

shows that the number of years sampled during each 6-year assessment period to some 
degree affects the overall uncertainty but that the effect is most prominent when 
increasing the number of years sampled from one to two. Further increasing the number 
of years has only a marginal effect on the overall uncertainty. 

4.1.2 Macrophytes 

Short description of dataset 

The vast majority of the data available for macrophytes in coastal waters follow the 
national standard method for the east coast (Kautsky 1992 and 
https://www.havochvatten.se/hav/vagledning--lagar/vagledningar/miljoovervakningens-
metoder-och-undersokningstyper-inom-programomrade-kust-och-hav.html). In this 
method, diving transects are in most cases perpendicular to the shoreline and often 
reaching down to the deepest occurrence of vegetation. Cover of all macroscopic taxa are 
recorded in segments, more or less homogenous with respect to vegetation, substrate and 
slope along transects thus generating segments of different lengths and depth intervals. 

The dataset available, from the Swedish monitoring programme, for estimates of variance 
components for macrophytes in coastal waters were too unbalanced between different 6-
years periods to allow data from more than one period (2007-2012) to be used in in the 
analyses. In total 837 transects from a total of 461 sites in 148 different water bodies were 
used for estimating the variance components. For further details on the available data 
consult Blomqvist et al. (2012, 2014). 

Estimation of variance components 

The full results of estimated variance components for macrophytes (MSMDI) in coastal 
waters are elaborated in annex B (Table B1.2). In general, the components that affect the 
precision and uncertainty within water bodies are of similar size for the different coastal 
areas, but some differences occur (Table 4.2). The relative size of component is similar for 
all areas with the most important component being the variability among sites within a 
water body, a variability that tend to increase from the west coast  (𝑠!! ≈ 2) into the Baltic 
Proper (𝑠!! ≈ 2.5) and up to the Gulf of Bothnia  (𝑠!! ≈ 5). For the Swedish west coast the 
second most important component is the variability among transects within a site (𝑠!! ≈ 2) 
followed by the interactive variability 𝑠!∗!! ≈ 1 . For the Baltic Proper and the Gulf of 
Bothnia the interactive variability could not be separated from the variability among 
transects within sites because no cases of replicate sampling within site and year (i.e. only 
one sample per site and year) was present in the available dataset for these areas, but 
together they are of similar size as if combining these components (i.e.  𝑠!∗!! +   𝑠!!) for the 
Swedish west coast. This means that changes in MSMDI among years differ to some 
degree among sites within a water body on the Swedish west coast and probably also in 
the Baltic Proper and the Gulf of Bothnia. Finally, the overall variability among years is 
virtually non-existing and much smaller compared the other components. 
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TABLE 4.2 
The variance components used in calculating the overall uncertainty of the status of 
macrophytes in a coastal water body within a single year and over a 6-year assessment period. 

Component West Coast 
(10-3) 

Baltic Proper 
(10-3) 

Gulf of Bothnia 
(10-3) 

𝑠!! 0.000 0.000 0.000 

𝑠!! 1.934 2.250 4.709 

𝑠!∗!!  0.960   

𝑠!! 1.761 2.024# 1.887# 
#𝑠!! and 𝑠!∗!!  combined 

Overall uncertainty within water bodies 

The cover of macrophytes is typically sampled every year during a WFD cycle (a=6) in the 
Swedish monitoring programme. Water bodies are sampled following the stated minimum 
requirement in three sites (b=3) with one transect is sampled in each site (n=1) (Table 3.2). 
Using the estimated variance components in Table 4.2 for macrophytes in coastal waters, 
the overall uncertainty in the status of macrophytes in a Baltic Proper water body within a 
6-year assessment period can be calculated using the following formula: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"!#$ =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!!

!"#
. 

Using the required sampling design for the Baltic Proper (a=6, b=3, n=1) and estimates of 
variance components a representative value for the uncertainty in estimated MSMDI as: 

0.000∗10−3∗(1−6
6
)

6
+ 2.250∗10−3

3
+ 2.024∗10−3

6∗3∗1
= 0.862 ∗ 10−3, 𝑆𝐸 = 0.862 ∗ 10!! = 0.029  

For individual years the analogous estimates can be calculated as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"!#$ =
𝑠!"!

𝑏
+
𝑠!!

𝑏𝑛
 

2.250∗10−3

3
+ 2.024∗10−3

3∗1
= 1.425 ∗ 10−3, 𝑆𝐸 = 1.425 ∗ 10!! = 0.038. 

Hence, the precision expressed as standard error of a mean estimate during a 6-year 
period is approximately 0.029 MSMDI units, while for a single year the precision is 0.038 
MSMDI units. These examples demonstrate the calculations needed to provide the 
WATERS integrated assessment tool with suitable input to the uncertainty estimates. 
They also exemplify the fact that the estimated means at the scale of an assessment period 
(6-years) can be more precise than for individual years. Additionally, if instead five sites (b 
= 5) would be sampled per water body in the Baltic Proper the precision would increase 
and the error would be 0.023 and 0.029 within assessment periods and years respectively. 
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FIGURE 4.2 
Overall uncertainty in estimation of the status in a water body for MSMDI for macrophytes in 
three coastal regions of Sweden. Left: Overall uncertainty within a year. Right: Overall 
uncertainty within a 6-year assessment period. 

Similar to the analyses of BQI for benthic invertebrates, the analyses of the indicator 
MSMDI for macrophytes in coastal waters showed that the number of sites is the main 
component affecting the overall uncertainty of a water body both within a year and within 
a 6-year assessment period (Figure 4.2). On the west coast, the number of transects per 
site seems to have a limited effect on the overall uncertainty compared to the number of 
sites. In the Baltic Proper and the Gulf of Bothnia this could not be estimated. The effect 
of the number of years sampled in each assessment period on the overall uncertainty is 
comparable to the effect found for benthic invertebrates. 
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4.1.3 Phytoplankton 

Short description of dataset 

The almost instant response in phytoplankton biomass to nutrient enrichment makes 
phytoplankton biomass a well-suited indicator of eutrophication disturbance. Chlorophyll 
a is a measure of the photosynthetic active biomass in phytoplankton cells and provides a 
relatively robust proxy measure of the phytoplankton biomass that is generally a more 
precise measures estimated from cell counts which often omits picoplankton specimen. In 
Sweden, surface chlorophyll a (June-August) has been used as an indicator of the 
photosynthetic phytoplankton biomass while the total biomass is generally expressed as 
biovolume. In national and regional monitoring programs chlorophyll a is measured in 
about 40% of all coastal water bodies while biovolume is sampled in roughly 10% of these 
sites (Mårtensson et al. 2011) For the use in status assessment the observed values are 
converted into an EQR scale by dividing the reference condition with the observed 
concentration, 

𝐸𝑄𝑅 = 𝑅𝑒𝑓. 𝑐𝑜𝑛𝑑/𝑋 

and if the EQR exceeds 1, the value is truncated to 1. 

For the estimation of variance components and overall uncertainty, data from the national 
monitoring complemented by data from regional programs were used and the data were 
log-transformed to reduce the skewness of the data. The entire dataset contained data 
from 341 sites covering roughly 150 water bodies (i.e. ~25% of all coastal water bodies) 
and was retrieved from Svenskt HavsARKiv (SHARK, www.shark.smhi.se) on the 17:th 
of June 2015. In order to have a more consistent dataset, the retrieved data were 
summarized and only data from the year 2002 to 2013 and the months June-August were 
used in the analyses. 

Because most of the national monitoring data are collected at stations located in off-shore 
areas where patterns of variability in time and space can be expected to be different from 
those in more complex coastal areas affected for instance by strong salinity gradients, an 
additional case-study was performed. This consisted of data from a well-studied gradient 
within the Himmerfjärden area, in the Baltic Proper. These data were provided by 
Svealandskustens Kustvattenvårdsförbund (SKVVF). 

Estimation of variance components 

A complete report of the estimated variance components for the indicators used for 
phytoplankton (chlorophyll a and biovolume) in Swedish coastal waters is given in annex 
B (Table B1.3a). Although there are some differences among the areas and indicators, the 
general pattern is the same with the variability among samples within sites (𝑠!!) being the 
most important component affecting the precision and uncertainty within water bodies 
(Table 4.3). This component is in most cases (except for the biovolume indicator in Gulf 
of Bothnia) on the order of a magnitude higher than other components and thus having 
considerable stronger influence on the precision and uncertainty within water bodies. The 
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size of the components for chlorophyll a is similar between the areas within the Baltic Sea 
(𝑠!! ≈ 0.2  𝑎𝑛𝑑  𝑠!! ≈ 0.02) and only slightly high in water bodies on the west coast 
(𝑠!! ≈ 0.3  𝑎𝑛𝑑  𝑠!! ≈ 0.05). For the biovolume indicator the differences between areas is 
much higher with 𝑠!! being roughly 2.5 times higher in a west coast water body than in 
water bodies in the Baltic proper or in the Gulf of Bothnia. 

TABLE 4.3  
The variance components used in calculating the overall uncertainty of the status of 
phytoplankton in a coastal water body within a single year and over a 6-year assessment period. 
Analysis of variance components are based on log-transformed data. 

 Chlorophyll a Biovolume 
Component West 

Coast 
Baltic 
Proper 

Gulf of 
Bothnia 

West 
Coast 

Baltic 
Proper 

Gulf of 
Bothnia 

𝑠!! 0.053 0.021 0.020 0.428 0.033 0.151 
𝑠!! 0.000 0.000 0.025 0.000 0.013 0.000 

𝑠!∗!!  0.000 0.000 0.000 0.008 0.000 0.000 

𝑠!! 0.278 0.200 0.133 1.144 0.423 0.396 

Overall uncertainty within water bodies 

The monitoring of phytoplankton in coastal water bodies involves sampling every year 
during a WFD cycle (a=6). Normally, one site is sampled per water body (b=1) and each 
site is sampled five times per year with one sample per sampling time (Table 3.2). With 
analysis of overall uncertainty performed at the temporal scale of year and each site being 
sampled five times per year, the number of replicates per site and year is three (i.e. one per 
summer month, n=3) even though only a single sample is taken per site and time. Using 
the estimated variance components for phytoplankton (Table 4.3) the overall uncertainty 
in the status of the phytoplankton and the indicator chlorophyll a in a coastal water body 
in the Baltic Proper within a 6-year assessment period was estimated using the following 
formula: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!!!"#"$!!""  ! =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

Using calculated variance components and required sampling design for the west coast 
(a=6, b=1, n=3) a realistic value of the uncertainty in estimated chlorophyll a can be 
computed as: 

0.021∗(1−6
6
)

6
+ 0.000

1
+ 0.000

6∗1
+ 0.200

6∗1∗3
= 0.0111, 𝑆𝐸 = 0.0111 = 0.105   

For a single year the error is calculated as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!!!"#"$!!""  ! =
𝑠!"!

𝑏
+
𝑠!"∗!"!

𝑏
+
𝑠!!

𝑏𝑛
 

0.000

1
+ 0.000

1
+ 0.200

1∗3
= 0.067, 𝑆𝐸 = 0.067 = 0.258   

Note that these estimates can be interpreted at the scale of µg chlorophyll per litre using 
equation 4. Thus, at a mean of 2 µg l-1 these errors correspond to 0.22 and 0.59 µg l-1.  
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This illustrates that the estimated means at the scale of 6-year assessment periods can be 
more precise than those for individual years. This is because the added variability due to 
differences among years is more than compensated for by the increased number of 
samples resulting from the aggregation of several years’ data. Furthermore, it can be noted 
that in this case the precision for individual years would be substantially improved if there 
were more than one site per water body, but perhaps even more important is to have 
more than one time of sampling per year (note that for n in this case represent the number 
of sampling times within a summer period). This is of course due to the large variability 
associated with the residual. This is true for all coastal areas and for both chlorophyll a 
and biovolume (Fig. 4.3 and 4.4). For the assessment of six-year periods, it appears that a 
minimum of three years is fairly efficient if more than one station is sampled but if only 
one station per water body is sampled, he number of years become more influential on the 
overall uncertainty.  

