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Cumulative effects on marine ecosystems

• Eutrophication
• Harmful substances
• Food-web alteration
• Physical disturbance
• Habitat destruction
• Invasive species
• Climate change
• ……



Assessing the status of eutrophication
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The HEAT tool
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Integrated assessment of eutrophication status
(GES classification)



Eutrophication status assessment in the 
Baltic Sea

References:
Andersen et al. (2011) Biogeochemistry 106:137-156
Andersen et al. (2017) Biol. Rev. 92:135-149.



Ecological status assessment according to the 
European Water Framework Directive

Within BQEs: metrics can 
be combined as seen 
appropriate

Between BQEs:‘one out-
all out’ principle
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Ecological status assessment according to the 
European Water Framework Directive

Within BQEs: metrics can 
be combined as seen 
appropriate

Between BQEs:‘one out-
all out’ principle

€ €

Carstensen et al. 2023, JEMA



Uncertainty and confidence



Confidence in ecological status assessment

Heuristic approaches Approach founded in probabilistic theory



The transition from Excel to web-based tools



The transition from Excel to web-based tools
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• Downloading data 
from national 
hosts (SLU, SMHI)

• Configuration files 
for boundaries, 
uncertainty library, 
water bodies, 
default indicators, 
other parameters

• Interactive 
selection of 
indicators

An online tool for the user making the WFD status 
assessment



From observations to ecological status
Rivers

Lakes

Coastal
waters

Carstensen et al. 2023, JEMA



From observations to ecological status
Rivers

Lakes

Coastal
waters

Coastal
waters

Carstensen et al. 2023, JEMA



Confidence assessment



Getting the errors right: Uncertainty library
• Incorrect 

partitioning of 
error sources 
underestimates 
total uncertainty

• Sampling 
distribution in 
time, space and 
across institutions 
influence indicator 
uncertainty 

 

0%

20%

40%

60%

80%

Re
la

tiv
e 

St
De

v

DINwin (Coastal) TNwin (Coastal) TNsum (Coastal)
A)

0%

10%

20%

30%

40%

50%

60%

Re
la

tiv
e 

St
D

ev

TP (Lake) TP (River) DIPwin (Coastal)

TPwin (Coastal) TPsum (Coastal)

B)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Ab
so

lu
te

 S
tD

ev
 (m

g 
L-1

)

O2bot (Lake) O2bot (River) O2bot (Coastal)
C)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

Ab
so

lu
te

 S
tD

ev

pH (Lake) pH (River)
D)

0%

10%

20%

30%

40%

50%

ST YR MON×YR ST×YR ST×MON INST RES TOTAL

Re
la

tiv
e 

St
D

ev

SD (Lake) SD (Coastal)
E)

0%

20%

40%

60%

80%

100%

120%

140%

160%

ST YR MON×YR ST×YR ST×MON INST RES TOTAL

Re
la

tiv
e 

St
De

v

Chla (Lake) Biovolume (Lake)
Chla (Coastal) Biovolume (Coastal)

F)

