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Section 1 - Introduction

1. Preface

This Technical Report gives an overview of the technical and scientific work that has been carried 
out in the intercalibration of river ecological classification systems across the European Union as 
required by the Water Framework Directive (WFD). 
The results of this exercise were published in the Official Journal of the European Union as 
“Commission Decision 2008/915/EC of 30 October 20081

This report is available electronically at the following internet address:
http://circa.europa.eu/Public/irc/jrc/jrc_eewai/library?l=/intercalibration_2&vm=detailed&sb=Title
Annexes are not included in the printed version, but can be downloaded from the above address.

2. Background

The Water Framework Directive (WFD) establishes a framework for the protection of all 
waters (including inland surface waters, transitional waters, coastal waters and groundwater). The 
environmental objectives of the WFD set out that good ecological status2 of natural water bodies and 
good ecological potential3 of heavily modified and artificial water bodies should be reached by 2015.
One of the key actions identified by the WFD is to carry out a European benchmarking or 
intercalibration (IC) exercise to ensure that good ecological status represents the same level of ecological 
quality everywhere in Europe (Annex V WFD). It is designed to ensure that the values assigned by 
each Member State (MS) to the good ecological class boundaries are consistent with the Directive’s 
generic description of these boundaries and comparable to the boundaries proposed by other MS. The 
intercalibration of surface water ecological quality status assessment systems is a legal obligation.
Intercalibration is carried out under the umbrella of Common Implementation Strategy (CIS) 
Working Group A - Ecological Status (ECOSTAT), which is responsible for evaluating the results 
of the IC exercise and making recommendations to the Strategic Co-ordination Group or WFD 
Committee. The IC exercise aims at consistency and comparability in the classification results of 
the monitoring systems operated by each MS for biological quality elements (CIS WFD Guidance 
Document No. 14; EC, 2005). In order to achieve this, each MS is required to establish Ecological 
Quality Ratios (EQRs) for the boundaries between high (H) and good (G) status and for the 
boundary between good (G) and moderate (M) status, which are consistent with the WFD normative 
definitions of those class boundaries given in Annex V of the WFD. 
All 27 MS of the European Union are involved in this process, along with Norway, who has joined 
the process on a voluntary basis. Expert groups have been established for lakes, rivers and coastal/
transitional waters, subdivided into 14 Geographical Intercalibration Groups (GIGs -groups of MSs 
that share the same water body types in different sub-regions or ecoregions). 

1	 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:332:0020:0044:EN:PDF
2	 ‘Ecological status’ is an expression of the quality of the structure and functioning of aquatic ecosystems associated 
with surface waters, classified in accordance with Annex V WFD; ‘Good ecological status’ is the status of a body of sur-
face water so classified in accordance with Annex V.  
3	 ‘Good ecological potential’ is the status of a heavily modified or artificial body of water, so classified in accordance 
with the relevant provision of Annex V.
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The IC exercise aims to ensure that the H/G and the G/M boundaries in all MS’s assessment 
methods for biological quality elements correspond to comparable levels of ecosystem alteration 
(EC, 2005). Intercalibration guidance produced by CIS (WFD Guidance Document No. 14) warns 
that the process will only work if common EQR boundary values are agreed for very similar 
assessment methods or where the results for different assessment methods are normalised using 
appropriate transformation factors (EC, 2005). Different assessment methods (e.g. using different 
parameters indicative of a biological element) may show different response curves to pressures and 
therefore produce different EQRs when measuring the same degree of impact (EC, 2005).

In each GIG, the IC exercise will be completed for those MS that already have data and (WFD 
compliant) assessment methods to set boundary EQR values for some of the biological quality 
elements. Countries that do not have data or assessment methods already available, or do not 
actively participate in the current IC exercise, need to agree with the outcome of the IC exercise and 
harmonise their assessment methods, taking into account the results of the current exercise, when 
their data/methods becomes available.

The WFD refers to an ‘intercalibration network’, comprising sites selected from a range of surface 
water body types present within each ecoregion, as the basis for intercalibration (Annex V; 1.4.1).   
For each surface water body type selected, the WFD specifies that at least two sites corresponding 
to the boundary between high and good status, and between good and moderate status should be 
submitted by each Member State for intercalibration. However, as the IC exercise evolved, this 
network has become redundant, as these datasets were too small to permit robust intercalibration.  

This Technical Report provides a detailed description of the work that was carried out in the 
framework of the EU Water Framework Directive intercalibration exercise. harmonising the 
classification scales of national methods for ecological classification scales for rivers across the 
European Union. The technical work was carried from 2004 to 2007 by groups of experts from all 
EU Member States, within the framework of the Common Implementation Strategy working group 
(2)A on Ecological Status, facilitated by a steering group lead by the European Commission Joint 
Research Centre (JRC) (Figure 1.1).

Intercalibration Steering Group
JRC

Lake Expert Group representative
River Expert Group representative
Coast Expert Group representative

WG 2A

M

ECAL

N CAT

ECAL

N

M

C

Lake experts/GIGs River experts/GIGs Coast experts/GIGs

BS

M

NEA

BA

Figure 1.1: Overview of the organisational structure of the intercalibration process (from EC 2005).
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Before the start of the intercalibration exercise a guidance document (EC 2005) was agreed 
describing the key principles and process options for the intercalibration exercise. The key principles 
of the intercalibration process as described in the guidance document are reproduced below.

Key principles of the intercalibration process (from Guidance on the Intercalibration 
Process, EC 2005)

The intercalibration process is aimed at consistency and comparability of the classification results of the monitoring systems1.	 4 
operated by each Member State for the biological quality elements5. The intercalibration exercise must establish values for 
the boundary between the classes of high and good status, and for the boundary between good and moderate status, which 
are consistent with the normative definitions of those class boundaries given in Annex V of the WFD6.
The essence of intercalibration is to ensure that the high-good and the good-moderate boundaries in all Member State’s 2.	
assessment methods for biological quality elements correspond to comparable levels of ecosystem alteration. Intercalibration is 
not necessarily about agreeing common ecological quality ratio (EQR) values for the good status class boundaries as measured 
by different assessment methods. Common EQR values only make sense, and are only possible, where very similar assessment 
methods are being used or where the results for different assessment methods are normalised using appropriate transformation 
factors. This is because different assessment methods (e.g. using different parameters indicative of a biological element) may 
show different response curves to pressures and therefore produce different EQRs when measuring the same degree of impact. 
The first phase of the process is the establishment of an intercalibration network for a limited number of water body types 3.	
consisting of sites representing boundaries between the quality classes High-Good and Good-Moderate, based on the WFD 
normative definitions. The WFD requires that selection of these sites is carried out “using expert judgement based on joint 
inspections and all available information7”.
The Intercalibration Guidance states that “some artificial or heavily modified water bodies could be considered to be included 4.	
in the intercalibration network, if they fit in one of the natural water body types selected for the intercalibration network.  
Artificial and heavily modified water bodies that are not comparable with any natural water bodies should only be included 
in the intercalibration network, if they are dominant within a water category in one or more Member States; in that case they 
should be treated as one or several separate water body types”. An artificial or heavily modified water body is considered to 
fit in a natural water type if the maximum ecological potential of the artificial or heavily modified water body is comparable 
to the reference conditions of the natural type for those quality elements considered in the intercalibration exercise8. 
In the second phase of the process, each Member State’s assessment method must be applied to those sites on the register 5.	
that are both in the ecoregion (or, as pointed out in section 2.8, in the Geographical Intercalibration Group (GIG)) and of a 
surface water body type to which the system will be applied. The results of the second phase must be used to set the EQR 
values for the relevant class boundaries for each Member States’ biological assessment system. The results of the exercise 
will be published by the Commission by 22 December 2006 at the latest.
Intercalibration sites are selected by the Member States, and represent their interpretation of the WFD normative definitions 6.	
of high, good and moderate status. There is no guarantee that different Member States will have the same views on how the 
normative definitions should be interpreted. Differences in interpretation are reflected in the intercalibration network9. A 
common interpretation of the normative definitions should be the main outcome of the intercalibration exercise. At the end of 
the intercalibration exercise the intercalibration network may need to be revised according to this common interpretation. 
The Intercalibration Exercise is focused on specific type/biological quality element/pressure combinations7.	 10. The selection 
of these combinations is based on the availability of adequate data within the time constraints of the exercise. This means 
that the exercise will not identify good status boundary EQR values for all the type/biological quality element/pressure 
combinations relevant for the implementation of the WFD. However, the Intercalibration Exercise will identify, and test the 
use of, a procedure and criteria for setting boundaries in relation to any such combinations11.

4	 The term ‘monitoring system’ in the way it is commonly used includes the whole process from sampling, measure-
ment and assessment including all quality elements (biological and other). In the context of WFD Annex V, 1.4.1, the term 
‘monitoring system’ only refers to a biological assessment method, applied as a classification tool, the results of which 
can be expressed as ecological quality ratios. This guidance uses the term ‘WFD assessment method’ in place of the term 
‘monitoring system’ that may be misleading in this context.
5	 The WFD intercalibration as described in Annex V, 1.4.1 does not concern the monitoring systems themselves, nor the 
biological methods, but the classification results
6	  WFD Annex V, 1.4.1 (ii), (iii), (iv), (vi)
7	  WFD Annex V, 1.4.1 (v)
8	 This is not the case for those quality elements that are significantly impacted by the hydromorphological alteration that 
has led to the water body to be designated as heavily modified.
9	 Intercalibration Guidance, section 3.5
10	  as described in the document’ Overview of common Intercalibration types’ (available at  the intercalibration site sub-
mission web pages, http://wfd-reporting.jrc.cec.eu.int/Docs/typesmanual)
11	 If the results of the method are significantly affected by biogeographical or other ecological differences within the 
intercalibration type, different boundary EQR values may be appropriate for different parts of the type
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The intercalibration process described in this guidance is aimed at identifying and resolving:8.	

Any major/significant inconsistencies between the values for the good ecological status class boundaries (a)	
established by Member States and the values for those boundaries indicated by the normative definitions set out 
in Section 1.2 of Annex V of the WFD; and,
Any major/significant incomparability between the values established for the good status class boundaries by (b)	
different Member States.

The process will identify appropriate values for the boundaries of the good ecological status class applicable to the ecological 9.	
quality ratio EQR scales produced by the Member States’ assessment methods. 

The Intercalibration Exercise will be undertaken within GIGs rather than the ecoregions defined in Annex XI of the WFD. 10.	
This is to enable intercalibration between a maximum number of Member States. 

The Intercalibration Exercise assumes that all Member States will have developed their national WFD assessment methods 11.	
to a sufficient extent to enable the consistency with the normative definitions, and the comparability between Member 
States, of the good status boundary EQR values for those methods to be assessed during 2005. It was recognized however 
that this assumption might be problematic. An inventory on the state-of-the-art in the developments of WFD compliant 
methods is carried out during the process of finalisation of the intercalibration network12.

3. Common Intercalibration Types

Geographical Intercalibration Groups
For laes, five Geographical Intercalibration Groups were agreed upon:

•  �Alpine (ALP; see Section 2,  chapter 2.1), 
•  �Atlantic (ATL; see Section 2,  chapter 2.2), 
•  �Mediterranean (MED; see Section 2,  chapter 2.3),
•  �Central (see Section 2, chapter 2.4). The Baltic countries – Estonia, Lithuania and Latvia – are 

also included in the Central group forming together the Central/Baltic GIG (C/B), although it 
is recognized that lakes in these countries often differ from the rest of the lakes in the Central 
region by much higher values of alkalinity and organic matter. Also French lakes are included 
in the Central GIG despite their location to the South of the Central region;

•  �Northern (NORD; see Section 2, chapter 2.5). 

Table 3.1: Countries participating in the lake GIGs with lead countries in bold (ALP- Alpine, ATL – Atlantic, C/B – 
Central/Baltic GIG, MED - Mediterranean, NORD – Northern GIG).

GIG Countries involved Countries not involved due to the 
lack of appropriate lakes

ALP Austria, France, Germany, Italy, Slovenia 

ATL Ireland, United Kingdom Portugal, Spain

C/B Belgium, Denmark, Lithuania, Netherlands, Poland, United 
Kingdom, Estonia, France, Latvia, Germany, Hungary Czech Republic, Slovakia

MED Cyprus, France, Greece, Italy, Portugal, Romania, Spain Malta

NORD Finland, Ireland, Norway, Sweden, United Kingdom

12	 The metadata questionnaire is available at the intercalibration site submission web pages, http://wfd-reporting.jrc.cec.
eu.int/Docs/ metadata



11

The following problems were encountered:
•  �No activities in Lake Eastern Continental GIG (consisting of Austria, Bulgaria, Czech 

Republic, Greece, Hungary, Romania, Slovakia, Slovenia), only Romania submitted IC sites, 
difficulties to agree on common IC types), Intercalibration exercise supposed to start in 2006 
under ICPDR coordination; 

•  �Czech Republic and Slovakia are not participating in the Central Lake GIG work due to lack 
of appropriate lake sites, as well as Malta in Mediterranean Lakes GIG and Spain and Portugal 
in the Atlantic Lake GIG.

Common intercalibration types
A common Intercalibration typology for lakes has been agreed by the WG Intercalibration under the 
WFD CIS in the sequence of the proposals of the lakes expert’s networks and published in the report 
“Overview of common Intercalibration types” (Bund et al., 2004). The initial typology included 18 
common Intercalibration types (see table 3.2.a).

The common lake types are characterized broadly by the descriptors of the WFD System A typology 
and classes: 

•  �altitude (high, mid-altitude, lowland); 
•  �mean depth  (very shallow, shallow, deep);
•  �size (small, medium, large);
•  �Geology (alkalinity was used as a proxy for siliceous/calcareous geology, colour for organic/

peat content).

The typology has now been revised within the different geographic intercalibration groups 
considering data availability and differences/similarities among the types (Table 3.2b).

Table 3.2a: Number of lake types by Geographic Intercalibration Groups – initial version (IC type manual) and after 
revision by experts during the IC process.

Number of types

GIG IC Type manual IC exercise Changes during the IC exercise 

ATL 3 1 Deleted AL3, merged LA1 and LA3

ALP 2 2 Type criteria specified

C/B 3 3 Type criteria specified

MED 3 2 Deleted LM1, merged LM5 and LM7 Split LM5+7 acc. to climate

NOR 7 7
Split LN3, LN6 and LN8 acc. to humic content (3 additional types 
not in IC due to lack of data)
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Table 3.2b: Common Intercalibration types.

GIG Type Lake characterisation

Atlantic L-A1/2 Lowland (< 200 m), shallow (3-15 m), calcareous (alkalinity > 1 meq/l), small  
(< 0.5 km2) and large (> 0.5 km2) 

Alpine
L-AL3 Lowland or mid-altitude (50-800 m), deep (>15 m), moderate to high alkalinity  

(> 1 meq/l), large (>0.5 km2)   

L-AL4 Mid-altitude (200-800 m), shallow (3-15 m), moderate to high alkalinity  
(> 1 meq/l), large (> 0.5 km2)   

Central/Baltic

L-CB1 Lowland (< 200 m), shallow (3-15 m), calcareous (> 1 meq/l), residence time 1-10 years  

L-CB2 Lowland (< 200 m), very shallow (< 3 m), calcareous, (alkalinity > 1 meq/l), residence 
time 0.1-1 years

L-CB3 Lowland (< 200 m), shallow (3-15 m), siliceous (alkalinity 0.2-1 meq/l), residence time 
1-10 y 

Mediterranean 
LM5/7

Reservoirs, deep (> 15 m),  large (> 0.5 km2), siliceous (alkalinity 0.2-1 meq/l),  
“wet areas” (annual mean precipitation > 800 mm or annual mean T < 15 ºC), between 
lowland and highland (0-800 m), catchment area < 20 000 km2  

LM8 Reservoirs, deep (> 15 m), large (> 0.5 km2) , calcareous (> 1 meq/l), between lowland 
and highland (0-800 m), catchment area < 20 000 km2  

Northern 

LN1 Lowland (< 200 m), shallow (3-15 m), moderate alkalinity (0.2-1 meq/l), clear  
(colour < 30 mg Pt/L)

LN2a Lowland (< 200 m), shallow (3-15 m), low alkalinity (< 0.2 meq/l), clear  
(colour < 30 mg Pt/L)

LN2b Lowland (< 200 m), deep (> 15 m), low alkalinity (< 0.2 meq/l), clear  
(colour < 30 mg Pt/l)

LN3a Lowland (< 200 m), shallow (3-15 m), low alkalinity (< 0.2 meq/l), humic  
(colour 30-90 mg Pt/L)

LN5a Mid-altitude (200-800 m), shallow (3-15 m), low alkalinity (< 0.2 meq/l), clear  
(colour < 30 mg Pt/l)

LN6a Mid-altitude (200-800 m), shallow (3-15 m), low alkalinity (< 0.2 meq/l), humic  
(colour 30-90 mg Pt/L)

LN8a Lowland (< 200 m), shallow (3-15 m), moderate alkalinity (0.2-1 meq/l), humic (colour 
30-90 mg Pt/l)



13

1. Introduction

Technical Report gives an overview of the results of the Lake Intercalibration of ecological 
classification scales across the European Union.   

The Lake Intercalibration exercise is carried out within 5 Geographical Intercalibration Groups 
(GIGs) – Alpine, Atlantic, Central/Baltic, Mediterranean and Northern GIG. 19 common 
Intercalibration types shared by Member states were defined for the Intercalibration exercise.

The results of the first Intercalibration exercise are the boundary setting for chlorophyll-a values for 
all GIGs (phytoplankton biomass for two GIGs), including three consecutive tasks:

1. Defining of reference criteria and reference lake data sets;

2. Setting of reference conditions and High/Good boundaries;

3. Setting  of Good/Moderate boundaries.

This report includes methodology and results of Lake Intercalibration, overview of common and 
national lake types as well as discussion of problems and way forward. 

2. Methodology and results 

Altogether data for ca. 1300 lakes and 2700 lake years were pooled from national datasets into 
GIG databases (see Table 2a). These databases contained both basic data (altitude, surface area, 
mean depth, alkalinity), quality data (chl-a, nutrients, Secchi depth) and pressure data (land use, 
population, other impacts). Data quality was checked by revealing outliers and testing of well 
established relationships (e.g., between conductivity and alkalinity, chl-a and phosphorus).    

Table 2a: Description of Lake GIG datasets (in bold countries contributing the biggest share of the data)

GIG Lakes Lake years Countries participating

Alpine   86 557 AT, DE, IT, FR, SI

Atlantic  28 39 IE, UK

Central/Baltic 434 1143 BE, DE, DK, EE, FR, GB, HU, LT, LV, NL, PL

Mediterranean

48 48 CY, ES, FR, GR, PT, RO

210* 330* ES, PT, IT

Northern 500 552 FI, IE, NO, SE, UK

* only for validation of the boundaries 

One of the problems was the heterogeneity of the data: due to different data origin different sampling 
ana lab methods were used (except Mediterranean GIG who carried out sampling in summer 2005 

Section 2 – Phytoplankton biomass metrics
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using agreed and unified strategy). Despite the large heterogeneity of the data, some common patterns 
can be defined (table 2a):  

•  �Mostly samples from the vegetation season, Alpine GIG included also winter/spring season;
•  �Ca. 4 sampling dates per season (from 1-2 to 10);
•  �Mostly samples from epilimnion/surface layer, Med GIG - euphotic zone defined as 2.5 Secchi 

depth; 
•  �Spectrophotometry with ethanol/acetone extraction used for chl detection. 

Table 2b: Characteristics of chlorophyll a sampling and analyses methods in the Intercalibration groups (ALP-Alpine, 
ATL- Atlantic, C?B – Central/Baltic, MED – Mediterranean, NOR – Northern GIG). 

GIG Chlorophyll 
a metric

The time period of 
sampling

Frequency of 
sampling Sampling depth Lab analyses 

method

ALP Annual mean 

The whole year: winter/
spring included, for 
GE boundaries winter/
spring excluded

Ca 4 times /year, 
mostly 3-6 time/
year, range 1-25 
times/year

Euphotic zone, 
epilimnion, fixed 
depth

Spectrophoto-
metry with ethanol/
acetone extraction 
or HPLC

ATL Vegetation 
season mean

Vegetation season: 
April – September 
(October)

2 - 9 times/year
Pre 2005 integrated 
samples, 2005 
subsurface 

Spectrophotometry 
with methanol 
extraction

C/B Vegetation 
season mean

Vegetation season: in 
most case April (May) 
– October (September)

2-20 times per 
season, mostly 
5-8 times/season

Mostly surface, some 
integrated 

Spectrophoto-
metry with ethanol/
acetone extraction

MED
Summer 
mean, 
euphotic zone

Summer period (June-
September)

4 sampling dates 
(in some cases 
2-3) per year

Euphotic layer 
defined as 2.5 Secchi 
depth

Spectrophoto-
metry with acetone 
extraction

NOR Vegetation 
season mean

Vegetation season - 
varying because of the 
length of the growth 
season;
April – September used 
in analysis

1-6 times a year, 
data checked to 
cover evenly the 
vegetation period   
April – Sept

Mostly integrated 
samples (0-2 m 
Finland /epilimnion 
Norway), also 
surface samples and 
outlet samples

Spectrophoto-
metry with ethanol/
acetone extraction

Only two GIGs have defined boundaries for phytoplankton biomass, following the same sampling 
strategy and analyse method (except that Alpine GIG includes also winter/spring sampling, while 
Mediterranean GIG focuses only on summer season, Table 2c).

Table 2c: Characteristics of phytoplankton biomass sampling and analyses methods in the Intercalibration groups 
(ALP-Alpine, MED – Mediterranean). 

GIG Bio-volume
metric

The time period of 
sampling

Frequency of 
sampling

Sampling depth Lab analyses 
method

ALP Annual mean The whole year: winter/
spring included, for GE 
boundaries winter/spring 
excluded

At least 4 
sampling dates /
year 

Integrated sample 
over euphotic 
zone/epilimnion/ 
fixed depth

Utermöhl 
technique (1958)
Diatom preparation

MED Summer mean, 
euphotic zone

Summer period (June-
September)

4 sampling dates 
(in some cases 
2-3) per year

Euphotic layer 
defined as 2.5 
Secchi depth

Utermöhl 
technique (1958)



15

2.1 Alpine GIG

2.1.1 Alpine Lake types

The Alpine Geographical Intercalibration Group includes (parts of) Germany, Austria, France, Italy, 
and Slovenia. 

Starting with up to 13 Alpine lake types, the Alpine GIG finally came up with only two types (Table 
2.1.1.) that occurred in all five countries, characterized by the following descriptors: 

•  �Altitude - two classes: lowland to mid-altitude (50 - 800 m a.s.l.) and mid-altitude (200 - 800 
m a.s.l.);

•  �Mean lake depth - two classes: shallow lakes with the mean depth of 3-15 m and deep lakes 
with the lake depth >15 m;

•  �All lakes are relatively large (size > 50ha) and calcareous (alkalinity > 1 meq l-1).

Table 2.1.1: Alpine lakes: Intercalibration types (standard definition).

Type Lake characterisation Altitude 
(m a.s.l.)

Mean 
depth (m)

Alkalinity 
(meq L–1)

Lake size 
(km2)

L-AL3 Lowland or mid-altitude, deep, moderate to high 
alkalinity (alpine influence), large 50–800 >15 >1 >0.5

L-AL4 Mid-altitude, shallow, moderate to high 
alkalinity (alpine influence), large 200–800 3 - 15 >1 >0.5

The agreement on common types required a definition on the basis of a few and broad criteria that 
neglect several aspects: 

•  �Geographical differences in latitude (Northern vs. Southern Alps) and differences between the 
Western and the Eastern Alps;

•  �Different resolution of the altitude and geology (alkalinity) criteria in the national typologies. 

Comment on the ‘altitude’ criterion

At the beginning of the IC exercise, the altitude criterion was defined as 200–800 m a.s.l. It was 
later extended in order to include also some large Italian lakes that are situated at altitude <200 m. 
The range from 50 to 800 m a.s.l., however, does still not include all IC lakes (also not all non-IC 
sites in the Alpine lake database ALPDAT). Some lakes exceed the upper limit, e.g. the IC sites 
Weißensee in Austria (L-AL3, 929 m a.s.l.) and Lac Laffrey in France (L-AL3, 908 m a.s.l.), but 
they are considered to represent the same lake type as lakes between 200 and 800 m a.s.l.

Comment on the ‘mean depth’ criterion

The key criterion for the separation of L-AL3 and L-AL4 is the mean depth. It allows to distinguish 
between lakes of different natural trophic states (see below), which is crucial for a trophic lake 
classification. A proper assessment of the ecological state of a lake (when focussing on the pressure 
‘eutrophication’) requires homogeneous and well defined lake types in terms of the reference trophic 
state.
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For that reason, some lakes with a mean depth >15 m were transferred from L-AL3 to L‑AL4, if 
information on the natural trophic state suggested a closer relationship to the ‘shallow’ lake type 
(e.g., Obertrumer See in Austria with a mean depth of 17 m, Hartsee in Germany with a mean depth 
of 18 m). On the other some truly Alpine lakes with a mean depth of 3–15 m were transferred from 
L-AL4 to L‑AL3 for similar reasons (e.g., Walchsee in Germany with a mean depth of 12 m).

Comment on the ‘alkalinity’ criterion

The former lake type L-AL5 included lowland or mid-altitude, deep, large lakes with siliceous 
catchment area (moderate alkalinity). There are some lakes with siliceous catchment area, but 
alkalinity >1 µeq l–1 (e.g. Millstätter See in Austria). They are included in the IC exercise on 
phytoplankton and considered as L-AL3. However, due to differences in the macrophyte vegetation, 
lakes with siliceous catchment area are not included in the IC exercise on macrophytes.

Some further lakes with siliceous (or mixed) catchment area in Italy have alkalinity values <1 µeq 
l–1 (e.g. Lago Maggiore, Lago di Mezzola). However, these differences in alkalinity do not mirror 
in the biology (e.g. phytoplankton composition in Lago Maggiore as compared with Lago di Garda; 
F. Buzzi and A. Marchetto, pers. comm.). In order to keep these lakes in the IC exercise, they are 
considered as L-AL3 lakes and included in the IC exercise on phytoplankton. (There are no data on 
macrophytes available.)

The two lake types can thus be refined as follows:
•  �L-AL3: deep and stratified (mean depth usually >15 m), truly Alpine catchment area, natural 

trophic state is ‘oligotrophic’;
•  �L-AL4: moderately deep and stratified (usually 3–15  m), catchment area often not truly 

Alpine, but pre-Alpine or situated in large inner-Alpine basins, natural trophic state is ‘oligo-
mesotrophic’.

A separation of another lake type including the very large and deep lakes (e.g., Lago Maggiore, 
Lago di Garda, Lake Constance, Lac Léman) from the other large and deep lakes was discussed, but 
was not regarded in the present IC exercise. It might, however, turn out to be necessary in future.

2.1.2 Intercalibration approach and data 

The main principles used in setting ecological quality class boundaries according chlorophyll-a/
phytoplankton biomass values in Alpine GIG were:

1)  �Intercalibration Option 2 (EC, 2005a) was used as a general principle of the 
Intercalibration – Member States agree on the common metrics (biovolume, chlorophyll-a) 
within the GIG, create data sets relating Member States` assessment methods to the common 
metrics, make agreement on High/Good and Good/Moderate class boundaries and establish 
relationships between common and national metrics;

2)  �Spatial approach in conjunction with historical data, modelling of anthropogenic nutrient 
load or natural trophic state and expert judgement were used for selection of reference lakes 
and setting reference conditions;

3)  �Equal classes approach and expert judgement were used for setting the Good/Moderate 
boundary validated by the secondary effects approach.

Huge dataset was collated for setting phytoplankton biomass boundaries (see detailed description 
Annex A - Part 1):

•  �86 lakes, 100 sites, 557 lake-years;
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•  �Sampling frequency at least 4 times/year, sampling depth  - integrated sample over the 
euphotic depth/epilimnion;

•  �Analytical method for chl-a: spectral photometry or HPLC.

2.1.3 National methods that were intercalibrated 

As no final versions of national phytoplankton assessment methods have been available until 
June 2007, the IC exercise was carried out on selected phytoplankton biomass parameters (total 
biovolume/chlorophyll-a;. The IC exercise is thus not fully completed within the Alpine GIG, but 
still in progress (see chapter 2.1.9 “Open issues and need for further work”).

WFD compliant national classifications methods are available for phytoplankton in Austria and 
Germany. 

•  �The Austrian method has been developed by Dokulil (2001, 2003), Dokulil et al. (2005) and 
Wolfram et al. (2006). The actual version will be available as download from the homepage of 
the BMLFUW in summer 2007 (BMLFUW 2007);

•  �The German method has been developed by Nixdorf et al. (2005a, 2005b, 2006). 
After first experiences in 2006/2007 (‘praxis test’), the method has been modified 
and finalised by the end of December 2007 by Mischke et al. (2008). Information 
about the current version and assessment software is available as download:  
http://unio.igb-berlin.de/abt2/mitarbeiter/mischke/#Downloads

In Italy a national method, which is however not fully WFD compliant, has been developed for 
large Italian Sub-Alpine lakes (Salmaso et al. 2006). Another method has been recently developed 
for small and medium-sized lakes (Buzzi et al. 2007). No WFD compliant method, which combines 
biovolume, chlorophyll-a, phytoplankton composition indices is currently used in Italy, but will be 
implemented in future.

Slovenia decided not to develop a national method, as only two large lakes are situated in the 
country. The national method from Austria will be adopted for the Slovenian lakes.

In France, some years ago Barbe (1990) developed a phytoplankton assessment method in France, with 
chlorophyll-a and taxonomic information combined in a trophic index (published in a national review). 
This index is still sometimes used in France, but it is not an agreed method in FR and was not included 
in the IC exercise. France is currently working on developing a WFD compliant national method.

Descriptions of National classifications methods Annex A – Part 2.

2.1.4 Reference conditions

The definition of reference conditions is a major prerequisite for the WFD compliant assessment of 
aquatic ecosystems. Most member states of the Alpine lakes GIG have developed criteria for selecting 
reference sites. Although the national approaches are similar, differences and inconsistencies remain. 
The Alpine GIG has harmonised the national approaches and has defined the criteria for the selection 
of reference sites that are agreed upon by all Member States of the Alpine lakes GIG.

So Alpine GIG used two approaches for setting ref conditions:
•  �Spatially based reference conditions using data from monitoring sites (reference criteria were 

used for site selection);
•  �Temporally based reference conditions using historical data (data from 1930ies).
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Two sets of reference criteria were used by Alpine GIG to select reference lakes:
•  �General reference criteria – focusing on the level of anthropogenic pressure exerted on 

reference lakes;
•  �Specific reference criteria – focusing on ecological changes caused by the anthropogenic pressure.

General reference criteria

The general criteria follow the general requirements for the selection of reference sites describing 
the level of anthropogenic pressure in terms of catchment use, direct nutrient input, hydrological, 
morphological changes, recreation pressure etc (Table 2.1.4a).

These criteria should not be regarded as very strict exclusion/inclusion criteria as required by the 
Boundary setting protocol (Pollard & van de Bund, 2005). In any case, an evaluation by expert 
judgement will be necessary to avoid misclassifications. This is especially necessary if lakes have 
experienced a turbulent eutrophication history. Re-oligotrophication may be masked by a delay of 
one or more quality elements (e.g. Lang 1998, Anneville & Pelletier 2000).

Table 2.1.4a: General reference criteria for selecting reference sites in the Alpine GIG.

Criteria Requirement

Catchment area >80–90% natural forest, wasteland, moors, meadows, pasture 
No (or insignificant) intensive crops, vines
No (or insignificant) urbanisation and peri-urban areas

No deterioration of associated wetland areas
No (or insignificant) changes in the hydrological and sediment regime of the tributaries

Direct nutrient input No direct inflow of (treated or untreated) waste water

No (or insignificant) diffuse discharges

Hydrology No (or insignificant) change of the natural regime (regulation, artificial rise or fall, internal 
circulation, withdrawal)

Morphology No (or insignificant) artificial modifications of the shore line

Connectivity No loss of natural connectivity for fish (upstream and downstream)

Fisheries No introduction of fish where they were absent naturally (last decades) 
No fish-farming activities

Other pressures No mass recreation (camping, swimming, rowing)

Others No exotic or proliferating species (any plant or animal group)

Specific reference criteria

Here, a crucial problem of terminology can be noted: how to interpret insignificant urbanization, 
insignificant diffuse nutrient discharges etc. The Guidance on reference conditions (EC, 2003) 
allows to include very minor (insignificant) disturbance, which means that human pressure is 
allowed as long as there are no or only very minor ecological effects. The Guidance thus doesn’t 
look only on the pressure, but on the ecological effect. So a specific set of criteria is needed for 
eutrophication pressure and phytoplankton (Table 2.1.4b.) to assess the level of ecological changes.

For some general factors, e.g. the hydrological changes, specific criteria were not specified because 
of their irrelevance for the eutrophication pressure and phytoplankton. For instance, Lake Offensee 
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suffers from strong water level fluctuations caused by anthropogenic impact and can thus of course 
not be considered as reference site. But in terms of trophic state (catchment area, nutrient input) it 
fulfils the requirements of a “trophic reference site” and was thus included in the lists of reference 
sites. More detailed explanations in Annex A Part 3 (Specific reference criteria for selecting 
phytoplankton reference sites).

Table 2.1.4b: Specific criteria for selecting reference sites. (The TP concentration is calculated as volume weighted 
annual mean or as volume weighted spring overturn concentration. Both the annual mean and the spring concentration 
have to remain below the suggested threshold value over at least three subsequent years.)

Criteria Requirement

Historical data Prior to major industrialisation, urbanisation and intensification of agriculture

Anthropogenic nutrient load Insignificant contribution to total nutrient load

Trophic state No deviation of the actual from the natural trophic state

Natural trophic state of L-AL3: oligotrophic (threshold value for the pre-selection 
of reference sites: TP ≤8 µg L–1)
Natural trophic state of L-AL4: oligo-mesotrophic (threshold value for the pre-
selection of reference sites: TP ≤12 µg L–1)

Reference lakes

The following lists of reference sites (see Annex A, Part 4) were compiled from ALPDAT 
following the agreed reference criteria:

•  �Altogether 46 Alpine lakes belonging to IC lake type L-AL3 and L-AL4 were selected based on 
general and specific reference criteria (the compliance of reference and actual trophic states); 

•  �Additionally 14 lakes with historical data (only 1930ies) were classified as data from reference 
sites. There was no tourism, no industry and very little urbanisation in the catchment area at 
those times. One of the strongest arguments is that both phytoplankton biomass and taxonomic 
composition of the lakes studied in the 1930ies resemble very much the situation in (ultra-)
oligotrophic lakes we find today (e.g. biovol 0.2 mm3/L, dominance of Cyclotella comensis).  

Setting of Reference conditions and H/G boundary 

Reference values and H/G boundaries were derived for the two IC lake types L-AL3 and L-AL4, 
using the common GIG data set on reference sites given in Annex  A Part 4 and following 
approach:

1) �Arithmetic means of parameters for each lake was used for the calculation (not lake-years) 
because using lake-year as single data causes a bias towards lakes with longer data series and 
increases the variability in the data set;

2) �The median value of parameters was suggested as reference value, the 95th percentile was 
suggested as H/G boundary (as the criteria, which were used for the selection of the reference 
sites, are considered to be quite strict, most sites are considered to represent true reference 
sites - it justifies to set the H/G boundary at the 95th percentile and not at the 75th percentile as 
is done in other GIGs);

3) �First, the class boundaries are set for the annual mean total biovolume; as a second step, the 
reference value and the class boundaries for chlorophyll-a are derived from the regression 
with total biovolume (see Figure A-7 in Annex A Part 7). The use of total biovolume for 
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setting the chl-a boundaries is justified by the generally better data basis, but especially by the 
fact that historical data from the 1930ies – which represent the best reference data, on which 
the Alpine GIG can rely on – are available for total biovolume only, but not for chlorophyll-a 
values.

The equation of the regression is:

	 429.1)ln(649.0)ln( +=� biovolumeaChl 	 (1)

Table 2.1.4c: Statistics on the annual mean phytoplankton biovolume [mm3 L–1] for Alpine lakes (type L-AL3 = 
mean depth >15 m, L-AL4 = mean depth 3–15 m), calculated from reference sites in Annex A – Part 4.

IC lake type min median 
Ref

mean 75% perc. 90% perc. 95% perc 
H/G

max N

L-AL3 0.06 0.30 0.31 0.42 0.49 0.52 0.60 18

L-AL4 0.22 0.70 0.65 0.85 0.99 1.07 1.14 13

Table 2.1.4d: Reference values and H/G class boundaries for the annual mean chlorophyll-a concentration [µg l–1] in 
Alpine lakes (type L-AL3 = mean depth >15 m, L-AL4 = mean depth 3-15 m).

IC lake type  Ref  H/G

L-AL3 1.9 2.7

L-AL4 3.3 4.4

Reference conditions and the H/G boundary were set in compliance with the normative definitions of 
WFD and Alpine GIG interpretation of the ecological classes for phytoplankton (see Table 2.1.5a).

The high status in deep Alpine lakes is characterised by little spatial and temporal variability of 
phytoplankton abundance/biomass and taxonomic composition. Annual mean total biovolume 
and chlorophyll-a concentration are low (median biovolume: 0.3  mm3  L–1), transparency is 
correspondingly high (unless reduced by inorganic turbidity).

The algal community comprises often very few nutrient sensitive taxa only (low taxa richness). 
A characteristic feature in the phytoplankton community of many deep Alpine lakes (L-AL3) is a 
strong dominance of Cyclotella species. This fact is proved by monitoring data from reference sites, 
historical data, and also from palaeo-reconstructions. Typical accompanying taxa are Ceratium 
hirundinella, Asterionella formosa, various chrysoflagellates, cryptoflagellates and Chroococcales. 
Some of these taxa may also occur at higher trophic states, but form a significant part of the 
community in oligotrophic conditions.

In moderately deep lakes (IC type L-AL4), variability and biovolume are slightly higher than in deep 
lakes (reference conditions = oligo-mesotrophic). The trophic gradient spanned by L-AL4 lakes is, 
however, larger than in deep lakes, which makes this group more heterogeneous than the L-AL3 lake 
group. At the lower trophic end of L-AL4 lakes, biovolume and taxonomic composition are similar 
to those in deep lakes. At the upper trophic end, species richness may be significantly higher than 
in oligotrophic lakes. Also the proportion of nutrient tolerant taxa such as Fragilaria crotonensis, 
Stephanodiscus spp., Tabellaria fenestrata or various filamentous cyanobacteria (such as Planktothrix 
rubescens) may be slightly higher in L-AL4 lakes than in typical high status lakes of type L‑AL3.
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2.1.5 Boundary setting 

Setting of the G/M boundary has turned out to be the most critical and difficult procedure during 
the Intercalibration process. The Annex A – Part 5 gives an insight in the discussions and various 
approaches to set the G/M boundary.

Equal class widths and expert judgement 

The G/M boundary was set in compliance with the normative definitions of WFD and the Alpine 
GIG interpretation of the ecological classes for phytoplankton (see Table 2.1.5a.).

Table 2.1.5a: Compliance with the normative definitions and the Alpine GIG interpretation of the ecological classes for 
phytoplankton. 

Ecological 
status

Normative definition (WFD) Interpretation

High

 

“The taxonomic composition corresponds 
totally or nearly totally to undisturbed 
conditions. The average phytoplankton 
biomass is consistent with the type-specific 
physico-chemical conditions.”

The taxonomic composition of reference sites is like 
it was until the 1930s prior to major urbanisation, 
industrialisation and intensification of agriculture 
(historical data). Taxa richness is low, sensitive taxa 
dominate (especially in L-AL3 lakes). The trophic 
indices do not deviate significantly from reference 
conditions (L-AL3: Brettum index >3.75, PTSI 
<1.5; L-AL4: Brettum index >3.55, PTSI <2.0).
The annual mean biomass is within the same range 
as it was until the 1930s. The TP concentration and 
transparency (physico-chemical conditions) indicate 
natural trophic state (L-AL3 oligotrophic, L-AL4 
oligo-mesotrophic). No planktonic blooms.

Good “There are slight changes in the composition 
and abundance of planktonic taxa compared 
to the type-specific communities. Such 
changes do not indicate any accelerated 
growth of algae resulting in undesirable 
disturbance to the balance of organisms 
present in the water body or to the physico-
chemical quality of the water or sediment.”

Total biovolume may be slightly increased (2 to 
3-fold).
Tolerant taxa increase, sensitive taxa (such as some 
Cyclotella spp.) decrease. Accordingly, the trophic 
indices used in the national methods indicate a 
slightly higher trophic level (L-AL3: Brettum index 
>3.50, PTSI <2.0; L-AL4: Brettum index >3.30, 
PTSI <2.5).

Moderate “The composition and abundance of 
planktonic taxa differ moderately from 
the type-specific communities. Biomass 
is moderately disturbed and may be such 
as to produce a significant undesirable 
disturbance in the condition of other 
biological quality elements and the physico-
chemical quality of the water or sediment.”

Total biovolume is significantly increased (4 to 
6-fold). Other BQEs are clearly affected (e.g., 
decrease of Charophytes, decrease of Coregonus).
Trophic indices indicate a significant deviation from 
reference conditions (L-AL3: Brettum index >3.25, 
PTSI <2.5; L-AL4: Brettum index >3.05, PTSI 
<3.0).

The boundaries below the good ecological status were set by defining equal class widths on a ln-
scale:

a) �by adopting values suggested by Nixdorf et al. (2005a), which were based on monitoring data 
(LAWA-index and total biovolume; LAWA 1999);

b) �by defining a 2-3-fold increase of phytoplankton biomass as tolerable within the good status 
(“slight changes in the abundance”, WFD, Annex V; see below);
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c) �by validating the class boundaries with the undesirable conditions and secondary effects 
described above as well as with the decline of the relative biomass proportion of sensitive 
Cyclotella (G/M set at a total biovolume of 1–2 mm3 L–1);

d) �The class boundaries for the chl-a concentration were derived by using a regression between 
total biovolume (BV) and chlorophyll-a (see Figure A7 in Annex A Part 7):

          ln Chl-a = 0.694 lnBV + 1.429 	 (r2 = 0.52, n = 274, p < 0.01).

The same class widths – applied to different H/G boundaries as starting points – were used for lake 
type L-AL3 and L-AL4.

Table 2.1.5b: Reference values and class boundaries for the annual mean total biovolume [mm3 l–1] and the annual 
mean chlorophyll-a concentration [µg l–1] in Alpine lakes.

IC lake type Ref H/G G/M M/P P/B

Total biovolume
(mm3 L–1)

L-AL3 0.3 0.5 1.2 3.1 7.8

L-AL4 0.7 1.1 2.7 6.9 17.4

Chlorophyll-a
(µg L–1)

L-AL3 1.9 2.7 4.7 8.7 15.8

L-AL4 3.3 4.4 8.0 14.6 26.7
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Figure 2.5.1a: Comparison of the preliminary total biovolume class boundaries for deep Alpine lakes L-AL3 (reference 
trophic state: oligotrophic) and moderately shallow Alpine lakes L-AL4 (reference trophic state: oligo-mesotrophic) 
with classical trophic state assessment by various authors. Sakamoto (1966), Likens (1975), Heinonen (1980, summer 
sample epilimnion), Rosèn (1981), Rott (1984), Brettum (1989, mean Jun–Sep), Dokulil et al. (2005, annual mean), 
Willèn (2000 mean May–Oct). After Knopf et al. (2000) and Nixdorf et al. (2000), emended. MS = national boundaries 
derived from a harmonised national data set in Germany. Pollard & van de Bund (2005).
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The new approach presented here and the class boundaries proposed in the report do, however, not 
form an abrupt break of the classical lake classification based on the trophic state. It is considered to 
be founded on the knowledge of former eutrophication studies and to continue the long tradition of 
lake assessment in the Alpine countries.
To prove this, but also to show the difference to the trophic classification, the class boundaries of the 
trophic states (as suggested by various authors) and the new class boundaries proposed in this report 
for total biovolume and chlorophyll-a are given in the Figures 2.5.1.a and 2.5.1.b.
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Figure 2.5.1b: Comparison of the preliminary chlorophyll-a class boundaries for deep Alpine lakes L-AL3 (reference 
trophic state: oligotrophic) and moderately shallow Alpine lakes L-AL4 (reference trophic state: oligo-mesotrophic) 
with classical trophic state assessment by various authors. Likens (1975), Forsberg & Ryding (1980, Jun–Sep, 0–2 m), 
OECD (1982) fixed and open system, LAWA (1989, ay–Sep, epilimnion). After Knopf et al. (2000) and Nixdorf et al. 
(2000), emended. MS = national boundaries derived from a harmonised national data set in Germany.

2.1.6 Ranges for reference values and boundaries of biovolume/chlorophyll-a

Background
The main reason for using ranges instead of fixed values is the fact that IC lake types are rather 
broad and do not reflect geographical or other typological differences. Fixed values may cause 
problems when MS need to transpose the values of the common IC type to their more detailed 
typology. Besides, fixed values are generally critical if the data basis is small or if the data used for 
boundary setting are derived from different methods of sampling and counting. Ranges can be used 
to scope for these methodological differences. When ranges are used, it has however to be defined 
how ranges are used in the national methods.

Ranges for L-AL3
The L-AL3 lakes form a rather uniform and homogeneous group in terms of its reference trophic 
state. The correlation of TP and biovolume, however, shows a large scattering of the data. It may 
mirror different abiotic features (depth, altitude) or biological characteristics (high biomass due to 
dominance of Planktothrix) or just variation owing to methodological differences.
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Ranges are set using the uncertainty in the regression equation (95% confidence interval) between 
trophic pressure (using TP concentration) and phytoplankton response (total biovolume). See Annex 
A – Part 6.

Ranges for L-AL4

The group of L-AL4 lakes is much more heterogeneous than the deep Alpine lakes. It includes lakes 
with oligotrophic and with oligo-mesotrophic reference state. Ranges are derived in two ways: 1) 
by re-calculating the reference value and boundaries with new data, but applying the same BSP, 2) 
by varying the set of lakes used in the calculations (excluding/including lakes, which do not fully 
comply to the strict IC type definitions). See Annex A – Part 6.