 

 

 
FIGURE 4.3 
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Overall uncertainty in estimation of the status in a water body for chlorophyll a of phytoplankton. 
Left: Overall uncertainty within a single year. Right: Overall uncertainty within a 6-year 
assessment period. 

 

 

 

 
FIGURE 4.4 
Overall uncertainty in estimation of the status in a water body for the biovolume of 
phytoplankton. Left: Overall uncertainty within a single year. Right: Overall uncertainty within a 6-
year assessment period. 

Case study of a complex coastal area: Himmerfjärden  

Himmerfjärden, a 232 km2 coastal fjord-like inlet of the Baltic Sea located 60 km south of 
Stockholm, is an area considered to have a strong eutrophication gradient as a result of 
the discharge of water from the Himmerfjärd sewage treatment plant. The Himmerfjärd 
has been frequently sampled at five stations (called H2 to H6) since 1976 to monitor the 
status of the area and since the late 1990’s extensive nitrogen removal has been 
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implemented. Himmerfjärden is an area with strong gradients in terms of several 
environmental gradients (e.g. eutrophication, exposure and salinity). Thus, in order to 
investigate the robustness of estimates from the national monitoring program which often 
tends to be located in off-shore areas, we analyse variance components and precision, in a 
more complex coastal area. 

A detailed description of variance estimates are given in annex B (Table B1:3b). 
Inspection of estimates of components of particular relevance for the assessment of water 
bodies show that the residual variability (i.e. that among sampling dates) is by far the most 
important followed by variability among years (Table 4.4). In contrast to what was 
observed in the Baltic proper in general but as expected from the perceived environmental 
gradients in the area, there was some variability among stations which tended to be 
relatively consistent among years within a period. With the exception of added variability 
among stations within a water body, the overall impression is that patterns are qualitatively 
consistent and that the size of components was on the same order as what was observed 
in the coastal areas in general. 

TABLE 4.4  
The variance components used in calculating the overall uncertainty of the status of 
phytoplankton in Himmerfjärden within a single year and over a 6-year assessment period. 
Analysis based on log-transformed data. 

Component Chlorophyll a 

𝑠!! 0.032 

𝑠!! 0.011 
𝑠!∗!!  0.000 

𝑠!! 0.080 
 

Using the estimated variance components for phytoplankton (Table 4.4) the overall 
uncertainty in the status of the phytoplankton and the indicators chlorophyll a in 
Himmerfjärden within a 6-year assessment period the following formula was used: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!!!"#"$!!""  ! =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

Using estimates of variance components and general sampling schemes for the west coast 
(a=6, b=6, n=7) we can estimate a realistic value for the uncertainty in estimated 
chlorophyll a as: 

0.032∗(1−6
6
)

6
+ 0.011

6
+ 0.000

6∗6
+ 0.08

6∗6∗7
= 0.002, 𝑆𝐸 = 0.002 = 0.046 

Correspondingly, for individual years calculations can be made as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!!!"#"$!!""  ! =
𝑠!"!

𝑏
+
𝑠!"∗!"!

𝑏
+
𝑠!!

𝑏𝑛
 

0.011

6
+ 0.000

6
+ 0.080

6∗7
= 0.004, 𝑆𝐸 = 0.004 = 0.061 
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In the case of Himmerfjärden, an area with strong environmental gradients from the inner 
most areas and out to the open sea, the overall precision expressed as standard error of a 
mean estimate during an assessment period, with the current extensive monitoring design 
(a=6, b=6, n=7) is approximately 0.045 and 0.06 for assessment periods and years 
respectively. For the whole water body this error is about half of that can be expected in 
water bodies using minimum required monitoring designs and variability typical of the 
Baltic Proper in general. This difference is mainly due to the larger number of sites and 
higher frequency of sampling in Himmerfjärden compared to other water bodies. 

To conclude, even if this coastal area is physically and chemically more complex than the 
stations sampled in other monitoring programs, this is not strongly reflected in the 
estimates of variability, uncertainty and precision of the chlorophyll a measurements. 

4.1.4 Fish 

Short description of dataset 

Data of fish for estimation of variance components were only assessed for the Baltic 
Proper and the Gulf of Bothnia, as there are differences in the sampling method used 
between theses and the Skagerrak and Kattegat areas. The Swedish coastline of the Gulf 
of Bothnia and the Baltic Proper is divided into 7 units for assessment within the Marine 
Strategy Framework Directive, and these are also the basic assessment units for coastal 
fish (HELCOM 2013). In the Baltic Proper, which contains 3 assessment units, data was 
available from 28 monitoring areas and in total 225 sites (i.e. nets). In the Gulf of Bothnia, 
which contains 4 assessment units, data was available for 14 monitoring areas with in total 
99 sites. For both the Baltic Proper and the Gulf of Bothnia data from 2002-2013, 
corresponding to two 6-year assessment periods, were used. As an approximation to allow 
comparisons with the BQEs of the WFD, the monitoring areas were considered 
equivalent to water bodies in this study. 

Fish in coastal waters are currently not included in status assessment according to WFD. 
However, it is included in the MSFD assessment and thus of interest for overall 
uncertainty calculations. In MSFD, assessment is made at a larger scale (assessment area) 
than in the WFD where water body is the primary assessment unit. Therefore, the same 
type of calculations of overall uncertainty as performed for the scale of water body (WFD) 
was also performed at the assessment areas scale (MSFD).  

Estimation of variance components 

The full results of estimated variance components for fish in coastal waters on the 
Swedish side of the Baltic Proper and the Gulf of Bothnia are given in annex B (Table 
B1.4). Even if there are some differences between the Baltic Proper and the Gulf of 
Bothnia, the general pattern is similar among coastal areas for the components that affect 
the precision and uncertainty within water bodies (Table 4.5). 
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The relative sizes of the components are similar for all seas and indicators. The only 
difference in rank among components occur for CYPR>11 in the Baltic Proper were the 
variability among sites (i.e. nets) within a water body (= monitoring area) is larger than the 
combined variability (𝑠!! + 𝑠!∗!! ), consisting of the residual variability (𝑠!!) and the 
interactive variability among sites and years (𝑠!∗!! ), in contrast to the other indicators and 
areas where the latter component (i.e. 𝑠!!+𝑠!∗!! ) is higher than the former (𝑠!!). The size of 
the components is also similar, at least for the indicators ABBO>11 and PISC>11, within 
the different areas, with  𝑠!! ≈ 0.3 for the Baltic Proper and for Gulf of Bothnia and 
𝑠!!+𝑠!∗!! ≈ 0.4 for the Baltic Proper and for Gulf of Bothnia. For CYPR>11 the 
components 𝑠!! and 𝑠!!+𝑠!∗!!  is larger than for the other indicators. Finally, the overall 
variability among years within an assessment period is consistently the smallest 
component. 

TABLE 4.5  
The variance components used in calculating the overall uncertainty of the status fish in a 
coastal water body within a single year and over a 6-year assessment period. Analysis based on 
log-transformed data. 

Component ABBO>11 CYPR>11 PISC>11 
Baltic Proper    
𝑠!! 0.025 0.021 0.020 

𝑠!"!  0.276 0.574 0.127 

𝑠!∗!"!  0.041 0.123 0.036 

𝑠!! 0.316 0.378 0.284 

𝑠!! + 𝑠!∗!!  0.427 0.737 0.408 
Gulf of Bothnia    
𝑠!! 0.009 0.000 0.009 

𝑠!"!  0.504 0.782 0.402 

𝑠!∗!"!  0.084 0.079 0.083 

𝑠!! 0.346 0.640 0.333 

𝑠!! + 𝑠!∗!!  0.412 0.492 0.403 

Overall uncertainty within water bodies 

In current monitoring of fish in coastal waters in the Baltic Proper and Gulf of Bothnia, 
the sampling is divided into larger assessment areas (according to MSFD) in which several 
smaller sampling areas (roughly corresponding to water bodies) are sampled using several 
sites (b=20). The stations are normally sampled every year during a WFD cycle (a=6) 
using one replicate (n=1). Combining the general sampling strategy with estimated 
variance components for fish in coastal water (Table 4.5) the overall uncertainty in the 
status of fish in a coastal water body in the Baltic Proper and Gulf of Bothnia within a 6-
year assessment period can be calculated using the following formula: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!""#!!! =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!!

!"#
. 
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Using estimated variance components and a typical sampling intensity for the Gulf of 
Bothnia (a=6, b=20, n=1) a probable value for the uncertainty in estimated ABBO>11 (i.e. 
total no. of Percidae>11cm) can be calculated as: 

0.009∗(1−6
6
)

6
+ 0.346

20
+ 0.412

6∗20∗1
= 0.021, 𝑆𝐸 = 0.0211 = 0.144. 

For a single year the corresponding calculation can be made as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!""#!!! =
𝑠!"!

𝑏
+
𝑠!!

𝑏𝑛
 

0.346

20
+ 0.412

20∗1
= 0.042, 𝑆𝐸 = 0.042 = 0.206. 

These estimates can be interpreted at the scale of number of Percidae fishes large than 11 
cm per net using equation 4. Thus, at a mean of 10 fishes per net these errors correspond 
to 1.5 and 2.3 fishes.  

This example show the sort of calculations required to provide the WATERS integrated 
assessment tool with suitable input for the uncertainty estimates. From the example above 
we can also see that the estimated means at the scale of 6-year periods in can be more 
precise than those estimated for individual years. Increasing the number of sites (nets) per 
water body (monitoring area) would substantially increase the precision of the estimate 
which can be illustrated by the fact that if increasing the number of sites per water body in 
the example above to 20*2 (b=40), the corresponding estimates for SE within assessment 
periods and years land at 1.1 and 1.6 fishes. 

 

 
FIGURE 4.6 
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Overall uncertainty in estimation of the status in a water body for ABBO>11 for Fish. Left: Overall 
uncertainty within a year. Right: Overall uncertainty within a 6-year assessment period. 

 

 
FIGURE 4.7 
Overall uncertainty in estimation of the status in a water body for CYPR>11 for Fish. Left: Overall 
uncertainty within a year. Right: Overall uncertainty within a 6-year assessment period. 

 

 
FIGURE 4.8 
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Overall uncertainty in estimation of the status in a water body for PISC>11 for Fish. Left: Overall 
uncertainty within a year. Right: Overall uncertainty within a 6-year assessment period. 

From the analyses, we can draw the conclusion that for all different indicators suggested 
for use as indicators of the status of fish in Swedish coastal waters the number of sites 
sampled in a water body have a stronger effect on the overall uncertainty than the number 
of years sampled within a 6-year assessment period (Figs 4.6-4.8). The effect of the 
number of years sampled on the overall uncertainty within a water body during an 
assessment period is most noticeable when sampling during two years instead of one after 
which the effect diminish.  

For MSFD the overall uncertainty in an assessment area consist in addition to the variance 
components included in the overall uncertainty of an indicator for a water body of 
components associated with water body, here equal to monitoring area (i.e. 
𝑠!"!   and  𝑠!∗!"! ). 

𝑉 𝑦!"#$%&∗!""#""$#%&  !"#! =
𝑠!! ∗ 1 − !

!
𝑎

+
𝑠!"!

𝑐
+
𝑠!∗!"!

𝑎𝑐
+
𝑠!(!")!

𝑏𝑐
+

𝑠!!

𝑎𝑏𝑐𝑛
 

Where c is the number of monitoring areas within each assessment area. Using estimated 
variance components and a typical sampling intensity for an assessment area in the Baltic 
Proper (a=6, b=20, c=9 n=1) a probable value for the uncertainty in estimated ABBO>11 
of an assessment area can be calculated as: 

𝑉 𝑦!"#$%&∗!""#""$#%&  !"#!,!""#!!! =
!.!"#∗ !!!!

!
+ !.!"#

!
+ !.!"#

!∗!
+ !.!"#

!"∗!
+ !.!"#

!∗!"∗!∗!
= 0.034, 

𝑆𝐸 = 0.034 = 0.183 

For an assessment area within the Gulf of Bothnia (a=6, b=20, c=3 n=1) the 
corresponding calculation is: 

𝑉 𝑦!"#$%&∗!""#""$#%&  !"#!,!""#!!! =
!.!!"∗ !!!!