Carstensen et al. (2024)
Ecological Indicators



How does it work in 
practice? 0

2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

O
bs

er
va

tio
ns



How does it work in 
practice? 0

2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

O
bs

er
va

tio
ns

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e



How does it work in 
practice? 0

2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

O
bs

er
va

tio
ns

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000



How does it work in 
practice? 0

2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

O
bs

er
va

tio
ns

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

In
di

ca
to

r 
ag

gr
eg

at
io

n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0

1

D
en

si
ty

EQRS

nsimul=10000

g

0

1

D
en

si
ty

EQRS

nsimul=10000



How does it work in 
practice? 0

2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

O
bs

er
va

tio
ns

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

In
di

ca
to

r 
ag

gr
eg

at
io

n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0

1

D
en

si
ty

EQRS

nsimul=10000

g

0

1

D
en

si
ty

EQRS

nsimul=10000

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

In
di

ca
to

r 
ag

gr
eg

at
io

n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

D
en

si
ty

EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0

1

De
ns

ity

EQRS

nsimul=10000

g

0

1

De
ns

ity

EQRS

nsimul=10000

0

1

De
ns

ity

EQRS

nsimul=10000

h

0

1

De
ns

ity

EQRS

nsimul=10000

Co
m

bi
ni

ng
 

w
ith

 S
Q

Es



How does it work in 
practice? 0

2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

O
bs

er
va

tio
ns

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

In
di

ca
to

r 
ag

gr
eg

at
io

n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

De
ns

ity
EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0

1

D
en

si
ty

EQRS

nsimul=10000

g

0

1

D
en

si
ty

EQRS

nsimul=10000

0
2
4
6
8

10

BQI

Realisationntot=23

0
2
4
6
8

10

BQI

Inner station
Middle station
Outer station

ntot=23

0
5

10
15
20
25

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Inner station
Outer station

ntot=38
a

0
5

10
15
20
25

Chlorophyll a (mm3 L-1)

Inner station
Outer station

ntot=46

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 s

am
pl

e
In

di
ca

to
r d

is
tr

ib
ut

io
n

In
di

ca
to

r 
ag

gr
eg

at
io

n

0

10

20

30

De
ns

ity

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

D
en

si
ty

EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0

1

De
ns

ity

EQRS

nsimul=10000

g

0

1

De
ns

ity

EQRS

nsimul=10000

0

1

De
ns

ity

EQRS

nsimul=10000

h

0

1

De
ns

ity

EQRS

nsimul=10000

Co
m

bi
ni

ng
 

w
ith

 S
Q

Es

0
2
4
6
8

10

BQI

Realisationntot=23

0
BQI

0
Biovolume (mm3 L-1)

0
Chlorophyll a (mm3 L-1)

0

5

10

15

N
o 

of
 o

bs
.

log(Biovolume)

Realisation

ntot=38

b

0

5

10

15

20

log(Chlorophyll a)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

5

10

15

20

N
o 

of
 o

bs
.

Biovolume (mm3 L-1)

Realisation

ntot=38

c

0

5

10

15

20

Chlorophyll a (mm3 L-1)

Realisation

ntot=46

0
2
4
6
8

10

BQI

Realisationntot=23

0

10

20

30

40

N
o 

of
 o

bs
.

EQR

Realisation

ntot=38

d

0

10

20

30

40

EQR

Realisation

ntot=46

1 2

3

4

5

O
bs

er
va

tio
ns

O
ne

 s
im

ul
at

io
n 

of
 sa

m
pl

e
In

di
ca

to
r d

ist
rib

ut
io

n
In

di
ca

to
r 

ag
gr

eg
at

io
n

0

10

20

30

D
en

si
ty

EQR

EQR(biovol)
EQR(biovol) w bias corr.

nsimul=10000

e HGMPB

0

5

10

EQR

EQR(Chla)
EQR(Chla) w bias corr.

nsimul=10000

HGMPB

0.0

0.2

0.4

BQI

BQI
BQI w bias corr.

nsimul=10000

GM

0

1

D
en

si
ty

EQRS

nsimul=10000f

0

1

EQRS

nsimul=10000

0

1

EQRS

nsimul=10000

0

1

De
ns

ity

EQRS

nsimul=10000

g

0

1

De
ns

ity

EQRS

nsimul=10000

0

1

De
ns

ity

EQRS

nsimul=10000

h

0

1

De
ns

ity

EQRS

nsimul=10000

Co
m

bi
ni

ng
 

w
ith

 S
Q

Es

0

1

De
ns

ity

EQRS

nsimul=10000

i

O
O

AO
 ru

le



Conclusions
• Integrated assessment systems have developed over time

• Better integration of metrics
• Incorporation of a probabilistic uncertainty framework

• Combining diverse indicators can be done through a standardized 
EQR-transformation

• Integrated assessment should consider indicator distributions 
(and not just values) to be able to assess the confidence

• Confidence and uncertainty assessment can be parameters 
through a general uncertainty framework and library

• This framework can handle all possible aggregation schemes 
through Monte Carlo simulations

• Such frameworks should be developed as web-applications for 
the user




