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1 Introduction

This scientific briefing is the third contribution from the modelling group ad-
dressing specific questions from the Danish Environmental Protection
Agency (Miljestyrelsen) and the Ministry of Finance (Finansministeriet) fol-
lowing the recommendations from the International Expert Panel evaluation
of the third Danish River Basin Management Plan covering 2021-2027 (Her-
mann et al. 2023).

Denmark has intercalibrated chlorophyll boundaries (May-September) for
high-good (HG) and good-moderate (GM) with Sweden (Carstensen 2016, Eu-
ropean Commission 2018) and Germany (European Commission 2018) as part
of the implementation of the Water Framework Directive (WFD). For the in-
tercalibration with Sweden, EQR boundaries have been provided for the Bal-
tic Sea SW part (BC6: EQR_HG=0.78 and EQR_GM=0.62), Kattegat and Great
Belt (NEA8b: EQR_HG=0.83 and EQR_GM=0.64) and the Sound (NEAS8b:
EQR_HG=0.79 and EQR_GM=0.59) as well as for chlorophyll boundaries for
the Baltic Sea SW part (HG=1.22 and GM=1.58 ng/1), Kattegat and Great Belt
(HG=1.36 and GM=1.72 pg/1) and the Sound (HG=1.22 and GM=1.63 ng/1).
For the intercalibration with Germany (BC8), only the EQR boundaries have
been provided (EQR_HG=0.8 and EQR_GM=0.6) in the latest commission de-
cision (European Commission 2018), although boundaries for chlorophyll
(HG=1.3 and GM=1.9 pg/1) were proposed in the background material (Baltic
GIG 2013). These chlorophyll boundaries are, however, inconsistent with the
EQR values of the commission decision. The intercalibrations were based on
type-specific reference conditions and boundaries developed under River Ba-
sin Management Plan 2015-2021 (RMBP2).

For RBMP 2021-2027 (RBMP3), a new typology, different from the typology
used for the intercalibration, was developed and revised chlorophyll reference
conditions specific to water bodies were calculated (Timmermann et al. 2021).
To calculate HG and GM boundaries for individual water bodies in RBMP3, it
was suggested to maintain the intercalibrated EQR boundaries and, conse-
quently, recalculate the chlorophyll boundaries from the revised reference con-
ditions. This improved spatial distribution for reference conditions and resulted
in both more and less stringent chlorophyll boundaries for RBMP3 compared
to RBMP2, although with a slight tendency towards generally stricter regula-
tion in the coastal water bodies that were included in the intercalibrations. An
international evaluation panel assessing the Danish RBMPs highlighted the
compatibility issue regarding the intercalibrated chlorophyll boundaries arising
from establishing revised reference conditions, i.e. chlorophyll boundaries dif-
fer between countries for the open coastal waters. For example, the GM bound-
aries for the two water bodies north of Zealand are 0.9 and 1.2 pg/1 in compar-
ison to the Swedish boundary of 1.52 ng/1 (June-August), which corresponds
to 1.58 ng/1 with the Danish indicator (May-September). It should be noted that
the Swedish GM boundary applies to the entire open Kattegat coast, that it com-
pares well with Anholt, Hevring Bugt and Albaek Bugt and that it is lower than
Alborg Bugt and Leesg water bodies. This example highlights the problem of
having two different spatial resolutions for the intercalibration, i.e. type-specific
in Sweden and water body-specific in Denmark.

The International Evaluation panel advised refitting the chlorophyll bounda-
ries in open intercalibrated waterbodies, so that values correspond better to



the intercalibration results. Different approaches for refitting boundaries from
RBMP2 to RBMP3 have been investigated, and it was concluded that there is
no simple refitting solution (as suggested in European Commission 2015) that
secures compatibility with the intercalibrated boundaries (Timmermann et al.
2024). This scientific briefing is a follow-up of this analysis, where the recom-
mendations from Timmermann et al. (2024) are elaborated. These recommen-
dations are assumed to be known to the reader of this scientific briefing.



2 Need for re-intercalibration

The chlorophyll intercalibrations with Germany and Sweden resulted in EQR
boundaries that were identical to the national boundaries for BCS8
(EQR_HG=0.8 and EQR_GM=0.6) because the national indicators (DK and
DE) were identical and only differed slightly for BC6 (EQR_HG~0.78-0.79 and
EQR_GM~0.62-0.64) and NEAS8b (The Sound: EQR_HG~0.79-0.80 and
EQR_GM~0.59-0.60; Kattegat: EQR_HG~0.83-0.84 and EQR_GM~0.64-0.65),
because the national indicators (DK and SE) were different. This is an im-
portant result, as it signifies an agreement between countries regarding the
WEFD normative definitions, i.e. the relative deviation from reference condi-
tions to characterize a slight sign of disturbance (EQR_HG) and signs of mod-
erate disturbance (EQR_GM). This agreement on EQR boundaries is im-
portant for ensuring the same level of environmental protection for water
bodies that otherwise cannot implicitly be compared, e.g. estuaries with dif-
ferent residence times, land connectivity and stratification patterns.