!
+ !.!"#

!
+ !.!"#

!∗!
+ !.!"#

!"∗!
+ !.!"#

!∗!"∗!∗!
= 0.178, 

𝑆𝐸 = 0.178 = 0.423 

Translate into number of fishes, using equation 4 and a mean of 10 fishes per net (=site), 
these estimated errors correspond to 2.0 and 5.3 fishes. Thus in the Baltic Proper the 
overall uncertainty is similar at the scale of assessment area as at water body (2.0 and 1.5 
fishes per net respectively) while in the Gulf of Bothnia the difference is large (5.3 
compared to 2.3 fishes).  

4.2 Lakes 

4.2.1 Benthic invertebrates 

Short description of dataset 
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For the estimation of variance components for MILA, ASPT and BQI of benthic 
invertebrates in lakes a dataset from the national monitoring programme were used. Only 
data from lakes classified as water bodies and as reference locations were selected for the 
analyses and data from two six-year periods (2001-2006 and 2007-2012) were selected 
giving a total of 485 combined samples from 55 sites in 54 water bodies for the littoral 
zone and 487 combined samples from 55 sites in 54 water bodies for the profundal zone. 
These combined samples generally consist of five samples thus the total number of 
samples exceeds 2300 for both the littoral and profundal zones. By using these five 
samples instead of the combined samples that are normally used in the assessments of the 
water bodies we were able to separate the residual variation (𝑠!!) from the interactive 
components (𝑠!∗!!   and 𝑠!∗!"! ) even though these two are still not possible to separate from 
each other which is also the case for 𝑠!!  and 𝑠!"! . 

Estimation of variance components 

A detailed summary of the estimated variance components for benthic invertebrates 
(littoral zone: MILA and ASPT; profundal zone: BQI) in lakes is given in annex B (Table 
B2.1). Because only one site has been sampled per water body, variability among sites 
cannot be estimated independently of the variability among water bodies. This is true also 
for any potential interactions with years. Therefore, to assess overall uncertainty, we 
evaluated two extreme scenarios, i.e. (1) that all variability observed for the combined site-
water body variability (𝑠!!+𝑠!"! ) and their interactive components (𝑠!∗!! +𝑠!∗!"! ) were due 
variability among water bodies (=0% among sites and 100% among water bodies) or (2) 
that all variability was due to variability among sites (=100% among sites and 0% among 
water bodies). Using these scenarios the possible range of the total uncertainty for a given 
monitoring design can be evaluated. A general pattern is that variability among years is 
substantially smaller than that among samples (<5%). If most of the variability among 
observed among the combined source of variability (𝑠!!+𝑠!"! ) is in fact caused by sites, we 
can expect that substantial uncertainty will be added to mean estimates within water 
bodies. This is primarily due to variability among sites, but interactive components are 
important. 

TABLE 4.6  
The variance components used in calculating the overall uncertainty of the status of benthic 
invertebrates in a lake water body within a single year and over a 6-year assessment period. 
Components for 𝑠!! and 𝑠!∗!!  were derived from 𝑠!"!  and 𝑠!∗!"!  in Table B2.1. 

Component 

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

Scenario 1 Scenario 2 Scenario 1 Scenario 2 Scenario 1 Scenario 2 

𝑠!! 3.743 3.743 0.585 0.585 4.253 4.253 

𝑠!! 0 120.787 0 135.178 0 307.888 

𝑠!∗!!  0 51.487 0 96.805 0 109.443 

𝑠!! 90.311 90.311 390.344 390.344 63.963 63.963 

Overall uncertainty within water bodies 
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The national monitoring of benthic invertebrates in lakes usually involves two sampling 
occasions during each WFD assessment period (a=2). Each time, five samples (n=5) is 
taken at one site (b=1) as specified in the assessment criteria (Table 3.2). Using the 
estimated variance components for benthic invertebrates in lakes (Table 4.6) the overall 
uncertainty in the status of the benthic invertebrates in a lake water body in western 
Sweden within a 6-year assessment period the following formula was used: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"# =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

Using the estimated variance components above (Table 4.6) and the minimum required 
sampling design for a Swedish lake (a=2, b=1, n=5) we can calculate a realistic estimate for 
the uncertainty of BQI under scenario 1 as: 

4.253∗10−3∗(1−2
6
)

2
+ 0∗10−3

1
+ 0∗10−3

2∗1
+ 63.963∗10−3

2∗1∗5
= 7.814 ∗ 10−3, 𝑆𝐸 = 7.814 ∗ 10!! = 0.088 

or under scenario 2: 

4.253∗10−3∗(1−2
6
)

2
+ 307.888∗10−3

1
+ 109.443∗10−3

2∗1
+ 63.963∗10−3

2∗1∗5
= 0.370, 𝑆𝐸 = 0.370 = 0.609. 

and correspondingly for individual years as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"# =
𝑠!"!

𝑏
+
𝑠!"∗!"!

𝑏
+
𝑠!!

𝑏𝑛
 

0∗10−3

1
+ 0∗10−3

1
+ 63.963∗10−3

1∗5
= 0.013, 𝑆𝐸 = 0.013 = 0.113.  

or 

307.888∗10−3

1
+ 109.443∗10−3

1
+ 63.963∗10−3

1∗5
= 0.430, 𝑆𝐸 = 0.430 = 0.656. 

Thus, the precision expressed as standard error of a mean estimate during a 6-year period 
is on the order of 0.088-0.61 BQI units, while for a single year the precision is within the 
range of 0.11 to 0.66 BQI units. Both examples illustrate a great need for quantitative data 
on the variability among sites. Comparisons of the overall variability between the two 
scenarios show that the variability among sites may cause a 5-10 fold increase in error, if it 
is on the same order as in the scenario 2. It also illustrates the fact that the estimated 
means at the scale of 6-year assessment periods can actually be more precise than those 
for individual years. 

The uncertainties given for EQR of BQI in the current assessment criteria range from 
s=0.01-0.067 within water bodies and years in different ecoregions (Table 1.1). The 
estimated uncertainties for both scenarios (0.11 – 0.66) are calculated in BQI-units. 
Noting that EQR=BQI/Reference value and assuming a reference value of 3, the 
corresponding standard errors for EQR in our analyses are 0.038 – 0.22 in EQR units. 
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FIGURE 4.9 
Overall uncertainty in estimation of the status in a water body for MILA for benthic invertebrates 
in the littoral zone of lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty 
within a 6-year assessment period. Solid line: scenario 1, Dashed line: scenario 2. 

 
FIGURE 4.10 
Overall uncertainty in estimation of the status in a water body for ASPT for benthic invertebrates 
in the littoral zone of lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty 
within a 6-year assessment period. Solid line: scenario 1, Dashed line: scenario 2. 

FIGURE 4.11 
Overall uncertainty in estimation of the status in a water body for BQI for benthic invertebrates in 
the profundal zone of lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty 
within a 6-year assessment period. Solid line: scenario 1, Dashed line: scenario 2. 

Due to the design of current monitoring programmes of benthic invertebrates in lakes, i.e. 
with one site per water body, neither the variance among sites nor its interaction with 
years could be quantified individually. In line with the observation for BQI in coastal 
waters, the overall uncertainty in status assessment of benthic invertebrates within a lake 
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water body is more strongly influenced by the number of sites sampled per water body 
than the number of samples taken per site and the number of years sampled during a 6-
year assessment period (Figures 4.9-4.11). 

4.2.4 Macrophytes 

Short description of dataset 

For the status assessment of macrophytes in lakes the indicator TMI (Trophic Macrophyte 
Index), which reflects the nutrient status of the water body, is used. Relatively few water 
bodies have been sampled in the current monitoring program and the water body is 
sampled once during each WFD cycle. Samples of species composition are collected from 
different parts of a lake, using a minimum of eight transects, of the lake (“subjectively 
optimal”). This is done to produce a complete list of macrophytes present in the lake. The 
dataset available for the work in this report consisted of samples from 11 years (2003-
2013) taken in 372 different lakes distributed over the three geographical types used in 
HVMFS 2013:19. 

Estimation of variance components 

The full results of estimated variance components for macrophytes in lakes are given in 
annex B (Table B2.2). The monitoring of macrophytes in lakes uses sampling that is 
designed to be representative of the whole lake (i.e. water body). Thus the analysis of 
uncertainty of the macrophyte indicator (TMI) differs slightly from analyses of other 
BQEs indicators. Here, the precision and uncertainty in the overall assessment within a 6-
year assessment period is affected only by the variability among samples (𝑠!!) within lakes 
and the variability between years (Table 4.7) in contrast to other BQEs that is also 
affected by the variability among sites (𝑠!!) and an interactive component (𝑠!∗!! , i.e. 
changes in the BQE differ to some degree among sites within water bodies). Of the two 
components, the variability among samples within the lake is the most important in 
determining the precision and uncertainty in the assessment of TMI (Table 4.7). 

TABLE 4.7  
The variance components used in calculating the overall uncertainty of the status of 
macrophytes (EQR of TMI) in a lake water body within a single year and over a 6-year 
assessment period. 

Component TMI 

𝑠!! 0.000 

𝑠!! 0.0017 

Overall uncertainty within water bodies 

The sampling effort of macrophytes in lake water bodies involves sampling only ones in 
each 6-year WFD assessment period (a=1). When sampling, the minimum requirements 
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are one samples (n=1) is taken per site and the samples from a number of sites (>8) is 
pooled (i.e. b=1) for the status assessment (Table 3.2). Using the variance components 
estimated from the available data for macrophytes in lakes (Table 4.7) the overall 
uncertainty in the status of macrophytes in a lake water body within a 6-year assessment 
period can be computed using the following formula: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"# =
!!"
! ∗(!! !

!")

!
+ !!!

!
. 

Combining minimum required sampling designs with quantitative estimates of variance 
components for lakes a representative value for the uncertainty in estimated TMI, to be 
used in for example WATERS integrated assessment tool can be calculated as: 

!.!!!∗(!!!!)

!
+ !.!!"#

!
= 0.0017, 𝑆𝐸 = 0.0017 = 0.041. 

For individual years the uncertainty can be calculated using the following formula: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"# = 𝑠!! 

𝑆𝐸 = 0.0017 = 0.041. 

During a 6-year assessment period, the precision expressed as standard error of a mean 
TMI estimate is on the order of 0.041 units. Assessing the precision for a single year give a 
precision of 0.041 TMI units thus the precision of the estimated mean is exactly the same 
for an assessment period as for individual years. 

Previous information on uncertainty of TMI states that a deviation of <0.05 from a class 
boundary is to be considered “close” (Table 1.1). The analyses shown here indicate that 
this deviation roughly corresponds to 1.2 standard errors. 

 
FIGURE 4.12 
Overall uncertainty in estimation of 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. 

The number of years sampled have, in contrast to for the indicators of many other BQEs, 
a strong effect on the overall uncertainty of the estimate of TMI and thus influence the 
precision of the status assessment. Increasing the number of years sampled from one to 
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two per WFD assessment period will increase the precision by approximately 30% (Fig 
4.12). Although diminishing with increasing number of years sampled, the effect of 
sampling six years instead of five on the overall uncertainty is still roughly 10%. 

4.2.3 Phytoplankton 

Short description of dataset 

Sweden have approximately 7200 lakes or parts of lakes that are defined as waterbodies. 
Of those there are data present in national databases from 357 water bodies or 5 %. In 
general, each lake is sampled at one site at one or two months per year (July or August), 
but in a number of larger water bodies two, three, four or even up to seven sites may have 
been sampled in a year. The dataset is composed of information on TPI (Trophic 
plankton index), total biomass, chlorophyll a, proportion cyanobacteria and the total index 
from a total of 362 sites in 357 water bodies. The samples were collected over a period of 
18 years (1995-2012), thus allowing for estimation of variability among years within three 
assessment periods. 

Estimation of variance components 

For the full details of the results of estimated variance components for the five indicators 
used for phytoplankton in lakes see annex B (Table B2.3). Although there are some 
differences among the indicators, a number of similarities are evident for the components 
that affect the uncertainty within water bodies (Table 4.8). 

The rank order of the size of components is identical for phytoplankton indicators. For all 

indicators, the residual variability (𝑠𝑒2) are much larger than the variability among years 

within assessment periods (𝑠𝑌2).  