How to relate ranges to national types/subtypes/lakes

When the lake characteristics of Member States are comparable to the characteristics of the type 
characterisation, the presented boundary mid-values will be valid. The Member States can use the 
range of the common GIG-types to set the most suitable boundaries for their national typology. 
Additional informations to set the reference values within the ranges can be derived from paleo-
limnology and trophic modelling (see Annex A – Part 3).

Also the mode of calculating the mean ‘biovolume’ or ‘chlorophyll-a’ for the final assessment is 
important for the selection of the reference value within the range (annual mean versus mean of 
vegetation period). Finally, the reference value may be set considering whether or not heterotrophic 
taxa (like Gymnodinium helveticum) are included in the calculation of the mean biovolume.

As guidance for transpose agreed GIG values to national types, Table 2.1.6 can be used.

Table 2.1.6: Guidance on how national lake characteristics determine the use of minimum or maximum values of the 
common type.

Lake descriptor Characteristics of national type or lake 
population as compared to GIG type

Guidance for use of minimum 
and maximum values

L-AL3
   depth/area very large*  min
   altitude high*  min
   latitude low*  max
   relation epilimnion :  euphotic zone large*  min
   relation TP : biovolume low*  min
   inorganic turbidity high*  min
   summer ‘epilimnic residence time’ very short (<<1 month)  min
   mixis type naturally meromictic  max

L-AL4
   present trophic state state oligotrophic  min
   groundwater incluence high  min
   mixis type naturally meromictic  max
   surface area <50 ha (outside strict definitions of IC 

type)
 max

   altitude high*  min
   latitude low*  max

both types
   annual mean  min values
   mean of vegetation period  max values
   including Gymnodinium helvetiucm and other heterotrophic taxa  max values

*opposite characteristics result in maximum guidance values
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Like the Central GIG, the Alpine GIG proposes that Member States will have the ability to use 
different numerical values outside the agreed range when characteristics of a lake type (or an 
individual lake) is outside the range of the reference lake population or the common typology.

Examples for L-AL3 lakes at the lower end of the range are Lake Constance (very large and deep, 
see Annex A – Part 6: Figure A-6a) and Lake Hallstätter See (very low epilimnic residence time, 
occasionally inorganic turbidity due to floods of tributaries).

Example for L-AL4 lakes at the lower end of the range are Lustsee, Wörthsee, Pressegger See and 
Faaker See. Examples for L-AL4 lakes at the upper end of the range are the meromictic Längsee 
and the small lake Hafnersee (surface area: 16 ha).

2.1.7 Final outcome of the Intercalibration 

In the BQE phytoplankton, the final outcome of the IC exercise with respect to the phytoplankton 
parameter “abundance/biomass” is an agreement on boundaries (ranges) for all classes of annual 
mean total biovolume and annual mean chlorophyll-a concentration. The reference values, class 
boundaries and the EQRs of the common metrics are given in the following Tables.

Table 2.1.7a: Reference values, class boundaries and EQR for the total biovolume (BV) for the IC lake types L-AL3 
and L-AL4 (GIG agreement).

L-AL3 L-AL4
BV [mm3 L–1] EQR BV [mm3 L–1] EQR

Ref 0.2–0.3 1.00 0.5–0.7 1.00

H/G 0.3–0.5 0.60 0.8–1.1 0.64

G/M 0.8–1.2 0.25 1.9–2.7 0.26

M/P 2.1–3.1 0.10 5.0–6.9 0.10

P/B 5.3–7.8 0.04 12.5–17.4 0.04

Table 2.1.7b: Reference values, class boundaries and EQR for the chlorophyll-a concentration (chl-a) for the IC lake 
types L-AL3 and L-AL4 (GIG agreement).

L-AL3 L-AL4
chl-a [µg L–1] EQR chl-a [µg L–1] EQR

Ref 1.5–1.9 1.00 2.7–3.3 1.00

H/G 2.1–2.7 0.70 3.6–4.4 0.75

G/M 3.8–4.7 0.40 6.6–8.0 0.41

M/P 6.8–8.7 0.22 11.7–14.6 0.23

P/B 12.5–15.4 0.12 22.5–26.7 0.12

In order to allow a comparison of the different metrics, the EQRs are transformed to linear scale, 
where the class boundary of H/G corresponds to a normalised EQR of 0.8, the G/M boundary 
to a normalised EQR of 0.6 etc. (Figure 2.1.7). This is done either by using a logarithmic (e.g. 
biovolume) or linear (e.g. Brettum index) transformation.
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Figure 2.1.7: Scheme 
of transforming 
the EQR values to 
normalised EQR 
values with linear scale 
and equal class widths. 
Left: total biovolume, 
right: Brettum index 
(both for L-AL3).

2.1.8 National types vs. Common Intercalibration types 

In most Alpine countries, national lake typologies have been developed (Mathes et al. 2002, Gassner 
et al. 2003, Ministère de l’Écologie et du Développement 2004, Wolfram 2004, Buraschi et al. 
2005, Pall et al. 2005). The main factors used in national typologies are mean depth, alkalinity, size 
and region, so rendering comparison possible. The following table 2.1.8a. shows, which national 
types (roughly) correspond to the common IC lake types.

Table 2.1.8a: Correspondence between national and IC types in Alpine GIG. 

Common Intercalibration types

 MS L-AL3 (Zmean >15m) L-AL4 (Zmean 3-15m)

N
at

io
na

l l
ak

e 
ty

pe
s

France N4. Stratified calcareous mountain 
lakes (Zmean >15 m)

N3 and N4. Stratified calcareous mountain lakes (Zmean 
3-15 m)

Germany A4. Stratified Alpine lakes VA2-3. Stratified pre-Alpine lakes

Austria

B1. Special type Bodensee B2. Large pre-Alpine lakes

D1-D3, E1-E2. Large Alpine lakes  

C1. Large lakes in Dinaric Western 
Balkan (Zmean >15m) C1. Large lakes in Dinaric Western Balkan (Zmean 3-15 m)

Slovenia Large lakes in the Alpine region
Type 1 (Bohinj)       Type 2 (Bled)  

Italy

Type 2. Large deep lakes: Zmax<120 m, 
A<100 km2, Zmean>15 m  

Type 3. Very large + deep lakes: 
Zmax>120 m, A>100 km2 Type 1. Large moderately deep lakes: Zmean <15 m

12 national types of 5 countries correspond to L-AL3, 7 national types correspond to L-AL4. The 
chlorophyll boundaries set by the IC exercise will be used for setting ecological classification 
systems for these types.

Transformation of the IC boundaries into the national assessment systems

In terms of the natural trophic state and phytoplankton reference, the distinction of two lake types 
between 50 and 800 m a.s.l. is considered to be sufficient in most cases. The more detailed distinction 
of some national types is based on other BQEs than phytoplankton.
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In Austria, the boundaries given in Table 2.1.6a and 2.1.6c are used also in the national classification 
system for phytoplankton. They are applied to all national types listed in Table 2.1.7. The 
normalised EQRs for the two metrics biovolume and a national trophic index (Brettum index) are 
equally weighed. The average of the two normalised EQRs gives the final normalised EQR and so 
the ecological status class.

The national types in Germany can easily be attributed to the IC types. Only some polymictic lakes 
with a mean depth of less than 3 m could not be integrated in the intercalibration typing scheme. 
The class boundaries for total biovolume in Germany lie within the ranges given in Table 2.1.6a 
for the H/G- and the G/M boundary. The M/P and P/B-boundaries are reclassified stricter according 
to the boundary setting procedure along the trophic gradient ‘LAWA-Index’ and according to the 
assessment procedure of PTSI (Table 2.1.8.b and 2.1.8.c). 

Table 2.1.8b: Reference values, class boundaries and EQR for the total biovolume (BV) for the IC lake types L-AL3 
and L-AL4 (German assessment in the biomass metric, using mean March to November, vegetation period).

L-AL3 L-AL4

BV [mm3 L–1] EQR BV [mm3 L–1] EQR

Ref 0.3 1.00 0.5 1.00

H/G 0.5 0.52 1.0 0.52

G/M 1.0 0.28 1.9 0.28

M/P 1.9 0.14 3.6 0.14

P/B 3.6 0.08 6.9 0.08

Table 2.1.8c: Reference values, class boundaries and EQR for the chlorophyll-a concentration (chl-a) for the IC lake types 
L-AL3 and L-AL4 (German assessment in the biomass metric, using mean March to November, vegetation period).

L-AL3 L-AL4

chl-a [µg L–1] EQR chl-a [µg L–1] EQR

Ref 1.1 1.00 2.0 1.00

H/G 2.0 0.54 3.7 0.54

G/M 3.7 0.29 6.9 0.29

M/P 6.9 0.15 12.8 0.15

P/B 12.8 0.08 23.9 0.08

Concerning Italy, there is the need to split the Common Intercalibration Type L-AL3 in two national 
types, due to the peculiarities of the deep and large lakes of the Subalpine District. Because of 
this reason, different reference values and boundaries were proposed for the very deep and large 
lakes, respect to the national trophic indices for phytoplankton (PTIspecies and PTIot). However, as 
concerns the two metrics biovolume and chlorophyll-a, all the three national types fit well into the 
two Common Intercalibration Types both for reference values and boundaries.

The two lakes in Slovenia belong to different national types, but to the same IC type. In terms of the 
reference conditions of the trophic situation, it is possible to lump the 2 national types and treat both 
of them as L-AL3 lakes.
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2.1.9 Open issues and need for further work

Problems encountered

Several problems were recognised during the IC process:

• �Availability of data. There are several data sets on phytoplankton from Alpine lakes, which 
could not be included in the IC process.

• �Harmonisation of data sets. In the meantime, the data of the Alpine GIG has successfully been 
transferred to an MS Access database developed by the REBECCA project and the Central 
GIG (Ute Mischke). All taxa have been renamed according to the REBECCA code.

• �Some problems in lake typology, e.g. how to treat meromictic or very large and deep lakes, 
could not be solved within the last three years. This should, however, not cause too large 
problems for comparability of the classification in the Alpine MS.

• �Differences in data quality and structure. It was not possible to include the French approach 
(estimation of  % abundance) in the biovolume approach of the other MS. However, the 
sampling strategy and the lab methods used in the French surveillance monitoring network are 
compliant with the GIG approach. 

• �Heterogeneity of data. Generally, the data set can be described as fairly comparable as regards 
sampling strategy and sample processing (counting). An unknown proportion of variability in 
the data may still be due to different methods.

• �Uncertainty about further IC process. Some aspects discussed during the IC process since 2003 
were postponed to later discussions. It is, however, unclear how changes in the middle future 
can be combined with results achieved so far, e.g. changes in lake types, changes due to a 
harmonised sampling (new CEN standard).

Need for further work 

The present stage of the Intercalibration is considered as a stopover on the way towards a common 
and truly intercalibrated understanding of lake assessment. In the next months and years, the Alpine 
GIG will focus on the following aspects:

• �refinement and extension of the lake types: very large lakes, meromictic lakes, small lakes 
(<0.5 km2), high Alpine lakes;

• �improvement and harmonisation of methods;

• �exchange of experiences with the newly emerging CEN standards: sampling, phytoplankton 
cell counting and biovolume determination, quality assurance;

• �performance of a ring test with different laboratories on counting and biovolume determination 
of phytoplankton;

• �assessment of the ‘uncertainty of measurement’ of biological parameters such as total 
biovolume;

• �comparison of new data from the monitoring programmes starting in 2007.

Finally, the IC exercise focused so far on the eutrophication pressure only. Metrics such as 
biovolume and chlorophyll-a are sufficient to characterise the trophic status in the pelagic zone, 
but not the ecological status of whole lake. A lake assessment including all BQEs and pressures 
is, however, what the WFD requires. The Intercalibration should thus include other metrics (e.g., a 
common metric on the taxonomical composition) and BQEs as soon as possible.
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2.2 Atlantic GIG 

2.2.1 Atlantic GIG lake types

The Atlantic Lake Geographical Intercalibration Group (GIG) includes (parts of) United Kingdom 
and Ireland.

In the Atlantic GIG, three common types were identified (Table 2.2.1a.), characterised by the 
following descriptors: 

• �Altitude (< 200 m a.s.l.) and mean depth (3 -15 m); 
• �Lake size – two classes: small lakes with a surface area < 0.5 km2 and medium to large lakes 

with a surface area > 0.5 km2 
• �Alkalinity and colour were used as proxies for basin geology with two classes: calcareous lakes 

(alkalinity > 1 meq l-1) and peat (humic) lakes with high water colour values. 

Table 2.2.1a: Atlantic lakes: Intercalibration types (as agreed in Intercalibration Type manual (Bund et al, 2004)).

Type Lake 
characterisation

Altitude  
(m a.s.l.) Mean depth (m) Geology

alkalinity (meq l-1) Lake size (km²)

L-A1 Lowland, shallow, 
calcareous, small <200 3-15 Alkalinity  

>1 meq l-1 Small <0.5

L-A2 Lowland, shallow, 
calcareous, large <200 3-15 Alkalinity  

 >1 meq l-1 Medium to large >0.5

L-A3 Lowland, shallow, 
peat, small <200 3-15 Humic Small <0.5

Two changes have been made compared with the previous version used for the draft intercalibration 
register (Table 2.2.1b):

• �Type L-A3 has been deleted because of lack of data. The BQE invertebrates and the 
acidification pressure are now being intercalibrated through the NGIG of which UK is already 
a member, Irish data is being submitted;

• �L-A1 and L-A2 data sets were amalgamated to L-A1/A2 - to create a larger and more useful 
database assuming that lake size is not a critical type factor for setting the phytoplankton 
boundaries. It has been shown using macrophyte data that there was no difference attributable 
to size differences (see Annex B Part 1). 

Table 2.2.1b Atlantic lakes: Intercalibration types (as agreed in the IC process).

Type Lake characterisation Altitude (m 
a.s.l.)

Mean depth 
(m)

Geology
alkalinity (meq l-1)

Lake size 
(km²)

L-A1/2 Lowland, shallow, 
calcareous, small and large <200 3-15 Alkalinity  

>1 meq l-1 Small to large

2.2.2 Intercalibration approach

The main principles used in setting of chlorophyll-a values in Atlantic GIG were:
• �Intercalibration Option 1 (EC, 2005a) was used as a general principle of the Intercalibration 

- MS use the same assessment method and the same metrics, create common data set and make 
agreement on High/Good and Good/Moderate class boundaries; 
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• �Spatial approach in conjunction with palaeo-reconstruction and expert judgement was used 
for setting reference conditions;

• �Secondary effects approach were used for setting Good/Moderate boundary - relationships 
between increased chlorophyll-a concentrations and changes in other quality elements that 
would be influenced by secondary effects due to changes in phytoplankton biomass were 
identified and used to set the boundaries;

• �Due to the limited size of the available data set and the similarity between the L-A1/2 of the 
Atlantic GIG and the L-CB1 lake type (lowland, shallow, calcareous), intercalibrated within 
the Central GIG, the relationships developed by the CGIG for L-CB1 were also taken into 
consideration.

Atlantic GIG dataset was relatively small dataset (therefore  CB GIG data were used for 
confirmation of reference conditions and boundaries): 

• �9 reference lakes and 19 lakes for boundary setting, all from Ireland;

• �Growing season: April-September sometimes October;

• �Sampling frequency: 2-9 times/year;

• �Spectrophotometry with methanol extraction.

2.2.3 National methods that were intercalibrated

United Kingdom: The UK has no current national classification method and a new method is currently 
being developed. The metric for phytoplankton biomass will be the mean annual chlorophyll-a 
concentration. The method has still to be approved by the UK as a national system, but it is proposed: 

• �that lake specific reference chlorophyll-a concentrations are predicted from reference total 
phosphorus (TP) using type specific regression equations provided by the REBECCA project 
(Phillips et al., 2006) or from data collated by Central GIG;

• �The H/G and G/M boundaries for each lake will then be determined using the type specific 
EQR values agreed by the GIGs;  

• �Therefore each lake will have a unique reference and boundary value, but all will fall within 
the range defined by the GIG for the particular lake type;  

• �A lake specific, rather than a type specific approach is used as the UK believes that there is a 
continuum of lake conditions which cannot be adequately reflected by a simple typology.  

The UK method will determine current chlorophyll concentration using regular sampling and 
calculating the annual average concentration. The annual average is used as many lakes in UK 
have significant phytoplankton biomass during the winter months. It is currently proposed to use 
a conversion factor of 0.79 to convert annual data to the equivalent NGIG growing season (April 
- Sept) boundary values. To determine errors, and thus the confidence of the classification, the data 
will be log-transformed (to ensure normal distributions) and the resulting standard error will be used 
to establish the confidence of the classification. For setting class boundaries it is proposed to apply 
correction factors to reduce errors (of the mean) caused by seasonality and the use of geometric 
rather than arithmetic means which were used by the GIGs to establish boundaries.  

Ireland: Currently lake status is assessed based on maximal annual chlorophyll values using a 
modified version of the OECD scheme (Toner et al., 2005). This system is to be replaced taking 
the outcome of IC into account. A preliminary phytoplankton tool – multimetric index – was 
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developed under an ERTDI research project (Free et al., 2006 under review), which incorporated 
chlorophyll-a as a surrogate for phytoplankton biomass. This has yet to be validated and evaluated 
against other tools as they become available. There is no other national classification method 
regarding phytoplankton composition under development. Ireland is awaiting the outcome of the 
UK SNIFFER funded phytoplankton classification tool, as another potential assessment system. 

2.2.4 Reference conditions  

Two main principles were used for setting of reference conditions for Atlantic GIG:

• �Spatial approach – selecting of reference lakes using reference criteria (with no or minor 
human impact);

• �Palaeo-reconstruction - palaeological study using diatom assemblages to confirm the reference 
lakes selected by reference criteria.

However, it is noted that the data set is too small to be statistically valid and thus the results were 
compared with similar analysis carried out for CGIG lakes of similar type (L-CB1).  The results - 
reference and H/G boundary values - were similar and thus validated / supported each other.  

Reference criteria  

All reference sites were from the Republic of Ireland as no reference sites of this type were available 
from UK.  Reference sites were identified based on pressure criteria, as well as on chemical and 
biological data (Table 2.2.4) but also included confirmation with paleolimnological data, which was 
considered an overriding factor.

Table 2.2.1b Atlantic lakes GIG: Criteria and Procedures for describing Reference Conditions.

Criteria Description 

Pressure criteria
Absence of major modification to catchment, e.g., intensive afforestation or mining
No discharges present that would impair ecological quality
Water abstraction at level that would not interfere with ecological quality

Hydro-
morphological 
pressures 

Water level fluctuation: within natural range 
Physical modification: Absence of mineral abstraction, absence of shoreline alteration e.g. 
roads and harbours in vicinity of littoral macroinvertebrate and macrophytes sampling points
Groundwater connectivity within natural range 

Water chemistry 

Dissolved Oxygen: within range 80 - 120 % saturation  
Oxygen depletion (66% of lake deoxygenated for a period > 2 months) absent
pH within range 6- 9 
Nutrients: Total Phosphorus value <15 µg P l-1   (Irish lakes only, may not appropriate be for 
some GB lakes, GB lakes using MEI model and paleolimnological data) 
Salinity: <100 mg Cl l-1  
Temperature: within natural range 
Synthetic pollutants: Below limit of detection 
Non-Synthetic pollutants: Below limit of detection

Biological Pressures

No impairment by invasive plant or animal species
Stocking of non- indigenous fish not significantly affecting the structure and functioning of 
the ecosystem 
No impact from fish farming

Recreational Pressures No intensive use of reference sites for recreation purposes 
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Reference conditions

Two approaches were used for selection of reference lakes and calculation of reference values 
(description and the reference lake list in Annex B Part 2):

1) �The first approach: 
   • �Nine lakes were identified as reference sites based on palaeo-limnology study by Taylor et 

al. (2005), eight of them were used (the alkalinity of one lake was too low for the type); 
   • �the 75th percentile was used as an estimate of the H/G boundary;
2) �An extremely conservative approach to the data analyses was also adopted:
   • �Lakes that were slightly deviated from reference according to Taylor et al. (2005) were 

excluded, as well as all lakes with a mean total phosphorus exceeding 10µg l-1 –the value at 
which slight ecological change occurs, therefore three lakes were left;

   • �For these data, the 90th percentile was used to set the H/G boundary.

Table 2.2.4: The results of two approaches of setting chlorophyll-a reference values and H/G boundary in Atlantic Lake 
GIG (µg l-1).

Approach N of lakes Reference value (median) Method for H/G boundary H/G boundary

1st approach 8 lakes 3.25 75th percentile 5.52

2nd - conservative approach 3 lakes 3.1 90th percentile 6.5

Conclusions on 2 approaches: 
• �There was little difference in the resulting chlorophyll reference and H/G boundary values;  
• �Number of lakes was considered to be too small for statistical analysis to provide a robust 

estimate of reference conditions. The median value was considered to give a reasonable 
estimate of a type reference value, but the upper percentiles would be much less reliable;  

• �The results obtained from this analysis were thus compared with results from a similar lake 
type in Lake Central/Baltic GIG. 

Final conclusions on setting of reference conditions and the H/G boundary values

Reference and H/G boundary values were determined from the distribution of chlorophyll-a 
concentrations from reference lakes confirmed by palaeolimnology (Annex B, Part 2):

• �The rounded (to one decimal place) median value was taken as an estimate of the reference 
value (3.2 µg l-1);

• �The H/G boundary was based on the average value of 75th percentile of the growing season 
data and the 90th percentile from the conservative growing season data (6.0 µg l-1).

It was noted that the data set, i.e. number of lakes was too small to be statistically valid. The results 
were compared with similar analysis carried out for a similar type of Central/Baltic GIG lakes (L-
CB1).  Proposed values by the Lakes Central/Baltic GIG for the type LCB1  were 3.2 µg l-1 and 5.8 
µg l-1, which gives an EQR of 0.55. The results - reference and H/G boundary values - were similar 
and thus validated or supported each other. 

Therefore Atlantic GIG and Central/Baltic GIG decided to harmonize the boundaries and EQRs 
adopting the same values for both GIGs due to following reasons: 

1) �LA1/2 and LCB1 lake type characteristics are similar (lowland, shallow, calcareous, small and large);
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2) �UK has lakes belonging both to Atlantic GIG and Central/Baltic GIG – so the harmonized 
boundaries are essential prerequisite for successful lake assessment; 

3) �Reference conditions and H/G boundary calculated by both GIGs show that differences are 
negligible and attributable to statistical errors rather than to real ecological differences.   

For the growing season mean chlorophyll-a concentration in type LA1/2 the median value (3.2 µg 
l-1) was taken as the reference and the H/G boundary (5.8 µg l-1) was calculated by applying the 
harmonized EQR of 0.55.

2.2.5 Boundary setting 

Two approaches were used by the GIG for G/M boundary setting (the 2nd was agreed in the end): 
1) �Ireland had preliminary views of a lower G/M boundary derived by using total phosphorus 

to determine points of ecological changes for macrophytes among others- compatible with 
the normative definitions - along the eutrophication pressure gradient (Annex B - Part 3). 
The total phosphorus value at the G/M boundary was subsequently used to determine the 
corresponding chlorophyll-a by a regression equation from the North American literature 
(Dillon & Ruler, 1972). This was further supported by a chlorophyll-a vs. TP relationship 
from the MS data set (see Annex B - Part 4).

2) �The UK proposes – and the GIG has agreed - that as the reference and H/G boundaries values 
for L-A1/2 lakes are similar to L-CB1 lakes, and that the analysis of these lakes (which 
included lakes from AGIG) and the resulting boundaries can be applied to L-A1/2 lakes 
(Annex C Part 2).

The LA1/2 type G/M boundary value was taken as 10 µg l-1 as a growing season mean.

2.2.6 Final outcome of the Intercalibration 

Given the similarity between the above boundaries and those proposed by the CGIG (G/M boundary 
10 µg l-1, EQR of 0.32), the AGIG would support the approach proposed by both NGIG and CGIG 
of proposing a small range of reference values and a fixed type specific EQR. This would enable 
sufficient flexibility for each MS to apply the GIG typology. 

The AGIG would thus propose to adopt the same range of Reference conditions as CGIG  
2.6-3.8 µg l-1 giving a range of H/G boundaries of 4.6-7.0 µg l-1 and G/M of 8.0-12.0 µg l-1. The 
ranges are given in Table 2.2.5.

Table 2.2.5: Agreed ranges for growing season mean values of chlorophyll-a (µg l-1) for Atlantic GIG Common IC type 
(AL1+AL2).

Mean value (µg l-1) Range (µg l-1) EQR

Reference value 3.2 2.6 - 3.8

High/Good boundary 5.8 4.6 - 7.0 0.55

Good/Moderate  boundary 10 8.0 - 12.0 0.32

2.2.7 National types vs. Common Intercalibration types 

The Irish lake typology describes 13 national types using four typifying factors – altitude, alkalinity, 
depth and size but slightly different typifying values (Table 2.2.7a).
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Table 2.2.7a: Irish lake types (in bold - types that correspond to AGIG type – L-A1/2).

IE lake type Altitude (m) Alkalinity (meq l-1) Depth (m) Size (km2)

Lake type 1

<200

<0.4

<4
<0.5

Lake type 2 >0.5

Lake type 3
>4

<0.5

Lake type 4 >0.5

Lake type 5 

0.4-2

<4
<0.5

Lake type 6 >0.5

Lake type 7
>4

<0.5

Lake type 8 >0.5

Lake type 9 

>2

<4
<0.5

Lake type 10 <0.5

Lake type 11 
>4

<0.5

Lake type 12 >0.5

Lake type 13 >200 - - -

Four of the Irish national types - 7, 8, 11 and 12 - correspond to the Atlantic GIG Common 
Intercalibration type L-A1/2. For these Irish lake types the chlorophyll values set by the IC exercise 
will be used. Remaining IE lake types are not sufficiently comparable with GIG types - mostly due 
to low depth, low alkalinity or small size.

UK national typology differentiates two regions and uses slightly different typifying factors: humic 
content is used for lakes in England, Wales and Scotland, lake area for lakes of Northern Ireland 
(Table 2.2.7b), depth and alkalinity are used for both regions.

Only one UK national lake type – alkaline shallow clear lakes of England, Wales and Scotland - 
corresponds to Atlantic GIG Common Intercalibration lake type (Table 2.2.7b). 

Correspondence of UK types to the Common IC types of Atlantic GIG:

• �UK lake types HAS, NI 11 and NI 12 correspond to L-A1/2 type (shallow, alkaline lake types 
of England, Scotland, Wales and Northern Ireland);

• �only a  part of Northern Ireland lake types NI 7 and NI 8 corresponds to L-A1/2 type (the NI 
typology splits lakes at 0.4 and 2.0 meq l-1, not 1.0 meq l-1 as IC typology), the other part of 
NI7 and NI8 is linked to the Northern GIG type L-N1).

Transposition of IC type values to national typologies 

United Kingdom

1. �The UK proposes to use a lake specific model to predict reference chlorophyll-a concentration 
based on a regression between reference TP and Chl a using equations published by 
REBECCA. 

2. �These values will be compared with the range established for the IC lake type and truncated 
to ensure that the values remain within the range agreed by the GIGs.  
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Table 2.2.7b: Lake types of the United Kingdom (in bold - types that correspond to AGIG type LA1/2).

Type Region Depth (m) Alkalinity (meq l-1) Size (km2) Geology % Peat

HAS

England, Wales, 
Scotland

3-15

>1.0

< 75%

HAS H > 75%

HAVS
<3 < 75%

>75%HAVS H

MarlS 3-15
Limestone

< 75%

MarlVS <3 < 75%

MAD >15

0.2-1.0

-

< 75%

MAS 3-15 < 75%

MAS H >15 >75%

MAVS
<3

< 75%

MAVS H >75%

LAD >15

<0.2

< 75%

LAS 3-15 < 75%

LAS H >15 >75%

LAVS
<3

< 75%

LAVS H >75%

NI 1

Northern Ireland

<4

<0.4

<0.5

-

NI 2 >0.5

NI 3  
>4

<0.5

NI 4 >0.5

NI 5
<4

0.4-2.0

<0.5

NI 6 >0.5

NI 7*
>4

<0.5

NI 8* >0.5

NI 9
<4

>2.0

<0.5

NI 10 >0.5

NI 11  
>4

<0.5

NI 12 >0.5
* only part of type corresponds to LA1/2

3. �The H/G and G/M boundaries will be determined for each lake using the agreed type specific 
EQRs agreed by the GIGs.  

4. �The UK also proposes to calculate an annual, rather than a growing season average 
chlorophyll-a values as several lakes in the UK have significant phytoplankton populations 
during the winter months. 

5. �It is anticipated that additional metrics will be available to assess taxonomic composition and 
bloom frequency of phytoplankton, but the overall method of combining each metric has still 
to be determined. 
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Ireland:
1. �Chlorophyll-a will be part of an overall assessment system. It will be used in conjunction with 

or directly incorporated into the assessment /classification tool based on phytoplankton.  
2. �The boundary values will be used unmodified (unless there is good reason to do otherwise, 

i.e. harmonizing EQRs across MS types where types overlap with more than one GIG type) 
for the national lake types that fit the GIG typology.  

Four Irish national lake types and one UK national type correspond to the Atlantic GIG Common 
Intercalibration type LA1/2. The chlorophyll boundaries set by the IC exercise will be used for 
setting ecological classification systems for these types. 

2.2.8 Open issues and way forward:

The scope of the Intercalibration and way forward 

The IC process has been far more limited than was originally envisaged in the WFD. There 
is a clear need to continue the IC exercise including other biological quality elements  and other 
phytoplankton parameters.

The next steps are to intercalibrate the following BQE with respect to the following pressures:
• �Phytoplankton taxonomic composition / eutrophication;
• �Macrophytes / eutrophication 
• �Littoral and profundal macroinvertebrates / eutrophication and organic enrichment.

Open issues 

Several problems were recognized:
1) �Low number of reference lakes 	  

It was noted that the data set (8 palaeo-confirmed lakes, only 3 lakes using “conservative” approach) 
was too small to be statistically valid and draw firm conclusions on reference and high/good values

2) �Availability of the data 	  
Data were collected from 47 lakes which can be considered as hardly sufficient number for 
boundary setting on a GIG scale. 

3) �Application of Central GIG lake data set to set the boundaries for Atlantic GIG lakes	  
Due to limited data availability, the relationships developed by the CGIG were used for the 
boundary setting for Atlantic GIG lakes. Nevertheless there is no clarity whether it was justified 
to join the Atlantic GIG and Central GIG lake types and set the same values for them.   

4) �Typology issues – comparability of lakes 	 
UK has some concerns that Irish lakes may not be directly comparable with other lakes 
in England Wales and Scotland as they are located on limestone, which can give rise to marl 
formation and very low phosphorus concentrations.  

5) �Inherently large heterogeneity of data (different sampling and analyses methods of chlorophyll)

Despite the popularity of chlorophyll-a as a metric in intercalibration, differences in field and 
laboratory methodologies have been largely ignored and may in part explain the considerable 
variation among countries, across GIGs and in its relationship with TP.
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2.3 Central/Baltic GIG 

2.3.1 Central/Baltic Lake types

In the Central/Baltic GIG three common types were initially identified in the Intercalibration type 
manual (Bund et al., 2004) (Table 2.3.1a.), characterized by the following descriptors: 

• �Altitude (all lakes < 200 m a.s.l.); 
• �Depth - two classes: very shallow lakes with the mean lake depth < 3 m and shallow lakes with 

the lake depth  3 - 15 m;
• �Alkalinity was used as a proxy for geology with two classes: calcareous lakes with high 

alkalinity values (> 1 meq l-1) and siliceous lakes with low alkalinity values (0.2 – 1 meq l-1). 

Table 2.3.1a: Central/Baltic lakes: intercalibration types (as agreed in the IC type manual).

Type Lake characterisation Altitude  
(m a.s.l.)

Mean depth 
(m)

Geology
alkalinity (meq l-1)

L-CB1 Lowland, shallow, stratified, calcareous < 200 3 - 15 > 1

L-CB2 Lowland, very shallow, calcareous, < 200 < 3 > 1

L-CB3 Lowland, shallow , siliceous, vegetation 
dominated by Lobelia < 200 3 - 15 0.2 - 1

During the IC exercise, minor changes have been made compared with the initial version: residence 
time was recognised as an important factor and introduced to the typology (see table 2.3.1b). Still a 
few lakes considered representative for these types may be not compliant with the type descriptions 
because typology data is missing or parameter values are close to the boundaries.

Table 2.3.1b: Central/Baltic lakes: intercalibration types (as agreed in the IC process).

Type Lake characterisation Altitude 
(m a.s.l.)

Mean 
depth (m)

Geology alkalinity 
(meq l-1)

Hydrological 
residence time (years)

L-CB1 Lowland, shallow, calcareous < 200 3 - 15 > 1 1-10

L-CB2 Lowland, very shallow, calcareous < 200 < 3 > 1 0.1-1

L-CB3 Lowland, shallow, small, siliceous 
(moderate alkalinity) < 200 3 - 15 0.2 - 1 1-10

2.3.2 Intercalibration approach

The following main principles were used in the Central/Baltic GIG for setting the reference and 
quality class boundary values for chlorophyll-a:

• �Intercalibration Option 1 (EC, 2005a) was used as the general procedure for the 
Intercalibration - MS use the same assessment method and the same metrics, create common 
data set and make agreement on High/Good and Good/Moderate class boundaries;

• �Spatial approach in conjunction with expert judgement was used for selection of reference 
lakes and setting reference conditions;

• �Secondary effects approach was used for setting the Good/Moderate boundary. As secondary 
effects the influence of increased of phytoplankton biomass on the maximum colonization depth 
of macrophytes, abundance of macrophytes and the probability of cyanobacterial blooms were 
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evaluated. The way and the extent of degradation of parameters representing secondary impacts as 
compared to the estimated reference value were used to set the G/M boundary of chlorophyll-a.  

Huge dataset were collated consisting of more than 400 lakes and 1100 lake years. Most Member 
States have contributed to the general Central Baltic data base (Table 2.3.2). Only Czech Republic, 
Slovakia and Luxembourg did not contribute to the general database. Those Member States have 
either no lakes or have indicated to have lakes different from the Central Baltic lakes in the database. 
However, the GIG cannot provide data showing on which aspects these lakes are different. 

Table 2.3.2: Number of lake-years specified for type and Member States available in the general Central Baltic GIG 
data base, version MI6.

Type Country
Total 

BE DE DK EE FR GB HU LT LV NL PL

 
 

LCB1 2 55 76 5 0 16 137 44 98 112 131 676

LCB2 2 6 16 4 0 51 147 3 89 91 9 418

LCB3 0 0 6 2 6 0 0 0 28 0 7 49

Total 4 61 98 11 6 67 284 47 215 203 147 1143

Dataset characteristics:
• �Chlorophyll values averaged over the growing season: in most case April – October and 

in some case May-September. In case of severe winters in some MS the vegetation season 
depends on the moment of ice-break during spring time;

• �The number of samples during one vegetation season in one lake varies between 2 and 28 
samples, in most cases ca.4 times/;

• �In far most cases the sample are surface samples, and only a few integrated samples are present 
in the data base;

• �Spectrophotometry with ethanol/acetone extraction (ISO 10260) was used for chlorophyll 
analysis. 

2.3.3 National methods that were intercalibrated

Before the start of the Intercalibration process, the national methods were mostly under 
development, see Table 2.3.3. 

Table 2.3.3.a: State-of-art of chlorophyll based phytoplankton assessment methods (September 2006).

MS Status

Flanders (Belgium) Proposal for regional method
Denmark Under development
Estonia Officially accepted
France Under development
Germany National method under testing
Hungary Under development
Latvia Under development
Lithuania Under development
Netherlands Agreement for IC exercise
Poland Under development
UK National method under development
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Nevertheless, Member States have set draft preliminary values of reference conditions, H/G and 
G/M boundary based on the analyses of national data sets and expert  judgement (see table 2.3.3. b), 
for example, for the type LCB1: 

• �Reference conditions: from 1.5 to 6.2 μg/l; 

• �High/Good value: from 2 to 11 μg/l, on average – from 4 to 11 μg l-1;

• �Good/Moderate value: from 4.1 to 30.0 μg/l, on average - from 10 to 20 μg l-1.

In the course of the Intercalibration exercise the Member states have concluded that the GIG values 
have a  better base and  that they  should follow the GIG range values as long as they are in the 
appropriate type.

Table 2.3.3.b: Ecological classification by chlorophyll-a (mean values of vegetation season) September 2005. The two-
letter ISO 3166 country codes used to abbreviate country names. 

BE EE DK DE1* DE2* DE3* DE4* LT LV1** LV2** LV3 NL PL UK

RC 5.5 1.8 2.7 4.1 6.2 <4 3 5 2 5.2 4

H/G 12 10 6.5 2.7 4.1 6.2 9.5 4 7 10 5 8.3 10 11

G/M 25 20 12-15 4.1 6.2 9.5 14.6 6 15 20 15 14.5 18 18

M/P 40 15 30 40 25

*different national types according to depth and retention time  
**different types according to the content of humic matter

2.3.4 Setting of Reference conditions

Reference criteria

The GIG has made a common interpretation of the reference condition as described in Annex V 
of the WFD. The GIG has used spatial references within its territory as methodology. The lakes 
are selected using criteria for human activity in lake catchments and in some cases additional 
information, such as historical data, palaeolimnological data and expert judgment. To designate 
lakes to reference lakes, their catchments should meet three criteria:

• �No point pollution sources in lake catchment area;

• �Catchment land use corresponds at least 90% natural land cover;

• �Population density not exceeding 10 inhabitants km-2.

Under certain conditions it is allowed to exceed some of the criteria. It was agreed that criteria can 
be overruled by:

• �clear and sound evidence from paleolimnological data, which is published or otherwise 
publicly available; 

• �The catchment and population density can be overruled if it is very likely that the use in the 
catchment is not reaching or affecting the lake. This may be in cases where:

   – �the direct related catchment of the lake is surrounded is for more than 90 % of the area by 
natural land use and there are no signs of any disturbance;
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   – �the use of agricultural land is very extensive meaning that no artificial fertilizers are used 
and densities of cattle are sustainable (e.g. pastures in Scotland);

   – �the whole population in the catchment is connected to waste water treatment plants while the 
discharge is not connected to the candidate reference lake;

   – �other reasons, to be specified in the data base.

The detailed procedure is provided in Annex C - Part 1. All Central/Baltic lakes complying with 
the criteria, including explained exceptions, constitute the type specific reference lake population.

Reference lakes

The number of reference sites is low (see in Annex C - Part 1), especially for L-CB2 and L-CB3 
(Fig.2.3.4.) Many catchments in the Central/Baltic region are significantly influenced by human 
activity. Most reference lakes have a catchment isolated from the impacted areas. Hence, the 
reference population consists of lakes with a relatively small catchment area. This may limit the use 
of the reference values for lakes with larger catchments.
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Fig 2.3.4: Number of reference lake years for each GIG 
type and contribution of Member States finally used 
in the analysis. Type 4 contains the L-CB3 lakes with 
depth < 3m, and is not considered in this intercalibration 
exercise.

The minimum number of reference sites is set at more than 10 lake years from at least three different 
lakes. On the one hand, this number may be too low, on the other hand we believe that this is the 
best estimation we can provide. For all types a comparison is made with values of similar types 
from other GIGs (at least Nordic). A comparison is made also with reference sites in the Rebecca 
data base (Annex C – Part 1). Values appear to be similar.

Reference conditions

The reference value for chlorophyll-a is the median value of mean vegetation period chlorophyll-a 
concentrations in reference lakes and the H/G boundary is set as the 75th percentile of those. The 
75th percentile is considered more appropriate for setting the H/G boundary than the 90th percentile. 
In all types the use of the 90th percentile for setting H/G boundary would result in a relatively high 
proportion of lakes that would be assessed to have high status, but not assigned to reference lakes. 

Detailed characteristics of the reference lakes are provided in Annex C – Part 1 and the resulting 
H/G and reference values are presented in Table 2.3.4. The validity of the presented values is 
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discussed in Annex C – Part 1. The absolute minimum and maximum values are based on the 
variation in G/M values. This means these values are calculated back from G/M boundary assuming 
a constant EQR.

Table 2.3.4: Reference values and H/G boundaries of the mean vegetation period chlorophyll-a concentration (μg l-1) in 
Central/Baltic lake types. The EQR is calculated as reference value divided by the boundary value.

L-CB1 min max L-CB2 min max L-CB3 min max

Reference (median)* 3.2 2.6 3.8 6.8 6.2 7.4 3.1 2.5 3.7

H/G (75th percentile)* 5.8 4.6 7.0 10.8 9.9 11.7 5.4 4.3 6.5

EQR H/G 0.55 0.63 0.57
*only for mid value

2.3.5 Boundary setting 

“Good status” in the WFD for phytoplankton is defined in a slight deviation of the composition and 
abundance of phytoplankton taxa. Furthermore, it is stated that such changes do not indicate any 
accelerated growth resulting in undesirable disturbance:   

• �“Good” status: slight changes in the composition and abundance of phytoplankton which do 
not result in undesirable disturbance to the balance of organisms or to physico-chemical 
quality of the water or sediment;

• �“Moderate” status: Biomass may produce a significant undesirable disturbance in the 
condition of other biological quality elements and physico-chemical quality of the water or 
sediment.

These ideas are further developed in Eutrophication assessment guidance (EC, 2005b), including 
the following definitions:

• �The condition of phytoplankton would not be consistent with good status unless there was 
a negligible probability (i.e. risk) that accelerated algal growth would result in a significant 
undesirable disturbance to the aquatic ecosystem;

• �A significant undesirable disturbance is a direct or indirect anthropogenic impact on an aquatic 
ecosystem that appreciably degrades the health or threatens the sustainable human use of that 
ecosystem. For a water body to be at good status there must be a negligible probability of such 
disturbances being present as a result of human activity;

• �The condition of phytoplankton would not be consistent with good status where, as a result of 
anthropogenic nutrient enrichment, changes in the balance of taxa are likely to adversely affect 
the functioning or structure of the ecosystem. For a water body to be at good status there must 
be a negligible probability of such disturbances to the balance of organisms being present. 

As examples of “significant undesirable disturbance” that may result from accelerated growth of 
phytoplankton are given as for example: 

• �Causes the condition of other elements of aquatic flora in the ecosystem to be moderate or 
worse (e.g. as a result of decreased light availability due to increased turbidity & shading);

• �Causes a change that is harmful to human health (e.g. shellfish poisoning; toxins from algal 
blooms in water bodies used for recreation or drinking water).
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Central - Baltic GIG has set chlorophyll a boundaries for “good status” using several approaches: 
• �“Secondary effect approach” - by agreeing on allowable risks of having three different 

undesirable secondary effects caused by increase of phytoplankton biomass:
   – �Decrease of abundance of submerged macrophytes;
   – �Decrease of the maximum colonisation depth of macrophytes;
   – �Increase of the proportion of Cyanobacteria;
• �Besides the secondary impact parameters, equal classes (on a logarithmic scale) between type 

specific H/G values and the worst values are used to set G/M boundary; 
• �Results of approaches were compared (Table 2.3.5.) and found similar, the ranges of boundary 

values were set based on acquired values, evaluated by expert judgement. 

The exact procedure for each parameter is provided in Annex C – Part 2.

“Secondary effect approach” is based on the concept that accelerated growth of phytoplankton 
caused by anthropogenic nutrient loading has huge consequences to the balance of the food web 
structure in lakes, namely: 

• �a decrease in the maximum depth colonised by submerged macrophytes. The decrease in 
maximum inhabited depth occurs over a large gradient of Secchi depths and is more or less 
linear (Blindow, 1991, Middelboe & Markager, 1997). This relationship is explained by 
the fact that submerged macrophytes need a minimum amount of light at the sediment for 
maintaining growth. This critical amount of light at sediment is reported to be between roughly 
2 and 16 % of surface light and is depending on the growth form of plants and latitude. In 
lakes less than 3 m the colonized depth is a less sensitive indicator because macrophytes can 
grow to the surface level and so compensate for lower light conditions;

• �a shift from macrophytes / benthic dominated community with clear water to a phytoplankton 
dominated community with turbid water. This relationship is expected to be non-linear in 
individual very shallow alkaline lakes (Scheffer, 1998). At reference values of chlorophyll-a 
the majority of alkaline lakes is expected to have abundant macrophytes, while an undesirable 
effect is defined where the majority of the lakes have a low macrophyte cover or even absent;  

• �a shift in phytoplankton composition to light competitors (Cyanobacteria). Some groups of 
Cyanobacteria are notorious dominating in situations of low light and low concentrations of 
dissolved nutrients. Also from the socio-economic point of view, blooms of Cyanobacteria are 
considered as undesirable, because they may produce toxins dangerous for various organisms. 
Some representatives of the Cyanobacteria, however, can be characteristic for natural 
conditions. REBECCA has proposed to use the indicator share of Cyanobacteria (biovolume 
basis), but excluding the Chroococcales, except Microcystis sp. 

Derivation of chlorophyll a boundaries based on changes in submerged macrophytes abundance (see 
Annex C – Part 2.4):

• �Basic assumption is that an increase in phytoplankton growth will  reduce the light conditions 
at the lake bottom, and thus causes a reduction in the abundance of submerged macrophytes as 
an undesirable secondary effect; 

• �many evidence has been reported that lakes can be either turbid, phytoplankton dominated 
or clear and macrophyte dominated, known as ‘hysteresis effect’ or ‘alternative stable states’ 
(Scheffer, 1998);

• �Data were collected (417 lake years of 8 countries, dominating by Dutch and Danish lakes);
• �Abundance was calculated in classes ranging from 0-5 and are averaged values for submerged 

macrophytes and charophytes (more detailed information in Annex)
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• �Relationships were defined between chlorophyll-a values and macrophyte abundance 
(expressed as a fractions of lakes with a macrophyte abundance >3.5, >2.5, >1.5)

• �reference chlorophyll value was used to determine reference macrophyte abundance value;
• �GM boundaries wee set in the most pronounced transitions where abundance of macrophytes 

decreases sharply, indicating shift from macrophyte dominated to phytoplankton dominated state. 