However, open coastal water bodies belonging to the same water body type,
i.e. with similar physical-chemical and hydro-morphological characteristics
that largely are influenced by the same water mass, should also have compa-
rable reference conditions and chlorophyll boundaries. For example, it seems
reasonable that these values should be similar on the Danish and Swedish side
of the Sound. The problem is that reference conditions have been established
with quite different methods for Denmark, Germany and Sweden. This high-
lights the need for establishing comparable reference conditions for coastal
water bodies with similar characteristics, even when these are located in dif-
ferent countries. The comparability of assessment methods between countries
is a general objective of the intercalibration process. However, in the WFD this
objective was formulated based on a relatively coarse spatial resolution con-
sidering general overarching types. This was the approach taken in RBMP2.
With RBMP3, Denmark has adopted a strategy of developing water body-spe-
cific reference conditions, as opposed to type-specific reference conditions
employed by Germany and Sweden. This means that a single reference con-
dition for a German or Swedish type should match with multiple, and most
likely different reference values for multiple water bodies within the same
type. This lack of consensus on the appropriate spatial resolution inevitably
causes inconsistencies, and it is crucial to reach agreement with Germany and
Sweden on this issue before proceeding with any intercalibration process.

Whereas intercalibration within water-body types constitutes the least com-
mon spatial denominator, it is possible to compare reference conditions at the
higher spatial resolution, i.e. between individual water bodies. This requires
the identification of water bodies with matching characteristics within and
between countries for comparing reference conditions, if these have been ob-
tained by different methods or, alternatively, using the same methodology for
deriving reference conditions across water bodies and countries. In the latter
case, a solution is to use the same model or ensemble of models for a larger
area to calculate reference conditions for water bodies in the intercalibration
types. Such an approach would also ensure consistency across intercalibration
types, i.e. comparable reference conditions between NEA8b, BC6 and BC8. A
prerequisite for this model approach is the agreement of common forcing data
for the models, e.g. agreement on nutrient inputs, meteorological forcing, etc.,
as well as the conditions defining a reference, e.g. specific period, boundary



conditions, etc. Water bodies possess different characteristics, essentially rep-
resenting a continuum, and identification of groups with a sufficient number
of water bodies possessing similar characteristics for intercalibration poses a
grand challenge and, most likely, may involve unsupported approximations
and assumptions. Therefore, scientific agreement among countries (DK, DE
and SE) on a common approach for determining reference conditions seems
most appropriate.

Coupled hydrodynamic-biogeochemical models have developed and become
increasingly more reliable in recent years compared to earlier versions that
were assessed for determining reference conditions in the early phases of the
WEFD implementation. The estimation of reference conditions for Danish wa-
ter bodies as part of RBMP3 has demonstrated the ability of simulation mod-
els for this purpose. However, at present there is no single model that covers
all water bodies and, typically, models for enclosed water bodies, such as es-
tuaries and embayments, have been developed separately with higher spatial
resolution to better describe the more dynamic environment in these water
bodies. These water bodies are also not part of shared types with neighboring
countries, e.g. only open coastal water bodies have the same typology in the
intercalibration between Denmark and Sweden (Carstensen 2016). Therefore,
determining reference conditions with the same modelling approach (single
or ensemble model) would mainly apply to open coastal water bodies for
NEA8b, BC6 and BC8.

Provided that a common approach to estimating reference conditions can be
agreed upon, consensus about EQR values for HG and GM boundaries should
be determined. The starting points for the national assessment methods in
Denmark, Germany and Sweden were EQR_HG=0.8 and EQR_GM=0.6,
which were based on expert judgement, as chlorophyll responds almost line-
arly to the pressure (nutrient input) and, therefore, the pressure-response
curve does not include a marked/abrupt change for defining the GM bound-
ary (European Commission 2011). Given that reference conditions are deter-
mined with the same approach and that the three countries agree on
EQR_HG=0.8 and EQR_GM=0.6, the HG and GM boundaries derived from
the reference condition and EQR boundaries will also be consistent. Thus,
there will not be a need for an intercalibration exercise as described in Euro-
pean Commission (2015) if reference conditions and EQR boundaries are de-
termined on exactly the same approach.

The use of the same modelling approach for determining reference conditions
does not imply that national assessment methods cannot be different. Den-
mark and Germany use the same assessment method (mean chlorophyll for
May-September), whereas Sweden uses a different assessment method (mean
EQR observation for chlorophyll for June-August). Employing these two dif-
ferent types of assessment methods to the same model output will inevitably
lead to different metrics and, hence, reference conditions, but given that they
are calculated from the same model output, they will represent the same ref-
erence condition, although assessed by different means. Similarly, the HG and
GM boundaries for the national assessment method will be different due to
the different metrics employed, but they represent the same relative deviation
from the reference condition. However, it would be ideal if the same metric
for chlorophyll was employed by all three countries.