TABLE 4.8  
The variance components used in calculating the overall uncertainty of the status of 
phytoplankton in a lake water body within a single year and over a 6-year assessment period. 
Analysis based on log-transformed data for indicators Total biomass and chlorophyll a. 

Component TPI Total 
Biomass 

% 
Cyanobacteria 

Chlorophyll 
a 

Species 
Richness 

Total 
index 

𝑠!! 0.001 0.014 0.675 0.008 1.930 0.003 

𝑠!! 0.322 0.239 106.759 0.219 38.521 0.126 

Overall uncertainty within water bodies 

To provide the WATERS integrated assessment tool with valuable input to the 
uncertainty estimates, calculations of the precision of measured values are needed. The 
current monitoring of phytoplankton in lakes involving sampling every year during an 
assessment period (a=6) with a number of samples (1 to 5 depending on the lake size) 
collected per water body to estimate the status of the open water in the lake (i.e. affected 
as little as possible by benthic or littoral processes). Large lakes (>1km2) are assumed to be 
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well wind mixed, and in those one sample from a central location of the lake is 
recommended. Small lakes are often wind protected by trees and are assumed to have 
more patchy distribution of phytoplankton; accordingly the recommendation is to pool 
five samples taken in the middle and each corner of a 200 x 200 m square located in the 
central area of the lake. Thus the samples can strictly only be considered representative of 
the central parts of the lake and other parts may or may not differ substantially from this 
central part (i.e. the number of sites b=1). Nevertheless, due to the predominance of 
variability among rather within lakes, Thackeray et al. 2013 concluded that one site was 
representative to a whole lake. The overall uncertainty in the status of the phytoplankton 
in a lake water body (i.e. one where one station with a radius of 200 m is considered 
sufficient according to the standard protocol) within a WFD assessment period can be 
calculated using the following formula and estimated variance components (Table 4.8): 

𝑉 𝑦!"#$%&∗!"#$%  !"!",!!!"#"$!!""  ! =
!!"
! ∗(!! !

!")

!
+ !!!

!"#
. 

With a sampling design fulfilling the assessment criteria, where a=6, b=1 and n=1 an 
estimated value for the uncertainty in chlorophyll a of phytoplankton in lakes can be 
calculated using estimates of variance components as: 

!.!!"∗(!!!!)

!
+ !.!"#

!∗!∗!
= 0.037, 𝑆𝐸 = 0.037 = 0.191.  

Because all estimates of variability are on a log-scale, this level of error corresponds to 
𝑒!.!" − 1 ∗ 𝑋 µg chlorophyll per litre. The equivalent calculations for individual years 

are: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!!!"#"$!!""  ! =
𝑠!!

𝑛
 

!.!"#
!

= 0.219, 𝑆𝐸 = 0.219 = 0.468.  

Because the error is estimated based on log-transformed data the observed level of error 
cannot easily be compared to that reported for SEQR in table 1.1 

Thus the precision of the estimated mean is higher at the scale of assessment periods than 
for single years. The precision would be substantially improved both by increasing the 
number of samples taken per lake during a year and by increasing the number of years 
sampled during an assessment period. The overall uncertainty within a single year will be 
dependent on the number of samples taken per year. But, with the current monitoring 
sampling designed to represent whole lakes, by pooling 1-5 samples from different areas 
of the lake (if lake <1km2) or sampling at a central position in larger lakes, there is no 
effect of the number of sites on the overall uncertainty (Figs. 4.13-4.18). 
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FIGURE 4.13 
Overall uncertainty in estimation of 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. 

 
FIGURE 4.14 
Overall uncertainty in estimation of the status in a water body for Total Biomass for 
phytoplankton in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 
6-year assessment period. 
 

 
FIGURE 4.15 
Overall uncertainty in estimation of the status in a water body for the % Cyanobacteria for 
phytoplankton in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 
6-year assessment period. 
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FIGURE 4.16 
Overall uncertainty in estimation of the status in a water body for Chlorophyll a for phytoplankton 
in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 6-year 
assessment period. 
 

 
FIGURE 4.17 
Overall uncertainty in estimation of the status in a water body for the total index for 
phytoplankton in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 
6-year assessment period. 

 
FIGURE 4.18 
Overall uncertainty in estimation of the status in a water body for species richness for 
phytoplankton in lakes. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 
6-year assessment period. 
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4.2.4 Fish 

Short description of dataset 

In the national monitoring programme, fish are sampled in on the level of lake. The 
sampling effort required is determined by the size and depth of the lake, with a minimum 
effort of 4 nets in the smallest lakes. The nets are distributed over different depth interval 
and at random position within each depth interval. Thus the sampling is considered to be 
representative of the entire lake (=water body except for a few very large lakes which 
consist of several water bodies) and the indicators are calculated for the entire water body. 
Thus the number of sites (i.e. nets) per water body is irrelevant for the analyses of 
uncertainty in the status assessment for fish in lakes. For analyses of variance components 
and overall uncertainty, a dataset consisting of data collected over the period (2002-2013). 
Using only data from lakes classified as having the quality “Stand” and lakes where lime 
has not being used a total of over 700 points of information, representing 395 lakes (~5% 
of all lake water bodies defined in Svenskt VattenARkiv, SVAR), for the different quality 
indicators were available. 

Estimation of variance components 

In annex B, the complete report of the estimated variance components for fish in lakes is 
given (Table B2.4). With the national monitoring of fish in lake being sampled on the level 
of a water body, by pooled sampling effort providing whole-lake estimates, the analyses of 
uncertainty is slightly different from the analyses for other BQEs. Here, the variability 
affecting the precision and uncertainty in the overall assessment is only affected by two 
components, variability among samples within lakes and variability among years within an 
assessment period (Table 4.9). For all indicators the most important component is the 
variability among samples within a lake which, although variable between the indicators, 
are several orders of magnitude larger than the variability among years within an 
assessment period. 

TABLE 4.9  
The variance components used in calculating the overall uncertainty of the status of fish in a lake 
water body within a single year and over a 6-year assessment period. 

Component EQR8 Niart lgWiart SDn SDw lgNiind lgMeanW andpis LgAbCyW 

𝑠!! 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

𝑠!! 0.006 0.347 0.021 0.072 0.191 0.013 0.015 0.007 0.041 

Overall uncertainty within water bodies 

Regarding uncertainty, the monitoring of fish in lakes is structurally similar to that of 
macrophytes. Sampling programmes for fish in lakes are planned to give a representative 
estimate of the indicator for the whole lake. Thus, pooled samples from 8-64 nets 
(depending on the size of the lake, n=1) are used, typically once per WFD cycle (a=1), to 
assess the lake status (Table 3.2). Using the estimated variance components for fish in 



 WATERS: UNCERTAINTY OF SWEDISH WFD INDICATORS 
 

47 
 

lakes (Table 4.9) the overall uncertainty in the status of fish in a Swedish lake water body 
within a WFD assessment period can be calculated using the following formula:  

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"#! =
!!"
! ∗(!! !

!")

!
+ !!!

!
. 

Using quantitative estimates of variance components and the minimum sampling design 
required in the assessment criteria for lakes (a=1, n=1) a realistic value for the uncertainty 
in estimated EQR8 can be calculated as: 

!.!!!∗(!!!!)

!
+ !.!!"

!
= 0.006, 𝑆𝐸 = 0.006 = 0.077. 

The corresponding calculations for a discrete year can be computed as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"#! = 𝑠!! 

𝑆𝐸 = 0.006 = 0.077. 

These calculations show that with the minimum required sampling design the precision 
expressed as standard error of a mean estimate in a 6-year assessment period is identical to 
that in a single year and is on the order of 0.077 EQR8 units. To provide the WATERS 
assessment tool with important information to the uncertainty estimates, calculations like 
the ones demonstrated here are necessary. Similar patterns to the one found for EQR8 
with identical precision for an assessment period as for a single year is found for the other 
indicators used to assess the status of fish in lakes with the precision for Niart and SDn 
being on the order of 0.59 and 0.27 units respectively.  

The level of precision estimated for EQR8 (0.077) in this study is identical to that 
reported in table 1.1 and HVMFS 2013:19. However, analyses of precision for individual 
indicators which contribute to EQR8 show that the level of error can be higher for the 
individual indicator. 

 
FIGURE 4.19 
Overall uncertainty within a 6-year assessment period in the estimation of the status in a water 
body for fish (all 9 indicators used) in lakes.  
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The analyses showed that for a six-year WFD assessment period all indicators used for 
fish in lakes display the same pattern with slightly lower overall uncertainty with increasing 
number of years sampled (Fig 4.19). With sampling programmes being designed to be 
representative of the whole lake (i.e. water body) the overall uncertainty within a single 
year is constant depending only on the residual variability and not as for indicators of 
most BQEs dependent on the number of sites sampled per water body.  

4.3 Streams 

4.3.1 Benthic invertebrates 

Short description of dataset 

Svenskt VattenARkiv defines 15563 stream water bodies in Sweden (Mårtenson et al. 
2011). Of these water bodies approximately 4 % are sampled for benthic invertebrates 
with a majority sampled in one site. By further restricting the dataset to sites classified as 
reference locations and to the “kick-sample” method, data from less than 50 sites and 
water bodies were available from the twelve (2001-2012) year period. 

Estimation of variance components 

A specified compilation of the result of estimated variance components for benthic 
invertebrates in streams is given in annex B (Table B3.1). In line with the monitoring in 
lakes, the monitoring of benthic invertebrates in streams generally lacks replication at the 
level of site within water bodies. Thus, the variability among sites within water bodies 
cannot be separated from the variability among water bodies and consequently the same 
type of assumption (i.e. assigning all the variability to either site or water body) has been 
made in this analysis giving a range of overall uncertainty in the calculations below. 

When assigning all the variability to the level of water body (Scenario 1) the order of the 
most important components are the same for all three indicators (MISA, ASPT and DJ). 
Here the variability among samples within a site is a magnitude higher than the variability 

among years while the variabilities coupled to site (𝑠𝑆2 and 𝑠𝑌∗𝑆2 ) assumed to be zero. If 
instead assigning all the variability to the level of site (Scenario 2) a different pattern is 
visible with the variability among sites within water bodies being the most important 
component for both MISA and DJ. For these indicators, the variability among samples 
within sites is ranked as the second most important component followed by the 
interactive component (𝑠!∗!! ) with the variability among years being the smallest 
component. Despite these similarities there are also some differences, especially in the size 
of the various components among the different indicators (Table 4.10). 

TABLE 4.10  
The variance components used in calculating the overall uncertainty of the status of benthic 
invertebrates in a stream water body within a single year and over a 6-year assessment period. 
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Component MISA DJ-index ASPT 
Scenario 1 Scenario 2 Scenario 1 Scenario 2 Scenario 1 Scenario 2 

𝑠!! 4.265 4.265 0.028 0.028 0.000 0.000 

𝑠!! 0 168.7 0 0.000 0 0.279 

𝑠!∗!!  0 19.344 0 0.132 0 0.015 

𝑠!! 58.593 58.593 0.721 0.721 0.194 0.194 

Overall uncertainty within water bodies 

Sampling of benthic invertebrates in streams has a minimum requirement of sampling two 
times during each WFD assessment cycle (a=2). Each time, five samples (n=5) is taken at 
a single site (b=1) to provide data for the assessment of the status of the stream (Table 
3.2). Combining this sampling design (a=2, b=1, n=5) with estimated variance 
components for benthic invertebrates in lakes (Table 4.10) in the following formula the 
overall uncertainty within a 6-year assessment period can be assessed: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"#$ =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

For scenario 1 the overall uncertainty will be: 

!.!!!∗(!!!!)

!
+ !.!!!

!
+ !.!!!

!∗!
+ !.!"#

!∗!∗!
= 0.0194, 𝑆𝐸 = 0.0194 = 0.139. 

While arriving at: 

!.!!!∗(!!!!)

!
+ !.!"#

!
+ !.!"#

!∗!
+ !.!"#

!∗!∗!
= 0.3059, 𝑆𝐸 = 0.3059 = 0.553. 

for scenario 2. The corresponding estimation for individual years can be calculated as: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"#$ =
𝑠!"!

𝑏
+
𝑠!"∗!"!