Derivation of chlorophyll a boundaries based on changes to maximum depth distribution of 
submerged macrophytes (see Annex C – Part 2.5):

• �Basic assumption is that an increase in phytoplankton growth will cause a reduction in light 
penetration and thus the maximum depth of colonisation of submerged macrophytes; 

• �Data were collected and screened for outliers (after screening 379 pairs of data were available 
from 8 countries);

• �Relationship was determined between mean growing season chlorophyll a and the maximum 
depth of colonisation of submerged macrophytes by linear regression after square root 
transformation of Zmax and log transformation of chl-a;

• �Reference chlorophyll a value was used to determine reference Zmax value (e.g., for LCB1 type 
chl-a reference value 3.1 µg/l gives a modelled Zmax   4.6 m);

• �“Poor” status was identified as a point where it is likely to have an undesirable change in Zmax 
(“Poor” status for Zmax is 1.0 – 2.1 m for type LCB1);

• �Good/Moderate boundary was determined as a point where there is a low probability being at 
“Poor” status (Zmax 2.8 m and chl-a 13.0 µg/l for type LCB1); 

Derivation of chlorophyll a boundaries based on changes in the dominance of Cyanobacteria (see 
Annex C – Part 2.7) :

• �Basic assumption is that an increase in phytoplankton growth will cause  limited light 
conditions which is a competitive advantage for cyanobacteria (light-competitors) which can 
be considered an undesirable disturbance;

• �Data were collected and screened for outliers (6 countries, 259 data pairs for LCB1 type, 286 
data pairs for LCB2 type, 25 data pairs for LCB3 type)

• �As some representatives of the cyanobacteria, however, can be characteristic of natural 
conditions, it was proposed to use the proportion of cyanobacteria (v/v) as an indicator, but 
excluding the Chroococcales, except Microcystis spp.; 

• �Logistic relationship were developed describing relationships for four definitions of a bloom 
>10%, >25%, > 50% and > 75% Cyanobacteria of total biovolume;

• �The reference conditions were established (e.g. for LCB1 the model predicts a probability of 
8.9-10.4% probability that a single sample taken during summer is expected to exceed the 
cyanobacterial proportion threshold (>50% of total biovolume for LCB1, >75% fro LCB2);

• �Poor status was defined as a point where an undesirable effect is likely to occur  or, in other 
words, where half of samples is expected to exceed the cyanobacterial thresholds (56 µg/l chl-a 
for LCB1 type);

• �Good status as defined as only slight deviation of reference conditions where undesirable effects 
are unlikely to occur (e.g. fro LCB1 12.5% of samples have >50% proportion of Cyanobacteria);

Derivation of chlorophyll a boundaries based on equal classes (see Annex C – Part 2.6): 
• �Besides the effect of chlorophyll-a on other components in the ecosystem, also the change of 

chlorophyll-a itself can be used for setting standards - this is possible by using equal classes 
between the values of type specific reference and the worst values; 
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• �the equal classes division is based on the worst case scenario of chlorophyll-a, which is related 
to light limitation of phytoplankton growth;

• �Several authors (cf Scheffer, 1998) have reported that the maximum chlorophyll a is directly 
dependent on light availability. When the minimum light amount for maintaining growth 
of phytoplankton is a constant value, and lakes have a similar background turbidity, the 
maximum chlorophyll-a is directly dependent on the mixing depth of the lake. In other words, 
chlorophyll-a in deep lakes is more diluted than it is in shallow ones; 

• �Thus, dividing the chlorophyll-a values in equal classes between the H/G boundary and the 
worst situation will result in type specific class boundaries and has an ecological meaning in 
terms of light limitation of phytoplankton growth; 

• �The division of equal classes has to be carried out on log-transformed data, because the 
distribution of chlorophyll-a values is very skewed and, if not transformed, would result in 
statistically inhomogeneous classes;

• �REBECCA dataset was used for boundary setting (because the number of data within the GIG 
does not ensure that the real maximum is achived); 

• �The 95th percentile is assumed to represent the “worst” status, the proposed High/Good 
boundary was taken from reference sites;

• �the distance between the H/G and the worst situation is divided into equal logarithmic 
intervals. Results are shown in Annex C – Part 2.6.

Table 2.3.5a: Proposal for G/M boundary values for chlorophyll-a (Chl-a; μg l-1) in L-CB1 based on changes in 
parameters representing secondary impacts of chlorophyll-a increase. The values presented in the lowest row are 
proposed as final range for the G/M boundary. 

Parameter Estimated reference 
conditions

G/M criteria Chlorophyll-a 
value

Abundance of 
macrophytes

80% of lakes have submerged 
plants up to 70% of the 
samples (= abundance 1.5 on 
common scale)

Chl-a concentration at which 50% of 
lakes contains abundant submerged 
macrophytes up to 70% of samples  
(= abundance 1.5 on common scale)

11

Maximum 
colonization depth of 
macrophytes

maximum colonization depth 
is 3.6 m (25th percentile) to 
5.6 m (75th percentile)

Chl-a concentration at which probability 
of being in poor status is 5%. Poor status 
is defined as a maximum colonization 
depth of 1.5 m

10

Equal division 
between H/G and the 
worst case for lakes 
with depth 3-6 m

5.8 μg l-1 chlorophyll-a at 
H/G

Chl-a concentration at which classes 
are equal between log-transformed H/G 
value and the worst value  
(95th percentile, 81 μg l-1)

12

Equal division 
between H/G and the 
worst case for lakes 
with depth 6-9 m

5.8 μg l-1 chlorophyll-a at 
H/G

Chl-a concentration at which classes 
are equal between log-transformed H/G 
value and the worst value  
(95th percentile, 30 μg l-1) 

9

Equal division 
between H/G and the 
worst case for lakes 
with depth 10-15 m

5.8 μg l-1 chlorophyll-a at 
H/G

Chl-a concentration at which classes 
are equal between log-transformed H/G 
value and the worst value  
(95th percentile, 23 μg l-1) 

8

Proportion of 
cyanobacteria

9 to 10% of samples in high 
summer have a fraction 
cyanobacteria of >50% 

Chl-a concentration at which 12.5% of 
samples in summer have a fraction of  
>50% of cyanobacteria

12

RANGE 8-12
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Tables 2.3.5a and b summarize the G/M chlorophyll-a values derived according different criteria. 
In most cases, more than one criterion for the same parameter is presented to show the sensitivity 
of the resulting chlorophyll-a values to the criteria used to define G/M boundaries for the secondary 
effect parameters and to determine the expected range of values for transformation to national types:

• �For L-CB1 and L-CB3 the highest and the lowest chlorophyll-a values resulting from the 
application of different G/M criteria determine the range into which the values of the Member 
State national assessment systems should fall. The EQR is a constant value for each type; 

• �For L-CB2 the maximum value of the range is not mathematically determined by the highest 
values of the G/M definitions. Only one method provided the maximum value of 28, while all 
other methods (6 in total) showed a range between 21 and 24. Instead, expert judgement is 
used to set the maximum value of the range, which has resulted in the value of 25. The method 
of maximum colonization depth is producing the highest values and is judged as less sensitive 
for indicating G/M boundaries in this type, and therefore only partly taken into account. 

Table 2.3.5b: Proposal for G/M boundary values for chlorophyll-a (Chl-a; μg l-1) in L-CB2 based on changes in 
parameters representing secondary impacts of chlorophyll-a increase. The values presented in the lowest row are 
proposed as final range for the G/M boundary. 

Parameter Estimated reference values G/M criteria Chlorophyll-a 
value 

Abundance submerged 
macrophytes

65% of lakes have submerged 
plants more than c. 70 % of the 
samples and charophytes are 
present (= abundance 2.5)

Chl-a concentration at which 
proportion of lakes with abundant 
submerged macrophytes (> c. 70% of 
samples) and charophyte presence just 
don’t show a steep decrease

21

90 % of lakes have submerged 
plants up to c. 70 % of the 
samples (= abundance 1.5)

Chl-a concentration at which less than 
70% of lakes have submerged plants 
up to c. 70% of the samples

23

Maximum colonization 
depth

maximum colonization depth 
is 3.0 (25th percentile) to 3.5m 
(75th percentile)

Chl-a concentration at which 
probability of being in poor status 
is 10 %. Poor status is defined as a 
maximum colonization depth of 1.0 m 

28

maximum colonization depth 
is 3.0 (25th percentile) to 3.5m 
(75th percentile)

Chl-a concentration at which 
probability of being in poor status 
is 5 %. Poor status is defined as a 
maximum colonization depth of 1.0 m 

21

Equal division between 
H/G and the worst case 
for lakes with depth 
between 2 and 3m

10.8 μg l-1 chlorophyll-a at 
H/G

All quality classes below H/G 
are equally divided between log-
transformed H/G value and the worst 
value (95th percentile, 184 μg l-1). 

22

Equal division between 
H/G and the worst case 
for lakes with depth 
between 1 and 2m

10.8 μg l-1 chlorophyll-a at 
H/G

All quality classes below H/G 
are equally divided between log-
transformed H/G value and the worst 
value (95th percentile, 254 μg l-1). 

24

Proportion of 
cyanobacteria

6 to 8 % of samples in high 
summer have a fraction 
cyanobacteria of >75% 

Chl-a concentration at which 10% of 
samples in summer have a fraction of  
>75% cyanobacteria

21

RANGE 21 – 25*

*Range for LCB-2 is only partly determined by the highest values, explanation see text



46

Table 2.3.5c: Proposal for G/M boundary values for chlorophyll-a (Chl-a; μg l-1)  in L-CB3 based on changes in 
parameters representing secondary impacts of chlorophyll-a increase. The values presented in the lowest row are 
proposed as final range for the G/M boundary. 

Parameter Estimated reference 
and critical values

G/M criteria Chlorophyll-a 
value

Maximum 
colonization depth 
of macrophytes

maximum colonization 
depth is 3.6 m (25th 

percentile) to 5.6 m 
(75th percentile)

Chl-a concentration at which probability is 5% 
at a maximum colonization depth of 1.5 m

10

Equal division 
between H/G and the 
worst case for lakes 
with depth 3-6 m

5.4 μg l-1 chlorophyll-a 
at H/G

Chl-a concentration at which classes are equal 
between log-transformed H/G value and the 
worst value (95th percentile, 81 μg l-1). Worst 
value assumed to be similar as for L-CB1.

12

Equal division 
between H/G and the 
worst case for lakes 
with depth 6-9 m

5.4 μg l-1 chlorophyll-a 
at H/G

Chl-a concentration at which classes are equal 
between log-transformed H/G value and the 
worst value (95th percentile, 30 μg l-1). Worst 
value assumed to be similar as for L-CB1.

9

Equal division 
between H/G and the 
worst case for lakes 
with depth 10-15 m

5.4 μg l-1 chlorophyll-a 
at H/G

Chl-a concentration at which classes are equal 
between log-transformed H/G value and the 
worst value (95th percentile, 23 μg l-1). Worst 
value assumed to be similar as for L-CB1.

8

RANGE 8-12

The presented range is needed because the types are broad. Defining a narrower type would have 
resulted in too few reference sites. Member States need also to transpose the values of the common 
general type to their more detailed typology, see also 2.3.6. Therefore, a constant EQR per type is 
proposed, and using the variation in G/M boundaries the range of reference values is estimated. 
The range in absolute H/G and G/M values for each common type has also an advantage from 
the legal point of view. When the intercalibration register is revised, the sites should correspond 
to the H/G and G/M boundaries (see Annex V). If one precise boundary value is provided by the 
intercalibration exercise, strict legal interpretation would mean that no sites remain in the register. 
The range of boundary values can be used to revise the register successfully from both legal, 
scientific, and public interest point of view.

2.3.6 Final outcome of the Intercalibration 

In the BQE phytoplankton, the final outcome of the IC exercise with respect to the phytoplankton 
parameter “abundance/biomass” is an agreement on boundaries (ranges) for all classes of growing 
season mean chlorophyll-a concentration. The reference values, class boundaries and the EQRs of 
the common metrics are given in the Table 2.3.6.

Guidance for transpose agreed GIG values to national types

When the lake characteristics of Member States are comparable to the characteristics of the type 
characterisation the presented boundary mid-values will be valid. The Member States can use the 
range of the common GIG-types to set the most suitable boundaries for their national typology. As 
guidance for transpose agreed GIG values to national types, Table 2.3.6b  can be used. 
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Table 2.3.6a: Summary table of reference values, H/G and G/M class boundaries for growing season chlorophyll-a 
concentration (μg l-1) and the Ecological Quality Ratios (EQR) for boundaries in the Central/Baltic lake types. 
Minimum (min) and Maximum (max) values for chlorophyll-a concentration show the accepted range of reference, 
H/G, G/M values with a constant EQR for each type.

L-CB1 min max L-CB2 min max L-CB3 min max

Reference 3.2 2.6 3.8 6.8 6.2 7.4 3.1 2.5 3.7

H/G 5.8 4.6 7.0 10.8 9.9 11.7 5.4 4.3 6.5

G/M 10 8 12 23 21 25 10 8 12

EQR H/G 0.55 0.63 0.57

EQR G/M 0.32 0.30 0.31

Table 2.3.6b: Guidance on how national lake characteristics determine the use of minimum or maximum values of the 
common type. 

Lake descriptor Characteristics of national type or lake 
population as compared to GIG type

Guidance for use of minimum and 
maximum values

depth relatively shallow* max

sediment organic max

sediment gravel, sand min

background turbidity relatively high* max

residence time relatively low* max

altitude relatively low* max

alkalinity relatively high* max
*opposite characteristics result in minimum guidance values

The GIG proposes that Member States will have the ability to use different numerical values outside 
the agreed range when characteristics of a lake type (or an individual lake) is outside the range of 
the reference lake population or the common typology.

2.3.7 National types vs. Common Intercalibration types 

In most countries of the Central/Baltic GIG, national lake typologies have been developed, which 
differ both in typifying factors and in type boundaries, for example:

• �Region, depth, size, alkalinity, and humic content are used in UK typology (values of colour 
boundaries for types still to be agreed) and form the base for typology also in most other 
countries; 

• �Belgian lake typology use pH and DIC (dissolved inorganic carbon) concentration as 
descriptors of catchment geology;

• �Retention time  and  catchment area/lake volume ratio are included in German lake typology ;

• �In Poland and Germany division is made by Schindler’s ratio (catchment area/lake volume), in 
The Netherlands and Denmark – by salinity.

There are two parameters commonly used in almost all typologies: 

• �lake depth (mainly mean depth, also mixing regime) and 

• �hardness of water (described by alkalinity, conductivity, pH) 
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that makes it possible to compare national systems with the common IC types. The following table 
2.3.7 shows, which national types (roughly) correspond to the common IC lake types.

Table 2.3.7: The Central/Baltic Intercalibration types vs. national lake types. The two-letter ISO 3166 country codes 
used to abbreviate country names. 

Country\Type LCB1 LCB2 LCB3

BE-FL Awe, Awom Ai,  Ami-e, Ami-om Cb** 

DE 10,13 11.2 n.a.*

DK 7,10 6, 9 2,4

EE 3 2 5

FR A7b  (if depth > 3m)
A13a, A13b, A14, A15 (if depth>3m and 
alt <200m)¹ 
N8, N12 (if alk >1meq l-1 and depth >3m)

A7a (if depth < 3m)
A13a, A13b, A14, A16 (if depth <3m and alt 
<200m) ¹
N8, N12 (if alk >1meq l-1 and depth <3m), (1)

A6b, N9
N12 (if alk 
<1meq l-1 and 
depth >3m)

HU 6 1,(9) n.a.*

LT 2, 3 1 n.a.**

LV 5,6,9 1,2 7,8

NL M20 M5 M14 M23 M21 M27 n.a.**

PL 2a,3a,5a,6a,7a 2b,3b,4, 5b, 6b,7b 1a,1b

GB HAS HAVS
NI5 ª, NI6 ª, NI9, NI10

n.a.*

*n.a. = not present in the MS
**n.a.= not present in the MS as > 50ha
¹ included in hydroecoregions 9, 10, 11 and 14 (lowland and calcareous hydroecoregions)
ª only part of type corresponds to the LCB2 (other part is not covered by the GIG type because Northern Ireland types 
have alkalinity range 0.4-2 meq l-1)

Detailed description of the MS typologies are included in Annex C – part 3. 

2.3.8 Open issues and need for further work

Harmonization of water quality assessment systems based on biological quality elements needs 
much more time for completing:

1. �not for all quality elements the assessment systems are harmonised, and for phytoplankton 
they are harmonized only partly (for phytoplankton there are four parameters (abundance, 
composition, frequency of blooms and secondary impacts), of which only abundance and 
secondary impacts are harmonized

2. �The present work has focused only on eutrophication, while other pressures, e.g. acidification, 
can affect the status too. Many studies have shown that residence time, temperature, sediment 
composition and water level fluctuation can affect phytoplankton and macrophyte composition 
and abundance. Although, these factors may have a minor effect on the boundaries in most 
cases, more data are needed to prove it;

3. �This first exercise revealed also that sampling methodology and analysis differ between MS. 
The GIG experts have the opinion that as long as convincing relationships between biological 
and pressure indicators can be demonstrated, the data can be used for harmonization. 
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But we expect that more comparable data can reduce significantly the uncertainties of the 
relationships found in the present databases.

4. �The number of reference sites is small. For chlorophyll-a a sufficient number was provided 
for L-CB1, but for other types and quality elements more sites are needed to set more reliable 
reference conditions. Also, the criteria we used for reference sites tended to exclude lakes with 
larger catchments. more reference sites are needed to validate present harmonised parameters 
and  set class boundaries for other quality elements

5. �in some cases fundamental differences exist between national assessment methods that makes 
it difficult to use a common indicator.

The GIG experts stress the need to update the present work in near future. New monitoring 
programs will be started which use probably more comparable methodologies enforced by CEN 
guidances, and may improve the relationships presently found in the database.  

We therefore believe that intercalibration needs to be continued for the period of the next River 
Basin Management Plan, and that a long period (ca 6 years) is needed to validate the present results 
and develop new class boundaries based on other quality elements. In this round much more data 
are expected to become available since the Member States’ monitoring programs have produced 
their first results.

2.4 Mediterranean GIG

2.4.1 Mediterranean Lake Types

After an early attempt to have eight types included in the Mediterranean GIG, three common types 
were finally identified (Table 2.4.1a), characterised by the following descriptors: 

• �Altitude - three classes: lowland (< 200 m), mid-altitude (200–800 m), and between lowland 
and highland (< 800 m);

• �Depth - one class: deep lakes with mean depth >15 m;
• �Alkalinity - two classes: calcareous (>1 meq l-1), and siliceous(<1 meq l-1);
• �Lake size - one class: large (>0.5 km2).

Table 2.4.1a: Mediterranean lakes: Intercalibration types (as agreed in IC type manual, (Bund et al., 2004)).

Type Lake characterisation Altitude (m a.s.l.) Mean depth (m) Alkalinity (meq l-1) Lake size (km2)

L-M5 Reservoirs, deep, large 
siliceous, lowland < 200 > 15 < 1 > 0.5

L-M7 Reservoirs, deep, large, 
siliceous, mid-altitude  200 - 800 > 15 < 1 > 0.5

L-M8
Reservoirs, deep, large, 
calcareous, between 
lowland and highland

0 - 800 > 15 > 1 > 0.5

During the IC process it was shown that:
• �No significant differences existed between former types 5 and 7 (both siliceous), altitude 

proving irrelevant; 
• �Data analysis on Portuguese reservoirs showed that their L-M5 southern reservoirs differed 

from the L-M5 northern ones by climatic and hydrological features. 
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Based on analysis of some climatic and hydrological variables, (see Annex D - Part 1) it was agreed:
• �To merge the siliceous types (L-M5 and L-M7);
• �To segregate from L-M(5+7) those reservoirs where climate and hydrological features fit well 

with the southern reservoirs in drier areas, thus resulting in an “arid” siliceous versus a “wet” 
siliceous type;

• �To study the possibility of making the same division for calcareous reservoirs for further 
Intercalibration stage.

Table 2.4.1b: Mediterranean lakes: Intercalibration types (as agreed in the IC process). All lakes >0.5 km². Reservoirs 
with catchment area larger than 20 000 km2 were excluded from all three types.

Old Name 
Type Lake characterization Altitude

(m)
Annual mean Precipitation 
(mm) and Temperature (ºC)

Mean depth 
(m)

Alkalinity 
(meq l-1)

L-M5 + 
L-M7

Reservoirs, deep, large 
siliceous, “arid areas” 0-800 < 800 and >15 >15 < 1

L-M5 + 
L-M7

Reservoirs, deep, large, 
siliceous, “wet areas” 0-800 >800 or <15 >15 <1

L-M8
Reservoirs, deep, large, 
calcareous, between 
lowland and highland

0-800 – >15 >1

It was noted that the data set of “siliceous arid” type was too small to be statistically valid and thus 
the boundaries were set only for two types – “siliceous wet” and “calcareous”. Not all Med GIG 
countries have these types: so Portugal does not share calcareous types but Cyprus and Italy don’t 
have siliceous “wet” reservoirs (table 2.4.1c). 

Table 2.4.1.c: Mediterranean lakes: IC types with final results (all reservoirs with area > 0.5 km², reservoirs with 
catchment area larger than 20 000 km2 excluded).

Type Lake characterisation CY GR FR IT PT ES RO

Siliceous from 
“Wet areas” 

Reservoirs, deep, large, siliceous, 
“wet areas”

n.a. + + n.a.  + + +

Calcareous Reservoirs, deep, large, calcareous + + + + n.a. + +

2.4.2 Intercalibration approach

The Mediterranean GIG for lakes chose Option 1 (EC, 2005a), at which all Member States are 
sharing a common classification procedure.

Several reasons have led the GIG to adopt Option 1: 
• �The scarcity of valid data prior to the outset of the IC exercise. Monitoring programmes 

traditionally were based on surface or uppermost water samples for nutrients/chlorophyll 
concentration, while some data of phytoplankton composition were obtained primarily for 
research purposes at Universities or research institutes;

• �Variable sampling strategies (concerning both frequency and water layers) and analysis  
methods;  

• �Willingness among GIG partners to adopt common metrics, assessment methods and 
classification systems.
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Intercalibration exercise included 3 following steps:

• �Selection of reference sites and Intercalibration sites (corresponding to G/M boundary);

• �Sampling programme (2005) according to agreed sampling strategy and lab methodology;

• �Setting of boundaries and reference conditions using acquired dataset;

• �Validating of boundaries using additional data of Mediterranean reservoirs.

Two phytoplankton biomass metrics were subject to intercalibration: 

• �Chlorophyll-a concentration; 

• �Total biovolume.

A thorough agreement was achieved on a common choice of biological parameters, sampling 
strategy and lab methodology. Data collection entirely relied upon an agreed common sampling 
programme and laboratory methodology, applied to 37 Intercalibration and 11 reference sites, and 
jointly performed during 2005 summer season (integrated samples taken on 3-4 sampling dates per 
site from the euphotic layer - 2.5*Secchi depth ) (see Annex D – Part 2). Common boundaries for a 
common metrics were set by an agreed common procedure, based on a joint dataset. 

Additional datasets were used for boundary validation and setting of chlorophyll ranges:

• �75 reservoirs Spain, Portugal and Italy with time series data for setting of chlorophyll ranges; 

• �Relationships between chlorophyll and Secchi disk: 52 Spanish reservoirs + 28 Portuguese 
reservoirs/ 564 paired samples;

• �Relationships between chlorophyll a and different groups of algae: 33 Spanish reservoirs/ 33 
reservoirs-years;

• �Relationships between biovolume and different groups of algae: 33 Spanish reservoirs + 35 
Italian reservoirs/ 68 reservoirs-years;

• �Relationships between chlorophyll a and oxygen: 114 Spanish reservoirs/160 reservoirs-years.

2.4.3 National methods that were intercalibrated 

None of the L-M GIG countries, except France, has so far any national methodology previously 
established for phytoplankton-based water quality assessment.
Member States plan to adopt the values defined within the GIG for their national assessment 
systems. Strictly speaking, no real intercalibration concept applies to the so-called Option 1, since 
the common method that was used in the process was agreed to be adopted by MS in their national 
monitoring programmes.  

2.4.4 Reference conditions 

Reference conditions in reservoirs 

Reservoirs are water bodies identified as heavily modified water bodies (HMWBs) or artificial water 
bodies (AWBs). For HMWB and AWB, the reference conditions on which status classification is based 
are within the range of “Maximum Ecological Potential” (MEP). The MEP represents the maximum 
ecological quality that could be achieved for a HMWB or AWB, once all mitigation measures that do 
not have significant adverse effects on its specified use or on the wider environment have been applied.
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The MEP biological conditions shall reflect, as far as possible, those associated with the closest 
comparable water body type (lakes, in this case). However, if it is not possible to identify a 
comparable natural lake, it will be necessary to identify a HMWB or AWB (reservoir) of the 
same type, being subject only to the impacts resulting from the artificial or heavily modified 
characteristics of the water body.

The Directive allows establishing MEP values by the same methods as the reference values of the 
natural water bodies

Approach for setting of reference conditions
The Lake Mediterranean GIG used the spatial approach to define the MEP conditions, even though 
it proved not to be easy to find many reservoirs fulfilling reference criteria. Ten reference reservoirs 
were selected according to reference conditions criteria (see Annex D Part 3). 
These reservoirs, except one, were sampled during summer 2005, according to common programme, 
sampling strategy and lab methods for all the IC sites in the GIG, as previously planned. The 
reference site list is presented in Annex D Part 4.

Calculation of reference conditions
The summary statistics used to define the reference values of chlorophyll and biomass were the 
median of the summer mean values measured at the reference sites for each type (Table 2.4.4a). 

After the new typology was agreed, the type “siliceous from arid areas”, or “siliceous arid,” 
only had one single reference site with available data. Therefore, it was not possible to set 
reliable reference conditions for the “siliceous arid” type for the moment. Therefore this task is 
recommended to be undertaken in the next IC stage.

Table 2.4.4a: Type-specific reference values for phytoplankton biomass metrics for Mediterranean GIG reservoirs 
(summer mean values).

Intercalibration type Chlorophyll-a (μg l-1) Total Biovolume (mm3 l-1)

Siliceous from “Wet” areas 1.4 0.36

Calcareous 1.8 0.76

The L-M GIG experts acknowledge the fact that the available data set from reference sites was 
not large and statistically significant enough to determine differences between types in terms of 
definitive reference values. Even so, it was agreed to consider these values as provisional and to 
review them in the next stage of the IC process.

Setting of ranges for chlorophyll a reference conditions 
Since these results had to be derived from one single sampling year, it became necessary to account for 
interannual variability, which is particularly remarkable in the Mediterranean region. For this reason, 
type-specific ranges of reference values were calculated, based on previously available datasets for chl 
a, not being possible to proceed likewise for the  other indicators, due to a lack of data. 

Type-specific ranges of reference values were calculated by following procedure (more details in 
Annex D Part 5):

• �75 reservoirs have been selected where more than one chlorophyll value were available for 
different years (summer average mean values);
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• �The variation coefficient of each reservoir temporal serial was calculated as the ratio between 
standard deviation and the mean value of the temporal serial;

• �The median of the variation coefficient was calculated for both reservoir types and was used to 
establish a minimum and max value of reference conditions.

In the following table, the ranges of chl-a summer mean values at reference conditions are shown 
(Table 2.4.4b).

Table 2.4.4b: Ranges of type-specific reference values for phytoplankton biomass metrics Mediterranean GIG 
reservoirs (summer mean values).

Lake type  Chlorophyll-a (μg l-1)

Siliceous reservoirs from   “wet” areas 1.4 - 2.0

Calcareous reservoirs 1.8 - 2.6

2.4.5 Boundary setting 

G/M boundary setting was based on the data specially collected from all the GIG IC network sites 
during the summer of 2005, according to the same common programme, sampling strategy and lab 
methods. 

G/M boundary setting was based on 3 consecutive steps:
1) �Selection of IC sites by expert judgment and all available information about 

eutrophication conditions and the Med GIG interpretation of the WFD normative 
definitions for ecological classes based on phytoplankton (see Table 2.4.5a).	  
The selection of the reservoirs proposed as sites at the G/M boundary in the intercalibration 
register was based on eutrophication criteria, supported by scientific literature. The 
interpretation of the maximum, good and moderate ecological potential was based, in 
this GIG, on the range of the algal biomass data available from an array of Spanish 
reservoirs, as well as on the changes in taxonomic composition of phytoplankton. 
Interpretation of “undesirable disturbance” was based on the increase or decrease of some 
groups of algae, as respective indicators of increase or decrease of eutrophication.	  
The good ecological potential for Mediterranean reservoirs was recognized to deviate 
only slightly from reference conditions, not to the extent to bring about an undesirable 
disturbance to the balance of groups of algae. The phytoplankton biomass, expressed as Chl-a 
concentration and total biovolume, shows values higher than for the maximum ecological 
potential along the mesotrophic state range, even though the composition of algae groups 
does not become affected by longer changes. The values of both the percentage of bloom-
forming cyanobacteria in total biovolume and composition indices, also measured in all 
IC sites during the summer 2005 sampling campaign, might be higher than at maximum 
ecological potential without producing secondary alterations.

2) �Calculation of G/M boundaries for chlorophyll-a and phytoplankton biovolume;	  
The approach adopted by the L-M GIG was to set the G/M boundary value 
as the 95th percentile of the distribution of the summer (June-Sept) average 
values of chlorophyll-a concentration and phytoplankton biovolume at the IC 
sites. The G/M boundary values of these two metrics were calculated for each 
type: Siliceous Arid, Siliceous Wet and Calcareous. The list of selected sites 
and data underlying the analysis of boundary setting are given in Annex D Part 6. 	  
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Five reservoirs (three from siliceous “wet” type, twp from calcareous), turned 
out to be outliers concerning biomass metrics, and were therefore excluded from 
calculations. Likewise, four reservoirs were excluded from the calcareous type, 
because the relationship between chlorophyll and biovolume happened to be quite 
different from the one shown by the rest of the other sites, leading to the assumption 
that some errors were involved in these indices (Annex D – Part 7).			    
Just like for reference conditions, the data set used was not statistically significant to 
consider these results as definitive. The scarcity of data is particularly remarkable for the new 
“Siliceous-Arid” type, from which only five IC sites were available (see Annex D part 6). At 
first it was agreed to consider these values as provisional and to continue to review them in 
the next stage of the IC process, as soon as the possibility arises to increase the number of 
sites. However, it was further realized that the characteristics of some of the IC sites did not 
match thoroughly with the range of values for the descriptors of this type, and for all these 
reasons later the GIG decided to exclude the “Siliceous-Arid” type from the IC results and 
continue the work at the next stage of the IC exercise.

Table 2.4.5a: Compliance with the normative definitions and interpretation of the ecological classes for phytoplankton 
for Mediterranean reservoirs.

Ecological potential class

Maximum potential Good potential Moderate potential

Taxonomic composition

It corresponds totally, or nearly totally, 
to undisturbed conditions, aside from the 
hydromorphological alterations calling for 
HMWB designation. For Phytoplankton 
composition, the maximum ecological 
potential corresponds to a composition of 
algae groups coherent with undisturbed 
conditions. Very minor % of bloom-
forming Cyanobacteria biovolume is 
expected.

It corresponds to a slightly deviation 
from reference conditions. The 
composition of algae groups does not 
become affected by longer changes 
although some taxa begin to change. 
The values of both % of bloom-
forming Cyanobacteria biovolume and 
composition indices might be higher 
than at maximum ecological potential . 

It involves a moderate deviation from 
reference conditions, what brings 
about an undesirable disturbance in the 
balance of algal groups. The values of 
% of bloom-forming Cyanobacteria 
biovolume and composition index might 
be higher than those at the maximum 
and good ecological potential. So as 
the composition of algae groups can be 
affected by longer changes. 

Biomass

It corresponds totally, or nearly totally, 
to undisturbed conditions, aside from the 
hydromorphological alterations calling 
for HMWB designation. Biomass, Chl-a 
concentration and total biovolume show 
low values. With regard to the types, 
average summer biomass values for 
the reservoirs situated in “Arid” areas 
are expected to be higher than those for 
reservoirs situated in “Wet” areas. 

The phytoplankton biomass, expressed 
as Chl-a concentration and total 
biovolume, shows values higher than for 
the maximum ecological potential. The 
deviation not to the extent to bring about 
an undesirable disturbance to the balance 
of groups of algae. Slight oxygen 
depletion in the bottom water and less 
transparency could occur (not due to the 
high presence of suspended solids).

The phytoplankton biomass, expressed 
as the Chl-a concentration and total 
biovolume, shows values higher than 
for the maximum and good ecological 
potential, thus causing secondary 
undesirable alterations like significant 
oxygen depletion in the bottom water 
and the water transparency (not due to 
the high presence of suspended solids)

Frequency and intensity of planktonic blooms

Not taken into account Not taken into account Not taken intoaccount

Table 2.4.5b: Type-specific Good/Moderate quality class boundary values based on summer averages of chlorophyll-a 
and phytoplankton biovolume for Mediterranean GIG reservoirs.

IC type Chlorophyll-a (μg l-1) Total Biovolume (mm3 l-1)

Siliceous reservoirs from  “Wet areas” 6.7 1.9

Calcareous reservoirs 4.2 2.1
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3) �Validation of G/M boundaries with the changes in the taxonomic composition as 
described in the conceptual model of the WFD normative definitions.		   
A data set of previous data of Spanish reservoirs was used with the purpose to expand 
the information along the whole gradient of pressures and to identify the behaviour of 
some groups of algae in relation to eutrophication. Data analysis showed that the range 
of G/M boundary values set for the IC sites (Table 2.4.5b) corresponded to changes in the 
phytoplankton composition (decrease of the % of Crysophyta, decrease of central Diatoms 
and increase of the % of Cyanobacteria), although in some instances the resulting chlorophyll 
G/M boundary value might seem too strict for the calcareous type. More detailed description 
can be found in Annex D Part 8, where some discontinuities can be noticed in the figures 
showing the variation of. physico-chemical parameters, thus supporting the above results.

4) �Setting of ranges for chl Good/Moderate Boundary					      
In addition, previous Spanish, Portuguese and Italian datasets were used to validate 
boundaries and set ranges, as well as to increase the statistical significance of data. Moreover, 
these previous data can be used to analyze the interannual variability of the limnological 
variables, particularly in chlorophyll a concentration. As a result, a range of G/M boundary 
values for chlorophyll a concentration, instead of a single value, can be proposed for 
each type.											            
Unfortunately, no historical data for algal biovolume were available, so the concerned values 
cannot be analyzed to find out the interannual variability. For this reason, no ranges are 
provided for this indicator, and therefore only single values had to be used to set the G/M 
boundaries. However, it is reasonable to assume that the behaviour of this variable will 
respond similar to chlorophyll a concentration interannual variability. Further analyses should 
be conducted to validate this assumption.							        
In the following table, G/M boundary values are shown for chl-a summer mean concentration, 
including ranges so as to account for interannual variability, as explained in Annex D – Part 5.

Table 2.4.5c: Ranges of G/M boundary values for Med GIG reservoirs (summer mean values, integrated photic depth).

IC type Chlorophyll-a (μg l-1)

Siliceous reservoirs from “Wet areas” 6.7 - 9.5

Calcareous reservoirs 4.2 - 6.0

Both non-normalized and normalized EQR were calculated using ref values and boundary values of 
chlorophyll a and phytoplankton biomass: 

• �non-normalized EQR was calculated as ratio between the reverse of Chl concentration at the 
G/M boundary and the reverse of Chl concentration at reference conditions;

• �Also EQR scale was normalized using partial linear relationships (Annex D – Part 9).

Calculation of EQRs

Both non-normalized and normalized EQR were calculated using ref values and boundary values of 
chlorophyll a and phytoplankton biomass: 

• �Non-normalized EQR was calculated as ratio between the reverse of Chlorophyll a concentration 
at the G/M boundary and the reverse of Chl concentration at reference conditions (table 2.4.6.);

• �Further EQR scale was normalized using partial linear relationships (Annex D – Part 9).
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2.4.6 Final outcome of the Intercalibration 

The final outcome is an agreement on ref values and G/M boundaries for two phytoplankton 
biomass metrics: summer mean chlorophyll-a concentration and summer mean total biovolume. The 
class boundaries of the common metrics are given in Table 2.4.6. 

Table 2.4.6: Reference values and the G/M class boundaries for the mean summer chlorophyll-a concentration  and total 
phytoplankton biovolume for the Med GIG IC reservoir types.

IC types Siliceous reservoirs Wet areas Calcareous reservoirs

Chlorophyll-a 
(μg l-1)

Reference value 1.4 - 2.0 1.8 - 2.6

G/M 6.7 - 9.5 4.2 - 6.0

EQR 0.21 0.43

Total Biovolume 
(mm3 l-1)

Reference value 0.36 0.76

G/M 1.9 2.1

EQR 0.19 0.36

Guidance how to transpose IC results to the national assessment systems

Interannual variability of biological conditions is caused by the shift of driving factors which can 
be measured through a number of hydromorphometeorological parameters. For Mediterranean 
reservoirs, examples can be given by the water retention time, maximum depth or annual rainfall, 
as well as by the summer or yearly average percentage of the impounded water volume related to 
full storage capacity. A scale of any of the appropriate parameters can be matched to a scale of 
chlorophyll concentration at reference conditions (RC), depending on the ecotype to which the 
reservoir is ascribed. 

In order to keep in line with the approach taken by other GIGs, the following procedure is presented 
as for the way to use the ranges calculated in the IC process:

• �Establish a scale of the appropriate hydromorphometeorological parameter, as applying to the 
concerned ecotype in explaining interannual biological variability, and match it to the type-
specific RC chlorophyll range;

• �Adopt that value from the range of Chl RC values that corresponds to the current value of 
the appropriate hydromorphometeorological parameter, based on the table of correspondence 
between both scales;

• �Divide the adopted Chlorophyll RC value by the type-specific EQR in order to calculate the 
Chlorophyll G/M boundary value.

2.4.7 National types vs. Common Intercalibration types

In most Mediterranean countries, national reservoir typologies have been developed, except Greece, 
which are currently completing their respective typologies.     

Spanish typology differentiates reservoirs according to climate zone (wet, arid), alkalinity 
(calcareous, siliceous) and catchment area (small < 1000 km², large > 1000 km², very large >  
20 000 km²). 
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The Cyprus typology is based on salinity (salt-brackish-freshwater), connection to river (isolated or 
connected) and water depth (shallow: < 5m, deep > 5m). For example Type L4  which corresponds 
to the Intercalibration type LM8 is Connected deep reservoir (freshwater, connected to river, depth 
> 5m). 

The following Table 2.4.7 shows, which national types (roughly) correspond to the common IC lake 
types.

Table 2.4.7: Correspondence between national and IC lake types in the Mediterranean GIG. (N.a.- not 
applicable);

L-MGIG CY ES FR IT PT RO

Siliceous wet n.a Type 1,2,3 A10 
A12

n.a. North type ROLA8
ROLA12

Calcareous L4 Type 7,8,9 A3, A8, A10, 
A12

ME-4 n.a. ROLA6
ROLA8
ROLA10

2.4.8 Open issues and need for further work

Open issues

The Mediterranean GIG has agreed that it is necessary to check and, if appropriate, improve current 
achievements. The following issues were agreed to be worked on:

• �Study the need of splitting the Calcareous type (L-M 8) into “Wet” and “Arid”, just like the 
approach agreed for siliceous reservoirs.  

• �Review the criteria for reference site selection and definition of common criteria;
• �Achieve an agreement on the values for reference conditions applicable to the siliceous arid 

type, if possible by sampling in an appropriate number of reference sites; 
• �Increase the number of IC sites and review the criteria for IC sites selection in order to get a 

statistically sufficient number of sites for the siliceous arid type and to validate the boundary 
values for all the types (further sampling would become necessary in these additional sites).

Need for further work

GIG experts recognize the importance to continue the IC process in order to deal with the above 
mentioned open issues and expand the scope to other biological quality elements. As for the first 
item, open issues have to do with the IC typology, the selection of sites at both G/M boundary and 
reference conditions, and the overall approach for the IC procedure.

2.5 Northern GIG

2.5.1 Northern Lake types

The Northern Geographical Intercalibration Group (GIG) includes (parts of) Finland, Sweden, 
Norway, United Kingdom and Ireland.
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In the Northern GIG, seven common types were identified (Table 2.5.1), characterized by the 
following descriptors: 

• �Altitude – two categories: lowland (altitude <200 m a.s.l) and mid-altitude (between lowland 
and highland, mainly 200 – 800 m a.s.l), the highland lake type (>800 m a.s.l) was not 
intercalibrated due to lack of data;

• �Lake depth, using two categories: shallow (mean depth 3-15 m) and deep (mean depth > 15m). 
For the deep lakes data was available only from low alkalinity clear lakes. The very shallow 
lake type (<3 m) was not intercalibrated due to lack of data in most NGIG countries.

• �Alkalinity was used as a proxy for siliceous/calcareous geology, with two categories: low 
alkalinity (< 0.2  meq l-1) and medium alkalinity (0.2 – 1 meq l-1);

• �Water colour was used as a proxy for organic/peat content using three categories: clear (< 30 
mg Pt/L), humic (30-90 mg Pt/L) and polyhumic (>90 mg Pt/L). The polyhumic lake types 
(L-N3b, 6b and 8b) were not intercalibrated because they are  mainly found in Finland, so very 
little data exist from such lakes in the other NGIG countries;

• �Lake size based on surface area, using only one size class (> 0.5 km2).

Table 2.5.1: Northern GIG lakes: Intercalibration types (as agreed in the IC process). All lakes with surface area > 0.5 km2.

Type Lake characterisation Altitude  
(m a.s.l)  

Mean depth 
(m)

Alkalinity 
(meq l-1)

Colour (mg 
Pt l-1)

LN1 Lowland, shallow, moderate alkalinity, clear < 200 m  3 - 15 0.2 - 1 < 30 

LN2a Lowland, shallow, low alkalinity, clear < 200 m  3 - 15 < 0.2 < 30 

LN2b Lowland, deep, low alkalinity, clear < 200 m  > 15 < 0.2 < 30 

LN3a Lowland, shallow, low alkalinity, humic < 200 m  3 - 15 < 0.2 30-90 

LN5a Mid-altitude, shallow, low alkalinity, clear 200-800 m 3 - 15 <  0.2 < 30 

LN6a Mid-altitude, shallow, low alkalinity, humic  200-800 m 3 - 15 < 0.2 30-90 

LN8a Lowland, shallow,  moderate alkalinity, humic < 200 m  3 - 15 0.2 - 1 30-90 

2.5.2 Intercalibration approach

Option 2 and the hybrid option with option 3 (EC, 2005a) were used for setting water quality class 
boundaries based on chlorophyll-a in following consecutive steps:

1. �Common metrics. Chlorophyll-a concentration was selected as the common metric for 
phytoplankton BQE.									          
Phytoplankton biovolume was not used as a metric in the Intercalibration because United 
Kingdom (UK) and Ireland have until now limited experience of the use of biovolume for 
classification of lakes. Moreover, phytoplankton biovolume data was not representative / 
available for all lake types.

2. �Compilation of data sets. The database compiled for European lakes in the FP6 research 
project REBECCA was used as a basis for class boundary setting together with separate MS 
data sets (SE, FI).										           
The REBECCA data was aggregated to means for each lake (unless sites within a lake were of 
a different type, in which case they were retained as separate sites) for analysis of chlorophyll 
statistical distributions. Phytoplankton data was also aggregated to higher taxonomic level to 
analyse changes in taxonomic composition along the chlorophyll-a gradient. 
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3. �Setting of reference conditions and class boundaries using: 
a. Statistical distribution of chl-a (REBECCA data + other national data sets) 
b. Non-linear dose-response curves of phytoplankton indicators (REBECCA data set).

Northern GIG has used a huge dataset collated by FP6 project REBECCA (500 lakes, 552 lake-
years) strongly dominated by Finnish and Norwegian data (248 FI lake-years, 227 NO lake-years). 
Dataset characteristics:

• �Vegetation season: mostly May-September (October) in the geographical core area of the 
GIG (Fennoscandian Shield) but April – September used in analysis, which should be a good 
consensus, since it takes better into account all GIG area; 

• �Sampling frequency variable (from 1 – ca. 6 times a year) because the material in the data 
analysis has been collected from various countries, also variation inside countries according to 
the institute or monitoring programme might occur. 

• �The material has been harmonised, occasional data limited. It was checked, that it covers rather 
evenly the period  from April – September It is believed that the the high number of data for 
most types and even temporal distribution of the data should ensure the quality.  

• �Mostly integrated samples. The sampling depth varies between countries:
   – �For Finland most data in the analysis used commonly in the GIG is harmonised to a 

sampling depth of an integrated sample of 0 – 2 m;  
   – �In Norway the samples are taken mostly with greater depth coverage, representing the 

epilimnion/trophogenic zone 
   – �Also other kind of sampling has been used, surface samples, one meter’s or other individual 

samples and samples from the outlet of the lake. It should be kept in mind that various 
sampling depths might be based on natural properties of lakes and are not needed to be 
totally harmonised.

• �Spectrophotometry with ethanol extraction was mostly used for chlorophyll-a analyses.

2.5.3 National methods that were intercalibrated 

National assessment systems are mostly under development and IC results will be taken into account 
for their finalization.  More detailed descriptions are found in Annex E – Part 1 .