A common chlorophyll metric would also allow for comparison of water bod-
ies that are not part of a shared type and, therefore, not part of the intercali-
bration process. This applies to many of the Danish estuaries, archipelagos
along the Swedish Kattegat coast and German coastal lagoons (bodden). Alt-
hough such different water bodies cannot be compared directly, a relative as-
sessment of their reference conditions, class boundaries and status would still
be informative. Moreover, current metrics use a small fraction of the chloro-
phyll monitoring data collected and, consequently, they are often associated
with considerable uncertainty. Carstensen et al. (2015) demonstrated that ex-
tending the seasonal window for the chlorophyll metric increases the confi-
dence of the assessment substantially because it is based on more data. Given
that the uncertainty of the chlorophyll metrics has not yet been given much
attention, it seems timely to also reconsider the most appropriate metric for
chlorophyll, preferably as a common metric for all three countries.
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Roadmap for harmonizing chlorophyll as-

sessment methods between countries

There is a need for re-evaluation of the current national assessment method
for chlorophyll in Denmark, mainly driven by the conclusions of the interna-
tional expert panel, but this re-evaluation will strongly benefit if it also in-
cludes the national assessment methods of Germany and Sweden. Revision of
the Danish national assessment method will not solve the inconsistencies as-
sociated with the intercalibration. Therefore, based on the reasoning outlined
above, the following roadmap is proposed:

1.

Common agreement between Denmark, Germany and Sweden on
the appropriate spatial resolution for defining reference conditions
and class boundaries. Two different spatial aggregations are cur-
rently in use: type-specific (Germany and Sweden) and water body-
specific (Denmark). Denmark will need to convince Germany and
Sweden about the scientific and management advantages of using a
higher spatial resolution. Although the change in Denmark was
mainly initiated after the first international evaluation, this process
was essentially driven by stakeholders” discontent with broad rules
of regulation that did not account for differences in the sensitivity of
water bodies. It is possible that similar discontent is found in Ger-
many and Sweden, which could promote the migration towards wa-
ter body-specific reference conditions and class boundaries. If this is
not possible, Denmark will need to revert to RBMP2 values that were
intercalibrated for the shared types (NEA8b, BC6 and BC8) or pro-
duce type-specific values based on RBMP3 values.

Common agreement between Denmark, Germany and Sweden on
modelling approach for reference conditions. Overall, the scientific
basis for the current intercalibrated reference conditions for chloro-
phyll, some established 20 years ago, is generally weak, poorly docu-
mented and needs revision. A common approach between the three
countries will facilitate compatibility and enable intercalibration that
ensures a similar level of environmental protection between coun-
tries. The best state-of-the-art approach for determining reference
conditions is using ecological simulation models. Such models are
employed in all three countries (DK: DHI; DE: IOW and SE: SMHI),
covering the open and coastal waters of NEA8b, BC6 and BCS8. Alt-
hough these models have been calibrated with respect to different fo-
cal areas, an ensemble approach, perhaps including area-specific
weights for model outputs, seems to be the most optimal solution.
This solution respects the overall gradients in chlorophyll concentra-
tions in the open and coastal waters.

Common agreement between Denmark, Germany and Sweden on
model set-up and scenarios. Using the same forcing data, boundary
conditions and scenarios will enable comparison of model outputs. This
is a prerequisite for the ensemble modelling approach, allowing for sim-
ulating an ensemble reference condition scenario that can be used for cal-
culating reference conditions for specific assessment metrics.
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Common agreement between Denmark, Germany and Sweden on
EQR values of HG and GM boundaries. All three countries have
used EQR_HG=0.8 and EQR_GM=0.6 in their national assessment
method. This adoption of these values with revised reference condi-
tions needs to be revisited and confirmed. This agreement, in combi-
nation with a common approach to determining reference conditions,
fulfils the requirements of the intercalibration process (in the spirit of
the WFD implementation).

Revisiting the chlorophyll assessment metric. Given that a common
basis for determining reference conditions is established, it seems appro-
priate to advocate for a common chlorophyll metric in this region, where
phytoplankton dynamics are similar. This will allow for comparability
in addition to compatibility. It is suggested to consider the confidence of
the chlorophyll metric to make optimal use of monitoring data.



4 Recommendations

The roadmap outlines a ‘top-down’ approach for developing and harmoniz-
ing national assessment methods for chlorophyll, as opposed to the “bottom-
up’ approach pursued in the past, which has caused inconsistencies. Reaching
an agreement between three national agencies on a common approach might
be challenging, but it is the scientifically most optimal, and probably the only,
way forward.

Therefore, it is recommended that the Danish Environmental Protection
Agency initiates discussions on this issue with relevant authorities in Ger-
many and Sweden.
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