𝑏
+
𝑠!!

𝑏𝑛
 

!.!!!
!

+ !.!!!
!

+ !.!"#
!∗!

= 0.0388, 𝑆𝐸 = 0.0388 = 0.1974.  

!.!"#
!

+ !.!"#
!

+ !.!"#
!∗!

= 0.3328, 𝑆𝐸 = 0.3328 = 0.577. 

Naturally the overall uncertainty within a water body will be higher if assuming that the 
variation found at the combined water body/site level is due to variation between sites 
(scenario 2) rather than between water bodies (scenario 1). Neither of these two 
assumptions is likely to completely reflect the truth and thus the overall uncertainty is 
either over- or under estimated in the calculations above. Instead the true overall 
uncertainty is more likely to be found somewhere within the range created, i.e. between 
0.14-0.55 ASPT units for status of a water body within a 6-year assessment period and 
between 0.20-0.58 ASPT units for a single year. Normally, the measure ASPT is in the 
order of 6-7 and thus the overall uncertainty is on the scale of 2-10 % of the measure 
value. With this exercise, we have illustrated the sort of calculations necessary to provide 
the WATERS assessment tool with input to the uncertainty estimates. We also show that 
the estimated means at the scale of a WFD cycle (6-year) is slightly more precise than 
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those for a single year. It is also clear that the precision of the estimated mean would be 
substantially improved if sampling occurred at more than one site per water body. By 
doubling the number of sites to two sites (b=2) in the calculations above the precision 
would increase to be in the ranges of 0.098-0.39 and 0.14-0.41 ASPT units for a 6-year 
period and a single year respectively. If using the same number of sites as the typical 
design (b=1) and instead doubling the number of samples per site to ten (i.e. same total 
no. of samples as if increasing the number of sites to two, n=10) the corresponding ranges 
would be 0.098-0.54 and 0.14-0.56 ASPT units which is only marginally lower than for the 
minimum required sampling design. The estimated uncertainties for both scenarios are 
calculated in ASPT units and thus have to be converted to EQR for comparison with the 
uncertainties given in the current assessment criteria (0.07-0.219 depending on ecoregion). 
Hence the corresponding standard errors for EQR in our analysis are 0.030-0.11in EQR 
units for a single year while for an assessment period the corresponding interval is 0.021-
0.10. 

 
FIGURE 4.20 
Overall uncertainty in estimation of 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. Solid line: scenario 1, Dashed line: scenario 2. 

 
FIGURE 4.21 
Overall uncertainty in estimation of the status in a water body for ASPT for benthic invertebrates 
in streams. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 6-year 
assessment period. Solid line: scenario 1, Dashed line: scenario 2. 
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FIGURE 4.22 
Overall uncertainty in estimation of the status in a water body for DJ-index for benthic 
invertebrates in streams. Left: Overall uncertainty within a year. Right: Overall uncertainty within 
a 6-year assessment period. Solid line: scenario 1, Dashed line: scenario 2. 

Similar pattern occur for the different indicators with the number of sites being the most 
important component for the overall uncertainty of a water body within a single year 
(Figs. 4.20-4.22). Number of sites is also the most important factor for the overall 
uncertainty of a water body within a 6-year assessment period even though we can see an 
increased precision in the status assessment for a 6-year assessment period with increasing 
number of years sampled for DJ-index (Fig. 4.22).  

4.3.2 Benthic diatoms 

Short description of dataset 

In the national monitoring of benthic diatoms in Swedish streams about 2.4% of all 
streams classified as water bodies are sampled. For analyses of variance components and 
overall uncertainty, a dataset collected over twelve years (2002-2013) representing 646 
different sites distributed in 473 water bodies. In total data from almost 2000 samples 
were available for the analyses of two indicators (IPS and ACID) and two supporting 
indicators (TDI and %PT). IPS is an indicator that indicates the nutrient conditions and 
organic pollution, ACID reflects the acidity of the water while %PT is the proportion of 
pollutant tolerant valves and TDI is the Trophic Diatom index that indicates floristic 
changes in response to increased nutrient concentration. 

Estimation of variance components 

The full details of the results of the estimated variance components for benthic diatoms in 
streams are given in Table B3.2, annex B. Although there are some differences among the 
indicators, a number of similarities are evident for the components that affect the 
precision and uncertainty within water bodies (Table 4.11). The order of the components 
is the same for IPS and TDI with the variability among sites within water bodies (𝑠!!) 
being the most important component followed by the residual variability (𝑠!!). These two 
is also the most important components for ACID but in the reverse order. For all these 
three indicators the variability among years within an assessment period (𝑠!!) and the 
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interactive component (𝑠!∗!! ) are orders of magnitude lower thus having significantly less 
influence on the precision and uncertainty within water bodies. The variability among sites 
within a water body is also the most important component of the %PT indicator for the 
uncertainty within water bodies but here there is also a substantial influence of the 
interactive component as well as the variability among samples within sites. Thus, the 
change in %PT among years differs slightly among sites within a water body in contrast to 
the other indicators where the change among years is the same for all sites within a water 
body. 

TABLE 4.11  
The variance components used in calculating the overall uncertainty of the status of benthic 
diatoms in a stream water body within a single year and over a 6-year assessment period. 

Component IPS TDI ACID %PT 

𝑠!! 0.011 1.985 0.017 0.486 

𝑠!! 0.781 64.356 0.257 6.339 

𝑠!∗!!  0.489 12.934 0.351 0.000 

𝑠!! 0.068 17.522 0.064 24.474 

Overall uncertainty within water bodies 

The monitoring of benthic diatoms in streams requires of sampling every year during the 
assessment periods (a=6). Typically (in >90% of the cases), one site (b=1) is sampled with 
5 samples taken (Table 3.2). These five samples are then pooled in the field to reduce 
costs and to achieve one single sample representative of the site (i.e. the sample size is 
effectively n=1). Using the estimated variance components for benthic diatoms in streams 
(Table 4.11), the overall uncertainty in a water body within an assessment period can be 
calculated using the equation for the overall variability of the total mean (Eq. 1):  

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"# =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

Using quantitative estimates of variance components and the minimum required sampling 
design for Swedish streams (a=6, b=1, n=1) a realistic value for the uncertainty in 
estimated IPS as: 

!.!!!∗(!!!!)

!
+ !.!"#

!
+ !.!"#

!∗!
+ !.!"#

!∗!∗!
= 0.874, 𝑆𝐸 = 0.874 = 0.935. 

The corresponding estimate for individual years will be: 

𝑉 𝑦!"#$∗!"#$%  !"#$,!"# =
𝑠!"!

𝑏
+
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𝑠!!
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!

+ !.!"#
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= 1.338, 𝑆𝐸 = 1.338 = 1.157. 
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The exercise above indicate that the precision of IPS expressed as standard error of a 
mean estimate during a 6-year WFD assessment period is on the order of 0.94 units while 
for a single year the precision is slightly lower (1.16 units). These types of calculations are 
necessary to provide the WATERS integrated assessment tool with input for the 
uncertainty estimates and illustrate the fact that the precision of an estimate can be higher 
for a WFD cycle than for single years. With the variability among sites being the most 
important component in determining he precision (Table 4.11) the status assessment 
would be substantially more precise if the monitoring included more than one site per 
water body (Figs. 4.23-4.26) while the relatively low influence of variability among samples 
(except for %PT) indicate that increasing the number of samples per station will only have 
a limited effect on the precision of the estimate. The observed precision can be compared 
with the uncertainties given in the current assessment criteria of +- 0.5 or +-1 for IPS>13 
and >13 respectively. 

 
FIGURE 4.23 
Overall uncertainty in estimation of 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. 

 
FIGURE 4.24 
Overall uncertainty in estimation of the status in a water body for TDI for benthic diatoms in 
streams. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 6-year 
assessment period. 
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FIGURE 4.25 
Overall uncertainty in estimation of the status in a water body for ACID for benthic diatoms in 
streams. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 6-year 
assessment period. 

 
FIGURE 4.26 
Overall uncertainty in estimation of the status in a water body for %PT for benthic diatoms in 
streams. Left: Overall uncertainty within a year. Right: Overall uncertainty within a 6-year 
assessment period. 

The analyses showed that the uncertainty of a water body is mainly dependent on the 
number of sites sampled per water body while the number of replicate samples per site is 
more or less unimportant except for the indicator %PT (Figs. 4.23-4.26). For the 
uncertainty of a water body within a 6-year WFD cycle, analogous pattern is visible with 
the number of site being the most important factor in determining the overall uncertainty. 
The analyses also shows that the number of years sampled during each 6-year assessment 
period to some degree affects the overall uncertainty but that the effect is most prominent 
when increasing the number of years sampled from one to two. Further increasing the 
number of years has only a marginal effect on the overall uncertainty (Figs. 4.23-4.26). 

4.3.3 Fish 

Short description of dataset 

Roughly 4% of the streams classified as water bodies in Sweden are sampled for fish in 
the national monitoring program for calculation of VIX, VIXsm and VIXh. The dataset 
available for estimation of variance components and overall uncertainty contained data 
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from about 2300 samples distributed over twelve years (2003-2014) and 238 sites 
representing 60 water bodies. 

Estimation of variance components 

A full account of the estimated variance components for fish and its indicator VIX and 
the supplementary indicators (VIXh and VIXsm) in streams is given in annex B (Table 
B3.3). 

In contrast to the other BQEs were there are many similarities among the rank order of 
the components that affect the precision and uncertainty within water bodies for the 
different indicators of each BQE, the similarities between VIX, VIXh and VIXsm are few. 
The main similarities are the substantial influence of the variability among sites within 
water bodies (although not always ranked first) and the relatively small variability among 
years within an assessment period (Table 4.12). For VIX the variability among samples 
within sites is the most important component while for VIXh this component is only the 
third most important. Instead the interactive variability substantially influences the 
precision and uncertainty of VIXh. 

TABLE 4.12  
The variance components used in calculating the overall uncertainty of the status of fish in a 
stream water body within a single year and over a 6-year assessment period. 

Component VIX 
(10-3) 

VIXsm 
(10-3) 

VIXh 
(10-3) 

𝑠!! 0.067 0.127 0.114 

𝑠!! 9.394 9.359 6.499 

𝑠!∗!!  0.000 3.213 5.293 

𝑠!! 10.100 5.537 1.048 

Overall uncertainty within water bodies 

Fish in streams is currently being monitored with one sample (n=1) taken per site. In each 
water body one site (b=1) is sampled and sampling generally occurs every year (a=6) 
during a WFD period (Table 3.2). A realistic value of the overall uncertainty in the status 
(using VIX) of fish in Swedish streams within a 6-year assessment period can be calculated 
using the following formula: 

𝑉 𝑦!"#$%&∗!"#$%  !"#$,!"# =
!!"
! ∗(!! !

!")

!
+ !!"

!

!
+ !!"∗!"

!

!!
+ !!!

!"#
. 

And using estimates of variance components (Table 4.12) combined with the minimum 
sampling design required in the monitoring (a=6, b=1, n=1) we arrive at:  

!.!"#∗!"!!∗(!!!!)

!
+ !.!"#∗!"!!

!
+ !.!!!∗!"!!

!∗!
+ !".!""∗!"!!

!∗!∗!
= 0.011, 𝑆𝐸 = 0.011 = 0.105. 

The equivalent estimates for individual years can be made as: 
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𝑉 𝑦!"#$∗!"#$%  !"#$,!"# =
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𝑠!!
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!
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!
+ !".!""∗!"!!

!∗!
= 0.019, 𝑆𝐸 = 0.019 = 0.140. 

Thus, the precision expressed as the standard error of a mean estimate during a 6-year 
WFD cycle is on the order of 0.105 VIX units which is roughly 20% of the average (for 
the period 2003-2014) measure VIX value. For a single year the precision is lower and 
about 25% of the average value measured. Looking at the estimated variance components 
and the equations above it is clear that the precision of VIX would substantially increase 
by increasing the number of sites per water body while reducing the number of years 
sampled per WFD cycle will only have a marginal negative effect on the precision (Figure 
4.27). 

 
FIGURE 4.27 
Overall uncertainty in estimation of 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. 