Norway: The national classification method is under development and will use the results from the 
intercalibration as a basis. A first draft for four lake types has been made (Lyche-Solheim et al. 2004).
Sweden: The national classification method for phytoplankton is incorporated in legislative text 
in Sweden. The regulations from the Swedish Environmental Protection Agency (NFS 2008:1) 
was adopted in January 2008 and is regulating how the national Water Authorities shall do the 
classification of ecological status.
Finland: The national classification methods are under development. This was started in early 
2000s. Data sets have been compiled for this purpose and are still developed further. The methods 
will be finalised for several elements and most national types.  
GB: The national classification method for phytoplankton is still under development (2008). For 
the 1st River Basin Plan it is agreed that chlorophyll a will be used as a measure of phytoplankton 
biomass.  
IE: Currently lake status is assessed based on maximum annual chlorophyll-a values using a 
modified version of the OECD scheme (Toner et al. 2005). This system is likely to be replaced 
taking the outcome of IC into account. 
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2.5.4 Reference conditions and the H/G boundary

Reference criteria 

Reference lakes (for eutrophication pressure) were selected according to the criteria given in 
Annex E – Part 2. The criteria were based on pressure and impact data, knowledge of biology and 
chemistry, land-use data in conjunction with expert judgement, and, in some cases, confirmation by 
palaeodata.

The main pressure criteria for selecting reference lakes were: 
• �Catchment landuse - less than 10% of agricultural land-use in the catchment area;
• �Absence of major point sources, mainly judged from visual observation of GIS land-use and 

population data. 

Due to the high number of lakes in the NGIG area, it was not possible to quantify the pressure 
criteria for every single lake. The main impact criteria were TP and chlorophyll-a or phytoplankton 
biovolume excluding lakes with high values of these parameters.

The reference sites and data are shown in Annex E – Part 8.

Reference conditions

Reference conditions for chlorophyll-a were based on:
• �Type-specific statistical distributions of reference lakes for types with sufficient data;
• �Supplemented with expert judgement for types with insufficient data. 

Setting of reference values:
• �For most lake types reference values were defined as rounded median values of the type-

specific statistical chlorophyll-a distribution of reference lakes 
• �Ranges of reference values are used because of high variation in natural conditions within the 

NGIG concerning climate, topography, retention time and colour (see further explanation in 
Annex E – Part 3.)

For UK, lake-specific reference chlorophyll, which falls within the range given in Table 2.5.4., is 
determined from a regression with TP, which is derived from a Great Britain-calibrated morpho-
edaphic (MEI) or land-use model.

Table 2.5.4: Chlorophyll-a reference values (average of vegetation season) in g l-1 for the NGIG types. The minimum 
and maximum values represent the expected range of variation of natural conditions within each type

Type Type description N Mean value Min value Max value

L-N1 Moderate  alkalinity, shallow, clear, lowland 21 3 2.5 3.5

L-N2a Low alkalinity, shallow, clear, lowland 59 2 1.5 2.5

L-N2b Low alkalinity, deep, clear, lowland 64 2 1.5 2.5

L-N3a Low alkalinity, shallow, humic, lowland 47 3 2.5 3.5

LN5a Low alkalinity, shallow, clear, mid-altitude 35 1.5 1 2

LN6a Low alkalinity, shallow, humic, mid-altitude 7 2.5 2 3

LN8a Moderate alkalinity, shallow, humic, lowland 8 4 3.5 5
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2.5.5 Boundary setting 

The water quality class boundaries are set in compliance with the normative definitions of WFD and 
Northern GIG interpretation of the ecological classes for phytoplankton (see Annex E – Part 4):

• �The NGIG experts have made general descriptions of degradation of the lake ecosystem 
from high to bad status separately for clear water and humic lakes;

• �The descriptions are further specifications of the normative definitions of WFD, also using 
the Eutrophication guidance (EC, 2005b) as a basis, and include the changes occurring in 
phytoplankton biomass, species composition and interactions with macrophytes and other 
elements as a response to eutrophication.

• �At this stage, however, the boundary setting for chlorophyll-a is based only on the changes in 
biomass and taxonomic composition of phytoplankton. Indirect effects on other elements 
have not been included at this point, although those have been discussed in the NGIG 
workshops.

Setting of the H/G boundary 
• �The H/G boundaries were set primarily at the 90th or the 75th percentile of the reference lake 

distribution;
• �These were compared with the response curves of taxonomic indicators, in conjunction with 

MS statistical analysis of reference lake values;
• �The final boundaries were based on harmonized EQRs supported by expert judgement.

The response curves showed non-linear changes in phytoplankton indicator groups (reference, impact 
and early warning indicators) relative to the chlorophyll-a gradient. These curves were used to check 
if there was little or no change in the indicator groups between the ref. value and the H/G boundary. 
The plots showing these response curves and the boundaries are given in Annex E - Part 5.  
The boundaries proposed were compared with the general descriptions of the ecosystems at high 
status (Annex E - Part 4), and were found to be in good agreement.

Setting of the G/M boundary
1) �The G/M boundaries were primarily set at the breakpoints in the phytoplankton response 

curves for indicator groups in data plots (Annex E - Part 5).				     
Below the breakpoint, there are only slight differences from reference conditions, and above, 
there is a more rapid increase in impact taxa. In good status, there is a rapid increase in early 
warning taxa, and a clear decrease in reference taxa, distinguishing this class from the high 
status class, in which the reference taxa are more common. The reference taxa are, however, 
still present in relatively high abundance in lakes at good status. The G/M boundary was 
set at the maximum for the early warning taxa for some lake types, beyond which they are 
decreasing in relative abundance. 

2) �These values were compared with statistical distributions using the equal log class 
distribution approach, based on the worst value in the whole type-specific population of 
REBECCA lakes.										           
The difference between H/G boundary and the worst value was equally divided for the 
other class boundaries using log scale intervals. Sweden used a similar approach, but with 
a national data set, after having considered possible outliers (expert evaluation). Finland 
used statistical analysis of lake data sets in national types and analysis of lake properties for 
defining the Finnish values.
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3) �The final boundary values were derived by slightly adjusting the values derived from 
both approaches, obtaining chlorophyll values which were consistent with the GIG’s expert 
judgement of the ecological expectations of the differences between the lake types. 	  
These expectations were that chlorophyll should increase with alkalinity and humic content and 
decrease with depth, altitude and latitude. The chlorophyll values were rounded to the closest 0.5 
µg l-1. This procedure resulted in EQRs which were 0.5 for the H/G and close to 0.3 for the G/M 
boundary for all lake types. The boundary setting is described in more detail in Annex E Part 6.

The main steps of the Northern GIG approach can be summarized as follows:

• �Using REBECCA chlorophyll-a data from reference lakes to set reference values (median) and 
H/G boundaries;

• �Using thresholds in chlorophyll-a - taxonomic indicators response curves from REBECCA to 
check the H/G boundaries and to suggest G/M boundaries for chlorophyll; 

• �An independent set of boundaries was obtained from type-specific statistical distributions of 
chlorophyll data from all NGIG lakes, using both the REBECCA data set, as well as other 
national data sets from Sweden and Finland; the different sets of boundaries were compared 
and were found to be rather similar;

• �The final NGIG chlorophyll-based class boundary values proposed have been slightly adjusted 
to give the same EQR values for all types. This represents the pragmatic solution combining 
the scientific methods described above with expert judgement.

• �These boundaries reflect the range of natural conditions (such as the gradient of humic matter) 
found across the NGIG area.

2.5.6 Final outcome of the Intercalibration 

The final outcome is an agreement on boundaries for growing season mean chlorophyll-a 
concentration for all IC lake types within the Northern GIG. The class values (minimum, mean and 
maximum) and the EQR values for chlorophyll-a are given in Table 2.5.6.

Since the reference conditions were assessed using a range of values rather than one fixed value (see 
reference conditions above and Annex E – Part 3), we also set a range of boundary values for the 
different lake types. The EQRs however, were similar across the range, and also across the different 
types, ensuring the same deviation from reference conditions for all types. 

The EQR values of 0.5 for the H/G and approximately 0.3 for the G/M boundaries are quite 
low compared to an equal division of the EQR scale from 0-1, in which case the H/G and G/M 
boundaries would have been 0.8 and 0.6, respectively. The justification for these low EQR 
boundaries is that the response curves for the taxonomic indicators, and especially the impact 
indicators, mostly showed a steep rise beyond the breakpoint, and only minor changes until the 
breakpoint. The location of the breakpoint on the chlorophyll-a axis relative to the location of the 
reference value of chlorophyll, mostly occurred at values corresponding to three times the reference 
value (i.e. EQR = 0.3). Moreover, the chlorophyll reference values are quite low for most types, 
so a doubling (i.e. H/G EQR = 0.5) would still represent rather low values and be unlikely to have 
significant measurable biological effects on other elements, such as impacts on macrophytes (see 
CGIG approach in subchapter 2.3.5). 

Additionally, using EQR-boundaries of 0.8 and 0.6 would result in a too small class width (of 
chlorophyll units) to be useful for classification. The errors in estimating the mean chlorophyll-a 
concentration would likely exceed the class width.  
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Table 2.5.6: Agreed chlorophyll-a reference values and class boundaries (µg l-1) and the EQR values. The minimum 
and maximum values represent the expected variation range of natural conditions within each type.

L-N1 Moderate alkalinity, lowland, shallow, clear

mean min max

Reference 3 2.5 3.5
H/G 6 5 7.0
G/M 9 7.5 10.5
EQR H/G 0.50 0.50 0.50
EQR G/M 0.33 0.33 0.33

L-N2a Low alkalinity, lowland, shallow, clear

Reference 2 1.5 2.5
H/G 4 3.0 5.0
G/M 7 5.0 8.5
EQR H/G 0.50 0.50 0.50
EQR G/M 0.29 0.30 0.29

L-N2b Low alkalinity, lowland, deep, clear

Reference 2 1.5 2.5
H/G 4 3.0 5.0
G/M 6 4.5 7.5
EQR H/G 0.50 0.50 0.50
EQR G/M 0.33 0.33 0.33

L-N3a Low alkalinity, lowland, shallow, humic (30-90 mg Pt l-1)

Reference 3.0 2.5 3.5
H/G 6.0 5.0 7.0
G/M 10.0 8.0 12.0
mean mg Pt l-1 50-70 30-50 70-90
retention time Long
EQR H/G 0.50 0.50 0.50
EQR G/M 0.30 0.31 0.29

L-N5 Low alkalinity, mid-altitude, shallow, clear

Reference 1.5 1 2
H/G 3 2 4
G/M 4.5 3 6
EQR H/G 0.50 0.50 0.50
EQR G/M 0.33 0.33 0.33

L-N6a Low alkalinity, mid-altitude, shallow, humic (30-90 mg Pt l-1)

Reference 2.5 2 3
H/G 5 4 6
G/M 7.5 6 9
EQR H/G 0.50 0.50 0.50
EQR G/M 0.33 0.33 0.33

L-N68a Moderate alkalinity, lowland, shallow, humic (30-90 mg Pt l-1)

Reference 4 3.5 5
H/G 8 7 10
G/M 12 10.5 15
EQR H/G 0.50 0.50 0.50
EQR G/M 0.33 0.33 0.33
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For future intercalibration of the whole quality element, however, these EQR boundaries must be 
translated to a normalized EQR scale to allow combination with boundaries for composition and 
bloom metrics.

The boundary values presented in table 2.5.6. should be validated/revised once new data sets have 
been collected using harmonized methods (sampling frequency, depth etc.)

Member states have to transpose ranges of values for IC types in their national assessment systems. 
In the Northern GIG, the ranges will be used in the following way:

• �Lakes with low alkalinity, low humic matter, high altitude, high latitude, high depth, short 
retention time will get reference values close to the minimum of the range. 

• �Whereas lakes in the opposite end of the typology factor ranges will get reference values close 
to the maximum of the range of reference values for the relevant lake type. 

• �For NGIG countries using site-specific reference conditions (UK), they will use models to 
estimate the reference value within the range given. 

• �To assess the H/G and G/M boundaries for the different lakes across the range, all countries 
will use the reference conditions, as specified above, and then multiply this reference value 
with the fixed EQRs (0.5 for H/G and 0.3 for G/M). 

• �Norway will mostly use the minimum values within the range for most lake types (low alk, 
low humic content, high altitudes, etc.), whereas 

• �Finland probably will mostly use the upper end of the ranges (high alk, high humic content, 
low altitudes etc, long retention time).

2.5.7 National types vs. Common Intercalibration types 

In most Scandinavian countries, national lake typologies have been developed, which differ both in 
typifying factors and in type boundaries:    

• �Region, depth, alkalinity, and humic content are used in GB typology (value of colour 
boundary for types still to be agreed);

• �Colour is not used in Irish typology. Besides altitude, depth and alkalinity also lake size is 
included as lake descriptor  (small < 0.5 km², large > 0.5 km²);

• �Norwegian lake typology uses altitude, alkalinity, colour and size (small < 5 km², large > 5 
km²), no distinction is made between shallow and deep lakes;

• �In Sweden the division is made by the biogeographical and climatic boundary “limes 
norrlandicus”, whish is a Swedish vegetation border between the southern temperate and 
northern taiga zone. 

The following table 2.5.7 show, which national types (roughly) correspond to the common IC lake types.

There are no Irish lakes belonging to the types L-N2b and L-N5a L-N6a:
• �There are no or rare lakes with mean depth > 15 m in Ireland (L-N2b);
• �all lakes > 200 m altitude are small with area less than 0.5 km2 (L-N6a and L-N8a).

The same GB type (low alkalinity shallow clear) belongs to the two common IC types (L-N2a and 
L-N5a differentiated by altitude) – in this case GB type will be split by altitude where necessary to 
apply correct reference conditions and EQR. In the opposite, only part of NI7+NI8 corresponds to 
the type L-N1 (NI typology splits by 2.0 meq l-1 not 1.0 meq l-1 as used for the IC). Therefore other 
part of NI7+NI8 will be linked to the Atlantic GIG type L-A1/2.
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Table 2.5.7: Correspondence between national and IC lake types in the Northern GIG. 

IC type IE FI NO SE GB

England, Wales, 
Scotland

Northern 
Ireland

L-N1

Type 8 Lowland, 
moderateerate 
alkalinity, deep, 
large

Vh, SVh
Type 3 Lowland, 
small, moderate 
alkalinity, clear

South, clear
Type MAS
Moderate alkalinity 
shallow clear

Type NI7+8*
moderate 
alkalinity deep 
small+large

L-N2a
Type 4 Lowland, 
low alkalinity, 
deep, large

Vh, SVh
Type 6 Lowland, 
large, low 
alkalinity, clear

South, clear

Type LAS
Low alkalinity 
shallow clear

Type NI3+4
low alkalinity 
deep small + large

L-N2b – –
Type LAD
Low alkalinity deep 
clear

–

L-N3a
Type 4 Lowland, 
low alkalinity, 
deep, large

Ph, Kh, SKh,
Type 2 Lowland, 
small, low 
alkalinity, humic

South, humic

Type LAS (subtype) 
Low alkalinity 
shallow humic 
lowland

–

L-N5a – –

Type 12+17
boreal, 
small+large, low 
alkalinity, clear

North, clear

Type LAS
Low alkalinity 
shallow clear
Mid-high altitude

–

L-N6a – –
Type 13
boreal, small, low 
alkalinity, humic

North, humic

Type LAS (subtype)
Low alkalinity 
shallow humic Mid-
high altitude

–

L-N8a

Type 8 Lowland, 
moderate 
alkalinity, deep, 
large

Ph, Kh, SKh,

Type 4+9
lowland, small+l 
arge, moderate 
alkalinity, clear

South, humic

Type MAS 
(subtype)
Moderate alkalinity 
shallow humic 
lowland 

–

*only part of type covered (other part linked to L-A1/2)

Transformation of the IC boundaries into the national assessment systems

Norway: The boundaries proposed in this report will be used as a basis to develop the new 
Norwegian WFD-compliant classification system. Most Norwegian lakes are considered to be close 
to the lower end of the type range of alkalinity and humic content. For national types corresponding 
to the IC types, the Norwegian boundaries should therefore be at the lower end of the chlorophyll-a 
range for the IC type, since chlorophyll is positively correlated with alkalinity and humic content 
(Carvalho et al. 2008, Phillips et al. 2008).
For national types corresponding to the IC types, the Norwegian boundaries will mostly be at 
the lower end of the chl a range for the IC type, due to the low alkalinity, low humic content and 
relatively short retention time of Norwegian lakes. Most Norwegian lakes thus are considered to be 
close to the lower end of the type range of alkalinity and humic content. For Norwegian lake types 
not included among the IC-types, type-specific data sets will be compiled and used to assess the 
reference value. The same EQR values (0.5 for H/G and 0.3 for G/M) will be tried and evaluated to 
assess the boundary values for chlorophyll-a in these lake types.
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Sweden: The intercalibrated boundaries for chl a is included in the national assessment methods 
for phytoplankton which is based on the parameters: total biomass, % of cyanobacteria, Trophic 
plankton index (TPI) and chl a. The Swedish lake types differ in some cases from the IC types. This 
will be handled as described in table E-7 (Annex E – Part 7).  

Finland: The boundaries will be taken into account in the national development of water quality class 
boundaries, adjusted to comparable national types. For some national types the IC types correspond 
rather closely. For some minor types, such as lakes located on clay soils, a more specialised system 
should be developed. For lakes dominated by the genus Gonyostomum, chlorophyll-a is not the most 
appropriate metric to use for classification, due to the ability of this genus to migrate between the 
sediments and the upper parts of the lake, thereby building up a large biomass based on nutrients in 
the bottom waters close to the sediment, even in reference lakes with low nutrient concentrations in 
the upper water layers. For further explanation, see table E-7 (Annex E – Part 7).  

United Kingdom: The boundaries proposed in this report will be used as a basis to develop the new 
GB WFD compliant classification system.  GB lake types are similar to those used by the GIG. For 
GB lake types not included in intercalibration, site specific reference values will be determined as 
described earlier. The H/G EQR for these types will be based on the most similar intercalibrated 
type. The G/M boundary will be based on dividing the interval between this H/G boundary and the 
worst case for the type (from Rebecca data set) using logarithmic class intervals. The EQR values 
for the HG and GM boundaries for the three major lake types not included among the IC types are: 
MAD (moderate alkalinity deep) 0.50, 0.33;  MAVS (moderate alkalinity very shallow) 0.63, 0.34; 
LAVS (low alkalinity very shallow) 0.63, 0.33 

Ireland: The NGIG typology is not directly comparable with the Irish typology. The alkalinity 
bands and depth bands differ and the Irish typology does not type lakes by colour. Consequently, 
the EQRs from NGIG types will be applied to the Irish lake types that have maximum overlap and 
comparability. Applicability of those EQRs to the Irish situation will be explored using data from 
reference lakes (at a national level) and estimating the G/M boundary using the NGIG EQRs and 
other information if available.

2.5.8 Open issues and need for further work

The Lake Northern GIG had the same problems and faced the same challenges as other Lake GIGs: 

1) �Insufficient number of reference lakes 							        
For most of lake types the number of reference lakes was high enough to draw conclusions 
on reference conditions. On the contrary, for the humic lake types L-N6a and L-N8a only 7 to 
8 reference lakes were found, mostly from Finland, with variable chlorophyll data. Hence the 
data set was considered too small make statistically valid conclusions.

2) �Availability of the data:										          
Northern GIG has a large database dominated by sites and lakes from Norway and Finland 
whereas there are fewer data from Sweden and relatively small amount of data available from 
The United Kingdom and Ireland. Because of fewer lakes and shorter history of monitoring, 
the latter countries produce a weak signal within the GIG data analysis. It is thus unclear 
whether the NGIG results are representative for UK and Ireland in this context.

3) �Typology issues – comparability of lakes within the GIG.  					      
Due to varying geographical and climatic conditions, the direct comparison of lake types 
within the Northern GIG is problematic. This issue is partly solved by allowing ranges of 
values. 
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4) �Inherently large heterogeneity of data. 							        
Due to differences in monitoring methods, the raw data are not always comparable. This applies 
especially to taxonomic composition for United Kingdom and Ireland, but also to different 
frequencies used in monitoring (once per growing season, monthly or more frequently), as well 
as to different sampling regimes (surface, single depth samples or integrated samples etc.). 
Further harmonisation of monitoring methods will be discussed (see below).

Need for further work 

In the continuation of the intercalibration process the work will focus on finalizing ongoing work on 
the impact of eutrophication:

• �the development of classification systems based on phytoplankton taxonomic metrics. The 
proportion of impact cyanobacteria for clearwater lakes has been attempted, but boundaries 
were not agreed in the first phase. Further work will work along two lines: a) Completion 
of national classification systems for phytoplankton for all countries, and then using option 
3 for intercalibration of phytoplankton at the whole quality element level, and b) continued 
discussions on development of new common metrics based on impact taxa and sensitive taxa, 
as well as on algal bloom metrics. 

• �The impact of high phytoplankton biomass on colonization depth of submerged macrophytes 
(i.e. secondary impact of eutrophication). This can possibly be used to evaluate the G/M 
boundary for both chlorophyll-a and macrophytes after 2007.

In the continuation of the intercalibration after 2007, the NGIG suggests that new data based on 
harmonized methods should be compiled both to evaluate reference conditions for chlorophyll-a 
and proportion of cyanobacteria and other phytoplankton metrics for the lake types where existing 
data are scarce.  Furthermore, the NGIG suggests to intercalibrate the boundaries for phytoplankton 
responses to other pressures, such as the impact of selected toxic substances on phytoplankton 
chlorophyll-a and taxonomic composition.

Also the combined impact of climate change and eutrophication on the thresholds in response 
curves that have been used to set boundaries in the first phase, and, more generally, on reference 
conditions, is an issue to be considered in the next phase of intercalibration.

3 Conclusions 

3.1 Final outcome of Lake Intercalibration 

Results 

As the result of the first Intercalibration exercise the water quality class boundaries were set based 
on chlorophyll-a, phytoplankton biomass and composition values for the common Intercalibration 
lake types selected within the Geographical Intercalibration Groups for lakes (Table 3.1.a)

Intercalibration approaches

1) �Most Lake GIGs used the approach in which the participating MSs applied the same 
assessment methods and the same metrics, created a common data set and agreed on High/
Good and Good/Moderate class boundaries (Option 1). 
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Table 3.1.a: Results of Lake Intercalibration. 

Geographical 
Intercalibration Group IC types Metrics Boundaries 

Atlantic GIG 1 type Chlorophyll-a Reference value, H/G and G/M boundaries

Alpine GIG 2 types, Chlorophyll-a, phytoplankton 
biomass

Reference value, H/G, G/M, M/B and B/P 
boundaries

Central Baltic GIG 3 types Chlorophyll-a Ref value, H/G and G/M boundaries

Mediterranean GIG 2 types
Chlorophyll-a, phytoplankton 
biomass, % of Cyanobacteria, 
Catalan index

Reference value and G/M boundaries

Northern GIG 7 types Chlorophyll-a Reference value, H/G and G/M boundaries

2) �Within the Alpine GIG, MS agreed on the common metrics (biovolume, chlorophyll-a), 
created data sets relating MS`s assessment methods to the common metrics, agreed on High/
Good and Good/Moderate class boundaries and established relationships between common 
and national metrics (Option 2).

3) �Within the Northern GIG the preliminary chlorophyll boundaries obtained with national 
datasets (SE, FI) were compared and harmonized with those obtained by using a common 
dataset for setting the final chlorophyll-a boundaries (Option 2 + hybrid option with option 3)

Reference criteria 

The first important step of the water quality class boundary setting procedure is the defining 
of reference criteria according which reference sites can be selected. The GIGs have defined the 
reference criteria using the following approaches or the combination of these approaches: 

• �Criteria assessing the pressure from the catchment, e.g. predominantly (90%) natural land 
cover, absence of major point sources, population density (e.g. < 10 inhabitants/km²) were 
used by Central/Baltic, Mediterranean, Nordic and Atlantic GIGs.

• �Impact criteria - total phosphorus (TP) and chlorophyll concentration or phytoplankton 
biovolume in the lower classes of the present classification system – were used by Northern 
GIG; TP concentration corresponding to the defined natural trophic state – by Alpine GIG);   

• �Paleao reconstruction of the reference state was used in Alpine, Atlantic and Northern GIGs;
• �Historical data reflecting the reference state (Alpine GIG);
• �Phosphorus loading model (Alpine and Nordic GIG).

Despite differences between the GIGs, all approaches followed the REFCOND guidelines (EC, 
2003a) and there was a common understanding on reference state as the state with no significant 
anthropogenic pressure from industrialization, urbanization or agriculture. 

Setting of Reference values and the High/Good quality class boundary

All Lake GIGs have calculated reference values and the values corresponding to the boundary 
between High and Good quality classes (H/G boundary): 

• �Alpine GIG - the median value of the metrics measured in the set of selected reference lakes 
was taken for the reference value and the 95th percentile as indicative for the H/G boundary;
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• �Atlantic GIG defined the type-specific median value of the intercalibration metrics within 
reference lakes as the reference value and the 75th-90th  percentile as the H/G boundary (2 sets 
of reference lakes differing by strictness of selection criteria) ;

• �Central/Baltic GIG - the median value in reference lakes for reference value and the 75th 
percentile for H/G boundary;

• �Mediterranean GIG - the median value in reference sites for reference conditions (in fact, for 
Maximum Ecological Potential as both Mediterranean IC types represented only reservoirs). 
The Maximum/Good potential boundary is not required to be reported for the HMWB or 
AWB, so it was not calculated; 

• �Northern GIG:
   – �Reference value was calculated as median value of type-specific statistical distributions of 

reference lakes, supplemented with expert judgment for types with insufficient data. 
   – �H/G boundaries were set primarily at the 90th or the 75th percentile of the distribution of 

the metric in reference lakes and, thereafter, the values were compared with the response 
curves chlorophyll-a - taxonomic indicators, in conjunction with MS statistical analysis of 
reference populations. The final boundaries were based on harmonized EQRs validated by 
expert judgments.

Upon the use of statistics for setting reference conditions it can be concluded:
• �The median value of the measured intercalibration metric at reference sites are used to 

quantify reference conditions;
• �For the H/G boundary a percentile between the 75th and 95th is used. The choice of the 

percentile depends on how strict criteria have been used in selecting reference sites. 

Reference values - Common IC types - chlorophyll a (µ g/l)

0

5

10

15

20

25

LCB1 LCB2 L CB3 LATL LAL3 LAL4 LMsw LMc L N1 L N2a LN2b LN3a LN5a LN6a LN8a

Figure 3.1a: Chlorophyll-a reference values for Common IC types.

Conclusions on setting of reference conditions: 

• �All GIGs have defined reference criteria, selected reference lakes, collected data sets and 
calculated  reference conditions and High/Good boundary;
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• �The reference condition are defined in slightly different ways but all Lake Intercalibration 
Groups have reached a common understanding on reference criteria and the principles of 
defining reference conditions;

• �A cross-GIG comparison of reference values for chlorophyll-a shows a rather homogeneous 
picture. The highest values were defined for very shallow alkaline lakes L-CB2 and shallow 
humic lakes L-N8a;

• �The setting of reference conditions can be considered an important step toward harmonized 
assessment of lake ecological status. 

Boundary setting procedure – a conceptual model how the biological quality element is 
expected to change

Experts of all Lake GIGs have done considerable work developing conceptual models of ecosystem 
changes and describing the ecological quality classes: 

• �Alpine GIG:
   – �has described qualitative and quantitative changes of phytoplankton community related to 

eutrophication, 
   – �has described high, good and moderate classes according to phytoplankton, focusing 

on trophic status (for example, for deep alpine lakes L-A3 high status corresponds to 
oligotrophic state, good – to oligomesotrophic, and moderate to mesotrophic) and species 
composition (proportion of sensitive and nutrient-tolerant taxa),

• �Atlantic GIG:
   – �has described eutrophication effects on macrophytes and phytoplankton, 
   – �provided ecological descriptions of high, good, and moderate quality classes according to 

chlorophyll-a concentration and  all five classes  according to community composition of 
phytoplankton and macrophytes. 

• �Central/Baltic GIG:
    – �has focused on secondary effects of increased phytoplankton biomass (and on this basis has 

developed quality class boundary definitions):
       - �Decrease in maximum depth inhabited by submerged macrophytes,
       - �Shift from macrophyte-dominated state with clear water to phytoplankton- dominated 

turbid state.
       - �Shift in phytoplankton composition towards better competitors for light (Cyanobacteria).
• �Mediterranean GIG: 
   – �has drafted descriptions of maximum, good and moderate potential for reservoirs according 

to phytoplankton including both species composition and secondary effects (undesirable 
disturbance in the condition of other biological quality elements or the physico-chemical 
quality of the water or sediment);

• �Northern GIG:
   – �has produced response curves for chlorophyll-a and for taxonomic composition indicators 

(chlorophyll-a - TP regression and the changes of reference, early warning, and impact 
indicators against impact gradient expressed as chlorophyll-a concentration);

   – �has drafted descriptions of all five quality classes covering all aspects of phytoplankton – 
taxonomic composition, biomass and incidence of algal blooms.  

It can be concluded that:
• �all GIGs have developed conceptual models how phytoplankton is expected to change 

(focusing on different aspects as secondary effects and/or phytoplankton species composition);



71

• �several common features can be found in ecological descriptions of High, Good and Moderate 
states developed independently in various GIGs:

   – �Good status – slight increase in chlorophyll concentration does not significantly decrease 
the max colonization depth of submerged macrophytes (Atlantic, Central/Baltic, Nordic, 
Mediterranean GIGs );

   – �Several GIGs have used the proportion of tolerant/sensitive taxa to set class boundaries 
(Alpine, Atlantic, Nordic).

Consequently, these conceptual models form the basis for the Good/Moderate boundary setting and 
ensure that there is a common understanding of “good status” among the GIGs. 

Setting of G/M boundary

All Lake GIGs have set G/M class boundaries but using different approaches:
• �Alpine GIG has set G/M boundaries according to phytoplankton biomass by defining equal 

class widths on a logarithmic scale and validating them against the occurrence of undesirable 
secondary effects related to increased phytoplankton biomass;

• �Central /Baltic GIG has used several secondary effects to cross-check the validity of the G/M 
class boundary:

   – �Decrease in maximum depth inhabited by submerged macrophytes,
   – �Shift from macrophytes/benthos-dominated community with clear water to a phytoplankton-

dominated community with turbid water;
   – �Increase of the probability of cyanobacterial blooms;
• �Mediterranean GIG has set G/M ecological potential boundary as the 95th percentile of the 

distribution of the data from the sites proposed as G/M sites for the IC register;
• �Nordic GIG has developed a different approach using phytoplankton composition changes 

along the chlorophyll-a gradient: the G/M boundary has been proposed at the break point in 
the curve of impact taxa, i.e. at the threshold beyond which the impact taxa increase more 
rapidly with pressure.  

Reference conditions, High-Good and Good-Moderate boundaries for Common Intercalibration Types
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Figure 3.1b: Chlorophyll-a reference values and quality class boundaries for lakes in the Common IC types. 
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Conclusions on setting the Good/Moderate boundary: 

• �Different approaches have been used by different Lake GIGs depending on data availability 
and lake types:

   – �Secondary effects (Atlantic and Central/Baltic GIG);
   – �Phytoplankton composition shift (Nordic , partly – Alpine Mediterranean and Central/Baltic 

GIG);
   – �Selected G/M sites (Mediterranean GIG);
   – �Expert judgment and equal classes (Alpine GIG);
   – �Central/Baltic GIG has used several approaches to set G/M boundaries which give 

comparable results.

All approaches followed the same conceptual model stipulated by the WFD and the defined G/M 
class boundaries show a rather coherent picture (Fig. 3.1b). The highest value belongs to very 
shallow, calcareous lowland lake type of Central Europe in which all factors (depth, alkalinity, 
altitude) contribute to higher background nutrient values. 

3.2 Open issues and way forward 
All Lake GIG had similar problems and similar challenges in the course of Intercalibration: 

• �Limited progress on development of assessment methods –  only few MS have developed 
agreed phytoplankton assessment methods, which are mostly under development;

• �Limitations in data availability 
   – �this problem of data availability was especially actual for the Mediterranean GIG which 

experts decided upon a common sampling program during summer 2006 to collect a 
coherent and comparable data set;

   – �also Atlantic GIG had a small data set so the relationships developed by the Central/Baltic 
GIG were used for G/M boundary setting in this GIG;

• �Inherently large heterogeneity of data (different sampling and analyses methods):
   – �Atlantic, Northern and Central/Baltic GIG experts recognized  that differences in field and 

lab methods introduced a large variation of data and increased the statistical uncertainty of 
the present relationships;

   – �Alpine GIG data sets were relatively comparable, though some data were not included due to 
methodological differences;

   – �Mediterranean GIG avoided this problem implementing data collection by agreed common 
sampling programme and laboratory methodology; 

   – �Lack of appropriate reference sites in some regions of Europe (Central/Baltic, Atlantic, 
Mediterranean GIG, some types of Northern GIG);

   – �Problems in lake typology - Alpine GIG found that meromictic and very large/deep lakes 
should be treated separately, Atlantic GIG questioned the comparability of UK and Irish 
lakes due to their limestone-rich basin geology, also other GIGs considered the common IC 
types too broad and, consequently, problematic to compare within the GIG. 

The main problem is that the present work has only focused on eutrophication pressure and only on 
quantitative part of phytoplankton while considering other pressures and intercalibrating assessment 
systems based on other biological quality elements are still the tasks for the nearest future. All 
GIGs have recognized the need for continuation of work and are planning the next steps of the IC 
exercise. 



73

Glossary

Term Explanation

Biological metric A calculated value representing some aspect of the biological population’s structure, 
function or other measurable characteristic that changes in a predictable way with increased 
human influence.

BSP Boundary setting procedure

BQE Biological quality element.

CEN Comité European de Normalisation.

CIS Common Implementation Strategy of the Water Framework Directive 

Chl-a Chlorophyll-a, a pigment of algae, measure of phytoplankton biomass

Class boundary The EQR value representing the threshold between two quality classes. 

Ecological status One of two components of surface water status, the other being chemical status. There are 
five classes of ecological status of surface waters (high, good, moderate, poor and bad).

EC European Commission 

ECOSTAT CIS Common Implementation Strategy (CIS) Working Group A Ecological Status.

EQR Ecological Quality Ratio 

GIG Geographic Intercalibration Group i.e. a geographical area assumed to have comparable 
ecological boundaries conditions 

Good ecological status Status of a body of surface water, classified in accordance with WFD standards (cf. annex 
V of the WFD)  

Harmonisation The process by which class boundaries should be adjusted to be consistent (with a common 
European defined GIG boundary). It must be performed for HG and GM boundaries 

ICM Intercalibration Common Metric 

Intercalibration Benchmarking exercise to ensure that good ecological status represents the same level of 
ecological quality everywhere in Europe 

MS Member State (of the European Union)

Pressures Physical expression of human activities that changes the status of the environment 
(discharge, abstraction, environmental changes, etc...) 

REFCOND Development of a protocol for identification of reference conditions, and boundaries 
between high, good and moderate status in lakes and watercourses. EU Water Framework 
Directive project funded by the European Commission Environment Directorate-General 

Reference conditions The benchmark against which the effects on surface water ecosystems of human activities 
can be measured and reported in the relevant classification scheme 

Water body Distinct and significant volume of water. For example, for surface water: a lake, a reservoir, 
a river or part of a river, a stream or part of a stream 

WFD Water Framework Directive
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1 Introduction

This Technical Report gives an overview of the Intercalibration results of ecological classification 
scales of lakes across the European Union.   

The Intercalibration exercise for lakes is carried out within five Geographical Intercalibration 
Groups (GIGs) – Alpine, Atlantic, Central/Baltic, Mediterranean and Northern GIG. Nineteen 
common Intercalibration types shared by Member States were defined for the Intercalibration 
exercise.

This part of the Intercalibration report presents the methods and results of establishing reference 
conditions and setting class boundaries for the ecological status of lakes based on phytoplankton 
composition within the Alpine, Central/Baltic, Mediterranean and Northern GIG. 

This report includes also an overview of common and national lake types as well as a discussion of 
problems and the way forward. 

2 Methodology and results 

2.1 Alpine GIG

2.2.1 Alpine Lake types

The Alpine Geographical Intercalibration Group includes (parts of) Germany, Austria, France, Italy, 
and Slovenia.

Starting with up to 13 Alpine lake types, the Alpine GIG finally came up with only two types (Table 
2.1.1a) that occurred in all five countries, characterized by the following descriptors:

• �Altitude - two classes: lowland to mid-altitude (50-800 m a.s.l.) and mid-altitude (200-800 m a.s.l.);

• �Mean depth - two classes: shallow lakes with the mean lake depth 3-15 m and deep lakes with 
the lake depth >15 m;

• �All lakes are relatively large (size >50ha) and calcareous (alkalinity >1 meq l–1).

Table 2.1.1a: Alpine lakes: Intercalibration types (according to the IC type manual, 2004).

Type Lake characterisation Altitude  
(m a.s.l.)

Mean depth 
(m)

Alkalinity 
(meq l–1)

Lake size 
(km2)

L-AL3 Lowland or mid-altitude, deep, 
moderate to high alkalinity (alpine 
influence), large

50–800 >15 >1 >0.5

L-AL4 Mid-altitude, shallow, moderate to 
high alkalinity (alpine influence), large 200–800 3 - 15 >1 >0.5

Section 3 - Phytoplankton composition metrics
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The agreement on common types required a type concept based on a few and broad criteria and 
neglected several aspects:

• �Geographical differences in latitude (northern vs. southern Alps) and differences between the 
western and the eastern Alps;

• �Different resolution of the altitude and geology (alkalinity) criteria in the national typologies.

Comment on the ‘altitude’ criterion
At the beginning of the IC exercise, the altitude criterion was defined as 200–800 m a.s.l.. It was 
later extended in order to include also some large Italian lakes that are situated at altitude <200 
m. The range from 50 to 800  m  a.s.l., however, does still not include all the IC lakes (and also 
not all non-IC sites in the GIG database on Alpine lakes). Some lakes exceed the upper limit, e.g. 
the IC sites Weißensee in Austria (L-AL3, 929 m a.s.l.) and Lac Laffrey in France (L-AL3, 908 m 
a.s.l.), but they are considered to represent the same lake type as lakes between 200 and 800 m a.s.l.. 
For macrophytes, a splitting of IC types on the basis of altitude might be necessary. Preliminary 
data from Austrian lakes indicate a difference of lakes in the Calcareous Alps below and above 
600 m a.s.l. (see below).

Comment on the ‘mean depth’ criterion
The key criterion for the separation of L-AL3 and L-AL4 is the mean depth. It allows to distinguish 
between lakes of different natural trophic states (see below), which is crucial for a trophic lake 
classification. A proper assessment of the ecological state of a lake (when focussing on the pressure 
‘eutrophication’) requires homogeneous and well defined lake types in terms of the reference trophic 
state.

For that reason, some lakes with a mean depth >15 m were transferred from L-AL3 to L‑AL4, if 
information on the natural trophic state suggested a closer relationship to the ‘shallow’ lake type 
(e.g., Obertrumer See in Austria with a mean depth of 17 m, Hartsee in Germany with a mean depth 
of 18 m). On the other some truly Alpine lakes with a mean depth of 3–15 m were transferred from 
L-AL4 to L‑AL3 for similar reasons (e.g., Walchsee/GE with a mean depth of 12 m).

Comment on the ‘alkalinity’ criterion
The former lake type L-AL5 included lowland or mid-altitude, deep, large lakes with siliceous 
catchment area (moderate alkalinity). There are some lakes with siliceous catchment area, but 
alkalinity >1  µeq l–1 (e.g. Millstätter See in Austria). They are included in the IC exercise on 
phytoplankton and considered as L-AL3. However, due to differences in the macrophyte vegetation, 
lakes with siliceous catchment area are not included in the IC exercise on macrophytes.

Some further lakes with siliceous (or mixed) catchment area in Italy have alkalinity values <1 µeq 
l–1 (e.g. Lago Maggiore, Lago di Mezzola). However, these differences in alkalinity do not mirror 
in the biology (e.g. phytoplankton composition in Lago Maggiore as compared with Lago di Garda; 
F. Buzzi and A. Marchetto, pers. comm.). In order to keep these lakes in the IC exercise, they are 
considered as L-AL3 lakes and included in the IC exercise on phytoplankton. (There are no data on 
macrophytes available.)

The two lake types can thus be refined as shown in Table 2.1.1b.
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Table 2.1.1b: Alpine lakes: Intercalibration types (modified definition). The values for the mean depth and alkalinity are 
valid for most, but not all lakes of these types. Some lakes slightly deviate from the ranges given for the two IC types.

Type Lake characterisation Altitude  
(m a.s.l.)

Mean depth 
(m)

Alkalinity 
(meq l–1)

Lake size 
(km2)

L-AL3 Lowland or mid-altitude, usually deep, 
usually moderate to high alkalinity, 
large, truly Alpine catchment

50–800 >15 >1 >0.5

L-AL4 Mid-altitude, usually shallow, moderate 
to high alkalinity, large, usually pre-
Alpine or inner-Alpine basins

200–800 3 – 15 >1 >0.5

2.1.2 Intercalibration approach

Intercalibration of phytoplankton classification methods was carried out on three national trophic 
indices (as indicators of phytoplankton taxonomic composition).

The principles in the Intercalibration of the three national trophic indices were:
1) �A hybrid of Intercalibration Option 2 and 3 (reference) was used as a general principle of 

the Intercalibration – an IC common metric was derived to compare and harmonize the three 
national taxonomic composition metrics;  

2) �All three trophic indices were expressed as normalised EQR (linear scale, equidistant class 
widths) and the arithmetic mean of the three normalised EQRs was used as a common metric 
(option 2) to enable comparability between the three national metrics; 

3) �Harmonisation was done by using an acceptable band of 5% of the whole range of 
normalised EQR (±0.05 EQR) to include natural variation and methodological uncertainties.

Huge dataset was collated for setting phytoplankton biomass boundaries (see detailed description 
Annex A - Part 1):

• �86 lakes, 100 sites, 557 lake-years;
• �Sampling frequency at least 4 times/year, sampling depth - integrated sample over the euphotic 

depth/epilimnion;
• �Analytical method for phytoplankton composition: Utermöhl method (1958).  

2.1.3 National methods for phytoplankton that were intercalibrated

WFD compliant national classifications methods are available for phytoplankton in Austria and 
Germany while the work is still in progress in Italy and France:  

• �The Austrian method has been developed by Dokulil (2001, 2003), Dokulil et al. (2005) 
and Wolfram et al. (2006). The actual version (Wolfram & Dokulil 2007) is available on the 
homepage of the Federal Ministry of Water Management: http://wasser.lebensministerium.at/
article/articleview/52972/1/5659); 

• �The German method has been developed by Nixdorf et al. (2005a, 2005b, 2006). After first 
experiences in 2006 (‘praxis test’), the method has been changed in spring and finalised by the 
end of June 2007, the actual version (Mischke & Böhmer 2008) is available on http://www.igb-
berlin.de/abt2/mitarbeiter/mischke;

• �In Italy two national WFD compliant methods have been developed, one specifically  for large 
Italian subalpine lakes (Salmaso et al. 2006) and the other for small and medium-sized lakes 
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(Buzzi et al. 2007). A WFD compliant method, which combines biovolume, chlorophyll-a, PTIot 
and PTIspecies (with boundaries as reported in this document), has been finalised in January 2008; 

• �Slovenia decided not to develop a national method, as only two large lakes are situated in the 
country. The national method from Austria will be adopted for the Slovenian lakes;

• �In France Barbe et al. (1990) developed a phytoplankton assessment method, with 
chlorophyll-a and taxonomic information combined in a trophic index. This index is still 
sometimes used in France, but it is not an agreed method in FR and was not included in the IC 
exercise. France is currently working on developing a WFD compliant national method.

Three phytoplankton taxonomic metrics developed by MS within the Alpine GIG were compared in 
the Intercalibration exercise (see Table 2.1.3):  

• �Austria and Slovenia use the Brettum index (Brettum, 1989) further developed by Dokulil et 
al. (2005) and Wolfram and Dokulil (2007) which is based on trophic scores of ca. 90 algal 
species and genera; 

• �The German PTSI (“Phytoplankton-Taxa-Seen-Index”) was developed by determining trophic 
preferences of taxa along trophic and pressure gradients. The PTSI is calculated using species 
trophic scores, which are weighted by taxon specific weighting factors (biovolume, habitat 
constancy);

• �Two new phytoplankton trophic indices (PTIot and PTIspecies) were elaborated for Alpine lakes 
(Salmaso et al. 2006, Buzzi et al. 2007) based on trophic scores of a large number of algal 
species.

Table 2.1.3: Phytoplankton sampling and assessment methods used by Alpine GIG MS. 

MS Sampling strategy Metrics and approach Reference

AT
SI

Integrated sample over 
the euphotic zone or 
epilimnion or fixed depth 
range at the lake’s deepest 
point at least 4 times a year

1. Total biovolume (average) 
2. Brettum index based on the probability of 
occurrence of taxa within five trophic classes 
(defined by TP concentration) 
3. Planktonic blooms are not regarded as they 
occur too rarely and irregularly if at all.

Wolfram & Dokulil 
2007 (http://wasser.
lebensministerium.
at/article/
articleview/52972/1/5659)

DE Integrated sample over the 
euphotic zone at the lake’s 
deepest point at least 6 
times during vegetation 
period.

1. Chlorophyll-a (average, maximum) 
2. Total biovolume (average) 
3. PTSI (phytoplankton lake index) classifies and 
evaluates species composition based on lake-type-
specific indicator taxa lists, which include taxon-
specific trophic scores and weighting factors  

Mischke et al. (2008). 
http://unio.igb-berlin.
de/abt2/mitarbeiter/
mischke/#Downloads 

IT Integrated sample over the 
euphotic zone at the lake’s 
deepest point at least 6 
times a year

1. Chlorophyll-a (average) 
2. Total biovolume (average)
3. PTIspecies and  PTIot – indices based on trophic 
scores of algal species 

Salmaso et al. 2006 
Buzzi et al. 2007

More detailed descriptions of the methods and indices are given in the Annex A – Part 2.

As no final versions of national methods have been available until June 2007, the IC exercise was 
carried out on selected parameters only (three national trophic indices). The IC exercise is thus not 
fully completed within the Alpine GIG, but still in progress (see chapter 2.1.9. Open issues and need 
for further work ).  
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2.1.4 Reference conditions and the H/G boundary

Reference criteria for selecting phytoplankton reference sites

The definition of reference conditions is a major prerequisite for a WFD compliant assessment 
of aquatic ecosystems. To fulfil it, most member states of the Alpine lakes GIG have developed 
criteria for selecting reference sites. Although these national approaches are similar, differences and 
inconsistencies remain. The Alpine GIG has harmonised the national approaches and has defined the 
criteria for the selection of reference sites that are agreed upon by all Member States of the Alpine 
lakes GIG.

Two sets of reference criteria were used by Alpine GIG to select reference lakes:

• �General reference criteria – focusing on the level of anthropogenic pressure exerted on 
reference lakes;

• �Specific reference criteria – focusing on ecological changes caused by the anthropogenic 
pressure.

General reference criteria

The general criteria follow the general requirements for the selection of reference sites describing 
the level of anthropogenic pressure in terms of catchment use, direct nutrient input, hydrological, 
morphological changes, recreation pressure etc. (Table 2.1.4a).

These criteria should not be regarded as very strict exclusion/inclusion criteria as required by the 
BSP of Pollard & van de Bund (2005). In any case, an evaluation by expert judgement will be 
necessary to avoid misclassifications. This is especially necessary if the lakes have experienced a 
turbulent eutrophication history. Re-oligotrophication may be masked by a delay of one or more 
quality elements (e.g. Lang 1998, Anneville & Pelletier 2000).

Table 2.1.4a: General reference criteria for selecting reference sites in the Alpine GIG.

Factor or aspect Criterion

Catchment area >80–90% natural forest, wasteland, moors, meadows, pasture
No (or insignificant) intensive crops, vines
No (or insignificant) urbanisation and peri-urban areas
No deterioration of associated wetland areas
No (or insignificant) changes in the hydrological and sediment regime of the tributaries

Nutrient input No direct inflow of (treated or untreated) waste water
No (or insignificant) diffuse discharges

Hydrology No (or insignificant) change of the natural regime (regulation, artificial rise or fall, internal 
circulation, withdrawal)

Morphology No (or insignificant) artificial modifications of the shore line

Connectivity No loss of natural connectivity for fish (upstream and downstream)

Fisheries No introduction of fish where they were absent naturally (last decades) 
No fish-farming activities

Other pressures No mass recreation (camping, swimming, rowing)
No exotic or proliferating species (any plant or animal group)
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Specific reference criteria

Here, a crucial problem of terminology can be noted: how to interpret insignificant urbanization, 
insignificant diffuse nutrient discharges etc. The Guidance on reference conditions (ref.) allows 
to include very minor (insignificant) disturbance, which means that human pressure is allowed as 
long as there are no or only very minor ecological effects. The Guidance thus doesn’t look only on 
the pressure, but on the ecological effect. So a specific set of criteria is needed for eutrophication 
pressure and phytoplankton (Table 2.1.4b.) to assess the level of ecological changes.

For some of general factors, e.g. the hydrological changes, specific criteria were not specified 
because of their irrelevance for the eutrophication pressure and phytoplankton. For instance, 
Vorderer Gosausee (AT) suffers from strong water level fluctuations and can thus not be considered 
as reference site. But in terms of trophic state (catchment area, nutrient input) it fulfils the 
requirements of a “trophic reference site” and was thus included in the lists of reference sites. More 
detailed explanations in Annex A – Part 3.

Table 2.1.4b: Specific criteria for selecting reference sites. (The TP concentration is calculated as volume weighted 
annual mean or as volume weighted spring overturn concentration. Both the annual mean and the spring concentration 
have to remain below the suggested threshold value over at least three subsequent years).

Factor or aspect Criterion

Historical data No changes in status parameters compared to the period prior to major 
industrialisation, urbanisation and intensification of agriculture

Anthropogenic nutrient load Insignificant contribution to total nutrient load

Trophic state No deviation of the actual from the natural trophic state
Natural trophic state of L-AL3: oligotrophic (threshold value for the pre-selection of 
reference sites: TP ≤8 µg l–1)
Natural trophic state of L-AL4: oligo-mesotrophic (threshold value for the pre-
selection of reference sites: TP ≤12 µg l–1)

Reference lakes for phytoplankton BQE

Annex A – Part 4 presents lists of reference sites, which were compiled from the GIG database  on 
Alpine lakes following the agreed reference criteria:

• �Altogether 46 Alpine lakes belonging to IC lake type LAL3 and LAL4 were selected based on 
general and specific reference criteria (the compliance of reference and actual trophic states); 

• �Additionally 14 reference sites from lakes based on historical data were selected.

Setting of Reference conditions and H/G boundary for trophic indices

General description of taxonomic composition under reference conditions

The algal community comprises often very few nutrient sensitive taxa only (low taxa richness). 
A characteristic feature of the phytoplankton community in many deep Alpine lakes (L-AL3) 
is a strong dominance of Cyclotella species. This fact has been proved by monitoring data from 
reference sites, but also by historical data and paleo-reconstruction. Typical accompanying taxa 
besides Cyclotella are Ceratium hirundinella, Asterionella formosa, various chrysoflagellates, 
cryptoflagellates and Chroococcales. Some of these taxa may also occur at higher trophic states, but 
form a significant part of the community in oligotrophic conditions.
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In moderately deep lakes (L-AL4), variability and biovolume is slightly higher than in deep lakes 
(reference conditions = oligo-mesotrophic). The trophic gradient spanned by L-AL4 lakes is 
however larger than in deep lakes, which makes this group more heterogeneous than the L-AL3 
lake group. At the lower trophic end of L-AL4 lakes, the biovolume and taxonomic composition are 
similar to those in deep lakes. At the upper trophic end, the species richness may be significantly 
higher than in oligotrophic lakes. Also the proportion of nutrient tolerant taxa such as Fragilaria 
crotonensis, Stephanodiscus spp., Tabellaria fenestrata or various filamentous blue-green algae 
(such as Planktothrix rubescens) may be slightly higher than in typical high status lakes of the type 
L‑AL3.

Weak relationships can be found between eutrophication pressure and phytoplankton taxonomic 
composition at a higher level (algal classes), however, the variability is very high. A much better 
correlation can be found on the species/genus level. The three trophic indices described below rely 
on quantitative data (Utermöhl countings) on the species/genus level.

Setting of Reference conditions and H/G boundary for Brettum Index (AT)

A three-step approach was used for setting reference conditions and H/G ecological status class 
boundaries according to Brettum index:

1) �The reference values and the H/G class boundaries were calculated for the annual total 
phytoplankton biovolume using the set of reference sites. The median value was suggested 
as the reference value and the 95th percentile as the H/G boundary;

2) �The reference values and the H/G class boundaries for the Brettum index were derived from a 
regression with the total biovolume (Figure 2.1.4); like for the biovolume, ranges are defined 
also for the Brettum index in both IC lake types (see Table 2.1.4c).  

3) �A validation was carried out using the spatial approach of the common BSP (GIG data set, 
median of reference sites) as well as by checking the relative proportion of sensitive taxa 
along the scale of normalised EQR (Annex A – Part 5.1.)
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Figure 2.1.4: Correlation between the annual mean total biovolume and the Brettum Index. Each point corresponds to a 
single lake year. The regression was calculated from the whole data set of L-AL3 and L‑AL4.
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Table 2.1.4c: Reference values for chlorophyll-a and Brettum index (Austria) for the Alpine GIG common 
lake types.

IC lake type Reference conditions for chlorophyll-a Reference condition for Brettum index

L-AL3 0.2-0.3 4.40-4.62

L-AL4 0.5-0.7 3.94-4.12

Defining of Reference conditions and setting the H/G ecological status class boundaries 
according to the German Phytoplankton-Trophie-Seen-Index (PTSI)
Reference conditions and the H/G class boundaries for the German assessment and the PTSI 
were set using palaeolimnological investigations, spatial approach (reference sites), modelling 
(background concentrations of total phosphorus (TP) and morphometric conditions in lakes), and 
expert judgement. The values of the reference conditions as well as the values of PTSI are adjusted 
to the German trophic classification index of the LAWA (LAWA 1999; see Table 2.1.4d). The 
German LAWA-Index is calculated from the parameters TP, chlorophyll-a, and Secchi depth in the 
vegetation period from May to September.

Based on the lake type specific reference values, a shift of 0.5 index units leads to the next 
ecological quality class. The boundaries of the PTSI are situated in the middle of the trophic classes 
of the German LAWA-Index (see Table 2.1.4e).

Table 2.1.4d: Trophic classification with PTSI and German LAWA-Index (LAWA 1999).

PTSI or LAWA-Index Trophic state category  
(LAWA 1999)

Corresponding mean TP concentration. 
[µg l–1] for the vegetation period

0.5 – 1.5 oligotrophic 1 – 8

> 1.5 – 2.0 mesotrophic 1 8 – 19

> 2.0 – 2.5 mesotrophic 2 19 – 45

> 2.5 – 3.0 eutrophic 1 45 – 107

> 3.0 – 3.5 eutrophic 2 107 – 250

> 3.5 – 4.0 polytrophic 1 250 – 500

> 4.0 – 4.5 polytrophic 2 > 500

> 4.5 hypertrophic

Table 2.1.4e: Assessment of the ecological status of lakes using PTSI: reference values and class boundaries.

PTSI L-AL3 L-AL4

Reference value for PTSI 0.75 1.25

0.5 – 1.25 high high

1.25 – 1.75 good high

1.75 – 2.25 moderate good

2.25 – 2.75 poor moderate

2.75 – 3.25 bad poor

3.25 – 3.75 bad bad

> 3.75 bad bad
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Defining of Reference conditions and setting the H/G ecological status class boundaries 
according to PTIspecies and PTIot (IT)
Large and deep subalpine lakes of northern Italy constitute a separate lake type in Italy (national 
type 5, max depth ≥ 120 m and surface >100 km2). For this group of lakes the PTIspecies (and 
PTIorder, which is not included in the IC exercise) was implemented (Salmaso et al. 2006). The 
reference value and the H/G class boundaries were set using the regression between chlorophyll-a 
(log-scale) and PTIspecies:

	 PTIspecies = –0.0027 Chl-a + 0.5886	 (2)

For other Italian lakes the PTIot index (optimum tolerance) was implemented. Reference values 
for L-AL3 and L-AL4 are defined as the medians of the PTIot of reference lakes (Alpine GIG data 
set, spatial approach). The H/G class boundary is defined as the 10th percentile of PTIot values of 
reference lakes.

Table 2.1.4f: PTI species and PTI ot reference values for Alpine GIG Intercalibration common lake types.

IC Lake type
LAL3

LAL4
Large deep subalpine lakes Other LAL3

Index PTI species PTIot PTIot

Reference value 4.3 3.62 3.54

Summary on setting the reference condition and the H/G class boundaries  

Spatial approach in conjunction with modelling of anthropogenic nutrient load/natural trophic state, 
and expert judgement was used for selection of reference lakes and setting reference conditions; 

• �Reference values and the H/G boundaries for the Brettum index (AT) were derived using a 
combination of spatial approach and regression with total biovolume;

• �Spatial approach in conjunction with modelling of natural trophic state and expert judgement 
was used for setting the values for the PTSI (GE);

• �Spatial approach and regression with chlorophyll values were used for the PTI (IT) indices.   

2.1.5 Good/Moderate Boundary setting 

The G/M boundary was set in compliance with the normative definitions of the WFD and the Alpine 
GIG interpretation of the ecological status classes according to phytoplankton (see Table 2.1.5a.).
The main principles of the G/M boundary setting in the Alpine GIG were:

• �Boundaries were set on the basis of already intercalibrated metrics, e.g., annual biovolume 
and chlorophyll-a values. The basic idea is that if a metric A has been intercalibrated and the 
boundaries proven to be WFD compliant, then the existence of a statistically significant correlation 
between metrics A and B will guarantee that also the boundaries of metric B are WFD compliant;

• �The class boundaries were validated according to the change of taxonomic composition as 
described in the WFD normative definitions for the ecological status classes;

• �Expert judgment and link to trophic classifications: the class boundaries presented in the report 
do not form an abrupt break of the classical lake classification based on the trophic state. They 
are founded on the knowledge of a large number of eutrophication studies since the 1970s and 
continue the long tradition of lake assessment in the Alpine countries.
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Table 2.1.5a: Compliance with the normative definitions and interpretation of the ecological classes according to 
phytoplankton within the Alpine GIG.

Ecological 
status Normative definition (WFD) Interpretation

High “The taxonomic composition corresponds totally 
or nearly totally to undisturbed conditions. The 
average phytoplankton biomass is consistent with 
the type-specific physico-chemical conditions 
[…].”

The taxonomic composition of reference sites is like 
it was until the 1930s prior to major urbanisation, 
industrialisation and agriculture (historical data 
available!). Taxa richness is low, sensitive taxa 
dominate (especially in L‑AL3 lakes). The 
trophic indices do not deviate significantly from 
reference conditions. The annual mean biomass is 
within the same range as it was until the 1930ies. 
The TP concentration and water transparency 
(physico-chemical conditions) indicate the natural 
trophic state (L-AL3 oligotrophic, L-AL4 oligo-
mesotrophic). No plankton blooms.

Good “There are slight changes in the composition and 
abundance of planktonic taxa compared to the type-
specific communities. Such changes do not indicate 
any accelerated growth of algae resulting in 
undesirable disturbance to the balance of organisms 
present in the water body or to the physico-
chemical quality of the water or sediment.”

Total biovolume may be slightly increased (2 to 
3-fold).
The abundance of tolerant taxa increase, that 
of sensitive taxa (such as some Cyclotella spp.) 
decrease. Accordingly, the trophic indices used 
in the national methods indicate a slightly higher 
trophic state.

Moderate “The composition and abundance of planktonic 
taxa differ moderately from the type-specific 
communities. Biomass is moderately disturbed and 
may be such as to produce a significant undesirable 
disturbance in the condition of other biological 
quality elements and the physico-chemical quality 
of the water or sediment.”

Total biovolume of phytoplankton is significantly 
increased (4 to 6-fold). Other biological quality 
elements are clearly affected (e.g., decrease of 
charophytes, decrease of Coregonus).
Trophic indices deviate significantly from 
reference conditions.

The G/M boundary for the Brettum index was derived similarly to the H/G boundary: 
• �The G/M class boundaries were calculated for the annual total biovolume (see Section 1) and 

the corresponding boundaries for the Brettum index were derived from a regression with the 
total biovolume (Figure 2.1.4); 

• �Like for the biovolume, ranges are defined also for the G/M, M/P and P/B boundary of the 
Brettum index in both IC lake types;

• �The boundaries for the Brettum index were validated against changes in relative proportions of 
sensitive and tolerant taxa (see Annex B – Part 5.1, Figure A-5.1.).

The G/M boundary for PTSI was set using the same approach as for the H/G boundary:
• �boundary setting was linked to the German trophic classification index of the LAWA (1999) 

which mirrors the trophic pressure (TP, Chlorophyll-a, Secchi) and based on expert judgement; 
• �hence the boundaries were not directly derived from the values in the lake database (like the 

G/M boundary for PTIot), but validated in the harmonization process.

G/M Boundary setting for PTIspecies and PTIot:
• �For the PTIspecies, the G/M class boundaries were obtained using the regression between log 

Chl-a and PTIspecies;
• �The G/M  boundaries for PTIot  was set at the 10th percentile of PTIot values of lakes pertaining 

to good status by the Brettum index, PTSI  index and by Italian experts judgement. The other 
boundaries were obtained using the equal class width criterion.
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2.1.6 Harmonization of the three indices: Brettum index, the PTIot/PTIspecies 
and the PTSI

A hybrid of Intercalibration Options 2 and 3 (ref.) was used to intercalibrate the parameter 
‘phytoplankton taxonomic composition’. The harmonization of the three national trophic indices 
was done in the following steps:

1. �All three trophic indices were expressed as normalised EQR (linear scale, equidistant class 
widths);

2. �The arithmetic mean of the three normalised EQRs was used as a common metric (option 2) 
to enable comparability between the three national metrics;

3. �Harmonisation was done by using an acceptable band of 5% of the whole range of 
normalised EQR (±0.05 EQR) to include natural variation and methodological uncertainties.

Normalizing of EQRs of trophic indices 
In order to allow a comparison of the different metrics, the EQRs of the three national indices were 
normalized to get comparable class boundaries with linear scale, equidistant class widths and the 
following boundaries for EQRnorm(Figure 2.1.6a):
	 H/G	 EQRnorm = 0.8
	 G/M	 EQRnorm = 0.6
	 M/P	 EQRnorm = 0.4
	 P/B	 EQRnorm = 0.2
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Figure 2.1.6a: 
Scheme of 
transforming the EQR 
values to normalised 
EQR values with 
linear scale and equal 
class widths. Left: 
total biovolume, right: 
Brettum index (both 
for L-AL3).

This was done by using linear regressions. For example, the EQR of the Brettum index for the type 
L-AL3 was transformed into the corresponding normalized EQR using the following equation:

EQRnorm =1.7538*EQR-0.8505

A more detailed description of the procedure and the regression equations are given in Annex A– Part 7. 

Calculation of the average normalised EQRs for the three national indices
The arithmetic mean of the normalised EQRs of the three national indices was calculated for those 
lake years, for which all three national classifications were available. Both the normalised EQRs of 
the indices and their mean follow a linear scale with equal class widths. The arithmetic mean works 
as a common metric (option 2+3). Harmonization was done in two ways: 

• �using single year data;
• �using three-year averages.
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Harmonization using single year data

Table 2.1.6a gives the statistics and Figures 2.1.6b and 2.1.6c exemplify the harmonization process 
using single year data. With one exception (G/M boundary for PTI in type L-AL3), all values lie 
within the acceptable band of ±0.05 EQR. Experts of the Alpine GIG propose to accept this slight 
deviation. The classification methods are considered sufficiently robust to enable comparability 
of national classifications. Further improvements will be made after new data from the national 
monitoring programmes 2007ff are included. 
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Figure 2.1.6b: Harmonization of the three national 
trophic indices from AT, DE and IT for L-AL3 lakes 
(single year data).       

Figure 2.1.6c: Harmonization of the three national 
trophic indices from AT, DE and IT for L-AL4 lakes 
(single year data).

Table 2.1.6a: Statistics for the harmonization of the three national trophic indices. BI = Brettum index (AT), PTIot = 
phytoplankton trophic index (IT), PTSI = Phytoplankton-Trophie-Seen-Index (GE).

L-AL3 L-AL4

H/G G/M H/G G/M

BI PTIot PTSI BI PTIot PTSI BI PTIot PTSI BI PTIot PTSI

Average 0.82 0.81 0,76 0.58 0.67 0.60 0.81 0.76 0.77 0.56 0.63 0.62

±95%C.I. 0.04 0.03 0.05 0.02 0.03 0.02 0.04 0.02 0.03 0.07 0.02 0.09

N 14 14 14 33 33 33 13 13 13 10 10 10

Harmonization using three-year averages

In order to compensate for interannual variations, the harmonization calculations were carried out 
also on three-year averages (where available). The results are shown in Table 2.1.6b and Figures 
Figure 2.1.6d and e. The slight deviation shown in Table 2.1.6a is clearly reduced when using three-
year data. All national boundaries lie within the acceptable band.
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Table 2.1.6b: Statistics for the harmonization of the three national trophic indices. BI = Brettum index (AT), PTIot = 
phytoplankton trophic index_optimum tolerance (IT), PTSI = Phytoplankton-Trophie-Seen-Index (GE). Data were 
lumped to three years averages (where available) in order to compensate for interannual variations.

L-AL3 L-AL4

H/G G/M H/G G/M

BI PTIot PTSI BI PTIot PTSI BI PTIot PTSI BI PTIot PTSI

avg 0.83 0.81 0.80 0.59 0.64 0.60 0.84 0.76 0.77 0.60 0.63 0.63

±95%C.I. 0.03 0.05 0.04 0.02 0.02 0.03 0.03 0.02 0.06 0.03 0.05 0.03

N 9 9 9 29 29 29 8 8 8 10 10 10
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Figure 2.1.6d: Harmonization of the three national trophic 
indices from AT, DE and IT for L-AL3 lakes. Data were 
lumped to three-year averages (where available) in order to 
compensate for interannual variations.    

Figure 2.1.6e: Harmonization of the three national trophic 
indices from AT, DE and IT for L-AL4 lakes. Data were 
lumped to three-year averages (where available) in order 
to compensate for interannual variations.

2.1.7 Final outcome of the Intercalibration

The final outcome of the Intercalibration exercise in the Alpine GIG with respect to the 
phytoplankton composition parameter is an agreement on boundaries (ranges) for all classes of 
annual mean total biovolume and annual mean chlorophyll-a concentration. The class boundaries 
and the class widths (on a ln-scale) of the common metrics are given in the following Tables.

Table 2.1.7a: Reference value, class boundaries and EQR for the Brettum index BI (national method AT).

L-AL3 L-AL4

Brettum Index EQR Brettum Index EQR

Ref 4.40–4.62 1.00 3.94–4.12 1.00

H/G 4.12–4.34 0.94 3.69–3.87 0.94

G/M 3.64–3.83 0.83 3.20–3.34 0.81

M/P 3.12–3.28 0.71 2.68–2.80 0.68

P/B 2.62–2.77 0.60 2.18–2.27 0.55
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Table 2.1.7b: Reference value, class boundaries and EQR for PTSI (national method DE).

L-AL3 L-AL4

PTSI EQR PTSI EQR

Ref 0.75 1.00 1.25 1.00

H/G 1.25 0.60 1.75 0.71

G/M 1.75 0.43 2.25 0.56

M/P 2.25 0.33 2.75 0.45

P/B 2.75 0.27 3.25 0.38

Table 2.1.7c: Reference values, class boundaries and EQR for PTIspecies and PTIot (national method IT).

L-AL3 (mean depth > 100 m) L-AL3 (mean depth < 100m) L-AL4

PTIspecies EQR PTIot EQR PTIot EQR

Ref 4.30 1.00 3.62 1.00 3.54 1.00

H/G 4.00 0.93 3.43 0.95 3.37 0.95

G/M 3.50 0.82 3.22 0.89 3.01 0.85

M/P 3.06 0.71 3.01 0.83 2.64 0.75

P/B 2.60 0.60 2.80 0.77 2.28 0.64

2.1.8 National types vs. Common Intercalibration types 

In most Alpine countries, national lake typologies have been developed (Mathes et al. 2002, 
Gassner et al. 2003, Ministère de l’Écologie et du Développement 2004, Wolfram 2004, Buraschi et 
al. 2005, Pall et al. 2005). The same main factors such as the mean depth, alkalinity, size and region 
are used in national typologies, that renders the comparison possible. The following Table 2.1.7a 
shows, which national types (roughly) correspond to the common IC lake types.

Table 2.1.8a: Correspondence between national and common intercalibration types in the Alpine GIG. 

Common Intercalibration types

 MS L-AL3 (Zmean >15m) L-AL4 (Zmean 3-15m)

N
at

io
na

l l
ak

e t
yp

es

France N4. Stratified calcareous mountain lakes (Zmean >15 m) N3 and N4. Stratified calcareous mountain lakes 
(Zmean 3-15 m)

Germany A4. Stratified Alpine lakes VA2-3. Stratified pre-Alpine lakes

Austria

B1. Special type Bodensee
D1-D3, E1-E2. Large Alpine lakes
C1a. Large lakes in Dinaric Western Balkan  
(Zmean >15m)

B2. Large pre-Alpine lakes

C1b. Large lakes in Dinaric Western Balkan 
(Zmean 3–15 m)

Slovenia Large lakes in the Alpine region
Type 1 (Bohinj)     Type 2 (Bled)  

Italy

Type 2. Large deep lakes: Zmax<120 m, A<100 km2, 
Zmean>15 m
Type 3. Very large + deep lakes: Zmax>120 m, A>100 
km2

Type 1. Large moderately deep lakes: Zmean <15 m 



97

Twelve national types of five countries correspond to L-AL3 and seven to L‑AL4. The ranges of 
the biovolume and chlorophyll boundaries set by the IC exercise will be used for setting ecological 
classification systems for these types. 

Transformation of the IC boundaries into national assessment systems

In terms of the natural trophic state and phytoplankton reference, the distinction of two lake 
types between 50 and 800 m a.s.l. is considered to be sufficient in most cases. The more detailed 
distinction of some national types is based on biological quality elements other than phytoplankton.

In Austria, the boundaries for Brettum index given in Table  2.1.7a are used also in the national 
classification system for phytoplankton. They are applied to all national types listed in Table 2.1.8a. 
The normalised EQRs for the two metrics, biovolume and a national trophic index (Brettum index), 
are equally weighed. The average of the two normalised EQRs gives the final normalised EQR and 
so the ecological status class.

The German national types can easily be attributed to the IC types. Only some polymictic lakes with 
a mean depth of less than 3 m could not be integrated in the intercalibration typology scheme. The 
class boundary values according to PTSI used in German phytoplankton assessment systems are 
given in Table 2.1.7b.  

Table 2.1.8a: Guidance on whether to use the minimum or maximum values of the acceptable band of the IC class 
boundaries for common types while applying these boundaries to national lake types.

Lake descriptor Characteristics of national type or lake 
population as compared to GIG type

Guidance for use of minimum 
and maximum values

L-AL3
   depth/area very large*  min
   altitude high*  min
   latitude low*  max
   relation epilimnion: euphotic zone large*  min
   relation TP: biovolume low*  min
   inorganic turbidity high*  min
   summer ‘epilimnic residence time’ very short (<<1 month)  min
   mixis type naturally meromictic  max

L-AL4
   present trophic state state oligotrophic  min
   groundwater incluence high  min
   mixis type naturally meromictic  max
   surface area <50 ha (outside strict definitions of IC type)  max
   altitude high*  min
   latitude low*  max

both types
   annual mean  min values
   mean of vegetation period  max values
   including Gymnodinium helvetiucm and other heterotrophic taxa  max values

*opposite characteristics result in maximum guidance values
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In Italy the Common Intercalibration Type L-AL3 was split in two national types, due to the 
peculiarities of the deep and large subalpine lakes. Because of this reason, different reference values 
and boundaries were proposed for the very deep and large lakes, with respect to the national trophic 
indices for phytoplankton (PTIspecies and PTIot). 

The two lakes in Slovenia belong to different national types, but to the same IC type. In terms of 
the reference conditions for the trophic status, it is possible to lump the two national types and treat 
both of them as L-AL3 lakes.

How to apply the intercalibrated class boundaries to national lake types
When the lake characteristics of Member States are comparable to the characteristics of the type 
characterisation, the presented boundary mid-values should be applied. The Member States can use the 
range of the common GIG-types to set the most suitable boundaries for their national types. Additional 
information for setting the reference values within the ranges can be derived from palaeo-reconstructions. 
As a guidance, how to apply the agreed GIG values to national types, Table 2.1.8a can be used.

The Alpine GIG experts propose that Member States should have the right to apply class boundary 
values that remain outside the agreed acceptable band if the characteristics of a lake type (or an 
individual lake) are outside the range of the reference lake population or the common typology.

Examples for L-AL3 lakes at the lower end of the range are Lake Constance (very large and deep) 
and Hallstätter See (very low epilimnetic residence time, occasionally inorganic turbidity due to 
floods of tributaries).

Example for L-AL4 lakes at the lower end of the range are Lustsee, Wörthsee, Pressegger See and 
Faaker See. Examples for L-AL4 lakes at the upper end of the range are the meromictic Längsee 
and the small Hafnersee (surface area 16 ha).

2.1.9 Open issues and need for further work

Problems encountered

Several problems were recognised during the IC process:
• �Availability of data. There are several datasets on phytoplankton from Alpine lakes, which 

could not be included in the IC process, as the GIG experts had no access to them.
• �Some problems in lake typology, e.g., how to treat meromictic or very large and deep lakes, 

could not be fully solved within the last years. This should, however, not cause too large 
problems for comparability of the classification in the Alpine MS.

• �Differences in data quality and structure. It was not possible to include the French approach 
(estimation of % abundance) in the biovolume approach of the other MS. However, the 
sampling strategy and the lab methods used in the French surveillance monitoring network are 
compliant with the GIG approach.

• �Heterogeneity of data. Generally, the dataset can be described as fairly comparable as regards 
sampling strategy and sample processing (counting). An unknown proportion of variability in 
the data may still be due to different methods.

• �Uncertainty about further IC process. Some aspects discussed during the IC process since 2003 
were postponed to later discussions. It is, however, unclear how changes in the middle future 
can be combined with results achieved so far, e.g. changes in lake types, changes due to a 
harmonised sampling (new CEN standard).
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Need for further work 

The present stage of the Intercalibration is considered as a stopover on the way towards a common 
and truly intercalibrated understanding of lake assessment. In the next months and years, the Alpine 
GIG will focus on the following aspects:

• �Combination of agreed metrics (biovolume, trophic indices) to a complete method; option 3 
comparison of complete national methods (combination rules are available for the AT and the 
DE and, since January 2008, the IT method);

• �refinement and extension of the lake types: very large lakes, meromictic lakes, small lakes 
(<0.5 km2), high Alpine lakes;

• �improvement and harmonisation of methods;
• �exchange of experiences with new CEN standards: sampling, phytoplankton cell counting and 

biovolume determination, quality assurance;
• �performance of a ring test with different laboratories on counting and biovolume determination 

of phytoplankton;
• �assessment of the ‘uncertainty of measurement’ of biological parameters such as total 

biovolume;
• �comparison of the results with new data from the monitoring programmes  which have started 

in 2007.

Finally, the IC exercise focused so far on the eutrophication pressure only. Metrics such as 
biovolume and chlorophyll-a are sufficient to characterise the trophic status in the pelagic zone, but 
not the ecological status of whole lake. The WFD, however, requires a lake assessment including all 
biological quality elements and pressures.

2.2 Mediterranean GIG

2.2.1 Mediterranean Lake Types

After an early attempt to have eight types included in the Mediterranean GIG, three common types 
were eventually identified (Table 2.2.1a), characterised by the following descriptors: 

• �Altitude - three classes: lowland (< 200 m), mid-altitude (200 – 800 m) and between lowland 
and highland (< 800 m);

• �Depth - one class: deep lakes with mean depth >15 m;
• �Alkalinity- two classes: calcareous (>1 meq l-1)  and siliceous(< 1 meq l-1);
• �Lake size- one class: large (>0.5km2).

Table 2.2.1a: Mediterranean lakes: Common Intercalibration types (as agreed in IC type manual 2004).

Type Lake characterisation Altitude 
(m a.s.l.)

Mean depth 
(m)

Alkalinity 
(meq l-1)

Lake size 
(km2)

L-M5 Reservoirs, deep, large siliceous, lowland < 200 > 15 < 1 > 0.5

L-M7 Reservoirs, deep, large, siliceous, mid-altitude. 200 - 800 > 15 < 1 > 0.5

L-M8 Reservoirs, deep, large, calcareous, between lowland 
and highland 0 - 800 > 15 > 1 > 0.5
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During the IC process it was shown that:
• �no significant differences existed between former types 5 and 7 (both siliceous); 
• �data analysis on Portuguese reservoirs showed that their L-M5 southern reservoirs differed  

from the L-M5 northern ones by climatic and hydrological features.

Based on analysis of some climatic and hydrological variables (see Annex B - Part 1) it was agreed: 
• �to merge the siliceous types (L-M5 and L-M7);
• �to segregate from L-M(5+7) those reservoirs where climate and hydrological features fit well 

with the southern reservoirs in drier areas, thus resulting in an “arid” siliceous versus a “wet” 
siliceous type;

• �to study the possibility of making the same division for calcareous reservoirs for a further IC 
stage.

So in the end, three common types of reservoirs remained (see Table 2.2.1.b). 

It was noted that the data set of “siliceous arid” type is too small to be statistically valid and thus 
the boundaries were set only for two types – “siliceous wet” and “calcareous”. Not all Med GIG 
countries have these types: Portugal does not share calcareous types but Cyprus and Italy do not 
have siliceous “wet” reservoirs (Table 2.2.1c). 

Table 2.2.1.b: Mediterranean lakes: Common Intercalibration types (as agreed in the IC process) All lakes >0.5 km². 
Reservoirs with catchment area larger than 20,000 km2 were excluded from the types.

Old Name 
Type Lake characterization Altitude

(m)
Annual mean precipitation (P; 
mm) and temperature (T; ºC)

Mean 
depth (m)

Geology
alkalinity (meq l-1)

L-M5 +       
L-M7

Reservoirs, deep, large 
siliceous, “arid areas” 0-800 P < 800 and 

T >15 >15 Siliceous

L-M5 +       
L-M7

Reservoirs, deep, large, 
siliceous, “wet areas” 0-800 P >800 or 

T <15 >15 Siliceous

L-M8
Reservoirs, deep, large, 
calcareous, between 
lowland and highland

0-800 – >15
>1 meq l-1 

Calcareous
High alkalinity

Table 2.2.1.c: Mediterranean lakes: IC types with final results (all lakes>0.5 km²). 

Type Lake characterisation CY GR FR IT PT ES RO

Siliceous from
“Wet  areas” 

Reservoirs, deep, large, siliceous, 
“wet areas” n.a. + + n.a. + + +

Calcareous Reservoirs, deep, large, calcareous, 
between lowland and highland + + + + n.a. + +

2.2.2 Intercalibration approach

The Mediterranean GIG for lakes chose Option 1 (EC, 2005), at which all Member States are 
sharing a common assessment and classification procedure. Several reasons have led the GIG to 
adopt Option 1:

• �The scarcity of valid data prior to the outset of the IC exercise. Monitoring programmes 
traditionally were based on surface or uppermost water samples for nutrients/chlorophyll 
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concentration, while some data of phytoplankton composition were obtained primarily for 
research purposes at Universities or research institutes;

• �Variable sampling strategies (concerning both frequency and water layers) and analysis  
methods,  

• �Willingness among GIG partners to adopt common metrics, assessment methods and 
classification systems.

Thus, a thorough agreement was achieved on a common choice of biological parameters, sampling 
strategy and lab methodology. Data collection entirely relied upon an agreed common sampling 
programme and laboratory methodology, applied to all IC and reference sites, and jointly performed 
during 2005 summer season (integrated samples taken on 3-4 sampling dates per site from the 
euphotic layer - 2.5*Secchi depth) (see Annex B – Part 2).

Therefore, common boundaries for a common metrics were set by an agreed common procedure, 
based on a joint dataset. 

Intercalibration exercise included 3 following steps:

• �Selection of reference sites and Intercalibration sites (corresponding to G/M boundary);

• �Sampling programme (2005) according to agreed sampling strategy and lab methodology;

• �Setting of boundaries and reference conditions using acquired dataset;

• �Validating of boundaries using additional data of Mediterranean reservoirs.

Two phytoplankton biomass metrics were subject to intercalibration: 

• �% of Cyanobacteria; 

• �Catalan index;

• �Med PTI index (only for Italy).

2.2.3 National methods that were intercalibrated 

None of the L-M GIG countries, except France, have so far any national methodology previously 
established for phytoplankton-based ecological status assessment, but MSs plan to adopt themethods 
defined within the GIG for their national assessment systems.

Therefore, strictly speaking, no real intercalibration concept applies to the so-called Option1, since 
the common methods and metrics that were used in the process was agreed to be adopted by MS in 
their national monitoring programmes, with some exception referred to below.

The database used for the IC exercise relied on the data collected from the selected IC and reference 
sites during the agreed summer sampling campaign in 2005. Data were collected for the following 
phytoplankton composition metrics:

• �% Cyanobacteria biovolume;

• �Barbe (Barbe et al. 2003) Index;

• �Catalan index (synonymous to Indice de Grupos de Algas, in Spanish acronyms, or AGI, 
standing for Algae Groups Index, Catalan et al. 2003); 

• �MedPTI (Mediterranean Phytoplankton Trophic Index, Marchetto et al. 2007).
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Afterwards the Barbe Index (2003) was excluded from the IC exercise, since it was designed for a 
methodology different from the one agreed by the GIG. The original Barbe Index was designed on 
the basis of relative abundance (number of cells) of phytoplankton groups, not making use of the 
relative biomass. These differences may explain why the modified Barbe index did not properly fit 
in the IC exercise. So three phytoplankton composition metrics were used in the IC exercise: 

The contribution of Cyanobacteria to the total biomass of phytoplankton is considered as a 
reliable, meaningful and easy-to-use indicator, bearing in mind the following reasons:  

• �Most of Cyanobacteria species show a strong preference for eutrophic conditions and those few 
species linked to oligotrophic conditions were excluded, in order to increase the confidence of 
the metrics. So only the species associated to eutrophic conditions were taken into account (see 
Annex B – Part 2).

• �Cyanobacterial blooms are highly visible, widespread indicators of eutrophication; 
• �Because of the toxicity of some bloom taxa, blooms can pose serious water quality and animal 

and human health problems. Foul odors and tastes, oxygen depletion, fish kills, and drinking/
recreational impairment are symptoms of bloom-infested waters;

• �Finally, the large contribution of cyanobacterial blooms to phytoplankton biomass.

Catalán Index (Catalan, 2003) is based on the percentage of biovolume of the groups of algae 
considered in the concerned index: 

CI = [1+0.1Cr+Cc+2(Dc+Chc) + 3Vc +4Cia] / [1+ 2(D+Cnc) + Chnc+Dnc] 

CI - Catalan index; Cr – Cryptomonads; Cc - Colonial Chrysophyte; Dc - Colonial Diatoms; Chc - Colonial Chlorococcales; 
Vc - Colonial Volvocales; Cia – Cyanobacteria; D – Dinoflagellates; Cnc -Chrysophyte not colonial ; Chnc - Chlorococcales 
not colonial; Dnc - Diatoms not colonial. 

The MedPTI index is phytoplankton composition index developed for deep reservoirs of Italy:
• �Like most of the similar indices used in Europe, MedPTI is based on the methods of weighted 

averaging, with tolerance downweighting - 46 taxa are listed, and for each of them “trophic 
values” and “indicator values” are reported. The MedPTI value for each reservoir is in turn 
calculated as the biovolume-weighted average of the trophic values of the species, weighted on 
their indicator values;

• �MedPTI applies to reservoirs located in the Mediterranean ecoregion, having mean depth 
higher than 15 m and conductivity lower than 2.5 mS cm-1, i.e types ME-4 and ME-5 of the 
Italian typology and types L-M5, L-M7 and L-M8 of the IC exercise typology;

• �However, the index may be reliably applied only to reservoirs when the mean annual 
biovolume of the species used for the calibration is greater than 70% of the total mean annual 
biovolume in that reservoir.

Details on the equations used and the species list are reported by Marchetto et al. 2007, available on the 
web (http://www.ise.cnr.it/ftp/medpti.pdf), and it will be shortly published in the scientific literature.

2.2.4 Reference conditions 

Reference conditions in reservoirs  - WFD requirements

Reservoirs are water bodies identified as heavily modified water bodies (HMWB) or artificial water 
bodies (AWB). For HMWB and AWB, the reference conditions on which status classification is 
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based are within the range of “Maximum Ecological Potential” (MEP). The MEP represents the 
maximum ecological quality that could be achieved for a HMWB or AWB, once all mitigation 
measures that do not have significant adverse effects on its specified use or on the wider 
environment have been applied.

The MEP biological conditions shall reflect, as far as possible, those associated with the closest 
comparable water body type (lakes, in this case). However, if it is not possible to identify a 
comparable natural lake, it will be necessary to identify a HMWB or AWB (reservoir) of the 
same type, being subject only to the impacts resulting from the artificial or heavily modified 
characteristics of the water body.

The Directive allows establishing MEP values by the same methods as the reference values of 
natural water bodies

Approach for setting of reference conditions

The L-M GIG used the spatial approach to define the MEP conditions, even though it proved not to 
be easy to find many reservoirs fulfilling reference criteria. Ten reference reservoirs were selected 
according to reference conditions criteria (see Annex B Part 3). Although reference criteria slightly 
differ among the countries, a common understanding was gained within the GIG:

• �Land cover: 80-90% natural or semi-natural land cover, 

• �No industry and significant urbanization in the catchment area;

• �Low level of other pressures (fishing, navigation, water uptake, nutrient loading and toxic 
pollution);

• �Pressure data checked by actual nutrient and phytoplankton data.

These reservoirs, except one, were sampled during the summer of 2005, according to a common 
programme, sampling strategy and lab methods in the same way for all the IC sites in the GIG, as 
previously planned. The reference site list with the data acquired during sampling 2005 is presented 
in Annex B Part 4. 

Reference conditions

The summary statistics used to define the reference values were the median of the summer 
mean values measured at the reference sites for each type. The metrics eventually used were % 
Cyanobacteria Biovolume, Catalan index and Med PTI (Barbe index was excluded since it was 
designed for a different methodology from that agreed within the GIG).

After the new typology was agreed, the type “siliceous from arid areas”, or “siliceous arid,” only 
had one single reference site with available data. Therefore, it was not possible to set reliable 
reference conditions for the “siliceous arid” type for the moment and the task is recommended to be 
undertaken in the next IC stage.

So the Intercalibration exercise set the reference conditions:

• �for three phytoplankton composition indices (Med PTI will be used only in Italy); 

• �for two common IC types (see table 2.3.4.)
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Table 2.2.4: Type-specific reference values for Med GIG reservoirs (summer mean values).

TYPE % Cyanobacteria Biovolume Catalan index Med PTI

Siliceous from “Wet” areas 0 0.1 3.08

Calcareous 0 0.61 3.09

The L-M GIG acknowledges the fact that the available data set from reference sites is not so large 
and statistically significant as to determine differences between types in terms of definitive reference 
values. Even so, it was agreed to consider these values as provisional and to review them in the 
next stage of the IC process.

2.2.5 Good/Moderate Boundary setting 

Good/Moderate boundary setting was based on the data specially collected from all the GIG IC 
network sites during the summer of 2005, according to a common programme, sampling strategy 
and lab methods. 

G/M boundary setting was based on 3 consecutive steps:

1. Selection of IC sites by expert judgment and all available information on eutrophication 
conditions and the Med GIG interpretation of the WFD normative definitions for ecological classes 
based on phytoplankton (see Table 2.2.5. a).  

The selection of the reservoirs proposed as sites at the G/M boundary in the Intercalibration 
register was based on eutrophication criteria, supported by scientific literature. The interpretation 
of the maximum, good and moderate ecological potential was based, in this GIG, on the range of 
the algal biomass data available from an array of Spanish reservoirs, as well as on the changes in 
taxonomic composition of phytoplankton. Interpretation of “undesirable disturbance” was based on 
the increase or decrease of some groups of algae, as respective indicators of increase or decrease of 
eutrophication.

The good ecological potential for Mediterranean reservoirs was recognized to deviate only slightly 
from reference conditions, not to the extent to bring about an undesirable disturbance to the 
balance of groups of algae. The phytoplankton biomass, expressed as Chl-a concentration and total 
biovolume, shows values higher than for the maximum ecological potential along the mesotrophic 
state range, even though the composition of algae groups does not become affected by longer 
changes. The values of both the percentage of bloom-forming cyanobacteria in total biovolume and 
composition indices, also measured in all IC sites during the summer 2005 sampling campaign, 
might be higher than at maximum ecological potential without producing secondary alterations.

2. Calculation of G/M boundaries for phytoplankton composition metrics;

The approach adopted by the L-M GIG was to set the G/M boundary value as 90th percentile of the 
distribution of the summer (June-Sept) average values of phytoplankton composition metrics (% 
Cyanophyta, Catalan index and MedPTI index) of IC sites. The G/M boundary values of these three 
metrics were calculated for each type: Siliceous Arid, Siliceous Wet and Calcareous. The list of 
selected sites and data underlying the analysis of boundary setting are enclosed in Annex B Part 5. 

Quality control procedures revealed several cases of outliers which were deleted from the dataset: 
• �Five reservoirs (three from the siliceous type, two from the calcareous one) proved to be 

outliers concerning biomass metrics, and were therefore excluded from these calculations. It 
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was likewise decided to remove them from the calculations on composition metrics, because 
the biomass involved appeared to be too high for reservoirs assumed to be at an ecological 
potential between “moderate” and “good” (see Annex B - Part 6);     

• �As for the calcareous type, four reservoirs shown a chlorophyll-biovolume relationship that 
did not match the relationship shared by the other sites, thus leading to the assumption that 
something was wrong about these parameters in these reservoirs. Consequently, they were 
removed from biomass calculations. Since the composition metrics is based on the biovolume 
associated to phytoplankton taxons, it was decided to also exclude these sites from the 
composition-related calculations (see Annex B - Part 6).

Just like for reference conditions, the dataset used was not statistically significant to consider 
these results as definitive. The scarcity of data is particularly remarkable for the new “Siliceous-
Arid” type, from which only five IC sites were available (Annex B Part 5). At first it was agreed 
to consider these values as provisional and to continue to review them in the next stage of the 
IC process, as soon as the possibility arises to increase the number of sites. However, it was 
furthermore realized that the characteristics of some of the IC sites did not match thoroughly with 
the range of values for the descriptors of this type, and for all these reasons later the GIG decided to 
exclude “Siliceous-Arid” type from the IC results and continue the work at the next stage of the IC 
exercise. 

Table 2.2.5.a: Compliance with the normative definitions and interpretation of the ecological classes for phytoplankton.

Ecological potential class

Maximum potential Good potential Moderate potential

Phytoplankton composition

It corresponds totally, or nearly totally, 
to undisturbed conditions, aside from 
the hydromorphological alterations 
calling for HMWB designation. 
For Phytoplankton composition, 
the maximum ecological potential 
corresponds to a composition of algae 
groups coherent with undisturbed 
conditions. Very minor % of bloom-
forming Cyanobacteria biovolume is 
expected.

It corresponds to a slightly deviation 
from reference conditions. The 
composition of algae groups does not 
become affected by longer changes 
although some taxa begin to change. 
The values of both % of bloom-
forming Cyanobacteria biovolume and 
composition indices might be higher 
than at maximum ecological potential. 

It involves a moderate deviation 
from reference conditions, what 
brings about an undesirable 
disturbance in the balance of 
algal groups. The values of % of 
bloom-forming Cyanobacteria 
biovolume and composition index 
might be higher than those at the 
maximum and good ecological 
potential. So as the composition 
of algae groups can be affected 
by longer changes. 