 
FIGURE 4.28 
Overall uncertainty in estimation of the status in a water body for VIXsm for fish in streams. Left: 
Overall uncertainty within a year. Right: Overall uncertainty within a 6-year assessment period. 
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FIGURE 4.29 
Overall uncertainty in estimation of the status in a water body for VIXh for fish in streams Left: 
Overall uncertainty within a year. Right: Overall uncertainty within a 6-year assessment period. 

Like for most other BQEs and their indicators, the uncertainty of fish in a stream water 
body within a year is mainly affected by the number of sites independent of the fish 
indicator used (Figs. 4.27-4.29). For a 6-year assessment period the results are similar with 
the number of sites being the most important factor affecting the overall uncertainty.   
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5 Conclusions and recommendations 

5.1 General patterns and differences among BQEs 
The scope of this report spans over all BQEs and indicators currently used in the Swedish 
assessment criteria. The report provides estimates of variability and uncertainty at a 
number of spatial and temporal scales in different regions and they are based on a wide 
range of monitoring strategies. While the main purpose of the report is to allow 
assessment of uncertainty for individual indicators, particularly with respect to tools for 
integrated assessment, it is also interesting to explore some general conclusions about 
sources of variability, the ability of monitoring programs to assess these sources and the 
overall uncertainties. 

5.1.1 Estimates of variance components 

Although the interpretation of all variance components may not always be entirely the 
same for all BQEs, they can roughly be divided into variability among years (within six-
year periods,  𝑠!!) among sites within a water body (𝑠!!), interactive variabiability (𝑠!∗!! ) and 
residual variability (𝑠!!) representing small-scale spatial or temporal variability. 

A pattern, which is common to most BQEs and in both inland and coastal waters is that 
the variability among years is usually not as large as other sources of variability. In coastal 
waters the variability of phytoplankton is approximately 10% of the sum of all 
components. Similarly, the interactive components reflecting asynchronous fluctuations 
among sites within water bodies are typically small. This indicates that the dynamics of the 
selected indicators is relatively similar within water bodies. Note however that this is not 
always the case at the scale of water bodies, were we often observed larger interactive 
variability (i.e. 𝑠!∗!"! , annex B). 

For several of the BQEs, monitoring designs do not allow unambiguous separation of 
variability among sites (i.e. 𝑠!! can not be estimated independently of other components). For 
several indicators were it is possible in some areas (Coastal waters: benthic fauna, 
macrophytes and fish; Inland waters: phytoplankton (large lakes) and benthic diatoms and 
fish in streams), however, 30-55% is typical. One exception is phytoplankton in coastal 
areas for which the consistent differences among sites within water bodies are not so 
prominent. Instead it appears that temporal variability at the scale of weeks and months, 
contributing to the residual variation (𝑠!!) is the dominant source of variation (note that in 
agreement with the current assessment criteria, only data from June-August are included 
in the analyses). 
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The largest component for several BQEs in coastal and inland waters is the residual 
variability (𝑠!!, Fig. 5.1). As highlighted earlier, the ecological interpretation of this 
component differs among BQEs due to differences in the structure of monitoring designs 
and thus the statistical models used to partition the variation. For example, in coastal and 
inland waters residual variability of benthic fauna represent spatial variability among 
samples within sites and times, while for phytoplankton in coastal waters and benthic 
diatoms and fish in streams represent temporal variability within sites and years. For many 
BQEs, however, the monitoring design does not allow estimation of the small scale 
variability within sites and years independently of other potentially important components 
(e.g. 𝑠!∗!!  and 𝑠!∗!"! ). The ecological meaning of the residual components can therefore 
often not be interpreted unambiguously and their potential consequences for the 
uncertainty can not be fully assessed. Nevertheless, it is clear that the combined 
contribution of variability due to small-scale variability and interactive variability,  𝑠𝑒2, 𝑠!∗!!  
and 𝑠!∗!"! , is very important for many BQEs. 

  

 

FIGURE 5.1 
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Proportion of summed variability of component relevant to estimate uncertainty within a water 
body and six-year period (upper panel: coastal BQEs, lower panel: inland BQEs). Note that 𝑆!! 
and 𝑆!∗!!  are not relevant (Lakes: macrophytes and fish) or have not been possible to estimate 
for some BQEs (Coastal: fish, (macrophytes in one area only); Lakes: benthic fauna, 
phytoplankton; Streams: benthic fauna). The contribution from these factors are incorporated in 
the 𝑆!!"! . Estimates represent averages of available indicators for each BQE. 

5.1.2 Overall uncertainty 

The uncertainty of an indicator mean estimate within a water body is determined by the 
size of its particular components of spatial and temporal variability and the structure and 
dimensions of actual monitoring going on within the water body. It is important to note 
that uncertainty in estimation is only one criterion for determining the usefulness of an 
indicator (i.e. Dale and Beyeler 2001). Another important aspect is, of course, its 
sensitivity to human disturbances and environmental degradation. Thus an indicator 
showing high precision (=low SE) does not automatically qualify as an efficient indicator. 
However, an indicator showing low precision suggests that improved monitoring or 
standardisation of methods should perhaps be considered.  

 

  

 

FIGURE 5.2 
Expected proportional uncertainty of each quality element within water bodies for 6-year 
assessment periods (left) and individual years (right), using typical monitoring designs shown in 
Table 3.2 (upper panel: coastal BQEs, lower panel: inland BQEs). Estimates represent averages 
of available indicators for each BQE. Two scenarios are modelled for benthic fauna in lakes and 
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streams. These are extreme scenarios reflecting potential effects variability among sites which is 
unknown (see sections 4.2.1 and 4.3.1 for further details). 

The extensive catalogue of variance estimates (the “uncertainty library”) and the analytical 
tools presented here demonstrate how the uncertainty can be estimated for an entire 
assessment period (equation 1) and for individual years (equation 2). Figure 5.2 provides a 
summary of average uncertainties of individual BQEs using typical monitoring designs. 

One general observation is that for most BQEs we can expect average uncertainties which 
are on the order of 10 – 20% of the overall mean of six-year assessment periods as well as 
within individual years (Fig. 5.2). The difference between the overall uncertainty for a 
water body within a year and within a period is not so large, but a general trend for most 
BQEs is that means within in six-year periods tend to be more precise than those of 
individual years. This may seem counterintuitive but is largely explained by the fact that 
the variability among years is often relatively small. In some cases, where temporal 
variability is large, uncertainty is effectively reduced by sampling during several years 
during an assessment period. Repeated sampling for several years is thus also contribution 
to this overall tendency of smaller uncertainty for assessment periods, but in several 
instances it was evident that the major reduction of uncertainty was achieved by sampling 
2-3 years. 

Although comparisons among BQEs must be made with caution it appears that there are 
some similarities between coastal and inland waters. Thus, in coastal areas the uncertainty 
within periods rank macrophytes<benthic fauna<fish<phytoplankton, in lakes 
macrophytes<benthic fauna (averaged over scenarios)<fish<phytoplankton and in 
streams benthic fauna (averaged over scenarios)<fish<benthic diatoms. As noted before, 
this does not imply that indicators of BQEs with lower uncertainty are automatically more 
appropriate than those with larger uncertainty. Particular attention need to be given to the 
apparent low error in the estimation of means for macrovegetation in coastal waters. The 
current indicator for this BQE, MSMDI, appears to show little variability overall due to 
the fact that it often reaches its maximum value (e.g. MSMDI=1; Blomqvist et al. 2014). 
This probably means that it is quite insensitive to natural and human disturbances and this 
indicator is therefore under thorough revision and likely to be replaced in the near future. 
Although a precise recommendation is difficult to give regarding what is an acceptable 
relative uncertainty, but in relation to benchmarks conventionally used in scientific 
contexts, the general conclusion of errors of 10-20% of the mean appears to be moderate 
and should allow for useful status assessment (e.g. Andrew and Mapstone 1987). To 
assess its effects on classification uncertainty, however, its relation to class-boundaries 
needs to be considered.  

5.2 Using the uncertainty library 
It is well known that many sources of variability contribute to the uncertainty of mean 
estimates at the scale of water bodies and assessment periods. The analyses presented 
here show that the spatial, temporal and interactive sources of variability may be 
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substantial for different types of indicators in coastal and inland waters. It is also evident 
that monitoring designs differ among quality elements and that these usually are not 
capable of estimating all the relevant uncertainty components. Problems may for example 
arise from lack of replication at relevant spatial and temporal scales, unbalanced sampling 
or insufficient number of replicate samples.  

Therefore we propose a strategy involving tabulated estimates of variance components 
(an ”uncertainty library”), which is solidly based on statistical theory and its practical use 
in ecological observations and experiments (cf. Searle et al. 1992, Underwood 1997). The 
approach combines mean estimates an information about the actual monitoring design in 
the water body, with tabulated estimates of critical variance components and offers a 
solution to problems with insufficient or incomplete monitoring often encountered in 
practical situations. Benefits and potential limitations of the approach are illustrated in 
two examples below. 

5.2.1 General or water-body specific estimates of variance components? 

Consider a situation where status and uncertainty assessments are to be made for the 
water bodies A, B and C, for a 6-year assessment period (Fig. 5.3), using equation 1. 
According to an initial scenario, we can assume an ”ideal” situation where the monitoring 
is designed so that all spatial, temporal and interactive components (i.e. 𝑠!!, 𝑠!!, 𝑠!∗!!  and 𝑠!!) 
can be estimated in all water bodies. Thus, under this scenario it is theoretically possible to 
properly assess uncertainty using data from each of these three water bodies. One 
problem, however, is that there are only three sites sampled in each of the water bodies 
(k=3, df=2 for each of the estimated 𝑠!!-components). This means that if 𝑠!!-components 
were estimated separately for each water body and year, these would be estimated with a 
very low precision. In fact, it can be shown the average error of an estimated variance, i.e. 
its standard error, 𝑆𝐸!!! , can be estimated as (e.g., Quinn and Keough 2002, Lindegarth et 

al 2013b): 

𝑆𝐸!!! = 𝑠!! ∗ 2
𝑑𝑓 

This in turn, means that relative standard error (
!"!!!

!!
! ) can be calculated as 2

𝑑𝑓, and with 

df=2, the relative error for each of the 𝑠!!-components would be 1. 
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FIGURE 5.3 
Schematic monitoring scenario where all relevant spatial, temporal and interactive components 
(i.e. 𝑠!!, 𝑠!!, 𝑠!∗!!  and 𝑠!!) can be estimated in each of three water bodies (A, B and C) 

If on the other hand a pooled estimate of 𝑠!!, representing the average of all water bodies 

and year (k=3*2, df=6), the relative error would have been 2
6 = 0.58. A similar 

argument could be made for the estimation of other components and an even more 
extreme example is the estimation of 𝑠!! which would go from a relative error of 1 if 
estimated at individual stations and years to 0.24 if a pooled estimate was used (df=36). 

This can be further illustrated by a simple example where data are simulated from 
distributions where all relevant variance components are ~𝑁(0,1). As expected, the 
components estimated from the whole dataset generally show smaller deviations than 
those of individual water bodies (Table 5.1). Due to the relatively small total number of 
samples (total df=53), the pooled estimates in some cases deviate substantially from the 
expected values, but the deviations are generally larger for individual components and 
estimates from separate water bodies may differ by at least ±100% from the true value. 
This also translates into large differences in the estimates of total variability and standard 
error. 

TABLE 5.1  

Variance components and total variances for simulated data (𝜎!!=𝜎!!=𝜎!∗!! =𝜎!!=1) using 

pooled or individual water body estimates for the scenario in figure 5.3. Components are 
estimated using REML-procedures and the total variances are calculated using equation 1. 

Component Levels True Whole dataset A B C 

𝑆!! 2 1.00 1.21 0.00 1.05 1.26 

𝑆!! 3 1.00 1.65 0.18 3.88 0.21 

𝑆!∗!!  