Phytoplankton biomass

It corresponds totally, or nearly totally, 
to undisturbed conditions, aside from 
the hydromorphological alterations 
calling for HMWB designation. 
Biomass, Chl-a concentration and total 
biovolume show low values. With 
regard to the types, average summer 
biomass values for the reservoirs 
situated in “Arid” areas are expected 
to be higher than those for reservoirs 
situated in “Wet” areas. 

The phytoplankton biomass, expressed 
as Chl-a concentration and total 
biovolume, shows values higher than 
for the maximum ecological potential. 
The deviation not to the extent to bring 
about an undesirable disturbance to the 
balance of groups of algae.
Slight oxygen depletion in the bottom 
water and less transparency could 
occur (not due to the high presence of 
suspended solids).

The phytoplankton biomass, 
expressed as the Chl-a 
concentration and total 
biovolume, shows values higher 
than for the maximum and good 
ecological potential, thus causing 
secondary undesirable alterations 
like significant oxygen depletion 
in the bottom water and the water 
transparency (not due to the high 
presence of suspended solids)
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So the Intercalibration exercise set type-specific Good/Moderate boundaries for:
• �Two common IC types (see table 2.2.5b.)
• �Three phytoplankton composition indices (Med PTI will be used only in Italy); 

Table 2.2.5.b: Type-specific Good/Moderate boundaries for Mediterranean GIG reservoirs. (summer mean values).

IC type % Cyanobacteria biovolume Catalan index Med PTI

Siliceous reservoirs “Wet areas” 9.2 10.6 2.32

Calcareous reservoirs 28.5 7.7 2.38

3. Validation of boundaries 
A data set of previous data of 33 Spanish reservoirs (C. de Hoyos, 2005) was used with the purpose 
to expand the information along the whole gradient of pressures and to establish relationships 
between pressure gradient and composition indices:

• �Relationship between chlorophyll a and % Cyanobacteria;   
• �Relationship between chlorophyll a and Catalan`s index;  
• �Relationship between Total phosphorus and Med PTI index.

For Med PTI the good-moderate boundary effectively separates oligomesotrophic lakes from 
eutrophic lakes, showing natural discontinuity in the index distribution (see Annex B-Part 7), for 
other indices significant relationships with pressure was discovered and similarity of boundary 
values for chlorophyll-a and composition indices.  

4. Calculation of EQRs for phytoplankton composition metrics
According to the WFD, there is only one way to calculate the EQR: to divide the “observed” 
value of the concerned biological index by the value of the same index at reference conditions. 
Nevertheless, in case if reference conditions are close or equal to zero, this approach is not usable 
because it results in extremely low EQR values. 
The following approaches were used for calculation of EQRs (see table 2.3.5.c):

• �In case where reference conditions equal to 0 or close to 0  -  for %Cyanobacteria and  Catalan 
index the EQRs were calculated with the following formula:

   – �EQR = (100 - boundary value) / (100 - reference value) for %Cyanobacteria, as 100 is the 
maximum value the metric can reach;

   – �EQR = (400 - boundary value) / (400 - reference value) for Catalan index i, as 400 is the 
maximum value the metric can reach;

   – �For example, in the case of Catalan index reference conditions for L-M5/7 equals 0.1, so 
EQR was calculated as (400-10.6)/(400-0.1).

• �If reference conditions are neither equal nor close to 0 but the index varies directly(Med PTI), 
EQRs were calculated by dividing the “observed” value of the concerned biological index by 
the value of the same index at reference conditions:

EQR = boundary value / reference value
It is worth stressing that in all cases the EQR was anyway calculated (as required by the WFD) as 
the ratio between the “observed” value of a selected index (whether this is obtained or not by any 
kind of derivation from a more simple, “raw” index) and the value of the same selected index at 
reference conditions.
EQR results for the different parameters were normalizad according to the criteria explained in 
Annex B- Part 8  
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Table 2.2.5.c: Type-specific EQRs for the G/M boundary in Mediterranean GIG reservoirs.

IC type

% Cyanobacteria 
Biovolume Catalan index MED PTI

G/M 
boundary EQR G/M G/M 

boundary EQR G/M G/M 
boundary EQR G/M

Siliceous reservoirs from “Wet areas” 9.2 0.91 10.6 0.89 2.32 0.75

Calcareous reservoirs 28.5 0.72 7.7 0.93 2.38 0.77

2.2.6 Final outcome of the Intercalibration 

The final outcome is an agreement on reference values and G/M boundaries for summer mean 
percentage of bloom-forming Cyanobacteria, summer mean Catalan index and Med PTI. The class 
boundaries of the common metrics are given in Table 2.2.6.   

Table 2.2.6: Reference values and G/M class boundaries for the common metrics % Cyanobacteria and  Catalan index 
and MedPTI for the Med GIG IC lake types  

Metric Reference or boundary Siliceous wet Calcareous

% of bloom-forming Cyanobacteria
Reference value 0 0

G/M 9.2 28.5

Catalan index 
Reference value 0.1 0.61

G/M 10.6 7.7

MedPTI index  
Reference value 3.08 3.09

G/M 2.32 2.38

2.2.7 National types vs. Common Intercalibration types 

In most Mediterranean countries, national reservoir typologies have been developed,   except Greece 
and Italy which are currently completing their respective typologies.     

Spanish typology differentiates reservoirs according to climate zone (wet, arid), alkalinity (calcareous, 
siliceous) and catchment area (small < 1000 km², large > 1000 km², very large > 20000 km²). 

The Cyprus typology is based on salinity (salt-brackish-freshwater), connection to river (isolated or 
connected) and water depth (shallow: < 5m, deep > 5m). For example Type L4  which corresponds 
to the Intercalibration type  LM8 Calcareous reservoirs  is Connected deep reservoirs (freshwater, 
connected to river, depth > 5m). 

The following Table 2.2.7 shows which national types correspond to the common IC lake types.

Table 2.2.7: Correspondence between national and IC lake types in the Mediterranean GIG. N.a.- not applicable.

L-MGIG CY ES FR IT PT RO

Siliceous wet n.a Type 1,2,3 A10 
A12

n.a. North type ROLA8
ROLA12

Calcareous L4 Type 7,8,9 A3, A8, A10, A12 ME-4 n.a. ROLA6
ROLA8
ROLA10
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2.2.8 Open issues and need for further work

The following problems were found during the first intercalibration phase: 

• �Small and unevenly distributed dataset for setting boundaries;

• �Values too low in all metrics;

• �No full consistency between biomass metrics and  composition metrics in the dataset.

These problems were mainly due to the following reasons:

• �Sampling had to be restricted to one single summer season;

• �The IC reservoirs chosen as water bodies around the boundary G/M were too oligotrophic;

• �In the middle of the trophic scale (where the IC reservoirs are located), the uncertainty linked 
to all parameters, especially %Cyanobacteria, is rather high.

During a further intercalibration stage, an effort should be made to tackle these problems by working 
on data covering a higher number of reservoirs and years. It will also be possible, depending on data 
availability through upcoming monitoring programmes, to compare the results that can be obtained 
by two alternative approaches: the procedure adopted by the other GIGs by working on reservoirs 
covering the whole trophic scale, and the performance of some refinements in the current L-M GIG 
approach.

The refinements agreed by the Mediterranean GIG include the following issues: 

• �To study the convenience of splitting the “Calcareous” type (L-M8) into “Wet” and “Arid”, 
just like the approach agreed for siliceous reservoirs.

• �To review the criteria for reference site selection and definition of common criteria;

• �To achieve an agreement on the values for reference conditions applicable to the “Siliceous 
arid” type, if possible by sampling in an appropriate number of reference sites; 

• �To increase the number of IC sites and review the criteria for IC sites selection in order get a 
statistically sufficient number of sites for the “Siliceous arid” type and to validate the boundary 
values for all the types (further sampling would become necessary in these additional sites);

• �At the request of Italy, an Italian phytoplankton composition index, alternative to Catalan 
index, will be proposed for comparison, leading to a possible hybrid IC Option (1-3) for this 
parameter.

3 Conclusions 

3.1 Final outcome of Lake Intercalibration for phytoplankton biomass 
metrics 
The result of the first Intercalibration exercise is the boundary setting for phytoplankton biomass 
metrics for two Lake Geographical Intercalibration Groups: Alpine and Mediterranean GIGs 
(Table 3.1.a). Three phytoplankton-based assessment systems were harmonised in the Alpine 
GIG (Austrian Brettum index, German PTSI , and Italian PTIot and PTIspecies indices), while the 
boundaries for three metrics (% of Cyanobacteria, Catalan index, Mediterranean PTI) were set in 
the Mediterranean region (see table 3.1.).
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Table 3.1.a: Results of Lake Intercalibration. 

Geographical Intercalibration 
Group IC types Metrics Results 

Alpine GIG 2 types 
Brettum index (Austria)
PTSI (Germany) 
PTIot and PTI species (Italy)

Reference value, H/G, G/M, 
M/B and B/P boundaries

Mediterranean GIG 2 types % of Cyanobacteria Catalan index
Med PTI (IT)

Reference value and G/M 
boundaries

Intercalibration approaches

Different approaches to set boundaries were used by the Lake GIGs: Alpine GIG has already 
established national phytoplankton-based assessment methods, so the task of the IC was to ensure 
comparability of the methods and consistency of the methods to the requirements of the Directive. 
The IC was carried out in 3 steps:

• �Setting of RC and HG boundary for the national metrics; 
• �Setting of GM  boundary for the national metrics; 
• �Comparing of all 3 national indices using common metrics (ICCM).

In contrast, Mediterranean GIG has not established national methods, so work has included the 
following steps: 

• �Collection on datasets and agreement on the common metrics (% of Cyanobacteria, Catalan 
index);

• �Setting of Reference conditions for the common metrics;
• �Setting and Good/Moderate class boundaries for the common metrics. 

Setting of Reference values and the High/Good quality class boundary

Broadly similar approaches were used for setting reference values and H/G boundary for 
phytoplankton composition metrics. Spatial approach was the basic method including: 

• �Selection of reference lakes according to pressure and impact criteria; 
• �Calculation of reference values as median of reference lake population.  

Alpine GIG additionally used modelling of natural trophic state (Germany), and regression 
of composition indices with already intercalibrated biomass metrics (chlorophyll-a – Italy, 
phytoplankton biomass – Austria).

Setting of Good/Moderate quality class boundary

The first step of boundary setting procedure was a conceptual model how the biological quality 
element is expected to change. The next step was the boundary setting using different approaches:   

• �Mediterranean GIG has set G/M ecological potential boundary as the 95th percentile of the 
distribution of the data from the sites proposed as G/M sites for the IC register,  

• �Alpine GIG based boundary setting was based on several methods:
   – �Boundaries were set on the basis of already intercalibrated metrics, e.g., annual biovolume 

(Brettum index) and chlorophyll-a values (PTI index);  
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   – �The class boundaries were validated according to the change of taxonomic composition as 
described in the WFD normative definitions for the ecological status classes (Brettum index);

   – �Expert judgment and link to the trophic classifications (PTSI index). 

Comparison of indices 

The actual comparison of the indices in the Alpine GIG was carried out via common metrics:
• �All three trophic indices were expressed as normalised EQRs;
• �the arithmetic mean of the three normalised EQRs was used as a common metric to enable 

comparability between the three national metrics; 
• �Harmonisation was done by using an acceptable band of 5% of the whole range of normalised 

EQR (±0.05 EQR).  

Mediterranean GIG set the boundaries for the common metrics following common principles and 
using GIG joint dataset, so there was no need for comparison. Member states will adapt the common 
intercalibration types boundaries in the national assessment systems for national water body types. 

Table 2.2.6: Reference values and G/M class boundaries for the common metrics % Cyanobacteria and  Catalan index 
and MedPTI for the Med GIG IC lake types.

Metric/GIG IC type Ref value HG GM 

Alpine GIG 

Brettum index L-AL3 4.40-4.62 4.12-4.34 3.64-3.83
L-AL4 3.94-4.12 3.69-3.87 3.20-3.34

PTSI L-AL3 0.75 1.25 1.75
L-AL4 1.25 1.75 2.25

PTIot index  L-AL3 (mean depth < 100m) 3.62 3.43 3.22
L-AL4 3.54 3.37 3.01

PTIspecies index L-AL3 (mean depth > 100m) 4.3 4.00 3.5

Mediterranean GIG

% Cyanobacteria LM sw 0 n.e.* 9.2
LM calc 0 n.e 28.5

Catalan index LM sw 0.1 n.e 10.6
LM calc 0.61 n.e 7.7

MedPTI index  LM sw 3.08 n.e 2.32  
LM calc 3.09 n.e 3.08 

*not established (WFD requires establishment only Good Ecological Potential for reservoirs) 

3.2 Open issues and need for further work
Several gaps and shortcomings in the current results of the EU-wide intercalibration of 
phytoplankton assessment systems were identified:

1. �Lack or incomplete development of phytoplankton based assessment methods - in the current 
stage it was possible to carry out the IC exercise only in the Mediterranean and Alpine GIG 
due to the lack of phytoplankton assessment methods and metrics in other regions. This is the 
major gap and the work will be continued within the second phase of the IC exercise.
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2. �Need for the intercalibration at level of Biological Quality Element:				  
The intercalibration was done in the phase for some phytoplankton parameters, but not for 
the whole Biological Quality Element (BQE) phytoplankton in most GIGs. The following 
parameters were intercalibrated:

   – �Biomass metrics: The mean of concentration of chlorophyll-a (all GIGs) and the total 
biovolume (AL GIG; M GIG) was used as a parameter for the metric “phytoplankton 
biomass”. For these parameters reference conditions and boundaries of high/good (H/G) and 
good/moderate (G/M) status were set during the first round of IC (see Lake IC technical 
reports on phytoplankton biomass);

   – �Composition metrics: In some cases also phytoplankton composition single or multi-
parameter metrics were intercalibrated (% Cyanobacteria, MedPTI, Catalan index – 
Mediterranean GIG, Brettum index - Austria)

IC is not completed because so far only parameter level, not BQE level assessment is intercalibrated. 
Since the outcome of the IC process must be on BQE level, the metric results of “biomass” and of 
“composition” must be combined to a single assessment value. So there are two tasks:

• �Task 1: develop complete national methods involving “combination rules” (done by some MS 
already)

• �Task 2: to carry out the “full BQE” Intercalibration exercise   

The main shortcomings hindering the work were: 
• �Limitations in data availability this problem of data availability was especially actual for the 

Mediterranean GIG which experts decided upon a common sampling program during summer 
2006 to collect a coherent and comparable data set;

• �Inherently large heterogeneity of data (different sampling and analyses methods) was 
encountered by the Alpine GIG – it was not possible to include the French approach 
(estimation of abundance %) because other countries used biovolume data

• �Lack of appropriate reference sites (especially in the Central and South Europe).

In many cases fundamental differences in the assessment methods were observed:
• �Assessment methods are based on different sampling strategy (including frequency of 

sampling) and different analyze techniques (identification level, expression if the results as cell 
number or biomass etc).

• �Methods include fundamentally different metrics which render their comparison and 
harmonisation complicated and in some cases impossible, for example, proportion of 
functional groups (Hungary), taxonomic groups (France), bloom descriptions (the Netherlands) 
and diversity indices (evenness index used in the Estonian phytoplankton assessment method);

All GIGs have recognized the need for continuation of work and are planning the next steps of the 
IC exercise with the following tasks: 

• �To include  the missing countries and missing regions;
• �To carry out the “full BQE” Intercalibration exercise;
• �To consider including metrics describing bloom frequency andintensity; 
• �To further harmonise phytoplankton assessment methods. 



112

Glossary

Term Explanation

Biological metric A calculated value representing some aspect of the biological population’s structure, function or 
other measurable characteristic that changes in a predictable way with increased human influence.

BSP Boundary setting procedure

BQE Biological quality element.

CEN Comité European de Normalisation.

CIS Common Implementation Strategy of the Water Framework Directive 

Class boundary The EQR value representing the threshold between two quality classes. 

Ecological status One of two components of surface water status, the other being chemical status. There are five 
classes of ecological status of surface waters (high, good, moderate, poor and bad).

EC European Commission 

ECOSTAT CIS Common Implementation Strategy (CIS) Working Group A Ecological Status.

EQR Ecological Quality Ratio 

GIG Geographic Intercalibration Group i.e. a geographical area assumed to have comparable 
ecological boundaries conditions 

Good ecological 
status

Status of a body of surface water, classified in accordance with WFD standards (cf. annex V of 
the WFD)  

Harmonisation The process by which class boundaries should be adjusted to be consistent (with a common 
European defined GIG boundary). It must be performed for HG and GM boundaries 

ICM Intercalibration Common Metric 

Intercalibration Benchmarking exercise to ensure that good ecological status represents the same level of 
ecological quality everywhere in Europe 

MS Member State (of the European Union)

Pressures Physical expression of human activities that changes the status of the environment (discharge, 
abstraction, environmental changes, etc...) 

REFCOND Development of a protocol for identification of reference conditions, and boundaries between 
high, good and moderate status in lakes and watercourses. EU Water Framework Directive 
project funded by the European Commission Environment Directorate-General 

Reference 
conditions

The benchmark against which the effects on surface water ecosystems of human activities can be 
measured and reported in the relevant classification scheme 

Water body Distinct and significant volume of water. For example, for surface water: a lake, a reservoir, a 
river or part of a river, a stream or part of a stream 

WFD Water Framework Directive
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Section 4 – Macrophytes 

1 Introduction

This Technical Report gives an overview of the Intercalibration results of ecological classification 
scales of lakes across the European Union. 

Macrophytes are important components of lake food webs, although their contribution to the overall 
primary production decreases with increasing lake depth. Light availability is the most important 
factor determining the abundance and species composition of macrophytes in lakes. Aquatic 
macrophytes constitute a very important component in lakes by providing habitat for various 
groups of organisms (fish, macroinvertebrates, and zooplankton), and in addition, can be a food 
source for waterfowl. Macrophytes are both taxonomically and ecologically a diverse group with 
a broad range of morphology and life history traits. Most species have roots, though they are not 
necessarily attached to the sediment. Some species have floating leaves, others are completely or 
partially submerged. Macrophytes may overwinter as whole plants or as roots, seeds, or specialized 
structures such as turions or rhizomes.

As primary producers macrophytes are sensitive to eutrophication. However, in most cases the 
sensitivity of the macrophyte indicators to eutrophication pressure is expected to be lower than that 
of indicators based on phytoplankton. Macrophyte community composition is sensitive to a number 
of additional pressures too. The following pressures can be relevant for macrophytes:

• �eutrophication stimulates phytoplankton growth and thereby results in decreased light 
availability at the sediment surface, which especially affects species with a growth form close 
to the sediment. A number of other indirect effects (e.g. through periphyton abundance or 
herbivores) may effect the composition as well.

• �acidification caused by nitrogen or sulphate deposition from precipitation. Several aquatic 
macrophyte species have a narrow pH optimum.

• �toxic substances accumulating in the sediment. Compounds like H2S and NH3 may reduce 
plant growth and/or cause their die-off. The excess nitrogen and sulphur in sediments originate 
from atmospheric deposition and discharges from point or diffuse sources within the catchment.

• �recreational activities may lead to direct mechanical damage of plants e.g. by swimmers. In 
beach areas at lake shores plants are often removed. 

• �boating may cause direct mechanical damage to plants or increases damage indirectly due to 
wave action or increasing water turbidity.  

• �water level fluctuation may result in macrophytes being exposed, or may lead to less 
favourable light conditions in case of higher water levels in the growing season. There are also 
many indirect effects how water level fluctuations can affect the macrophyte composition (e.g. 
via changing the area of potential spawning grounds for fish, and a changed fish community 
can affect macrophyte development). Most emergent macrophytes tolerate a certain level of 
natural water level fluctuation.

• �embankments may limit the physical habitat where macrophytes can occur.
• �fish stocking may affect macrophyte composition if benthivorous fish is introduced which 

disturbs the sediment, roots up plants and indirectly affects the light climate, or where grass 
carp is introduced.
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2 Methodology and results 

2.1 Alpine GIG

2.1.1 Alpine lake types

The Alpine Geographical Intercalibration Group includes (parts of) Germany, Austria, France, Italy, 
and Slovenia.

Starting with up to 13 Alpine lake types, the Alpine GIG finally came up with only two types (see 
Table 2.1.1) that occurred in all five countries, characterized by the following descriptors:

• �Altitude - two classes: lowland to mid-altitude (50-800 m a.s.l.) and mid-altitude (200-800 m a.s.l.);
• �Mean depth - two classes: shallow lakes with the mean lake depth 3–15 m and deep lakes with 

the lake depth >15 m;
• �All lakes are relatively large (size >50ha) and calcareous (alkalinity >1 meq l–1).

Table 2.1.1: Alpine lakes: Intercalibration types (modified definition). The values for mean depth and alkalinity are 
valid for most, but not all lakes of these types. Some lakes slightly deviate from the ranges given for the two IC types.

Type Lake characterisation Altitude 
(m a.s.l.)

Mean 
depth (m)

Alkalinity 
(meq l–1)

Lake size 
(km2)

L-AL3
Lowland or mid-altitude, usually deep, usually 
moderate to high alkalinity, large, truly Alpine 
catchment

50–8 00 >15 >1 >0.5

L-AL4
Mid-altitude, usually shallow, moderate to high 
alkalinity, large, usually pre-Alpine or inner-Alpine 
basins

200–800 3 – 15 >1 >0.5

More detailed description is given in the Technical report on phytoplankton. 

2.1.2 Intercalibration approach

Intercalibration of macrophyte based classification methods was carried out on two national methods 
(AT, DE), which included a number of different metrics (for detailed description see Annex A – 
Part 1). Slovenia will adopt the Austrian method for macrophyte classification (option 1).

The main principles were:
1) �Intercalibration Option 3 (EC, 2005) – the direct comparison was used as a general 

principle to intercalibrate the results of two national assessment methods;
2) �Spatial approach and expert judgement were used for selecting reference lakes and setting 

reference conditions (chapter 2.1.4);
3) �Ecological status class boundaries were set according to common GIG interpretation of the 

normative definitions given in Annex V of the WFD (Table 2.1.5a and 2.1.5b);
4) �Harmonization of the two methods was carried out by normalizing the EQR values (linear 

scale, equidistant class widths; the H/G boundary corresponds to EQRnorm of 0.8, the G/M 
boundary to EQRnorm 0.6 etc.). after mormalization direct comparison was carried out using 
common datasets (see chapter 2.1.6.).
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The intercalibration between Austria and Germany following option 3 was possible due to the high 
similarity of the available macrophyte data in the two countries, e.g. the same abundance scale 
and identification to species level (details to assessment methods see below). So far, the Austrian 
classification method does not include phytobenthos, whereas the German method combines the 
assessment of macrophytes with phytobenthos, represented by benthic diatoms. Within the German 
method it is, however, possible to make the macrophyte assessment separately (Schaumburg et al. 
2004, 2005). 

Intercalibration was carried out in 2 steps: 
• �In the first step, the comparison according to Option 3 was carried out on the basis of the 

macrophyte metrics only. This approach leads to a good agreement for the type L-AL3 and a 
less good agreement for the type L-AL4.

• �For this reason, the exercise was repeated for the L-AL4 type in a second step by comparing the 
results of the German full method (macrophyte and diatom metric) with the Austrian method 
(macrophyte metrics only). The reasons for this procedure are explained in chapter 2.1.6. 

2.1.3 National methods for macrophytes that were intercalibrated

National classification methods based on macrophytes are available in Austria (Pall & Moser 2007a, 
2007b, BMLFUW 2007) and Germany: 

• �The Austrian method does not include benthic algae, but optionally includes also 
amphiphytic and helophytic aquatic macrophytes http://wasser.lebensministerium.at/article/
articleview/52972/1/5659/ (see ‘Leitfäden Seen’, text in German);

• �The German method includes benthic diatoms, submerged, free floating, and floating leaved 
macrophytes  (Schaumburg et al. 2004 a, 2004b, 2007)

• �http://www.lfu.bayern.de/wasser/forschung_und_projekte/phylib_englisch/index.htm

In France, a new sampling programme on macrophytes will start 2007. The standardised sampling 
method seems to be comparable with the DE and AT method and should provide data, which can be 
used in the existing classification methods.

Descriptions of national classifications methods in AT and DE see Annex A – Part 2.

2.1.4 Reference conditions  

The definition of reference conditions is a major prerequisite for a WFD compliant assessment of 
aquatic ecosystems. To fulfil it, the spatial approach was used for setting reference conditions:

• �Reference lakes were selected according to general and specific reference criteria (see 2.1.4.1);
• �The definite values were then set based on the selected reference sites adjusted by expert 

judgment (see 2.1.4.2.)

2.1.4.1 Reference criteria

Most Member States of the Alpine lakes GIG have developed criteria for selecting reference sites. 
Although these national approaches are similar, differences and inconsistencies remain. The Alpine 
GIG has harmonised the national approaches and has defined the criteria for the selection of reference 
sites which have been agreed upon by all Member States belonging to the Alpine lakes GIG.
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Two sets of reference criteria were used by Alpine GIG to select reference lakes:
• �General reference criteria – focusing on the level of anthropogenic pressure exerted on 

reference lakes;
• �Specific reference criteria – focusing on ecological changes caused by the anthropogenic 

pressure.

General reference criteria
The general criteria follow the general requirements for the selection of reference sites describing 
the level of anthropogenic pressure in terms of catchment use, direct nutrient input, hydrological, 
morphological changes, recreation pressure etc (Table 2.1.4a).

These criteria should not be regarded as very strict exclusion/inclusion criteria as required by the 
Boundary setting protocol of Pollard & van de Bund (2005). In any case, an evaluation by expert 
judgement will be necessary to avoid misclassifications. This is especially necessary if the lakes 
have experienced a turbulent eutrophication history. Re-oligotrophication may be masked by a delay 
of one or more quality elements (e.g. Lang 1998, Anneville & Pelletier 2000).

Table 2.1.4a: General reference criteria for selecting reference sites in the Alpine GIG.

Factor or aspect Criterion

Catchment area >80–90% natural forest, wasteland, moors, meadows, pasture
No (or insignificant) intensive crops, vines
No (or insignificant) urbanisation and peri-urban areas

No deterioration of associated wetland areas
No (or insignificant) changes in the hydrological and sediment regime of the tributaries

Nutrient input No direct inflow of (treated or untreated) waste water
No (or insignificant) diffuse discharges

Hydrology No (or insignificant) change of the natural regime (regulation, artificial rise or fall, internal 
circulation, withdrawal)

Morphology No (or insignificant) artificial modifications of the shore line

Connectivity No loss of natural connectivity for fish (upstream and downstream)

Fisheries No introduction of fish where they were absent naturally (last decades) 
No fish-farming activities

Other pressures No mass recreation (camping, swimming, rowing)
No exotic or proliferating species (any plant or animal group)

Specific reference criteria
The Guidance on reference conditions (EC, 2003) allows to include very minor (insignificant) 
disturbance, which means that human pressure is allowed as long as there are no or only very minor 
ecological effects. The Guidance thus doesn’t look only on the pressure, but on the ecological effect. 
So a specific set of criteria is needed for eutrophication pressure and macrophytes (Table 2.1.4b.) to 
assess the level of ecological changes.
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Table 2.1.4b: Specific criteria for selecting reference sites for the assessment of macrophytes.

Factor or aspect Criterion

Lake

Trophic state No deviation of the actual from the natural trophic state

pH, salinity No deviation from reference conditions

Hydrology Artificial water level fluctuations not larger than the range between the natural mean low water 
level (MNW) and the natural mean high water level (MHW)

Transect (at least 100 m shore length)

Surrounding No intensive agriculture or settlements in the near surrounding

Nutrient input No direct local nutrient input near the transect

Hydrology No tributary near the transect

Morphology No (or insignificant) artificial modifications of the shore line at the transect

Other pressures No recreation area near the transect

Setting of Reference conditions for macrophytes

The high ecological status in Alpine lakes in general is characterised by deep vegetation limit 
according to (usually) high Secchi depth / low phytoplankton density. For instance, the maxi
mum Secchi depth in Attersee is up to 26.5 m (monitoring data: Gassner et al. 2006), the mean 
Secchi depth in Lake Garda is 15 m (historical data: Halbfaß 1923). The macrophyte community is 
dominated by sensitive taxa, above all Charophyceae.

The German method  distinguishes between  two lake types for stratified lakes of the Alpine and pre-
Alpine region, assuming slight differences in macrophyte communities under reference conditions 
for these lakes. Therefore different lists of functional groups of indicator species are given. For both 
lake types at high status the Reference Index exceeds 55 because sensitive species (listed in group 
A) dominate the macrophyte community. The vegetation limit reaches at least 8 m (lake type AK(s)) 
and 4.5 m (lake type Akp) respectively. There are no signs of unnatural macrophyte depopulation.

Austrian method

In the Austrian method different metrics are used covering long and short term reactions of the 
aquatic vegetation: 

• �Metric „vegetation density“:
   – �L-AL3 and L-AL4: There is no excessive macrophyte growth, no reduction of macrophyte 

growth and no depopulation.
• �Metric “vegetation limit”:
   – �L-AL3: vegetation limit from 10 to 18 m according to altitude (different national types)
   – �L-AL4: a vegetation limit of 6 to 8 m can be expected
• �Metric “trophic index”:
   – �L-AL3: trophic index between 1.0 and 2.0 (assuming an oligotrophic reference state), 

depending on altitude (different national types)
   – �L-AL4: trophic index between 2.0 and 2.5 (assuming an oligo-mesotrophic reference state)
• �Metric “zoning”:
   – �L-AL3 and L-Al4: All type-specific vegetation zones have to be developed.
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• �Metric “reference species”:
   – �L-AL3 and L-AL4: The species composition corresponds totally or nearly totally to 

undisturbed conditions. The macrophyte community is dominated by type specific and 
sensitive taxa.

Annex A – Part 1 presents lists of reference sites, which were compiled from the GIG database on 
Alpine lakes following the agreed reference criteria.

2.1.5 Boundary setting  

Class Boundaries (see Annex A – Part 2) were set in compliance with the normative definitions of 
WFD and the Alpine GIG interpretation of the ecological classes for macrophytes (see Table 2.1.5a 
and 2.1.5b).

Table 2.1.5a: Compliance with the normative definitions and interpretation of the ecological classes for macrophytes – 
Common IC type L-AL3.

HIGH GOOD MODERATE POOR BAD

Clear dominance of 
reference species 
(especially Chara spp.) in 
type specific vegetation 
density and with type 
specific depth spread 
boundary. All type 
specific vegetations zones 
(different depth-specific 
Characeae-communities) 
can be found. Disturbance 
indicating species 
occur only in very low 
abundances.

Reference species 
or sensitive taxa 
are still dominant, 
but species 
composition, 
vegetation density 
and depth spread 
boundary may 
differ slightly from 
the type specific 
conditions. All type 
specific vegetation 
zones are more or 
less complete. 

Large changes occurring in 
the macrophyte community: 
Reference and sensitive 
taxa are still present, but 
in low frequency; tolerant 
and disturbance indicating 
species reach equal 
abundances. Vegetation 
density and depth spread 
boundary differ moderately 
to the type specific 
conditions. Different 
vegetation zones can be 
missed.

Disturbance 
indicating species 
are very dominant, 
combined with 
a substantial 
deviation from 
the type specific 
conditions 
concerning 
vegetation density, 
depth spread 
boundary and 
vegetation zoning. 

Very low 
macrophyte 
abundances 
or lack of 
macrophytes 
without 
natural 
reasons. 

Table. 2.1.5b: Compliance with the normative definitions and interpretation of the ecological classes for macrophytes – 
Common IC type L-AL4.

 HIGH GOOD MODERATE POOR BAD

Clear dominance of reference 
species (e.g. Chara ssp., some 
oligo- to mesotraphentic 
Potamogeton-species, 
Myriophyllum spicatum and 
Najas intermedia) in type specific 
vegetation density and with type 
specific depth spread boundary. 
All type specific vegetations 
zones (different depth-specific 
Characeae-communities, 
pondweed belt and occasionally 
stands of floating leafed species) 
can be found. Impact taxa occur 
only in very low abundances.

Reference species 
or sensitive taxa 
are still dominant, 
but species 
composition, 
vegetation density 
and depth spread 
boundary may 
differ slightly from 
the type specific 
conditions. All type 
specific vegetation 
zones are more or 
less complete. 

Large changes occurring 
in the macrophyte 
community: Reference 
and sensitive taxa are 
still present, but in low 
frequency; tolerant and 
disturbance indicating 
species reach equal 
abundances. Vegetation 
density and depth 
spread boundary differ 
moderately to the type 
specific conditions. 
Different vegetation 
zones can be missed.

Disturbance 
indicating 
species are 
very dominant, 
combined with 
a substantially 
deviation from 
the type specific 
conditions 
concerning 
vegetation 
density, depth 
spread boundary 
and vegetation 
zoning. 

Very low 
macrophyte 
abundances 
or lack of 
macrophytes 
without 
natural 
reasons. 
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Austrian method
The class boundaries for the macrophyte metrics of the Austrian method (described in Annex A – 
Part 2) are set as described in Table 2.1.5c. They take into account that several Austrian lakes have 
suffered from eutrophication in the past, but are now in a phase of re-oligotrophication, as various 
measures for improvement of the water quality have been taken. Although the water body (chemical 
status, phytoplankton) may have reached already the good or high status, the macrophytes may lag 
behind and do not yet represent a good status. In such cases, it is proposed that the macrophyte 
assessment shall not lead to a moderate (or worse) classification (no true ‘need for action’). If the 
vegetation density, the depth spread boundary and the vegetation zoning correspond to the reference 
or good conditions but the Macrophyte Index still differs slightly to moderate and the species 
composition still differ remarkably from the reference condition (moderate or worse), the site is 
classified as „good status“. However, only if also the macrophyte index and the species composition 
correspond to the reference conditions, the site is classified as a „high status“.

Table 2.1.5c: Boundary setting and EQR values for macrophytes within the Austrian assessment method.

Ecological 
status 

Range of 
RI/EQR

Definition given by the WFD Interpretation 

High 50 to 100/
0.75 to 1.0

“The taxonomic composition corresponds 
totally or nearly totally to undisturbed 
conditions. There are no detectable changes 
in the average macrophytic […] abundance. 
[…]” 

RI values lie within the range of 
reference sites. 

Good 0 to 50 /
0.5 to 0.75

“There are slight changes in the composition 
and abundance of macrophytic […] taxa 
compared to the type-specific communities. 
[…]” 

RI values are slightly below high status 
and always positive (Taxa of species 
group A have higher abundances than 
species group C taxa). 

Moderate -50 to 0 /
0.25 to 0.5

“The composition of macrophytic […] taxa 
differ moderately from the type specific 
communities and-are significantly more 
distorted than those observed at good quality. 
Moderate changes in the average macrophytic 
[…] abundance are evident. […]” 

RI values are around zero or negative 
(species group C taxa equal or slightly 
outweigh species group A taxa). 

Poor -75 to -50/ 
0.12 to 0.25

Macrophyte “communities deviate 
substantially from those normally associated 
with the surface water body type under 
undisturbed conditions”. 

RI values are very low (species group 
A taxa are nearly replaced by species 
group C taxa). 

Bad -100 to -75/
0.0 to 0.12

“Large portions of the relevant biological 
communities normally associated with the 
surface water body type under undisturbed 
conditions are absent”

Very low macrophyte abundances 
without natural reasons. (Calculation 
of RI is often not possible) 

German method
The boundary setting for the Reference Index (see Annex A – Part 2) is based on the normative 
definitions for ecological status, given by Annex V of the Water Framework Directive (Table 
2.1.5d.).
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Table 2.1.5d: Classification of the RI values into the categories of ecological status.

Ecological 
status 

Range of 
RI/EQR

Definition given by the WFD Interpretation 

High 50 to 100/
0.75 to 1.0

“The taxonomic composition corresponds 
totally or nearly totally to undisturbed 
conditions. There are no detectable changes in 
the average macrophytic […] abundance. […]” 

RI values lie within the range of 
reference sites. 

Good 0 to 50 /
0.5 to 0.75

“There are slight changes in the composition 
and abundance of macrophytic […] taxa 
compared to the type-specific communities. 
[…]” 

RI values are slightly below high status 
and always positive (Taxa of species 
group A have higher abundances than 
species group C taxa). 

Moderate -50 to 0 /
0.25 to 0.5

“The composition of macrophytic […] taxa 
differ moderately from the type specific 
communities and-are significantly more 
distorted than those observed at good quality. 
Moderate changes in the average macrophytic 
[…] abundance are evident. […]” 

RI values are around zero or negative 
(species group C taxa equal or slightly 
outweigh species group A taxa). 

Poor -75 to -50/ 
0.12 to 0.25

Macrophyte “communities deviate 
substantially from those normally associated 
with the surface water body type under 
undisturbed conditions”. 

RI values are very low (species group 
A taxa are nearly replaced by species 
group C taxa). 

Bad -100 to -75/
0.0 to 0.12

“Large portions of the relevant biological 
communities normally associated with the 
surface water body type under undisturbed 
conditions are absent”

Very low macrophyte abundances 
without natural reasons. (Calculation of 
RI is often not possible) 

2.1.6 Harmonization of the assessment methods

Normalizing of the EQRs

The first step of the harmonization of the methods was normalizing the EQRs: 

In order to allow a direct comparison of the two methods, the German quality classes, defined by 
the modules 1 and 2 (Reference Index and Diatom-Index), have to be transformed to a linear scale, 
where the class boundary of H/G corresponds to a normalised EQR of 0.8, the G/M boundary to a 
normalised EQR of 0.6 etc. (Figure 2.1.6a); The not normalized national class boundaries of the 
German method are different for the two types (see Table 2.1.7).

The Austrian EQRs correspond originally to these normalized EQRs.

Figure 2.1.6a: Scheme of transforming the German 
Reference Index values to normalised EQR values with 
linear scale and equal class widths.    0,0
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The first step of IC – comparing of macrophyte modules for types L-AL3 andLAL4 
The next stage of harmonization process included following tasks: 

• �A common dataset of Austrian and German lakes was compiled (107 lakes – L-AL3 type, 53 
lakes – L-AL4 type);

• �All lakes of the dataset were assessed by the Austrian and German macrophyte assessment 
methods (only macrophyte modules used);

The assessment results were compared and evaluated (see Annex A – Part1).

Different approaches were discussed and evaluated by the Alpine GIG:
A. �comparisons using only the Good/Moderate boundary;
B. �comparison using both the High/Good and the Good/Moderate boundary; 
C. �comparison using both the High/Good and the Good/Moderate boundary but allowing a 

deviation of ±0.05 EQR units. 

In the end it was decided to use approach C in which three classes (High, Good, less than Good) 
were compared taking into account an error of ±0.05 EQR units to decrease  the number of eventual 
mismatches caused by small deviation from the boundaries. 

As the final outcome of the IC exercise on macrophyte based assessment systems  it was  shown that  
the two available methods at the moment (Austrian and German method) lead to comparable results 
(see figure 2.1.6.b.):

• �there is a general agreement on reference conditions as well as the class boundaries (L-AL3 - 
88% agreement, L-AL4 - 85% agreement)

• �still slight differences arise from the more detailed Austrian lake types. The Austrian method 
assumes a strong relationship between trophic state and altitude. For that reason the high 
mountain lakes are judged a little stronger by the Austrian method than by the German method. 
Correspondingly the pre-alpine lakes are judged stronger by the German method. 
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Figure 2.1.6b: EQR values of the Austrian 
versus German macrophyte based assessment 
methods taking into account a tolerance of ±0.05 
EQR units to decrease  the number of eventual 
mismaches caused by small deviation from the 
boundaries.
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The second step of IC – comparing the full methods for type L-AL4   

During the evaluations it was found out, that, if only the macrophytes module of the German system 
is used, there will be a lack of short time indicators in this system. So we decided to compare 
the entire Austrian system (different macrophyte metrics) with the entire German system 
(Macrophytes and Phytobenthos) for type L-AL4.

For this we had to modify the dataset and use only German data, because Austrian data did not 
include diatoms. 

In the German system, diatoms (phytobenthos) are the metric, which reacts to short time 
environmental changes. Therefore, especially in impacted lakes (nutrients) which are right now on 
the way of re-oligotrophication, macrophytes were expected to indicate worse status than diatoms. 
In less impacted lakes (type A-L3) this difference was considered not that important. Austrian 
system has other short time indicators included in the macrophyte module (Table 2.1.6a). 

Table 2.1.6a: Indicators of short- and long-term changes in Austrian and German assessment systems.

Memberstate AUSTRIA GERMANY

Actual WFD system AIM (Austrian Index Macrophytes) PHYLIB Lakes

Short time reaction Metric 1: Vegetation density Module 1: Phytobenthos

Metric 2: Depth spread boundary

Metric 3: Zoning 

Metric 4: Trophic indication

Long time reaction Metric 5: Concrete set of species Module 2: Macrophytes

Short-term indicators play an important role in the assessment of actually changing lakes 
(reoligotrophication, eutrophication), which are still common in type A-L4 (slow reaction to changes 
among macrophytes, fast reaction among diatoms). 

The large alpine lakes in Austria and Germany belonging to the L-AL3 lake type are in a more 
stable state as the restoration measures for these lakes were taken already long time ago. Therefore 
the Phytobenthos metric will lead to the same result as the Macrophyte metric. This was shown by 
the good correlation between the Austrian and German systems in the first IC step by comparing 
only macrophytes, as well as by the data from former Lake projects in Bavaria.

The comparison of Austrian and German assessment methods on German A-L4 lakes showed a very 
good agreement if both the macrophyte and diatom data were considered the German assessment 
(Figure 2.1.6.c). If only macrophyte metrics of both systems were used, the results (based on the 
same set of lakes) showed higher deviations. 
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Figure 2.1.6c: EQR 
values AT entire method 
(only macrophytes) 
versus German entire 
method (macrophytes 
and diatoms, red dots) or 
versus German method 
(only macrophytes, 
blue dots) taking into 
account an error of 0.05 
EQR units to decrease  
the number of eventual 
mismaches caused by 
small deviation from the 
boundaries. 

Cross-GIG comparison of the Intercalibration Option 3 results 

The main problem for these results is that the GIGs used different criteria to evaluate whether 
or not the assessment results were comparable, making it very difficult to judge whether the 
intercalibration exercise has achieved the same level of comparability for all results.

In response to the request by DG Environment, the GIGs have re-analysed their data, calculating a 
number of common comparability metrics. After reviewing the information it was decided to focus 
on three of those – the absolute average class difference, the percentage of agreement using three 
classes, and the percentage of agreement using five classes (see Annex for details). Based on these 
criteria, the Alpine GIG results (see table 2.1.6b were assessed as acceptable.

Table 2.1.6.a: Intercalibration Option 3 results for Lake Alpine GIG macrophyte assessment methods. 

IC type Percentage of agreement 
using five classes

Percentage of agreement 
using three classes

Absolute average class 
difference

LAL3 54.6 68.5 0.49

LAL4 71.4 71.4 0.29

Range of all GIGs 33.9-72.8 51.0-85.8 0.29-0.9

Median of all GIGs 57.9 69.4 0.43

2.1.7 Final outcome of the Intercalibration 

As the result of the first Intercalibration exercise Ecological Quality Ratios (EQRs) of two national 
macrophyte classification systems (Austria and Germany) were intercalibrated within the Lake 
Alpine GIG (Table 2.1.7).



129

Table 2.1.7: Results of th Macrophyte Intercalibration of the Lake Alpine GIG: Ecological quality ratios of national 
classification systems intercalibrated.

Type and 
country

National classification systems 
intercalibrated

Ecological Quality Ratios 

High-Good boundary Good-Moderate boundary

Austria
Type L-AL3 and 
L-AL4

Austrian macrophyte assessment 
system: Austrian Index Macrophytes 
for Lakes (AIM for Lakes), Module 1

0.80 0.60 

Germany
Type L-AL3  

German macrophyte/phytobenthos 
assessment system:  Module 1 0.78 0.51

Germany
Type L-AL4  

German macrophyte/phytobenthos 
assessment system:  Module 1+2 0.71 0.47

2.1.8 National types vs. Common Intercalibration types 

Table 2.1.8. shows the national lake types corresponding to the IC lake types.

Table 2.1.8: Lake type correspondence: Assignment of Austrian and German lake types to the intercalibration (IC) lake 
types following GIG definitions.  

IC lake type L-AL3 L-AL4

Lowland or mid-altitude, usually deep, usually 
moderate to high alkalinity, large, truly Alpine 
catchment

Mid-altitude, usually shallow, 
moderate to high alkalinity, large, 
usually pre-Alpine or inner-Alpine 
basins

Mean depth > 15 m < 15 m  

German lake type 
(Schaumburg et al. 2007) A4. Stratified Alpine lakes VA2-3. Stratified pre-Alpine lakes

Austrian lake type (Pall 
et al. 2005) 

Lakes of the lower calcareous Alps, altitude <600m
Lakes of the higher calcareous Alps, altitude >600m Lakes of the perialpine region

2.1.9 Open issues and need for further work

Problems encountered and need for further work

• �The reference trophic state of the lake types has to be discussed on a broader basis. From the 
Austrian point of view, the reference trophic state varies from ultra-oligotrophic in L-AL3 at 
altitudes > 600 m (‘mountain lakes’) to oligotrophic in L-AL3 at altitudes < 600 m and to oligo-
mesotrophic in lakes of the perialpine region (L-AL4). Germany postulates an oligotophic 
reference state in all L-AL3 lakes and an oligo-mesotrophic state in L-AL4 lakes. For that 
reason, some (only a few!) species are considered pressure sensitive in one classification method 
and pressure tolerant (against eutrophication pressure) in the other classification method.

   – �Refinement and extension of the lake types has to be discussed on a broader basis.

• �The two methods are dealing with the metric ‘depth limit of the vegetation’ in different ways. 
In the Austrian method it is a continuous parameter, while German method defines thresholds: 
if the average depth limit of the vegetation does not reach a defined value, the assessment 
result steps down by one class.