 

1.00 1.33 3.95 0.00 1.42 



 WATERS: UNCERTAINTY OF SWEDISH WFD INDICATORS 
 

64 
 

𝑆!! 3 1.00 0.62 0.77 0.24 0.80 

Total variance 0.89 1.21 0.76 1.66 0.77 

SE 0.94 1.10 0.87 1.29 0.88 

This scenario illustrates an unusual situation where it is, in fact, theoretically possible to 
account for all important sources of variability in each of the water bodies, but due to 
large expected uncertainties, it clearly more appropriate to use general (“pooled”) 
estimates of all components to estimate the overall uncertainty of mean estimates for 
water bodies and assessment periods. It is of course possible that the variability among 
sites or among samples within sites may actually be different among water bodies. Sound 
ecological arguments may suggest that some environments or water bodies can be 
predicted to be more variable in time and space than others, in which case a general 
estimate of variance components may be misleading. However, it is clear that due to 
sampling errors we should not expect all estimates of, for example  𝑠𝑆2, to be identical even 
if their true values were. Thus, observed deviations among estimates of this component 
can not automatically be interpreted as evidence of existing heterogeneity. One way to 
evaluate whether variances are in fact different in a particular area would be estimate 
variance components from data, when possible, and to compare the observed estimate to 
the tabulated value using a two-tailed F-test. A significant deviation could warrant the use 
of a specific value rather than a tabulated one from the library. Furthermore, the large 
number of tables provided in annex B, can be used to obtain detailed information about 
components in various regions and water body types. It is of course also possible to 
implement a routine where estimates of uncertainty components are updated as more data 
are available. This can be done by targeting particular components which are estimated 
with small df or where particular water bodies are expected to deviate. 

5.2.2 General estimates and incomplete monitoring designs 

Unlike the previous example, it is very common that monitoring programmes do not 
allow estimation of all relevant variance components within individual water bodies. This 
may be due to lacking spatial or temporal replication or unbalancedness (Fig 5.4). It is very 
important to acknowledge that just because the different sources of variability can not be 
estimated, this does not in any way imply that these do not exist! This is perhaps obvious 
to most of us but the fact is that he current Swedish assessment protocols do not involve 
any methods to account for such situations and the likely consequence of this is that 
important sources of variation is ignored and that the uncertainty is underestimated. The 
methodological framework and “uncertainty library” developed here offers a solution to 
this problem. 

As described above the strategy is to use general estimates of variance components based 
on large datasets, thus achieving more precise and reliable estimates of important 
components. These estimates are then combined with the monitoring design available 
from a particular water body. For example the monitoring design (or structure of available 
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data) in figure 5.4 differ among the three water bodies: A has a complete design where all 
components can be estimated and a total of 18 samples (a=2, b=3, n=3); B is lacking 
replicate sites and has a total of six samples (a=2, b=1, n=3); and C does not involve 
replicate sampling at individual sites and has a total of four samples (a=2, b=2, n=1). 

 

FIGURE 5.4 
Schematic monitoring scenarios where all (A) relevant spatial, temporal and interactive 
components (i.e. 𝑠!!, 𝑠!!, 𝑠!∗!!  and 𝑠!!) can be estimated; (B) components involving sites (𝑠!! 
and 𝑠!∗!! ) can not be estimated and (C) components due to variability among samples (𝑠!!) can 

not be estimated. 

Using the general estimates of variance components from table 5.1, the overall variance 
and standard error of estimated means can be calculated (Table 5.2). These calculations 
show that the uncertainty, i.e. the SE, is smallest in A, which is the most extensive in 
terms of spatial and temporal replication. The precision is worse both in B and C, 
compared to A, but surprisingly C with a total of only four samples is more precise than B 
which is sampled with six samples (Table 5.2). This is explained by the fact that the 
contribution from variability among sites is more important than the variability among 
samples. Thus, despite the fact that all components can not be estimated in all water 
bodies, this method allows us to account for such factors in a way that also accounts for 
the fact that these water bodies have weak or even incomplete monitoring designs. 

TABLE 5.2  

Total variances for monitoring designs corresponding to water bodies A, B and C (Fig. 5.4) using 
estimates of components from the whole dataset in table 5.1. Total variances are estimated 
using equation 1. 

Component Estimate A B C 

Years 1.10 a=2 a=2 a=2 

Sites 1.28 b=3 b=1 b=2 
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Y*S 1.15 
   

Residual 0.78 n=3 n=3 n=1 

Total variance 1.21 2.82 1.72 

SE 1.10 1.68 1.31 

5.2.3 Complementing WATERS integrated assessment tool 

The main purpose of this report is to provide information and guidance of how the 
uncertainty can be implemented into a coherent assessment system. The examples 
illustrated for each of the different BQEs demonstrate the types of calculations necessary 
to provide WATERS integrated assessment tool with useful input to the uncertainty 
estimates. Furthermore, the cases illustrated here demonstrates how the estimated 
variance components and the uncertainty framework can be used to shed light on various 
sources uncertainty in monitoring of BQEs within the WFD and on how different 
modifications of the monitoring designs currently used within national and regional 
monitoring programs will affect the uncertainty of the status assessments being made. 
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Annex A: Reference values 
Table A1 

Compilation of tabulated reference values for indicators currently incorporated in the Swedish 
assessment criteria (HVMFS 2013:19). 

Phytoplankton in lakes Chlorophyll Total biomass % Cyanobacteria TPI Richness 

Fjällen ovan trädgränsen 1.0 120 0 -2 25 

Norrland klara sjöar 2.0 200 5 -1.5 45 

Norrland humösa 2.5 300 7 -1.5 45 

Södra Sverige klara 2.5 200 5 -1.25 50 

Sodra Sverige humösa 3.0 200 7 -1 45 

Benthic fauna in lakes MILA BQI ASPT     

Ekoregion 14 77.5 2.68 5.85   

Ekoregion 22 49.4 3.00 5.80   

Ekoregion 20 41.7 3.25 5.60   
Macrovegetation in lakes TMI        
1 
Sydgräns limes norrlandicus, över 
högsta kustlinjen 8.54 

 
2 
Sydgräns limes norrlandicus, under 
högsta kustlinjen 8.16  
3 
Nordgräns limes norrlandicus 8.27  
Fish in lakes EQR8         

Sweden Regression formula (6.1) 

   Benthic fauna in streams MISA DJ-index ASPT   

Ekoregion 14 47.5 10 5.37  

 Ekoregion 22 47.5 14 6.53 

  Ekoregion 20 47.5 14 6.67 

  Benthic diatoms in streams IPS     

Sweden 19.6    

 Fish in streams VIX         

Sweden Regression formula 7.1 in HVMFS 2013:19 
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Annex B: The Uncertainty Library 
B1 Coastal Waters 
B1.1 Benthic invertebrates 

Table B1.1a  

Variance components for BQI based on all water body types and for individual types respectively during two assessment periods (i.e. 2001-2006 and 
2007-2012) for the west coast of Sweden. Data compiled from Lindegarth et al 2014. § “types” 0n (parts of off-shore Skagerrak) and 0s (parts of off-shore 
Kattegat) are not defined in typology for the WFD. ±Water body type 1 (Inner coastal Skagerrak and Kattegat) have been split up into northern (1n) and 
southern (1s) parts in accordance with common practice. Empty cells not relevant due to non-existing of water bodies in off-shore types. k = no. of groups 
in the analysis. types match to the typology used in HVMFS 2013:19 

Component All types “Type”0n§  “Type”0s§ Type 1n± Type 1s± Type 2 Type 3 Type 4 Type 5 Type 6 

 VC k VC k VC k VC k VC k VC k VC k VC k VC k VC k 

WATERBODY = 
WB 5.48 45     0.06 5 4.04 11 15.22 7 0.00 6 0.00 5 8.64 5 11.97 4 

SITE(WATERBOD
Y) = ST(WB) 2.59 230 0.34 6 0.76 16 0.00 5 1.96 94 0.10 10 2.50 9 6.66 28 2.07 58 11.16 4 

YEAR(period) = 
YE(pe) 0.03 13 0.00 12 0.03 13 0.00 10 0.21 13 0.15 12 0.14 12 0.12 13 0.16 13 0.09 13 

pe*WB 0.00 78     0.11 10 0.00 17 0.07 10 0.01 11 0.00 10 0.22 8 0.00 8 

pe*ST(WB) 0.22 292 0.04 10 0.12 24 0.00 10 0.04 110 0.08 14 0.04 16 0.52 38 0.30 62 0.00 8 

YE(pe)*WB 0.00 388     0.14 50 0.00 64 0.38 39 0.00 59 0.00 54 0.00 45 0.11 52 

YE(pe)*ST(WB) 0.63 840 0.28 48 0.66 108 0.01 50 0.98 203 0.75 53 0.30 78 0.27 115 1.21 133 0.32 52 

Residual 0.64 2714 0.82 184 0.80 476 0.30 100 0.66 561 0.55 150 0.41 199 0.50 391 0.81 393 0.42 260 
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Table B1.1b  

Variance components for BQI for eight regions of the Baltic Sea. Data compiled from Leonardsson and Blomqvist 2014.# (YE*ST(CL) + error) – Residual*. 
*calculated from separate dataset (see Leonardsson and Blomqvist 2014 for details). 

Component 

Bothnian bay 
– inner coast 

Bothnian 
Bay – outer 

coast 
Bothnian Sea 
– inner coast  

Bothnian Sea 
– outer coast 

North and 
middle Baltic 
Sea – inner 

coast 

North and 
middle Baltic 
Sea – outer 

coast 

Southern 
Baltic Sea – 
inner coast 

Southern 
Baltic Sea – 
outer coast 

VC VC VC VC VC VC VC VC 

CLUSTER =CL 0.84 0.04 0.26 0.77 0.09 0.53 NA 0.29 

SITE(CLUSTER) = ST(CL) 1.66 0.40 1.85 2.93 2.03 2.65 NA 1.78 

Year = YE 0.11 0.18 0.02 0.31 0.03 0.04 NA 0.31 

YE*CL 0.22 0.02 0.21 0.31 0.36 0.32 NA 0.17 

YE*ST(CL)+error 1.52 1.20 1.40 1.59 1.58 1.3 NA 1.33 

YE*ST(CL)# 0.00 0.00 0.28 0.47 0.77 0.49 NA 0.50 

Residual* 1.51 1.20 1.12 1.12 0.81 0.81 NA 0.83 
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B1.2 Macrophytes  
 

Table B1.2  

Variance components for MSMDI based on all water body types, for three larger regions and for one individual water body type from four different areas 
along the Swedish coast (west coast, southern Baltic Sea, Stockholm archipelago and Bothnian Sea) respectively during one assessment period (2007-
2012). Empty cells not relevant due to non-existing of the factor type in analysis of individual water body types. *for analysis of individual water types 
WB(ty)=WB and ST(WB,ty)=ST(WB). #Residual and YE*ST(CL) not possible to evaluate separately. k = no. of groups in the analysis. types correspond to 
the area types used in HVMFS 2013:19 

Component* 

All water 
body types 

VC (10-3) 
West coast 

VC (10-3) 

Baltic 
Proper# 
VC (10-3) 

Gulf of 
Bothnia# 
VC (10-3) 

Type4 
VC (10-3) 

Type8# 
VC (10-3) 

Type12# 
VC (10-3) 

Type18# 
VC (10-3) 

VC k VC k VC k VC k VC k VC k VC K VC k 

WATERBODY(type) = WB(ty) 2.805 148 3.348 29 2.292 91 4.313 38 0.000 3 1.998 15 3.493 54 1.032 12 

SITE(WB, ty) =ST(WB, ty) 2.714 461 1.934 83 2.250 279 4.709 99 0.475 15 2.311 25 0.000 139 6.494 44 

Year = YE 0.000 6 0.000 6 0.000 6 0.000 6 0.000 6 0.000 6 0.000 6 0.000 6 

YE*ty 0.000 76 0.051 26 0.000 28 0.000 22         

YE*WB(ty) 0.026 332 0.000 61 0.023 207 0.624 64 0.000 11 0.00 54 0.318 95 0.000 27 

YE*ST(WB, ty) 0.586 825 0.960 148 2.024* 537 1.887* 140 0.631 53 1.764* 84 2.731* 202 4.791* 57 

Residual 1.618 837 1.761 160     1.641 65       
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B1.3 Phytoplankton 

 

Table B1.3 

Variance components for Chlorophyll a and biovolume based on samples collected during two assessment periods (2002-2007 and 2008-2013). Analysis 
based on log-transformed data. k= no. of groups. types correspond to the geographical areas used in HVMFS 2013:19 

Component 

Chlorophyll a Biovolume 

West coast Baltic Proper Gulf of Bothnia West coast Baltic Proper Gulf of Bothnia 

VC k VC k VC k VC k VC k VC k 

WATERBODY(type) = WB (ty) 0.000 23 0.028 35 0.147 89 0.158 23 0.293 45 0.279 76 

SITE(WB,ty) = ST(WB,ty) 0.000 24 0.000 44 0.025 273 0.000 24 0.013 49 0.000 223 

YEAR(period) = YE(pe) 0.053 12 0.021 12 0.020 12 0.428 12 0.033 12 0.151 12 

pe*WB(ty) 0.039 27 0.008 43 0.000 104 0.000 30 0.034 54 0.000 102 

pe*ST(WB,ty) 0.000 28 0.013 55 0.000 288 0.000 31 0.082 55 0.000 256 

YE(pe)*ty 0.014 47 0.000 71 0.010 79 0.000 63 0.000 46 0.071 47 

YE(pe)*WB(ty) 0.000 71 0.006 115 0.009 246 0.000 119 0.000 117 0.092 236 

YE(pe)*ST(WB,ty) 0.000 72 0.000 145 0.000 440 0.008 120 0.000 121 0.000 430 

Residual 0.278 319 0.200 542 0.133 962 1.144 438 0.423 426 0.396 811 
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Table B1.3b 

Variance components for chlorophyll a based on samples collected during two assessment 
periods (2001-2006 and 2007-2012) in the Himmerfjärd area. Analysis based on log-transformed 
data. k= no. of groups 

Component k Chlorophyll a 

YEAR(period) = YE(pe) 12 0.032 

SITE =ST 6 0.011 

pe*ST 11 0.000 

YE(pe)*ST 66 0.000 

Residual 461 0.080 
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B1.4 Fish 
 

Table B1.4a 

Variance components for Fish in the Baltic Proper based on twelve years (2002-2013) of data (i.e. two assessment periods). k = no. of groups in the 
analysis. assessment area correspond to the geographical areas used in HELCOM (HELCOM assessment units level 3 in HELCOM Monitoring and 
Assessment Strategy, HELCOM HOD 41/2013) 

Component 
 PISC>11 ABBO>11 CYPR>11 ABBO>24 PISC>29 TOT>11 TOT>29 ABBOTOT 

k VC VC VC VC VC VC VC VC 
MONITORING 
AREA(assessment area) = 
MA(aa)  

28 0.127 0.276 0.574 0.000 0.102 0.111 0.111 0.453 

SITE(MA,aa) = ST(MA,aa) 1098 0.284 0.316 0.378 0.123 0.042 0.166 0.060 0.383 

YEAR(period) = YE(pe) 12 0.020 0.025 0.021 0.004 0.001 0.002 0.001 0.017 

pe*MA(aa) 34 0.007 0.023 0.033 0.086 0.000 0.007 0.000 0.000 

pe*ST(MA,aa) 1316 0.029 0.043 0.058 0.018 0.007 0.010 0.008 0.032 

YE(pe)*aa 36 0.034 0.024 0.000 0.011 0.000 0.000 0.000 0.029 

YE(pe)*MA(aa) 80 0.036 0.041 0.123 0.012 0.005 0.022 0.008 0.056 

YE(pe)*ST(MA,aa)+Residual 3217 0.408 0.427 0.737 0.294 0.160 0.273 0.254 0.453 
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Table B1.4b 

Variance components for Fish in the Gulf of Bothnia based on data from two assessment periods (i.e. 12 years, 2002-2007 and 2008-2012). k = no. of 
groups in the analysis. assessment area correspond to the geographical areas used in HELCOM (HELCOM assessment units level 3 in HELCOM 
Monitoring and Assessment Strategy, HELCOM HOD 41/2013) 

Component 

 PISC>11 ABBO>11 CYPR>11 ABBO>24 PISC>29 TOT>11 TOT>29 ABBOTOT 

k VC VC VC VC VC VC VC VC 
MONITORING 
AREA(assessment area) = 
MA(aa)  

14 0.402 0.504 0.782 0.122 0.027 0.005 0.078 0.607 

SITE(MA,aa) = ST(MA,aa) 616 0.333 0.346 0.640 0.116 0.015 0.132 0.035 0.419 

YEAR(period) = YE(pe) 12 0.009 0.009 0.000 0.000 0.000 0.126 0.000 0.012 

pe*MA(aa) 23 0.026 0.030 0.023 0.014 0.002 0.007 0.000 0.043 

pe*ST(MA,aa) 1006 0.039 0.041 0.035 0.014 0.005 0.009 0.011 0.050 

YE(pe)*aa 48 0.000 0.000 0.016 0.000 0.002 0.004 0.005 0.000 

YE(pe)*MA(aa) 105 0.083 0.084 0.079 0.024 0.002 0.021 0.008 0.101 
YE(pe)*ST(MA,aa)+Residual 4456 0.406 0.412 0.492 0.27 0.105 0.220 0.209 0.439 
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B2 Lakes 
B2.1 Benthic invertebrates  
 

Table B2.1 

Variance components for MILA and ASPT for littoral zone and BQI for profundal zone based on 
all regions during two assessment periods (i.e. 2001-2006 and 2007-2012). No replicate data on 
sites within water bodies available. k = no. of groups in the analysis. region correspond to the 
three geographical ecoregions used in HVMFS 2013:19 

 Littoral zone Profundal zone 

Component 

MILA 
 

ASPT 
(10-3) 

BQI 
(10-3) 

VC k VC k VC k 

WATERBODY(region) = WB(reg) 120.787 54 135.178 54 307.888 52 

YEAR(period) = YE(pe) 3.743 12 0.585 12 4.253 12 

pe*WB 0.000 92 51.943 92 7.525 89 

reg*YE(pe) 1.703 36 12.658 36 0.000 36 

YE(pe)*WB(reg) 51.487 477 96.805 477 109.443 417 

Residual 90.311 2383 390.344 2383 63.963 1528 
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B2.2 Macrophytes 

 

Table B2.2 

Variance components for TMI (EQR of TMI) for the littoral and profundal zones based on data 
from two 6-year assessment periods. k = no. of groups in the analysis. Types correspond to the 
three geographical regions used in HVMFS 2013:19 and periods are 2003-2007 and 2008-2013. 

Component TMI k 

WATERBODY (type)= WB (ty) 0.0208 372 

YEAR(period) = YE(pe) 0.0000 11 

pe*WB(ty) 0.0008 390 

YE(pe)*ty 0.0001 27 

Residual 0.0017 473 
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B2.3 Phytoplankton 

 

Table B2.3 

Variance components for TPI, Total Biomass, proportion cyanobacteria, Chlorophyll a, Species richness and Total index based on 18 years (1995-2012) 
of data. k = no. of groups in the analysis. Total biomass and chlorophyll a based on log-transformed data. region correspond to the geographical regions 
used in HVMFS 2013:19  

Component 

 
TPI Total Biomass % Cyanobacteria Chlorophyll a 

Species 
Richness Total Index 

k VC VC VC VC VC VC 
WATERBODYregion) = 
WB(reg)  

358 1.652 1.198 314.789 0.783 107.287 0.937 

YEAR(period) = YE(pe) 18 0.001 0.014 0.675 0.008 1.930 0.003 

pe*WB(reg) 684 0.024 0.042 10.232 0.023 4.544 0.019 

YE(pe)*reg 69 0.000 0.001 0.236 0.001 2.909 0.001 

YE(pe)*WB(reg) 2677 0.093 0.081 26.857 0.007 21.993 0.037 

Residual 3299 0.322 0.239 106.759 0.219 38.521 0.126 
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B2.4 Fish 

 

Table B2.4 

Variance components for the 9 different indicators used based on data from 12 years (2002-2013) of sampling (i.e. two assessment periods). k = no. of 
groups in the analysis 

Component 
EQR8 Niart lgWiart SDn SDw lgNiind lgMeanW Andpis lgAbCyW 

VC k VC k VC k VC k VC k VC k VC k VC k VC k 

YEAR(period) = YE(pe) 0.000 12 0.000 12 0.000 12 0.000 12 0.000 12 0.000 12 0.000 12 0.000 12 0.000 12 

LAKE = L 0.018 395 9.363 395 0.279 395 0.753 388 1.178 388 0.210 395 0.057 388 0.030 395 0.388 316 

L*Pe 0.001 483 0.095 483 0.001 483 0.036 475 0.014 475 0.009 483 0.001 475 0.001 441 0.043 379 

Residual + L*YE(Pe) 0.006 771 0.348 771 0.021 771 0.072 763 0.191 763 0.013 771 0.015 763 0.007 713 0.041 598 
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B3 Streams 
B3.1 Benthic invertebrates 
 

Table B3.1 

Variance components for MISA, DJ and ASPT indicators based on all regions during two 
assessment periods (i.e. 2001-2006 and 2007-2012). No replicate data on site within water body 
level available. k = no. of groups in the analysis 

Component 
 MISA DJ-index ASPT 

k VC VC VC 

WATERBODY = WB 40 168.7 0.000 0.279 

YEAR(period) = 

YE(pe) 

12 

4.265 0.028 0.000 

pe*WB 42 0.000 1.061 0.007 

reg*YE(pe) 31 2.513 0.003 0.000 

YE(pe)*WB 159 19.344 0.132 0.015 

Residual 818 58.593 0.721 0.194 
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B3.2 Benthic diatoms 

 

Table B3.2 

Variance components for the IPS and ACID indicators and the supporting variables %PT and 
TDI based on twelve years of data (i.e. two assessment periods, 2002-2007 and 2008-2013). k = 
no. of groups in the analysis 

Component 
IPS TDI ACID %PT 

VC k VC k VC k VC k 

WATERBODY = WB  6.064 537 445.328 537 2.607 538 91.704 537 

SITE(WB) = ST(WB) 0.781 597 64.356 599 0.257 597 6.339 597 

YEAR(period) = YE(pe) 0.011 12 1.985 12 0.017 12 0.486 12 

pe*WB 0.022 796 0.000 796 0.000 797 2.242 796 

pe*ST(WB) 0.406 863 19.310 863 0.093 865 13.450 863 

YE(pe)*WB 0.000 2111 16.307 2104 0.051 2115 0.000 2104 

YE(pe)*ST(WB) 0.489 2208 12.934 2201 0.351 2213 0.000 2201 

Residual 0.068 2223 17.522 2228 0.064 2216 24.474 2228 
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B3.3 Fish 

 

Table B3.3 

Variance components for VIX and its additional indicators VIXsm and VIXh based on data 
sampled during two assessment periods (i.e. 12 years, 2003-2008 and 2009-2014). k = no. of 
groups in the analysis. 

 
VIX 

(10-3) 
VIXsm 
(10-3) 

VIXh 
(10-3) 

Component k VC VC VC 

WATERBODY = WB  66 8.486 16.874 10.663 

SITE(WB) = ST(WB) 247 9.394 9.359 5.499 

YEAR(period) = YE(pe) 12 0.067 0.127 0.114 

pe*WB 132 0.216 0.472 0.205 

pe*ST(WB) 475 0.053 0.389 0.212 

YE(pe)*WB 709 0.594 0.983 1.433 

YE(pe)*ST(WB) 2324 0.000 3.213 5.293 

Residual 2329 10.100 5.437 1.048 
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Developing practical tools for 
assessing uncertainty of Swedish 
WFD indicators 
A library of variance components and its use for 
estimating uncertainty of current biological 
indicators 
This report is a from one of the scientific sub-projects of WATERS dealing with 
uncertainty of current monitoring programmes in the perspective of the EU Water 
Framework Directive. Using extensive monitoring data, we estimate the size of individual 
variance components for each of the existing BQEs, illustrate a general methodology and 
calculations of the overall uncertainty on estimation of status in water bodies to be used in 
WATERS tool for integrated assessment. We also illustrate a methodology for how the set 
of estimated variance components, the “ uncertainty library”, can used to produce realistic 
assessments of overall uncertainty in water bodies where monitoring is insufficient or 
incomplete. 

 

 