   – �Improvement and harmonisation of methods. Possible adjustment of the German method.
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• �In the German method, Elodea canadensis and Elodea nuttallii are considered as disturbance 
indicating species. From the Austrian point of view, only Elodea canadensis represents an indicator 
of heavy disturbance, while Elodea nuttallii can be found even under oligotrophic conditions in 
Austrian lakes. Due to the fact that the two species can hardly be distinguished without genetic 
analyses, Elodea canadensis and Elodea nuttallii are not differenciated in the Austrian method and 
are not regarded in the classification. This may lead to misclassifications in some cases.

   – �Improvement and harmonisation of methods. Possible adjustment of the Austrian method.
• �At the moment, artificial water level fluctuations (larger than the range between the natural 

mean low water level (MNW) and the natural mean high water level (MHW) can be detected 
only with the Austrian method (metric “zoning”). These lakes have been excluded in the 
present study and have to be integrated later on.

   – �How to integrate this aspect?
• �The actual work deals with the comparison of single transects. As a further step the results for 

whole lakes could be compared.
   – �Further work with a whole lake comparison is necessary.
• �Only few data from other Member States (Slovenia, Italy) were available. The data structure 

did not allow a sound evaluation with the so far intercalibrated two methods of Austria and 
Germany, but the results (not presented) are promising. 

   – �Integration of further data from other Member States that will be collected in the following 
years. 

2.2 Central/Baltic GIG

2.2.1 Central/Baltic GIG Lake Types

In the Central/Baltic GIG, three common types were initially identified (Table 2.2.1a), characterized 
by the following descriptors: 

• �Altitude (all lakes < 200 m a.s.l.); 
• �Depth - two classes: very shallow lakes with the mean lake depth < 3 m and shallow lakes with 

the lake depth 3 - 15 m;
• �Alkalinity was used as a proxy for geology with two classes: calcareous lakes with high 

alkalinity values (> 1 meq l-1) and siliceous lakes with low alkalinity values (0.2 – 1 meq l-1). 

Table 2.2.1a: Central/Baltic lakes: Intercalibration types (as agreed in the IC type manual).

Type Lake characterisation Altitude (m a.s.l.) Mean depth (m) Geology alkalinity (meq l-1)

L-CB1 Lowland, shallow, stratified, 
calcareous < 200 3 - 15 > 1

L-CB2 Lowland, very shallow, calcareous < 200 < 3 > 1

L-CB3 Lowland, shallow , siliceous, 
vegetation dominated by Lobelia < 200 < 15 0.2 - 1

During the IC exercise, minor changes have been made compared with the initial version: residence 
time was recognised as an important factor and introduced to the typology (see table 2.2.1b). Still a 
few lakes considered representative for these types may be not compliant with the type descriptions 
because typology data is missing or parameter values are close to the boundaries.
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Table 2.2.1b: Central/Baltic lakes: Intercalibration types (as agreed in  the IC process).

Type Lake characterisation Altitude 
(m a.s.l.)

Mean depth 
(m)

Geology alkalinity 
(meq l-1)

Hydrological 
residence time 

L-CB1 Lowland, shallow, calcareous < 200 3 - 15 > 1 1-10

L-CB2 Lowland, very shallow, calcareous < 200 < 3 > 1 0.1-1

L-CB3 Lowland, shallow, small, siliceous 
(moderate alk) < 200 < 15 0.2 - 1 1-10

2.2.2 Intercalibration approach

Intercalibration Option 3 (EC, 2005) was used as a general principle: national methods were 
compared one by one versus all the others:

• �A common database with an agreed structure was composed, which all Member States within 
the C/B GIG could use for comparison and assessment;

• �All sites in the database were assessed by all national assessment methods, classification 
results were compared and tested;   

• �Where necessary, method boundaries were adapted and compared again with the other MS 
methods;

• �Relationships between macrophyte metrics and eutrophication pressure were investigated. The 
performance of macrophyte methods on reference sites was tested. 

This does not necessarily mean that the full national method could be carried out for each Member 
State. For example, for the German method needed specific data on species distributions in depth 
zones. In the case for Germany and Belgium an additional comparison was made between the full 
national method on national data, and a restricted national method as could be used in the European 
comparison on the same national data. 
The harmonization of the national methods consisted of 7 steps which are described in further detail 
in section 2.2.5.  

2.2.3 Macrophyte composition metrics intercalibrated

Most Member States were still working on their assessment methods during the process of 
intercalibration. Seven Member States had developed their national metrics to an extent allowing 
the intercalibration exercise to be carried out technically for two types (Table 2.2.3).

Table 2.2.3: Overview of the attendance of the Member States in the Intercalibration of assessment methods based on 
macrophyte composition within the Central/Baltic GIG.

BE DE DK(1,2) EE FR(1) UK(3) HU(1) LT(1) LV NL PL

L-CB1 + + - + - + - - + + +

L-CB2 + + - + - + - - + + -

L-CB3 + - - + - - - + - -

(1) MS working on an assessment method but not ready for intercalibration
(2) MS have data available but not according to the GIG format
(3) all lakes similar to L-CB3 in the UK belong to the NGIG (L-N1). Comparison of the L-CB3 type using the UK 
method in C/B-GIG was carried out to facilitate inter-GIG comparison.
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It can be concluded that the Member States have different ideas about how to assess the status 
of lakes using macrophyte composition. Differences exist in the parameters used (e.g. maximum 
colonised depth is used by some of the Members while others don not), scaling of abundance, 
but also on technical level, e.g. which species are indicative for reference conditions, and in the 
assessment methodology (see Annex B – Part 1 for detailed explanations). 

Table 2.2.4: Overview of the Member States macrophyte-based assessment systems and setting of reference conditions 
and boundaries.

MS Metrics Ref conditions Boundary setting 

DE Reference index: relative abundance 
of 3 species groups
Limit of vegetation
Dominant stands  

Based on (few) existing ref sites: 
High status lie within the range of 
ref sites 

Based on normative definitions: 
changes of tax composition
Good = taxa of species A have 
higher abundances than C 
Moderate: species A the same or 
less abundances than C

EE Relative abundance of indicator 
groups
Depth limit 

Based on historical records, 
ecological knowledge 

H/G - the first change of 
vegetation; G/M -representatives 
of Good and High status present 
but not prevailing   

LV Abundance of indicator taxa Expert judgement, reference sites Moderate status: disappearance of 
reference taxa

NL Species composition: score of 
characteristic taxa
Growth form: % cover of potential 
covered area 

Literature and  expert judgement, 
vegetation data and knowledge on 
plant communities characteristics, 
few reference sites 

Literature and  expert judgement, 
vegetation data and knowledge on 
plant communities characteristics

BE - 
FL

Relative abundance of ref/
disturbance indicators
Diversity of growth forms
Development of submerse vegetation 

Historical records, ecological 
knowledge, expert judgement 

Expert judgement: 
Good=disturbance taxa notably 
less abundant relative to type-
specific and non-disturbance taxa

UK Taxonomic composition, number of 
taxa and functional groups  

Ref sites identified using 
individual species-pressure 
relationships, historical records, 
expert judgement, checked against 
land cover, TP, HM modifications

Conceptual model related to the 
normative definitions: GM: more 
than 50% sensitive species, less 
than 50% tolerant species

2.2.4 Reference conditions and setting class boundaries

Member states have set reference conditions and class boundaries using a number of different ways 
but in general following WFD definitions. Reference conditions are set using reference site approach 
(DE, UK, LV, NL), also historical records (EE, UK), and ecological knowledge on macrophyte-
pressure relationships (UK, BE, NL).

MS boundary setting procedures are based on proportion of taxa groups (reference, tolerant, 
impacted state) and follow similar approach based on change in species composition in the moderate 
state:

• �Germany: good state - ref species have higher abundances than impacted state taxa, moderate 
state - ref species the same or less abundances than impacted state taxa;

• �UK: good/moderate boundary - high probability more than 50% sensitive species, less than  
50% tolerant species;
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• �Belgium: good state - disturbance taxa notably less abundant relative to type-specific and non-
disturbance taxa;

• �Estonia: good/moderate boundary - representatives of good and high state present but not 
prevailing.   

In order to investigate compliance with WFD definitions, the following tasks were carried out:
• �Checking the performance of national assessment methods on common reference sites;
• �Drawing a common and compliant view on the position of the Good/Moderate boundary.

Performance of national assessment methods on common reference sites

The national assessment methods were applied to the set of common reference sites. There were 
altogether 22 reference sites identified in the Central/Baltic GIG, with 17 belonging to lake type 
L-CB1, and five to L-CB2:

• �Latvia – 5 sites,
• �Poland – 8 sites;
• �Germany – 4 sites;
• �Lithuania – 3 sites;
• �Netherlands – 2 sites. 

It may be concluded that there is a large difference in interpretation of the reference sites between 
national assessment methods:

• �only EE and LV methods indicated high status in more than 50% of lakes assigned as reference 
sites;

• �For the other countries’ methods this fraction was rather small – only 14% for the NL and BE 
methods and 18% for the UK method (see Figure 2.2.4.).

Figure 2.2.4.a: Application 
of national assessment 
methods to the common set 
of reference sites. Note: the 
Polish and Belgian methods 
could only be applied to 
seven sites.    
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This may be partly explained by the following factors:
• �some of the lakes had no complete species lists (e.g., charophytes on only genus level), which 

could affect the results but not all MS methods are equally sensitive to such  differences;
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• �MSs metrics are most suitable for use within their own territory:
   – �this is probably the case for UK, because their assessment method is calibrated with a 

statistical model on the species occurrence in the UK;
   – �likely this was also the case in Germany, because all four German reference sites were 

assessed as ‘high’, whereas this fraction for reference sites outside Germany was much 
lower (< 20%). 

   – �The database of reference sites was too small to check whether the better performance of 
metrics in the home territory was due to biogeographical and climatic differences or was 
related to other causes.  

In the end it was concluded:
• �The reference sites are mostly assessed as ‘good’ or ‘high’ and the national methods have in 

most cases a better performance in ‘own’ territory than outside;
• �From this we conclude that the metrics are compliant with the normative definitions of the 

WFD, though more data on reference sites and sites with more data on other pressures could 
strengthen this conclusion. 

Common and WFD compliant view on the G/M boundary

A disadvantage of using option 3 may be a lack of a common view on the G/M boundary, by which 
the compliance with the normative definitions of Annex V of the WFD may be not ensured. This 
paragraph summarizes some of the MS’ methods and shows at which level a common view can be 
extracted. In addition, it is explained why it is very likely that the MS’ methods are compliant with 
the normative definitions of the Annex V of the WFD.

Common view
Most MS consider that some species are more characteristic for reference conditions than others. 

• �In alkaline lakes there is a common view that most Charophyta species are indicative of 
reference conditions:

   – �In methods of some MSs this is very pronounced, e.g., LV where the abundance of different 
charophyte species is the main indicator,

   – �while for EE charophyte dominance indicates at least Good Ecological Status as one of the 
five parameters,

   – �Also for other MSs Charophytes are considered as more sensitive than most other species 
(e.g. Dutch method),

   – �For the UK and DE this also holds true, though other factors like sensitivity to eutrophication 
and depth of occurrence also play a role in determining to what extent charophytes are 
indicative of low pressure.

• �In addition, a number of Potamogeton species are likely to occur in reference conditions as 
well as at Good ecological status, though their occurrence is more Member State specific than 
that of Charophytes. 

Another common view that can be extracted is that some species indicate the impact of 
eutrophication:

• �These species generally have a growth form adapted to take up nutrients from the water 
column (no or poor roots in the sediment), and/or the ability to compete for light by growing to 
the water surface. 
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• �Examples of these species are Lemna spp., Ceratophyllum spp., and Potamogeton pectinatus. 
In almost all MSs methods those species are directly or indirectly considered as indicators of 
eutrophication. 

Dominance of these species results in an assessment clearly below the G/M boundary for all 
MSs methods. See for very clear examples the assessment of Sacrower See (DE, dominance of 
Ceratophyllum with some Nympheaids), Ouderkerker plas (NL, low cover but dominance of P. 
pectinatus), Viesitis (LV, dominance of Potamogeton natans and Nuphar lutea). These lakes are 
likely to suffer from eutrophication, which is confirmed by the chlorophyll-a based assessment 
indicating Moderate status or less in these three lakes. 

There is also a number of lakes with complete or nearly complete agreement on Good Status. Some 
examples of these lakes are Kenfig Pool (UK, with several Potamogeton species and charophyte 
species), Loenderveenseplassen Oost (NL, with some charophyte species, several Potamogeton 
species) and Pühajärve (EE, with some charophyte species and many Potamogeton species). In most 
of the Good Status lakes (on average by different MS), the number of taxa is higher than 10.

A common view can also be produced by averaging all compliant MS’ EQR values. This average 
is determined on the basis of a transformed scale where each MS has the G/M boundary at 0.6 and 
the H/G boundary at 0.8. All MS’ methods show a highly significant correlation with this average, 
and in addition this average also shows significant correlations with pressure indicators (e.g. 
chlorophyll-a, see Fig. 2.2.4.b). From these relationships it can be concluded that MS’ assessment 
methods have established a realistic common view on degradation of lake ecological status caused 
by eutrophication. Because the averaged national scores of the macrophyte composition of the 
reference sites is generally above the regression line, it can be concluded that pressures other than 
eutrophication are also affecting the macrophyte composition. Some more examples per type are 
provided in Annex B – Part 2 

Figure 2.2.4b: Averaged 
EQR of national 
assessments (AVG) of the 
macrophyte composition 
of sites in the common 
data base in relation to 
the mean concentration 
chlorophyll-a (Chl_mn_v 
in µg l-1). The reference 
sites are presented as 
squares (L-CB1 and 
L-CB2 combined). 
Individual 90% 
confidence and 95% 
confidence limits of the 
regression are shown.    Chl_mn_v
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Examples of defining quality classes in MS methods (see also Annex B – Part 1)

All Member States have provided their national monitoring and classification schemes in Annex B – 
Part 1. These classification schemes show how the different quality classes are defined. Some good 
examples are presented by Germany (Table 2.2.4a) and Estonia (Table 2.2.4b).

Table 2.2.4a: Classification scheme of ecological status based on the German macrophyte indicator (RI) values. The RI 
values are derived from the combination of the group of species (A, B, C) and its depth of occurrence (e.g. 0-1, 1-4, > 
 4). The group A score contain sensitive species (e.g. Chara), while the group C score contain tolerant species (e.g. 
Ceratophyllum). For full explanation of the method, see Annex B – Part 1.

Ecological 
status 

Range of 
RI/EQR Definition given by the WFD Interpretation 

High 

50 to 100/
0.75 to 1.0

“The taxonomic composition corresponds 
totally or nearly totally to undisturbed 
conditions. There are no detectable changes in 
the average macrophytic […] abundance. […]” 

RI values lie within the range of 
reference sites. 

Good 

0 to 50 /
0.5 to 0.75

“There are slight changes in the composition 
and abundance of macrophytic […] taxa 
compared to the type-specific communities. 
[…]” 

RI values are slightly below high status 
and always positive (Taxa of species 
group A have higher abundances than 
species group C taxa). 

Moderate 

-50 to 0 /
0.25 to 0.5

“The composition of macrophytic […] taxa 
differ moderately from the type specific 
communities and-are significantly more 
distorted than those observed at good quality. 
Moderate changes in the average macrophytic 
[…] abundance are evident. […]” 

RI values are around zero or negative 
(species group C taxa equal or slightly 
outweigh species group A taxa). 

Poor 

-75 to -50/ 
0.12 to 0.25

Macrophyte “communities deviate 
substantially from those normally associated 
with the surface water body type under 
undisturbed conditions”. 

RI values are very low (species group 
A taxa are nearly replaced by species 
group C taxa). 

Bad 

-100 to -75/
0.0 to 0.12

“Large portions of the relevant biological 
communities normally associated with the 
surface water body type under undisturbed 
conditions are absent”

Very low macrophyte abundances 
without natural reasons. (Calculation of 
RI is often not possible) 

Table 2.2.4b: Classification scheme of ecological status based on the Estonian macrophyte indicator values.

Parameters/Classes High Good Moderate Poor Bad

Only for L-CB1: Depth limit of submerged plants, m <4 <3.0-4.0 >1.6-3.0 1-1.6 <1

More important taxa* arranged according to their role Char, Pot, 
Bry

Char, Pot, 
Bry

Batr, Cer, 
Pot, Nym

Cer, Nym, 
Nu, Lem

-

Relative abundance of Potamogeton perfoliatus and /or 
P. lucens

2-4 2-4 1 0-1 -

Relative abundance of charophytes and/or bryophytes ≥3 2-3 1 0 0

Relatice abundance of ceratophyllids and/or lemnids 1 1-2 3 4-5 -

Abundance of large filamentous algae 0 1 2 3-4 5

*Char – charophytes; Bry – Bryophytes; Pot – Potamogeton; Batr – Batrachium; Cer – Ceratophyllum; Nym – 
Nymphaea; Nu – Nuphar; Lem – lemnids (Lemna, Spirodela).
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Conclusions

• �All Member States have produced a detailed description of their national assessment method, 
and most of them have included a justification and transparent description on how the 
normative definitions were numerically interpreted;

• �For some species and groups a common view could be extracted;

• �It is very likely that all MS have WFD compliant methods, because the whole classification is 
compared including the ‘high’ status sites. In principle, the option 3 method, as applied here, 
guarantees compliance of all Member States’ methods already if only one MS has interpreted 
the WFD in the right way. Because almost all Member States have described their national 
metrics well, and have acceptable justifications of the G/M and H/G boundaries, it is very 
likely that the Annex V is interpreted in the right way.

2.2.5 Harmonization of the assessment methods

The harmonization process consisted of 7 steps (figure 2.2.5.):

• �The first step was collecting the data by Member States and transforming it to a common 
structure of species lists and abundance scales (see 2.2.5.1.);

• �The second step was the application of the national methods to the common database 
(paragraph 2.2.5.2)

• �After this the sensitivity to eutrophication pressure and the performance at pre-defined 
reference sites was investigated (paragraph 2.2.5.3 and 2.2.4)

• �Subsequently, the classifications were compared (2.2.5.4) and tested; 

• �Where necessary a method was adjusted and compared again with the other Member States 
(paragraph 2.2.5.4). 

• �Depending on fulfillment of the criteria set for confidence and maximum deviation, the final 
conclusion was made whether the national assessment methods were comparable or not. 
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Figure 2.2.5: Overview of the harmonisation process of the ecological status assessment of lakes based on macrophyte 
composition in the Central/Baltic GIG.
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2.2.5.1 Construction of a common database

The first step was collecting the data by Member States and transforming it to a common structure 
of species lists and abundance scales.

List of species
The GIG has agreed on the use of the species list as presented in Annex B – Part 5. The list contains 
mainly hydrophytes and counts 122 taxa. Most species are relatively rare, while species like 
Ceratophyllum spp., Nuphar spp., Myriophyllum spp. and some Potamogeton species are common 
and occur in more than 30% of the lake-years.

Scale of abundance
The abundance of each species is represented in 4 classes and derived from the EU ECOFRAME 
project scale (Table 2.2.5.1). Only 4 classes were used because this appeared to be the lowest level 
of resolution shared by all Member States.

Table 2.2.5.1: Description of the abundance scale of the C/B GIG used in the macrophyte database. Each Member State 
has converted its macrophyte species data into ECOFRAME abundance scale (Moss et al., 2003).

0: no plants visible, nothing on rake

1: some plants visible but sparse, some plants on rake

2: plants present, many rakes produce plant samples (up to 70%) and plants do not interfere with boat movement 
(plant infested water volume up to 25%)

3: plants obvious with most rakes producing plant samples (>70%), plants may interfere with boat movement in 
places (plant infested water volume > 25%)

Other data
Data for other variables (chlorophyll-a, secchi depth, total phosphorus, type, location, pressure data) 
were derived according to the same procedure as that used for the physical-chemical database. In 
case where no physical-chemical data were available from the same sampling year as macrophyte 
data, physico-chemical data from the nearest sampling year was used. This was limited to an 
arbitrarily chosen maximum difference of 6 years.

2.2.5.2 Application of national assessment on common database

In order to apply MS national assessment methods to common database, in most cases several 
modifications were necessary due to the different data requirements, abundance scales and 
identification levels. 

The Netherlands: 
For the Netherlands the abundance scale was comparable with the GIG’s scale. The species list was 
a bit more elaborated than the GIG’s list and contained some mosses and liverworts. These species 
were subtracted from the reference value before the assessment was made. In some cases other MSs 
had species not naturally occurring in the Netherlands due to biogeographical differences. These 
species were assessed by applying to them scores of the most comparable Dutch species based on 
genus and growth form (e.g. a Chara species is considered to have the same score as the Dutch 
Chara). The Dutch type M14 was used for L-CB2, M21 for L-CB1 and M17 for L-CB3. 
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The United Kingdom: 
The UK method predicts reference conditions on a site specific basis using environmental 
parameters that were not available in the C/B GIG database.  To overcome this, the UK developed an 
alternative simpler reference model based on the morpho-edaphic index using UK data (see Annex 
B – Part 1 for description). This model was used to determine the reference value for each site in 
the GIG database. In some cases alkalinity or depth data were missing from the GIG database, in 
these cases the median value of the reference condition of the type was used. A comparison between 
the full UK reference model and the MEI based model was made using regression analysis. This 
demonstrated a small bias in the results and a correction factor was thus applied when calculating 
the GIG EQR values. The species list used in UK classification is much longer than that used in 
the GIG and, like the Netherlands, includes some mosses and liverworts. There are also 24 species 
that are on the GIG list but are not used in calculating UK scores. These species were given scores 
derived from available data. The UK method uses a continuous %- cover metric so the common 
database scale values were converted to %-cover using classes of 1, 7 and 31%. The data provided 
for filamentous algal cover in the common database was not comprehensive enough to allow this 
part of the UK classification method to be used.

Belgium: 
For Belgium the abundance scale was comparable with the GIG’s scale. In many cases the translation 
of the GIG lakes to the Belgium national typology was difficult due to lack of site information. 
In those cases expert judgement (e.g. using the species occurring) was used to chose the most 
comparable national type. Biogeographical problems similar to NL were encountered, but in this case 
such taxa were left unconsidered for calculation of region-specific metrics if their abundance was 
relatively low, or no assessment was made at all in case such taxa were more abundantly present.

Germany: 
The abundance scale used for the German assessment system is more detailed than the GIG’s scale. 
Therefore the abundance data on the 3-level scale needed to be transformed to fit to the ranges of 
the German 5-level scale (Annex B Part 3, table B-3-1) This is important, because prior to further 
calculations, the nominally scaled values of plant abundance are converted into metric quantities 
using the following function: macrophyte abundance³ = quantity. 
The first approach led to an underestimation of abundant species. As a result dominant stands of 
certain taxa (e.g. Ceratophyllum demersum) that are used as a correcting factor in the German 
method could not be detected. For correct assessment with the German method information on 
depth distribution of species as well as the maximum colonized depth of macrophytes are needed. 
As shown in Annex B – Part 1, the lack of this information in the GIG data set leads to an inherent 
bias in the German assessment. The German types TKg10 and Tkg13 (according to lake volume to 
catchment size ratio) were used for L-CB1 and TKp for L-CB2. Details for the limitations of the 
application of the German assessment on the GIG database are provided in Annex B – Part 1.

Estonia:
Data for abundance were transformed using the information of species. The Estonian system directly 
transforms abundances of groups of plants to a quality class. By grouping species in the GIG database 
a more detailed insight is derived from the abundance of that particular group. It was necessary to use 
this information, because the Estonian assessment system needs information on an abundance scale of 
7 classes. Information on mosses and maximum depth was lacking in the GIG database, so these parts 
of the metric could not be applied. Transformation tables are given in Annex B – Part 3.

Latvia: 
The Latvian method focuses on the abundance of charophytes and some specific additional species 
(=indicator species, see ANNEX B – Part1). The abundance of indicator species on the GIG’s scale 
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was summed and transformed directly into a quality class. Transformation tables are given in Annex 
B – Part 3. 
A more or less continuous EQR scale was calculated by:

EQR = (sum of abundance of indicator species)0.5/3.
This EQR is only used for correlating it with other MS’ methods and pressures and was not used 
for setting boundaries. The national classification scheme is used for setting the boundaries (see 
ANNEX B – Part1).

2.2.5.3 Relationship of national assessment methods based on macrophytes with 
indicators of eutrophication pressure 

The relationship of the ecological status assessment based on macrophyte composition with those 
based on chlorophyll-a and TP concentrations as indicators of eutrophication pressure were explored 
by MSs applying national assessment methods on the C/B GIG database:

• �all MS assessment methods showed significant relationships with TP and chlorophyll-a, except 
that of Belgium (Annex B – Part 4); 

• �Belgium has shown, however, a significant relationship between assessment results of 
macrophyte composition and TP or chlorophyll-a are demonstrated for their national database 
(see Annex B – Part 1). For Belgium the main problem may be the lack of good information on 
the typology. Another factor may be that most Belgian lakes are relatively small as compared 
to other MSs which may limit the use of the comparison;

• �The correlation coefficients of the other MSs ranged from -0.31 to -0.51 (types combined) and 
were relatively low in comparison with e.g. phytoplankton vs. nutrients correlations;

• �most Member States showed good relationships of macrophyte-based assessment results with 
TP or chlorophyll-a when lakes within their own territory only were considered (e.g. UK, DE, 
EE etc.).  

A more detailed analysis showed that the relationship between chlorophyll-a and macrophyte 
composition status shows that the maximum score of macrophytes quality is reduced:

• �in lakes with high macrophyte status as assessed by the MSs, the concentration of chlorophyll-a 
is low, while at low status of macrophyte composition the values of chlorophyll-a are much 
higher (most pronounced in the high 90th percentiles);

• �However, for most MSs low macrophyte quality can sometimes be associated with low 
chlorophyll-a values - an explanation for this phenomenon may be that the macrophyte 
metrics are sensitive to other pressures than eutrophication only. A lake can have ‘high’ status 
from eutrophication point of view, but the status may suffer from other pressures to which 
macrophytes are sensitive. This hypothesis could not be confirmed, because data on other 
pressures than eutrophication was lacking. 

In addition, the macrophyte assessment results were compared with chlorophyll values for reference 
sites (see Annex B – Part 4):

• �the chlorophyll-a values of lakes in high macrophyte status (75th percentile between c. 5 and 15 
µg l-1 of chlorophyll-al) are for most MSs inside or close to the range of high status according 
to chlorophyll-a (3-11  µg l-1 chlorophyll-a). 

• �nevertheless an exact comparison is not possible because the number of macrophyte reference 
sites is too small for a type based analysis. 
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It may be concluded that:

• �the macrophyte composition metrics are significantly related with eutrophication pressure; 

• �the ‘high status’ macrophytes sites have chlorophyll-a values in the range of the agreed 
chlorophyll-a reference values 

• �it is likely that the metrics produce a classification compliant with the normative definitions for 
ecological staus classes given in the WFD.

Annex B Part 4 gives an overview of correlation coefficients between MSs macrophyte assessment 
methods and eutrophication parameters (Table B-4) and Box plots of chlorophyll-a (µg l-1) and total 
phosphorus (mg l-1) for different macrophyte composition status classes for each Member State  
(Figure B-4). 

2.2.5.4 Comparison of classification results

The harmonisation of national macrophyte assessment methods was carried out according to option 
3 comparing each method versus all the others:

• �All national methods were applied to the common database, assessment results were compared 
and tested;

• �As not all methods yielded an EQR on a continuous scale, the comparisons were performed 
with class numbers (High=5, Good=4, Moderate=3, Poor=2, Bad=1). The result of each inter-
comparison therefore is a difference in class number, where a positive number indicates that 
the first method yielded a higher quality class than the other method (the first method is less 
precautionary);

• �A margin of 0.25 class width (0.05 normalised EQR units) was used to avoid small errors in 
class assessment close to a class boundary resulting in a misclassification. 

To test the compliance of a MS method, two statistics were calculated on the full set of 
comparisons:

• �The weighed averaged class difference of all comparisons WA:  the criterion for compliance 
was agreed at a range from –0.25 to 0.25 class, which corresponds to a ±0.05 normalised EQR 
unit deviation from the mean; 

• �The fraction of comparisons with zero difference |DC=0| and or the fraction of comparisons 
with no more than one class difference |DC| ≤ 1: this criterion for compliance was agreed to be 
|DC=0| ≥ 55 % and |DC≤1| ≥ 90% as the average for all MSs, and |DC=0| ≥ 50 % and |DC≤1| 
≥ 80% for all individual MSs; the second criterion was used to check for an unacceptably high 
number of serious misclassifications between Member States.

• �In addition, a Spearman rank correlation coefficient was used to test whether Member State 
methods were significantly related (P<0.01; see 2.2.5.3. and Annex B -Part 4).

When the compliance criteria were calculated, the final conclusions were made whether the national 
assessment methods were comparable or not (see the flowchart of the process Figure 2.2.5.:

• �If after step 5 (testing of criteria WA,  |DC=0| and |DC| ≤ 1) not all MSs met both criteria, the MS 
with the largest deviation of the first criterion WA was requested to adapt its method (step 6);

• �Since the first harmonisation criterion is based on the relative deviation of one MS’s 
assessment method from all the others, adaptation of one MS’s method will change the scores 
of all other assessment methods as well;
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• �Threfore the process of harmonisation is an iterative process of steps 4-6 (Figure 2.2.5.);
• �When the criteria set for confidence and the maximum deviation is fulfilled, the final 

conclusion is made whether the national assessment methods are comparable. 

The first results of the comparison show that several changes are needed:
• �The Dutch method appeared to be the biggest outlier among Member States by being more 

precautionary (0.5 to 0.7 quality class). The main reason for that was that the reference values 
couldn’t be set on actual reference sites, and were based on expert judgement. For the reference 
sites where the method could be applied, it indicated Good or worse status, showing that the 
method was indeed too precautionary. The reference score of the Dutch method was therefore 
set 15% lower, by which the quality assessment is now about 0.25 to 0.5 quality class less 
precautionary than initially. The Dutch method is now more in line with the other Member 
States and shows a better performance on GIG reference sites than the first version;

• �Also, the Dutch metric was based on species occurring in the Netherlands. When applied to 
sites from other countries, species not occurring in the Netherlands would not count in the 
assessment, because they have no indicator value. For such species, a score was assumed 
similar to the closest comparable Dutch species, based on growth form and to which genus the 
species belongs.  

• �The UK method was modified to take greater account of changes in taxonomic diversity in 
the assessment of status;

• �Other changes in the assessment methods did not change the level of classification 
systematically, but improved the national assessment methods in such a way that they were 
more comparable with each other;

• �Additionally it was decided that some sites were not suitable for use (e.g. Hungarian sites), 
because they were not really comparable with the other lakes (oxbow lakes or very large 
lakes);

• �Sometimes sites were also excluded only for a particular Member State – thus for Germany it 
was decided to exclude lakes if the number of species is too low for proper assessment. This 
was also the reason why the German method covered only a part of the quality range (almost 
no P and B sites), because in the lake types considered, a low number of species is generally 
associated with impact. This also partly explains the relatively low correlation of German 
assessment results with that of other MSs and with pressure indicators.

The final results of the harmonisation process in terms of the fractions of comparisons with a certain 
difference in class number are presented in figures 2.2.5.4b, for lake types L-CB1, L-CB2 and 
L-CB3 respectively. 

In response to the request by DG Environment, the GIGs have re-analysed their data, calculating a 
number of common comparability metrics (%agreement with 5 and 3 classes used for comparison, 
with or without the ±0.05 EQR deviations). Based on these criteria, the Central Baltic GIG results 
(see Annex B – Part 7, table B-7) were assessed as acceptable.
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Figure 2.2.5.4b: Cumulative proportions of class differences DC per MS per lake type from all inter-comparisons. 
The figure reads, for example, for the Estonian method if applied to L-CB1lakes that in  about 20% of cases it  is more 
precautionary than the  method compared with (DC=negative),  in 65% of cases it gives an equal classification (DC=0) 
and in the remaining 15% of comparisons it is less precautionary (DC=positive). 
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Table 2.2.5.4: Number of comparisons, averaged class difference (WA) and fraction of comparison with no more than 
one class difference (|DC|<=1) per Member State and GIG lake type. Values for WA and |DC|<=1 that fall outside the 
agreed range are marked in bold.

Average EE LV PL UK NL BE DE

LCB1 Number of comparisons 822 822 53 822 822 602 711

WA -0.07 -0.03 0.32 -0.08 -0.14 0.29 0.10

|DC|=0 0.63 0.65 0.57 0.70 0.62 0.67 0.55 0.64

|DC|<=1 0.91 0.93 0.87 0.91 0.90 0.97 0.86 0.92

LCB2 Number of comparisons 827 827 0 825 827 600 652

WA -0.27 -0.02 -0.11 -0.12 0.31 0.37

|DC|=0 0.60 0.58 0.58 0.53 0.63 0.60 0.62

|DC|<=1 0.90 0.90 0.85 0.88 0.93 0.91 0.89

LCB3 Number of comparisons 176 176 176 85

WA 0.11 0.24 0.15 0.42

|DC|=0 0.44 0.35 0.48 0.43 0.52

|DC|<=1 0.75 0.68 0.69 0.78 0.85

The results in Table 2.2.5.4 show that the harmonisation process has now led to all MSs having a 
comparable macrophyte composition assessment for L-CB1 and L-CB2 with the following remarks 
and exceptions:

• �The German method is by 0.37 classes less precautionary for L-CB2  which therefore does 
not comply with the criterion of WA≤ 0.25. However, Germany has submitted a note on their 
national method including a paragraph showing the effect of exclusion of maximum depth on 
the overall classification (see also paragraph 2.2.5.2). This parameter is part of the German 
assessment method but could not be included in the C/B GIG database. It is shown that 
including this maximum depth parameter on average makes the complete German assessment 
method by 0.21 quality class more precautionary for the L-CB2 type. Correcting the current 
deviation of 0.37 for this 0.21 quality class difference caused by an incomplete assessment, 
brings the German method well within the acceptable range. See for details Annex B – Part 1;

• �The Belgian method is also slightly outside of the range (0.29 quality class less precautionary) 
for both L-CB1 and L-CB2. Belgium has had similar problems with Germany in that they 
could not apply their full method to the C/BGIG database. Because of lacking information they 
could only calculate three out of four metrics (see paragraph 2.2.5.2). BE has also submitted 
a note on their national method showing the effect of inclusion of this fourth metric in their 
macrophyte assessment method. From applying both the full national 4-metric method and the 
3-metric method to the Belgian national database, it was concluded that the 4-metrics method 
was on average by 0.5 quality classes more precautionary for both L-CB1 and L-CB2 types. 
This assures that the full BE method can be considered as being in the range. See for details 
Annex B-Part1;

• �After the first assessment, the Polish method was just sufficiently precautionary (it was then 
0.25 quality classes less precautionary than the others). However, after adjusting other methods 
that were initially out of range, the class difference of Poland for L-CB1 increased from WA= 
+0.25 to WA= +0.31. This is a relatively small difference but, based on earlier agreements, 
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it is just too large for considering the PL method comparable with the others. Also because 
the Polish method could only be applied to Polish lakes, the number of comparisons was very 
small (see table 2.2.5.4) which made these results less robust. 

• �The Estonian method is slightly more precautionary than necessary for L-CB2 (WA= -0.27). 
However, being too precautionary is not a problem in general. Taking into consideration the 
correction of the German and Belgian method as described above will make the Estonian 
method relatively less stringent and will most likely make it fall within the range.

• �It was concluded that harmonisation for L-CB3 has not been successful at this stage. For 
L-CB3 only four methods (EE, LV, UK, BE) were available and also only a relatively small 
number of sites (53 lake-years), which was heavily dominated by lakes from Estonia and 
Latvia. In addition, the UK method was applied to this lake type, although all lakes similar 
to L-CB3 in the UK have been placed in the N GIG and could contain a different flora due 
to biogeographical differences. Neither of the four methods complied with the criterion of 
{|DC|=0} ≥ 55% and the Belgian method that nearly did, showed a very large class difference 
(WA=0.42). 

Reasons for the relatively low agreement and the justification of option 3.

There was a relatively low agreement between classification results in the C/B GIG, especially 
when the results were compared with the option 2 used in other GIGs. Several reasons could be 
contributing to this disagreement:

• �It should be kept in mind that the option 3 as applied here does not always correct reference 
conditions for potential biogeographical differences or differences in the way of sampling or 
interpretation. The Central/Baltic region covers a broad geographical and climatic zone as 
compared to the Alpine or Nordic GIG. These factors can lead to a higher level of disagreement 
as compared to other methods or GIGs;

• �There are fundamental differences between assessment methodologies of the Member States in 
the GIG. A more detailed analysis of the causes of deviation of single MSs results showed that 
these differences were related both to the assessment method and the lake characteristics. As an 
example the Dutch macrophyte assessment method was relatively precautionary in large lakes but 
relatively less precautionary in small lakes as compared to the UK assessment method (Annex 
B – Part 6). This difference in performance is related to the differences in the methodological 
approaches such as focussing on species diversity vs. relative composition of species. 

• �It was also shown that the level of agreement was generally higher in lakes with high 
chlorophyll-a values - the worse the lake, the higher the level of agreement.

It should be also stressed that option 3 as applied in the C/B GIG, was a very direct and transparent 
way of comparison compared to option 2. Option 2 does not compare MS methods directly with 
each other, but with a common metric. Thus, looking at individual cases, differences between 
MSs can be higher than they would be if compared directly. Moreover, it should be realized that 
the relatively small confidence limits of the boundaries in option 2 can still hide a relatively high 
proportion of misclassifications (see Annex B – Part 8). The statistical approach as used in option 
2 has of course advantages, but also disadvantages such as the assumption of linearity. If type I 
regression is used to relate a MS’s method with a common metric, the choice which is the dependent 
and which the independent variable (see Annex B – Part 8) has large consequences. The choices can 
be justified, but it should be realized that they may significantly affect the outcome (see Annex B – 
Part 8). In this aspect, option 3 method has a major advantage in having no statistical assumptions 
or preconditions. 
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Another point of criticism that has been raised is that the focus in the present option 3 is not on the 
G/M and H/G boundaries. It should be, however, kept in mind that option 2 also considers the whole 
quality range. In option 2 the low quality classes affect the slope and the interceptof the regression 
line and thus also the class boundaries of higher classes. A check on this criticism of non focus on 
G/M and H/G boundary was made by using 3 classes (H,G,<G), but this did not significantly affect 
the results.  

The intercalibration exercise in the C/B GIG was one of the few in which the reference conditions 
were really compared and were assumed not to be affected by Member States borders. Other GIGs 
that have checked the performance of metrics on reference sites (e.g. phytobenthos in rivers) also 
show considerably deviations between Member States. The range in these reference values is high 
as well reaching up to 50% of the whole quality range. 

Finally, the option 3 as presented here, can be applied easily on the agreed register of intercalibration 
sites, and can result in a tangible and common view on the assessment of macrophytes in Central 
European and Baltic lakes.

Comparison with agreed chlorophyll-a boundaries

The C/B GIG has already reached an agreement on chlorophyll-a class boundaries, using 
Intercalibration Option 1 (setting common class boundaries based on the common dataset).  

In order to check the comparability between macrophyte and chlorophyll-a classification results, a 
case by case comparison was carried out. The results show that: 

• �for L-CB1 the chlorophyll-a metric is 0.25 class less precautionary (WAchl-a = +0.25. number 
of comparisons = 798). 

• �For L-CB2 this resulted in WAchl-a = +0.48 class (with number of comparisons = 833), so it 
means that chlorophyll  metric is by 0.48 classes less precautionary.

• �The assessment based on macrophytes is thus on average a bit more stringent than the 
assessment based on chlorophyll-a (see also Annex B - Part 2). This is also in line with the 
hypothesis that macrophytes, compared with chlorophyll-a, are sensitive to more pressures 
than just eutrophication and can have a slower response to recover from eutrophication.

2.2.6 Final outcome of intercalibration 

The assessment of macrophyte composition in the Central/Baltic GIG is harmonised and compliant 
with the definitions of the WFD for two common Intercalibration types (L-CB1 and L-CB2) and 
for six Member states - Belgium, Estonia, Germany, Latvia, the Netherlands and the UK (se Table 
2.2.6):  

• �The initial disagreement among the C/B GIG members was relatively big, but has decreased as 
a result of the harmonisation  exercise;

• �This resulted in ca. 60% of matching classifications (DC=0) among all inter-comparisons 
for the types L-CB1 and L-CB2. For L-CB3 this fraction is still too small to consider the 
intercalibration to be successful.

• �There are no or only small systematic differences (generally < 0.25 quality classes) between 
classifications by Member States, except for Poland, which has compared too few PL lakes to 
justify any conclusion.
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Still there is a random disagreement which is due to several causes and cannot or could not be 
solved by now or the near future. This disagreement is not only matter of too few data, but also 
related to different views on reference status and different focus on pressures. 

Table 2.2.6: Agreed national assessment methods with their names, EQR boundaries for H/G and G/M for L-CB1 and 
L-CB2.

Member State Name of method Boundary H/G Boundary G/M

BE Flemish macrophyte assessment system 0.80 0.60

DE German macrophyte assessment system Reference Index  0.75 0.50

EE Estonian macrophyte assessment system 0.80 0.60

LV Latvian macrophyte assessment system 0.80 0.60

NL Dutch phytoplankton composition metric for the Water 
Framework Directive

0.80 0.60

UK UK macrophyte assessment system LEAFPAC 0.80 0.60

2.2.7 Dealing with the MS “arriving late”

Member States that were not included in the present Intercalibration exercise, should consider 
the following guidelines while testing the comparability of their classification systems with other 
Member States: 

• �The Member States “arriving late” can only test their compliance but cannot affect the values 
of other Member States metrics;

• �A Member State arriving late have to comply with the same rules as presented in this report  - 
such as the weighed average and the number of misclassifications;

• �Together with the report also a spreadsheet will be provided where the results for the present 
Member States are fixed, and where will be made clear where and how an arriving late 
Member State can test its classifications. 

2.2.8 Open issues and way forward

There are several gaps and shortcomings needed to be addressed in the future work:

• �Above all, the macrophyte abundance is only partly considered, and the maximum colonised 
depth of macrophytes and phytobenthos are not harmonised yet, it means that the quality 
element is not fully intercalibrated;

• �Collection of more data and data on other pressure is needed to further improve the 
performance of the macrophyte composition metrics in relation to pressures;

• �Future work should take into account the data needs of assessment methods of all Member 
States;

• �Collection of data on the lowest level (site level instead of water body level) can further 
improve the of agreement and the quality of the Intercalibration exercise;

• �Bacterial tufts are not considered by the Member States because it seems not possible to set 
proper reference conditions.
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Several shortcomings of the Intercalibration process were identified during the reviewing of 
the results (see discussion paper on Comparability of the results of the intercalibration exercise - 
summary of responses and way forward, Bund et al. 2008): 

• �The main problem for the IC results of the Option 3 (direct comparison of the MS assessment 
methods) is that the GIGs used different criteria to evaluate whether or not the assessment 
results were comparable, making it very difficult to judge whether the intercalibration exercise 
has achieved the same level of comparability for all results.

• �Another issue is incompleteness of the BQE – WFD foresees to include macrophyte 
composition, abundance and phytobenthos, while the current IC exercise addresses mostly 
macrophyte composition aspect. 

Central Baltic GIG has developed plan to (se Table 2.2.8) to tackle these issues.

Table 2.2.8: Timetable of the Lake Central Baltic GIG for BQE macrophytes

BQE MACROPHYTES   2008 2009 2010 2011
General I
Investigate completeness of QE X* X
Investigate missing types (mod alkaline lakes / lakes deeper than >15m/ data availability 
analysis own data / decision on results of potential use of values of other GIGs X

Agreement on desired and achievable level of comparability based on new guidance 
and/or improve comparability paper with focus on acceptable and explainable level of 
agreement on QE level**

X

Composition macrophytes, abundance and max depth*
Decision on completeness of present data base on availability of data, quality and 
completeness on environmental factors; focus should be on information level that is suited 
for all Member States methods

X

Decision on inclusion of emergent macrophytes and other pressures X
Improvement of present data base and inclusion of more MS; Max depth should be in one 
data base with composition; Max depth should also be exchanged with other GIGs X X

Agreement on classification of max Z and or abundance correction for light availability 
per MS; values based on chf-a boundaries can be point of departure X X

Application of MSs methods on common data base X X

First comparison of composition classifications; no harmonisation yet X

Phytobenthos*
Inventarisation and description of MSs methods X
Reference sites X X
Development of common data base X X
Application of MSs methods on common data base X X
General II
Comparision and Harmonisation of assessment methods carried out at QE level, with 
focus on final assessment with option 3 (=includes combination rules)* X X

Making Report X X X X

*Based on several discussion and the WFD, I would advise that at least two out of the following three parameters 
should be considered in order to ensure representativeness of the flora QE as a whole: One parameter should consider 
macrophyte composition, one parameter should consider phytobenthos, one parameter should consider macrophyte 
abundance or potential abundance (=max colonised depth). To be agreed in 2008.
**Because max depth or abundance is expected to be agreed as option 1 by all MSs, the final QE assessment is expected 
to have an acceptable level of agreement. The exact numbers and parameters to be included have to be agreed in 2008.
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2.3 Northern GIG

2.3.1 Northern GIG lake types
Lakes were divided for macrophyte data analysis into four different groups (low alkalinity < 0.2 meq l-1, 
medium alkalinity 0.2 – 1.0 meq l-1, clear with colour <30 mgPt l-1, humic with colour >30 mgPt l-1): 

• �Type 101 - low alkalinity, clear; 
• �Type 102 - low alkalinity, humic; 
• �Type 201 - moderate alkalinity, clear;
• �Type 202 - moderate alkalinity, humic. 

Further it was agreed to include two high alkalinity (>1.0 meq l-1) lake types in the Intercalibration 
process:  

• �Type 301 - high alkalinity, clear;
• �Type 302 - high alkalinity humic.

This incorporated lakes from the UK and IE which had previously been part of the Atlantic GIG and 
enabled SE and NO to intercalibrate this lake type.
Thus these types correspond to the IC types in the following way (Table 2.3.1).

The target of the work has been eutrophication as the main pressure to the Northern GIG lakes 
expressed as total phosphorus concentration. All of the countries participated in the IC process, 
except Finland for high alkalinity lake types because of the lack of this type (see Table 2.3.1.b).

Table 2.3.1a: Correspondence between “original” IC types and macrophyte IC types. 

Previous type Current type Explanation

LN2a+ 2b + 5 Type 101
Low alkalinity, clear                          
Expanded with some lakes less deep than 3 meters (mean depth), also deep lakes 
might be included Altitude not counted.

LN3a + 6a Type 102 Low alkalinity, humic                           
Expanded with some lakes less deep than 3 meters mean depth. Altitude not counted

LN1 + LN4 Type 201 Moderate alkalinity, clear                      
Expanded with some lakes less deep than 3 meters (mean depth). Altitude not counted. 

LN8a Type 202 Moderate alkalinity humic
No before Type 301 High alkalinity  clear                 
No before Type 302 High alkalinity humic                      

Table 2.3.1b: Northern GIG common Macrophyte Intercalibration lake types, participating countries and anthropogenic 
pressure addressed. 

Type code Alkalinity (meq l-1) Alkalinity (mg l-1 CaCO3) Colour (mg Pt l-1) Participating Countries Pressure
101 0.05 - 0.2 2.5 – 10 < 30

FI, NO, SE, UK and IE
Eutrophication

102 0.05 - 0.2 2.5 – 10 > 30
201 0.2 - 1 10 – 50 < 30
202 0.2 - 1 10 – 50 > 30
301 >1 >50 < 30 NO, SE**, UK and IE
302 >1 >50 > 30 NO*, SE**, UK and IE

* during June 2007 Norway decided to withdraw boundaries for type 302 as they had insufficient data to evaluate them. 
** Swedish high alkalinity lake types were removed due to lacking national EQR boundaries
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2.3.2 Intercalibration approach

The principles of the Northern GIG Macrophyte Intercalibration were:
1) �The Intercalibration Option 2 (EC, 2005) was used as a general principle of the 

Intercalibration – an Intercalibration common metric (ICCM) was derived for comparison and 
harmonization of the four national macrophyte taxonomic composition metrics;  

2) �Boundaries of national metrics were expressed as ICCM EQR to enable comparability 
between the four national metrics;

3) �Harmonisation was done by using an acceptable band of 5% of the whole range of 
normalised EQR (±0.05 EQR) to include natural variation and methodological uncertainties.

The GIG has decided to adopt option 2 and have developed a common metric (ICCM). This metric 
combines compositional information linked to a ranking of species based on their association with 
lakes of differing trophic state (expressed as annual mean TP). The common metric was derived 
from a standardised list of species found in member states making up the N-GIG (SE, NO, FI, UK, 
IE) and was derived from TP data from these member states. The details of this metric are provided 
in Annex C – Part 1.

The Intercalibration process included the following steps:
• �GIG common data set was established for macrophyte taxonomic composition and 

environmental variables (see below);
• �These data were used to determine the ICCM metric (a site average score representing site 

trophic state) and was calculated for all sites in the data set;
• �Each MS identified reference sites within this data set (total of 427 lakes); 
• �Using these sites, a regression model linking the most available environmental typology 

variables to the reference ICCM score was determined   
• �The type specific reference models were then used to calculate site specific reference ICCM 

values;
• �These were then used to determine a site specific ICCM EQR using the following formula: 

ICCM EQR = (Observed ICCM – 10)/(Reference ICCM – 10);
• �Each member state then determined a national EQR value using national data sets for the 

lakes that member state had provided to the common data set. 
• �A regression between the national and ICCM EQRs was then determined for each data set 

and the resulting model was used for comparison;
• �MS boundary EQR values were converted to the common metric EQR which represents a 

common scale; 
• �The resulting boundary values were compared and the mean ICCM EQR determined for each 

lake;
• �It has been agreed that on the ICCM EQR scale an acceptable range of variation for the 

boundaries is ±0.05 EQR units. This represents 25% of the class width that is 0.2 (EQR units).  

A common data set has been created (further details to be provided) which contains 1068 records.  
All Northern GIG countries have contributed data.
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Table 2.3.2: Overview of Northern GIG macrophyte data.

Lake Type FI IE NO SE UK Total

Low alkalinity clear (101) 36 18 71 11 91 227

Low alkalinity humic (102) 125 18 20 52 29 244

Mod alkalinity clear (201) 19 12 44 11 92 178

Mod alkalinity humic (202) 55 19 37 36 30 177

High alkalinity clear (301) - 38 30 4 97 169

High alkalinity humic (302) - 34 22 - 17 73

All lakes total 235 139 224 114 356 1068

2.3.3 Macrophte composition metrics intercalibrated 

All Northern GIG member states have developed their national macrophyte assessment methods: 
Table 2.3.3 gives a short overview on macrophyte assessment methods, more detailed descriptions 
are in Annex C – Part 2.

Table 2.3.3: N-GIG macrophyte assessment methods: metrics and approaches used. 

MS National system Metric, approach 

FI Finnish preliminary 
system of macrophyte 
classification (Leka et 
al., 2007) 

Share of type-specific species in the total number of species: type specific (reference) 
species are replaced by other species in the course of eutrophication, for example, 
typical soft water isoetids communities are replaced by nymphaeids or lemnids,

IE Free Macrophyte 
Index (Free et al., 
2005)

There are 6 components to the Macrophyte Index: Maximum depth of colonisation, 
Mean depth of presence, RF% (percentage relative frequency) Elodeids,  RF% Chara, 
Plant trophic score, RF% Tolerant taxa. Each of the above metrics were scaled from 
0.1 to 1. The average of the assigned metric scores is the Index value.

NO Norwegian trophic 
index TI count

Index based on a classification of species as sensitive, tolerant or indifferent to 
eutrophication, based on their occurrence along eutrophication gradient. The indices 
subtract the number of tolerant species from the number or abundance of sensitive 
species. For use in boundary settings, the change in occurrence and abundance of 
the large isoetids Isoetes lacustris, I. echinospora, Littorella uniflora and Lobelia 
dortmanna in low alkaline lakes and Chara spp. in high alkaline lakes were used

SE Swedish trophic 
index (Ecke, 2007)

In Sweden, a method which is based on a trophic macrophyte index has been developed 
(Ecke 2007) and is now incorporated in national regulations (NFS 2008:1).The trophic 
index is based on the response of macrophytes (Characeae, mosses and vascular plants 
except helophytes) along a TP gradient. The trophic index is a weighted average of 
all species’ indicator values in a lake. The species used for classification were those 
showing sudden drops in their occurrence beyond the 75th percentile.

UK LEAFPACS method Method is based on a macrophyte nutrient index (LMNI), the number of taxa or 
functional groups and the relative cover of taxa in the lake.  Each metric is expressed 
as an EQR and the final EQR is based on a weighting becuse over a natural trophic 
state gradient (naturally oligotrophic – eutrophic) the relative importance of the above 
metrics changes.  
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2.3.4 Reference conditions

2.3.4.1 Common approach for setting of reference conditions: 

The general approach used by the GIG was to establish a common method for the estimation of the 
reference values for the macrophyte status common metric (ICCM):   

• �At first, reference lakes (for eutrophication pressure) were selected according to the reference 
criteria (Annex C – Part 3);

• �The reference criteria used consisted of pressure data, impact data, knowledge of biology and 
chemistry, land-use data in conjunction with expert judgement, and in some cases confirmation 
by palaeodata.  Details of the approach used by each country are provided in chapter 2.2.4.2;

• �Using reference sites, a multiple regression model (chapter 2.2.4.4) for clear and humic water 
lakes was developed which predicted lake specific reference values for the common metric;  

• �Each country used the same model thus ensuring the harmonisation of reference conditions for 
the common metric.

In addition the values for pressure indicators (total phosphorus) and other indicators of impact 
(water transparency, phytoplankton biomass) for reference sites were examined. Results of these 
comparisons are provided in Annex C – Part 6.

2.3.4.2 Description of reference criteria

Criteria for reference sites are summarised in Annex C – Part 3 and described below:

In Ireland:
• �Reference lakes were initially identified using existing chemical data, land use criteria and 

expert opinion;
• �In some cases reference sites were validated by palaeolimnological data;
• �Reference lakes were subsequently screened using a chlorophyll-a cut off value of 7 ug l-1 

and a TP cut off value of 10 ug l-1 (the chlorophyll value is the highest value of all the H/G 
boundaries for IE types, the TP value was noted as a point of ecological change along the TP 
gradient);

• �The relationship between TP, chlorophyll and land use was examined to confirm that the lakes 
were in reference condition and no significant relationships were found.

In Finland:
• �Reference sites have been selected mostly based on pressure criteria (land use < 10% 

agriculture in total catchment area, no major point sources, mainly judged from visual 
observation of GIS land-use and population data); 

• �Additionally experts from local environmental centre were used in final determination;
• �The general ICCM model was also used to identify outlying reference sites which were then 

screened against pressure data and deselected as reference sites where appropriate; 
• �Several sites were removed due to water level regulation or other hydromorphological reasons. 

In Sweden:
• �criteria for reference lakes were: <10% clear-cuts, <10% agricultural land and <0.1% urban 

area within the lake catchment areas. 
• �Further, reference lakes had TP concentrations <12.5 μg l-1, Tot-N concentrations <300 μg l-1 

and pH >6.0. 
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• �Additional lakes were selected as reference lakes if they lacked information for one of the 
above variables, but met the criteria for the remaining variables.

In Norway:
• �reference lakes have been identified from pressure data (<5% agriculture, population density < 

5 person equivalents km-2), existing chemical data and expert opinion.

In the UK:  
• �Reference sites were identified using individual species pressure relationships indicated by 

empirical analysis, historical macrophyte records and expert view;
• �This putative pool of reference sites was subject to further modelling and pressure screening 

against land-use criteria (< 10% non-natural land use) to determine a final set of reference 
sites. 

• �Lake specific reference values were then established for each individual lake using regression 
models and typological variables. 

2.3.4.3 Reference lakes

Altogether 427 reference lakes were identified, dominated by lakes of Finland (137) and Norway 
(127), but also including sufficient number of lakes of UK (98), Sweden (32) and Ireland (31). All 
national and type-specific reference sites are mentioned separately in summary data table which 
contains site identity, national and common metric EQRs (Annex C – Part 4).

Table 2.3.4.3: Overview of Northern GIG macrophyte reference sites.

LA clear LA humic MA clear MA humic HA clear HA humic Group Total

Finland 32 73 5 27 137

Ireland 7 10 2 3 9 1 32

Norway 57 16 25 17 8 4 127

Sweden 9 11 5 3 2 30

UK 55 15 12 4 11 1 98

Group Total 160 125 49 54 30 6 424

All countries except Sweden had at least 5 reference sites for types being intercalibrated. For type 
MA Humic Sweden only had 3 reference lakes which might be inadequate to determine reference 
status. However, by using a GIG wide model it has been demonstrated that the Swedish reference 
criteria are comparable to other member states in the GIG and that the resulting HG and GM 
boundaries represent at least as stringent conditions as other member states.

2.3.4.4 Development of a site-specific predictive model for reference ICCM

A model to predict site specific reference ICCM values was constructed from the common reference 
dataset (427 sites) using multiple linear regression with the most widely available background 
environmental variables (lake area, altitude, alkalinity) as predictors:

• �This model confirmed the significance of colour as a model term. Since colour values on a 
continuous scale were not available for all countries separate models were developed thereafter 
for light-water and humic lakes;
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• �When selecting model terms, model performance was enhanced significantly by the inclusion 
of the number of scoring taxa. This reflects (i) the intrinsic dependency of metrics based on a 
constrained set of ranks on the number of species present (as species number increases in reference 
sites a progressively higher set of ranking scores must be sampled) and (ii) a W-E biogeographical 
gradient of increasing richness for reference lakes relative to the prediction from a global model;

• �Thus the most parsimonious models for prediction of expected ICCM in reference lakes 
included 3 predictors: alkalinity, altitude and the number of scoring species. The latter is the 
number of species in the survey of that lake that qualify for inclusion in the ICCM (i.e. are 
consistently recorded by all participating countries).

The global model was also used to identify outlying reference sites (i.e. those poorly predicted by 
the model) which were then screened against pressure data and deselected where appropriate.

Details of model development are described in Annex C – Part 5.

2.3.4.5 Description of the procedure of Member states` setting reference conditions

Each MS established national reference conditions using methods detailed below: 
In Ireland:

• �Reference lakes were initially identified using existing chemical data and expert opinion, the list 
was revised using expert judgement, palaeolimnological results, chlorophyll-a and TP values; 

• �So the data of 33 reference lakes was used to define reference condition and calculate 
the reference values: median values were calculated for each lake type, lakes grouped by 
alkalinity.  

In Finland:
• �Reference sites were identified and checked against pressure criteria, heavily modified sites 

and some impacted sites of large lakes were removed;
• �Share of type specific species composition from total species composition was calculated for 

reference lakes of different lake types (see Annex C – Part 1). 
• �Upper quartile of index of reference lakes was use for defining Reference value, in general it 

follows WFD definition “The taxonomic composition corresponds totally or nearly totally to 
undisturbed conditions”, which means that type specific species are present and only very few 
species indicating disturbance have arrived.

In Sweden:
• �For all reference lakes a trophic index based on indicator values of present macrophyte species 

was calculated;
• �Reference conditions were calculated separately for the three typology groups as the 75th 

percentile index of reference lake values.  

In Norway: 
• �Reference conditions were set type specific for different alkalinity and humic content groups 

based on reference lakes. 

In the UK:
• �Reference sites were identified at a type-specific level using individual species-pressure 

relationships indicated by empirical analysis, historical macrophyte records and expert opinion. 
• �A conceptual framework (Figure 1), based on changes in the relative abundance of different 

functional response groups along a pressure gradient, was developed in order to guide the 
placement of class boundaries in a manner consistent with the normative definitions.  



155

• �The combined population of reference sites drawn from all types were then used to derive the 
reference metric values needed to calculate EQRs for the whole lake population.  

• �Some sites not initially considered reference at the type-specific screening stage, were found, 
after site specific modelling, to have EQR values much higher than the H/G boundary and 
these were relocated to the reference site pool. Similarly a minority of sites (1%) originally 
identified as reference were found to have EQR values lower than the G/M boundary and 
were consequently removed from the reference site pool. A number of iterations were carried 
out to provide a final set of reference sites and associated models.  This method assumes that 
the pressure gradient length used in the overall data set is similar for all lake types. This was 
checked by comparing median type specific reference values with values derived by logistic 
regression using modelled reference values (derived from a MEI model). Finally all reference 
sites remaining were checked against land cover and total P data where available, and sites 
with known hydromorphological modifications were removed. 

2.3.4.6 Reference conditions for the common metrics (ICCM)

The range of reference values for the common metric (ICCM) is shown for each lake type and 
member state in Figure 2.3.4.6:

• �The values show a progressive increase along a natural trophic state gradient expressed by 
alkalinity and humic content (background nutrient concentrations increase along gradients of 
alkalinity and humic content);

• �It should be noted that the reference ICCM is higher in Finland and Sweden for the majority of 
lake types - this is not an indication of differences in the criteria for selecting reference sites in 
these countries but a reflection of differences in reference conditions accounted for by the lake 
specific model approach. 

Figure 2.3.4.6a: Range 
of modelled reference 
ICCM values for lakes in 
N-GIG common data set 
(EXP_ICCM – expected 
ICCM value).    
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The primary reason for the increased reference values is a W-E biogeographic gradient of 
increasing taxonomic richness for reference lakes (more explanation in Annex C – Part 6). These 
bio-geographic differences account for what otherwise might be considered a difference in status 
of reference sites in some countries based on the observed ICCM values in reference sites (fig 
2.3.4.6.b).  
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Figure 2.3.4.6.b: Range 
of observed ICCM 
values in GIG reference 
lakes.

A comparison of other impact indicators, phytoplankton biomass (chlorophyll-a) and water 
transparency (Secchi depth) in reference sites do not reveal any clear differences between Finland 
and Sweden in comparison to other countries in the N-GIG (Annex C – Part 6) and we conclude 
that the GIG selection of reference sites is broadly consistent within the GIG. 

2.3.5 Boundary setting 

During the development of the intercalibration process the GIG members attempted to describe in 
general terms what different macrophyte communities might look like at different status classes.  
These initial views are summarised in the Table 2.3.5.
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Table 2.3.5: Northern GIG conceptual model of degradation of macrophyte communities along eutrophication gradient.

Low alkalinity clear and humic lakes (101, 102)

HIGH GOOD MODERATE POOR BAD

Proportion of reference 
taxa exceeds the 
proportion of impact 
taxa. Dominance of 
reference taxa, such as 
large isoetids (Isoetes 
lacustris, I. echinospora, 
Lobelia dortmanna) 
and some elodeids 
like Myriophyllum 
alterniflorum) 

Decrease in 
relative abundance 
of sensitive taxa, 
but they are still 
present in higher 
abundance than 
impact taxa. 

Large changes occurring 
in the macrophyte 
community: The 
sensitive taxa are 
still present, but 
in low frequency, 
eutrophication indicators 
are common. 

Sensitive indicators 
can exist only in very 
open shores. Emergent 
and floating leaved 
vegetation dominates. 
Eutrophication 
indicators very 
dominant. 

Macrophyte 
communities 
disappearing, 
only some 
emergent 
species left.  

Moderate alkalinity clear and humic lakes (201, 202)

Proportion of reference 
taxa exceeds the 
proportion of impact 
taxa. Dominance of 
reference taxa, such as 
large isoetids (in lower 
alkalinity) and Chara 
spp. (in higher alkalinity) 
and some elodeids

Significant 
decrease in relative 
abundance of 
sensitive taxa, but 
they are still present 
in higher abundance 
than impact taxa. 

Large changes 
occurring in 
the macrophyte 
community: The 
sensitive taxa are 
still present, but 
in low frequency, 
eutrophication 
indicators are common. 

Sensitive indicators 
can exist only in very 
open shores. Emergent 
and floating leaved 
vegetation dominates. 
Eutrophication 
indicators very 
dominant. 

Macrophyte 
communities 
disappearing, 
only some 
emergent 
species left.  

High alkalinity clear and humic lakes (301, 302)

Proportion of reference 
taxa exceeds the 
proportion of impact taxa. 
Dominance of reference 
taxa, such as Chara 
spp. and some elodeids. 
Impacted taxa, such 
as lemnids, are in low 
abundance

Significant 
decrease in relative 
abundance of 
sensitive taxa, 
but they are still 
present in higher 
abundance than 
impact taxa. 

Large changes occurring 
in the macrophyte 
community: The 
sensitive taxa are 
still present, but 
in low frequency, 
eutrophication indicators 
are common. 

Sensitive indicators 
can exist only in very 
open shores. Emergent 
and floating leaved 
vegetation dominates. 
Eutrophication 
indicators very 
dominant. 

Macrophyte 
communities 
disappearing, 
only some 
emergent 
species left.  

Each member state established national EQR boundaries using methods detailed below following 
the framework of the Boundary setting protocol (table 2.3.5.).

In Finland:
• �Index value share of type specific species was calculated for all reference lakes;
• �Lower quartile of index was used as H/G boundary;
• �Other boundaries were calculated by dividing rest of the values evenly in four groups for every 

lake types.

In Sweden:
• �Class boundaries are based on the occurrence of species along the P-gradient (75th percentile) 

- the species used were those showing sudden drops in their occurrence beyond the 75th 
percentile.

In Norway the preliminary boundaries used are: 
• �H/G: the ratio between median and 75th percentile of reference lake index values;
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• �G/M: where stands of the large isoetids, Littorella, Lobelia, Isoetes (in low alkalinity lakes) or 
Chara spp. (high alkalinity lakes) decrease (“sudden drop”).

In Ireland:
• �Boundaries were based on points of ecological change for a number of metrics along the 

pressure gradient TP. 
• �In addition, reference lakes where they exist were used to determine reference values for the 

Index and the H/G boundary. 

In UK:  

• �Macrophytes were placed into 4 nutrient response groups using empirical analysis (Highly 
sensitive, sensitive, tolerant and highly tolerant). The ratio of the relative cover of these 
response groups was then related to the macrophyte nutrient score (LMNI) itself an index of 
nutrient pressure (Fig 2.3.6).  

• �Boundary values for HG and GM were determined from this relationship:
   – �The H/G boundary was identified as the point at which all tolerant species were on average 

< 10% of cover;
   – �The G/M boundary was the point at which the lower confidence limits of the sensitive and 

upper confidence limit of the tolerant species intersect.  At this point there is still a high 
probability of having >50% cover of sensitive species and no more than 50% cover of 
tolerant species. This would be indicative of slight change; the community could still easily 
recover to its original status. The highly sensitive species are still present (10-50% cover) 
and highly tolerant (undesirable) species would be < 20% cover.  

Figure 2.2.5: Conceptual 
framework for the 
determination of 
classification boundaries 
by comparison of relative 
cover of species that 
are highly tolerant to 
eutrophication (HT), 
highly sensitive (HS), 
tolerant (T) and sensitive 
species (S).    
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   – �The M/P boundary was set where the lower confidence limit of the sensitive and upper 
confidence limit of the tolerant species intersect. At this point there is a low probability 
that sensitive species would be at 50% cover, but a high probability that tolerant species 
would be at 50% cover. Very sensitive species are still present, but the community has thus 
undergone a moderate change.  

   – �The P/B boundary is a point at which highly sensitive species are extinct and there are very 
few sensitive species. Here the community is dominated by tolerant species;

   – �Boundaries were based on points of ecological change for a number of metrics along the 
TP pressure gradient. In addition, reference lakes where they exist were used to determine 
reference values for the Index and the H/G boundary. 

2.3.6 Harmonization of the assessment methods

2.3.6.1 Development and characteristics of the Intercalibration Common Metric  (ICCM)

A common metric to detect nutrient enrichment pressures in N-GIG lakes using macrophytes was 
developed for use in Intercalibration. The use of a common metric enabled a direct comparison of 
MS boundaries and also allows summary statistics for pressure variables to be shown.

The metric combines compositional information linked to a ranking of species based on their 
association with lakes of differing trophic state (expressed as annual mean water column TP) in 
order to derive a site index.

• �Data was provided for 196 species of which 153 had a global sample size >5. In the case of 57 
species the global sample size exceeded 100;

• �Species rankings were constructed using information on TP optima and sample size calculated 
for each macrophyte in their national dataset by each N-GIG Member state; 

• �This data was consolidated after removing synonyms and a single value for each species was 
then calculated based on a weight of evidence approach. This required taking the mean value 
across countries providing data for that species, weighted by the number of samples from each 
country; 

• �Total phosphorus values were converted to a log scale and rescaled to a range running from 1 
(Drepanocladus trichophyllus) to 10 (Callitriche platycarpa); 

• �In the case of rare taxa, including those with large disagreement between countries, or those 
in the common dataset with no supporting TP, an algorithmic method within Canonical 
Correspondence Analysis was used to generate scores using information from species for 
which sufficient data were available;

• �Based on information from 35 wide ranging taxa with TP values submitted by four or more 
countries, there is a generally a high precision in the supplied values with an average standard 
per taxa error equivalent to 21% of the global mean (see Fig. 2.3.6.1a).
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Figure 2.3.6.1a: Weighted mean TP values of 35 wide-ranging taxa in the N-GIG dataset. Bars illustrate maxima and 
minima of optima values submitted for that species by all countries.

Characteristics of the ICCM metrics: 
• �The ICCM value for a site is calculated based on presence-absence survey data (the common 

minimum standard) and, to maintain consistency, must be applied to a common minimum list 
of species;

• �The index was confined to obligate vascular hydrophytes plus charophytes (=scoring species) 
while all helophytes, facultative helophytes, and aquatic bryophytes were excluded. Therefore 
the ICCM is calculated as the average of the index values of the scoring taxa;

• �Evaluation of the ICCM (Figure 2.3.6.1b) indicates that it is closely correlated with average TP 
values in the N-GIG common dataset (typically performing at or above the standard of national 
metrics in this respect). While this should not be construed as a cause-effect relationship it confirms 
a necessary association between the metric and the pressure on which the GIG is intercalibrating.

A clear relationship was found between impact indicators (total phosphorus, chlorophyll a and 
Secchi depth) and macrophyte status class as determined by both the ICCM metric and member 
state classifications for all lake types and countries, although the range of values is different for each 
country (Annex C – Part 7). This demonstrates that the N-GIG macrophyte classifications represent 
changes linked to the eutrophication pressure.

2.3.6.2 Calculation of ICCM EQR

• �For all lakes the ICCM score was determined from the taxa list in the common data set as the 
average of the index values of the scoring taxa;

• �The ICCM reference values for each lake in the data set was determined from the multiple 
regression model;

• �Then the common metric EQR was calculated for each site using the following formula (this 
equation is used to ensure that the EQR increases from 0-1 with pressure): 

ICCM EQR = (Observed lake ICCM – 10)/(Reference lake ICCM – 10)
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Figure 2.3.6.1b: 
Relationship between 
lake ICCM and mean 
TP concentrations in the 
global N-GIG dataset 
(n=1074 surveys).    
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2.3.6.3 Conversion of national EQRs to common metric (ICCM) EQRs

• �Each member state then determined a national EQR value using national data sets for the lakes 
that member state had provided to the common data set;

• �A regression between the national and ICCM EQRs was then determined for each data set; 
• �Regressions were developed for all lake types and separately for clear and humic water lakes.  

It was agreed to use the clear and humic type regressions for those MS who had different 
national EQR values for these types (NO and SE) but to use the all lakes regressions for those 
countries with either a single boundary EQR (UK) and/or where no distinction between humic 
types was made (IE);

• �All countries except FI had significant regression relationships - the reason that the Finnish 
metric did not have a significant regression between the national EQR and the ICCM EQR was 
that it was not based on phosphorous indicators as metrics of other countries and included also 
helophyte composition. 

The resulting regressions are shown in table 2.2.6.3.

The resulting model was used to compare MS boundary EQR values by converting these to the 
common metric EQR which represents a common scale.
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Table 2.3.6.3a: Linear regression between national EQR and intercalibration common metric (ICCM) EQR for clear, 
humic and all lakes.

Clear types 101,201,301 R2 Stand Error

Country ICCM EQR

FI Not significant 0.02

IE = 0.466(±0.057) + 0.487(±0.063)MS EQR 0.47 0.12

NO = 0.379(±0.032) + 0.631(±0.035)MS EQR 0.70 0.09

SE = 0.221(±0.097) + 0.792(±0.107)MS EQR 0.70 0.05

UK = -0.282(±0.060) + 1.319(±0.072)MS EQR 0.55 0.13

Humic types 102,202,302

FI Not significant 0.05

IE = 0.457(±0.051) + 0.596(±0.00.071)MS EQR 0.51 0.13

NO = 0.342(±0.032) + 0.656(±0.038)MS EQR 0.79 0.10

SE = 0.418(±0.055) + 0.585(±0.063)MS EQR 0.51 0.07

UK = -0.315(±0.090) + 1.382(±0.0.114)MS EQR 0.69 0.11

All types 101, 102, 201, 202, 301, 302

FI Not significant 0.04

IE = 0.506(±0.037) + 0.479(±0.045)MS EQR 0.45 0.13

NO = 0.356(±0.022) + 0.651(±0.025)MS EQR 0.76 0.09

SE = 0.390(±0.048) + 0.614(±0.054)MS EQR 0.54 0.06

UK = -0.283(±0.050) + 1.323(±0.0.061)MS EQR 0.58 0.13

2.3.6.4 Comparison with national EQR values

The resulting ICCM EQR boundary values were compared as follows: 
• �It was agreed that the harmonization range for the ICCM boundary EQRs should be the 

average of all results ± 0.05 - this value represents 25% of the class interval and is a zone that 
other GIGs have agreed is likely to be uncertain;

• �However, the GIG also noted the significant uncertainty associated with predicting the ICCM 
EQR from member state EQR. The standard error of the estimate for the significant regressions 
vary from 0.05 - 1.3 EQR units. This is considerably greater than the agreed harmonisation 
band of ±0.05 units.  

• �The GIG does not propose to expand the harmonisation band, but agrees that this error needs 
to be taken into consideration when evaluating the comparisons of the ICCM EQRs.  

Boundary values for the ICCM metric for the N-GIG macrophytes are:  
• �H/G average 0.95 EQR, upper and lower limits of the harmonization band 1.0 and 0.90 EQR; 
• �G/M average 0.82 EQR, upper and lower limits of the harmonization band are 0.87 and 0.77 

EQR.
A comparison of Boundaries is shown in Figs 2.2.6.3 a and b.
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Table 2.3.6.3b: Conversion of national (MS) EQRs and common metric (ICCM) EQRs using regression equations from 
table 2.2.6.3b.

High Good Boundaries

Country Type MS EQR ICCM EQR Standard error of estimate ICCM average

NO101 101 0.94 0.97 0.09

NO102 102 0.96 0.97 0.09

NO201 201 0.91 0.95 0.09 0.96

NO202 202 0.90 0.93 0.09

NO301 301 0.92 0.96 0.09

IRL All 0.90 0.94 0.12 0.94

UK All 0.91 0.92 0.13 0.92

S101 101 0.98 1.00 0.05 0.98

S102 102 0.98 0.99 0.05

S201 201 0.94 0.97 0.05

S202 202 0.96 0.98 0.05

Average  0.95

Range 0.05

Good Moderate Boundaries

NO101 101 0.61 0.76 0.09 0.81

NO102 102 0.65 0.77 0.09

NO201 201 0.72 0.83 0.09

NO202 202 0.77 0.85 0.09

NO301 301 0.69 0.81 0.09

IRL All 0.68 0.83 0.12 0.83

UK All 0.79 0.76 0.13 0.76

S101 101 0.79 0.85 0.05 0.89

S102 102 0.88 0.93 0.05

S201 201 0.83 0.88 0.05

S202 202 0.83 0.90 0.05

Average 0.82

Range 0.05



164

 

Comparison of NGIG HG Boundaries

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

NO10
1

NO10
2

N
O

20
1

NO20
2

N
O

301

NO30
2 IR

L
UK

S1 0 1

S10
2

S20
1

S2 0 2

IC
C

M
 E

Q
R

 
 Comparison of NGIG GM Boundaries

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

N
O

10
1

N
O

10
2

N
O

20
1

N
O

20
2

N
O

30
1

N
O

30
2

IR
L

U
K

S
10

1

S
10

2

S
20

1

S
20

2

 

IC
C

M
 E

Q
R

   

Figure 2.3.6.4a: ICCM (± 
1 standard error) values for 
the ICCM EQR High/Good 
boundary for each country 
and lake type.
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Figure 2.3.6.4b: ICCM 
values (± 1 standard error) 
for the ICCM EQR Good/
Moderate boundary for each 
country and lake type.

Comparison of the boundaries within the harmonization range show that 
• �All proposed National High/Good EQRs fall within the harmonization range (note that Norway 

has withdrawn boundaries for type 302 as there were insufficient sites to determine national 
boundary EQRs);

• �There is a wider range of G/M EQRs and Norway type 101 and the combined UK lakes fall 
marginally below (0.01 EQR) the lower harmonisation band of 0.77 with values of 0.76. 
Sensitivity analysis demonstrates that the national EQRs for these types would need to be 
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increased by 0.003 EQR units to increase the ICCM EQR to the harmonisation band value of 
0.77. This is not considered a significant increase in MS EQR and in view of the significant 
error associated with the estimation of ICCM EQR from MS EQR the GIG experts consider 
that there is not a need to adjust the MS EQRs for any of the intercalibrated boundaries

Based on the above results the N-GIG concludes that:
• �the proposed HG boundaries for all intercalibrated types in IE, NO, SE and UK represent 

similar conditions
• �the proposed GM boundaries for all intercalibrated types in IE, UK, NO and low alkalinity 

clear water lakes in SE represent similar conditions.  
• �None of the proposed national boundaries show evidence of being less precautionary that those 

of other member states in the GIG.  

The GIG also note that the Swedish reference sites indicated slightly less stringent conditions based 
on the common metric. It concluded:

• �this was partly caused by bio-geographic influences and found no significant evidence that 
other eutrophication indicators were elevated in the Swedish reference sites.  

• �However, if the Swedish reference conditions were slightly less pristine than other members of 
the GIG this would account for the higher ICCM EQRs for Sweden, most of which fall above 
the upper harmonisation band.  

• �It is thus clear that the G/M boundary for Sweden is at least as stringent as other member 
states, even given slight uncertainty over the reference state. 

It was also concluded that the boundaries compared by the N-GIG are similar to those in the CGIG:
• �the method used by UK has compared successfully with high alkalinity lakes in the Central 

Baltic GIG (L-CB1 and L-CB2)  
• �A similar comparison was carried out for Lobelia lakes (L-CB3) which are similar to N-GIG 

201 type lakes - the CGIG did not have sufficient data to agree for this lake type, but evidence 
suggested that the UK method was not dissimilar from other L-CB3 lakes in the CGIG.  

There was not a significant regression between the Finnish metric and the ICCM so it was not 
possible to compare boundaries for Finland. Following possible reasons were identified:

• �Finnish metric was not based on phosphorous sensitivity as other GIG metrics; 
• �Finnish metric is based on total species composition including also helophytes, which are 

excluded in other GIG metrics;
• �Strong latitudinal aspects of plant distribution and species (most of the Finnish lake types are 

divided to northern and southern ones).

To provide a comparison with the Finnish metric a different approach was carried out:
• �all Finnish sites in the common database were classified using the average boundaries for the 

common metric.  
• �The number of occasions when the national and common metrics placed lakes in the same 

class were then determined (Table 2.2.6.3).

These results show that:
• �the Finnish method may on average place 50% of lakes (38 lakes from 74) that the common 

metric suggest are Good status in High status, suggesting the Finnish metric is less 
precautionary at the H/G boundary;
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• �However, for the Good/Moderate boundary there is no evidence that any lakes classified by 
the Finnish metric as Good are Moderate or worse according to the common metric (except 2 
lakes which were assessed as outliers).

Table 2.3.6.4: Comparison of classification of Finnish lakes according to national (Finnish EQR) and common metrics 
(ICCM EQR). Upper panel: number of lakes, lower panel: percentage share.

All lakes (n) Finnish EQR

High Good Moderate Poor Bad Total n of lakes

ICCM EQR

High 85 34 6 1 126

Good 38 27 6 3 74

Moderate 2* 4 4 10

Poor 1 1

Bad 0

Total n of lakes 125 61 16 9 0 211

*outliers regarding the depth and water colour

From this analysis the GIG conclude that the Finnish G/M boundary is no less precautionary that the 
other countries in the GIG. However there may be evidence that the Finnish method is slightly less 
precautionary than other member states at the H/G boundary. Due to this fact and other problems it 
was decided that the Finnish results should not be included in the final Intercalibration results, but 
should be reconsidered in future. 

2.3.7 Final outcome of intercalibration

The assessment of macrophyte composition in Northern GIG is harmonised and compliant with the 
definitions of the WFD for Ireland, Sweden, Norway (see Table 2.3.7):  

Table 2.3.7: Agreed national assessment methods with their boundaries for H/G and G/M 

Country National classification system 
intercalibrated Type 

Ecological Quality Ratios  

High-Good boundary Good-Moderate boundary

Ireland Free Macrophyte Index All types 
intercalibrated 0.90 0.68

Sweden Macrophyte Trophic index 
(Ecke)

Type 101 0.98 0.79
Type 102 0.98 0.88
Type 201 0.94 0.83
Type 202 0.96 0.83

Norway Macrophyte Trophic Index 
(Mjelde)

Type 101 0.94 0.61
Type 102 0.96 0.65
Type 201 0.91 0.72
Type 202 0.9 0.77
Type 301 0.92 0.69

United 
Kingdom

UK macrophyte assessment 
system:  LEAFPACS  

All types 
intercalibrated 0.80 0.60
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2.3.8 National types vs Common Intercalibration types 

The Intercalibration results will be transposed to the national systems, so the correspondence 
between the IC types and National types is important: 

• �Norway: The typology used in the Norwegian macrophyte system corresponds with the 
common N-GIG typology (table 2.3.8a) 

• �The UK propose to use a site specific model to determine reference conditions and a standard 
EQR value for all lake types will be used to establish ecological status;

• �In Ireland the same reference value and EQR boundary values will be applied to all IE lake 
types. To date the corresponding ICCM EQR falls within the excepted limits and therefore no 
transformation will be needed.

• �The Swedish typology is based on the lake’s geographic position only, since data on lake 
colour and alkalinity are only available for a few lakes. The comparability of Swedish typology 
and IC typology is shown in Annex C – Part 8.

Table 2.3.8: Correspondence between Northern GIG Intercalibration types and Norwegian lake types.

Lake IC Type Norwegian lake types used for macrophytes 

Low alkalinity clear (101) Low alkalinity clear, lowland and boreal, all size, all depths

Low alkalinity humic (102) Low alkalinity humic, lowland and boreal, all size, all depths 

Mod alkalinity clear (201) Moderate alkalinity clear, lowland and boreal, all size, all depths 

Mod alkalinity humic (202) Moderate alkalinity humic, lowland and boreal, all size, all depths

High alkalinity clear (301) High  alkalinity clear, lowland and boreal, all size, all depths 

High alkalinity humic (302)  High alkalinity humic, lowland and boreal, all size, all depths

2.3.9 Open issues and need for further work

Several gaps and shortcoming in the current results were identified:

• �Biological Quality Element coverage: 
   – �Only composition metrics were included in the Intercalibration exercise (althoughh the Free 

Index (Ireland) was intercalibrated including depth of colonisation and coverage expressed 
as % relative frequency);

   – �So the future task would be to include also macrophyte abundance metrics, possibly depth of 
colonization;  

   – �Also Phytobenthos need further discussion (at now only UK have a method based on diatoms);
• �MS coverage: 
   – �Finnish method was included in the technical report, not in Intercalibration decision;
   – �NO national system is preliminary, further development and validation will be done
• �Additional issues:
   – �Assessment of the ‘uncertainty of measurement’ of biological parameters - UK has a method for 

uncertainty assessment, so it should be possible to apply similar method to other MS methods. 
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3 Conclusions 

3.1 Final outcome of Lake Intercalibration 
As the result of the first Intercalibration exercise the macrophyte-based ecological assessment 
systems were compared and harmonised within 3 regions: Alpine, Central/Baltic and Northern GIGs 
(Table 3.1.a). Only part of the MS took part in the IC process due to the lack of the assessment 
systems: so two countries (Austria and Germany) compared their assessment methods the Alpine 
GIG, six in the Central Baltic GIG, all methods except Finland were compared and harmonised in 
the Northern GIG.

Table 3.1.a: Results of Lake Intercalibration. 

Geographical 
Intercalibration Group 

IC types Assessment systems compared Boundaries 

Alpine GIG 2 types Austrian Index Macrophytes for Lakes (AIM for Lakes 
German macrophyte/phytobenthos assessment system

H/G and G/M, 
boundaries

Central Baltic GIG 3 types Flemish macrophyte assessment system
German macrophyte assessment system Reference Index  
Estonian macrophyte assessment system
Latvian macrophyte assessment system
Dutch phytoplankton composition metric for the WFD  
UK macrophyte assessment system LEAFPAC

H/G and G/M 
boundaries

Northern GIG 5 types Free Macrophyte Index (IE) Macrophyte Trophic index 
(NO) Macrophyte Trophic Index (SE) 
UK macrophyte assessment system:  LEAFPACS  

H/G and G/M 
boundaries

3.2 Intercalibration approaches
Member states started the IC process with already established macrophyte assessment methods. Two 
approaches were used to compare and harmonise the MS assessment methods:  

• �Northern GIG developed common metric (ICCM) and compared the boundaries of the MS 
systems, using this common metrics;

• �Alpine and Central Baltic GIGs used direct comparison of the assessment methods where each 
assessment system was applied to the set of the sites and further the results of the different 
assessment systems were compared between the Member states.

3.3 Setting of reference conditions and boundaries 
Member states have set reference conditions and class boundaries using a number of different ways 
but in general following WFD definitions. 

Setting of reference conditions was mainly based on selection of lakes with no or very minor human 
impacts:

• �This approach was used in the Alpine GIG where common set of general and specific reference 
criteria was developed to aid the selection of more than 150 reference lakes;

• �The large set (427 lakes) was developed in the Northern GIG, reference conditions was 
calculated as median (IE) or 75th percentile (SE) from reference lake values;
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• �Additional approaches were used in the Central/ Baltic GIG due to the low number of reference 
lakes, e.g., historical records (EE, BE, UK) and knowledge on plant communities response to 
eutrophication pressure (NL, BE, UK). 

Setting of good class boundaries was based on WFD normative definitions and conceptual models 
of species composition changes. The basic idea is the change from dominance: 

• �Good status – significant decrease in relative abundance of sensitive taxa (reference species), 
but they are still dominant, even if species composition differ significantly fro type-specific 
reference conditions; 

• �Moderate status – tolerant and disturbance taxa dominate the community. 

3.4 Open issues and way forward
Several gaps and shortcomings in the current results of the EU-wide intercalibration of macrophyte 
assessment systems were identified:

• �Biological Quality Element coverage:  
   – �Most of the macrophyte assessment methods in the Central Baltic and Northern GIG do 

not include quantitative aspect of macrophyte community (macrophyte abundance) but deal 
only with species composition, therefore the future task would be to include also macrophyte 
abundance metrics, possibly depth of colonization;  

   – �also Phytobenthos need further discussion (at now only UK and Germany have a method 
based on diatoms);

• �MS coverage: 
   – �Approximately 50% of the Member states have not participated in the current intercalibration 

(e.g., France, Italy, Slovenia, Denmark, Lithuania) or participated with unsatisfactory results 
(Poland, Finland), so there is necessity to intercalibrate these methods in the second phase of 
the IC exercise;  

   – �2 GIGs – Eastern Continental and Mediterranean have not started harmonisation of methods 
yet (macrophytes are not applicable for reservoirs, so the start of the IC depend on the 
possibility to find common natural lake types in the Mediterranean region).

• �The main factors hindering successful Intercalibration are:
   – �Still some Member states have not developed macrophyte-based assessment systems or have 

developed incompletely, not including all aspects of macrophyte community;
   – �There is considerable lack of macrophyte data, especially in the new EU Member states 

(Bulgaria, Romania)
   – �Macrophyte data have been collected in many different ways, so creating a large 

heterogeneity of data, which considerably hinder successful intercalibration process;
   – �In many cases fundamental differences in the assessment methods were observed:
   – �Different aspects for example, species diversity vs. relative abundance of taxa;
   – �Different parts of macrophyte community, e.g. including or not including of helophytes; 
   – �Different pressures (e.g. eutrophication vs. general degradation).

• �All GIGs have recognized the need for continuation of work and are planning the next steps of 
the IC exercise: 

   – �To include the missing countries and missing regions, 
   – �To include macrophyte abundance and periphyton;
   – �To carry out further harmonisation  of macrophyte assessment methods. 
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Glossary

Term Explanation

Biological 
metric

A calculated value representing some aspect of the biological population’s structure, function or 
other measurable characteristic that changes in a predictable way with increased human influence.

BSP Boundary setting procedure

BQE Biological quality element.

CEN Comité European de Normalisation.

CIS Common Implementation Strategy of the Water Framework Directive 

Class boundary The EQR value representing the threshold between two quality classes. 

Ecological 
status

One of two components of surface water status, the other being chemical status. There are five 
classes of ecological status of surface waters (high, good, moderate, poor and bad).

EC European Commission 

ECOSTAT CIS Common Implementation Strategy (CIS) Working Group A Ecological Status.

EQR Ecological Quality Ratio 

GIG Geographic Intercalibration Group i.e. a geographical area assumed to have comparable 
ecological boundaries conditions 

Good ecological 
status

Status of a body of surface water, classified in accordance with WFD standards (cf. annex V of the 
WFD)  

Harmonisation The process by which class boundaries should be adjusted to be consistent (with a common 
European defined GIG boundary). It must be performed for HG and GM boundaries 

ICM Intercalibration Common Metric 

Intercalibration Benchmarking exercise to ensure that good ecological status represents the same level of 
ecological quality everywhere in Europe 

MS Member State (of the European Union)

Pressures Physical expression of human activities that changes the status of the environment (discharge, 
abstraction, environmental changes, etc...) 

REFCOND Development of a protocol for identification of reference conditions, and boundaries between 
high, good and moderate status in lakes and watercourses. EU Water Framework Directive project 
funded by the European Commission Environment Directorate-General 

Reference 
conditions

The benchmark against which the effects on surface water ecosystems of human activities can be 
measured and reported in the relevant classification scheme 

Water body Distinct and significant volume of water. For example, for surface water: a lake, a reservoir, a 
river or part of a river, a stream or part of a stream 

WFD Water Framework Directive
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http://circa.europa.eu/Public/irc/jrc/jrc_eewai/library?l=/intercalibration_2&vm=detailed&sb=Title

Annex A – Alpine GIG 
Part 1: Data basis
Part 2: National classification methods.

Annex B – Central/Baltic GIG 
Part 1- Description of national methods included in the intercalibration 
Part 2 - Relationships between the averaged Member States opinion on macrophyte composition 
and eutrophication indicators 
Part 3 - Application of national assessment systems to common database
Part 4 - Relationship of national assessment methods with eutrophication pressure
Part 5 - Central-Baltic GIG Macrophyte taxa list	
Part 6 - Comparison of NL and UK assessment systems 
Part 7 - Intercalibration Option 3 results for LakeCentral Baltic GIG macrophyte assessment 
methods
Part 8 - Comparison of Option 2 and Option 3 methodologies.

Annex C – Northern GIG 
Part 1 -Development of NGIG common metric
Part 2 - Description of national methods included in the intercalibration 
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Part 3 - Reference criteria 
Part 4 - Reference sites
Part 5 - Development of a site-specific predictive model for reference ICCM
Part 6 - Reference conditions for the common metric (ICCM)
Part 7 - Relationship between impact indicators (total phosphorus, chlorophyll a and Secchi depth) 
and macrophyte status  
Part 8 - Intercalibration of the water quality element of macrophytes – a comparison between 
Sweden and the N GIG
Part 9 Varying geographical and climatic conditions within the Northern GIG.
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