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Mean depth =
Max depth =459 m

Relatively large shallow entrance area with two
shallow sills

Permanent haline stratification

Freshwater supply = 500 km3 yr*?
Residence time 33 yrs

No tides




e = T
'Watershed area = 1730600
Proportion forest =53%
Proportion cultivated = 22%

Population = 84 000 000

Coastal countries =9
Additional in watershed =5

People and Agriculture are focused in the South
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1950s-1970s:

Population increase (60 — 85 million)
Urbanisation (30 —> 60%)
Mechanisation of agriculture

Fertilizer consumption (at least 3 times
increase)
Increased hypoxia in open Baltic observed
already late 1960s
Eutrophication in lakes identified
Initial WWTP construction in western
countries
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TP Load (t y!)

—— TPlLoad
—e— Winter DIP

driver of change

Exceptionally long stagnation
period in the Baltic deep

1980s:

Eutrophication identified as major

Population, urbanization and

fertilizer consumption stabilized

WWTP construction intensifies in

western countries
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1990-2006:

h'erlands East Poland

. Germany
gium

rg - \west Czechoslovakia
Germany. .

0

1.2

—1.1

e Collapse of the Soviet Union and Eastern Block The political will to solve -
. . —1.0

e All riparian countries except Russia joins EU the EUtrophlcatlon B
problem peaked —09

e Followed by strong economic development and B
—0.8

political stability -
—0.7
f —0.6
i —0.5
....... —0.4
R:jtonia. : : “ - _0.3

i . SE N N\utrient loads started to decrease -
SociatistP S Hypoxia gradually expands P
USSTEl Massive cyanobacteria bloom in 2005 |

o g0, i

‘\II\I\\II|\\II\\II\‘IIIII\\II|\\II\\II\‘IIIII\\II‘\II\\\II\‘II\II\\II O

1950 1960 1970 1980 1990 2000 2010

2020

(OAM) d1q 1ouip



TP Load (ty})

80,000 1.2
{ — TPLoad 2007-Now: I

—eo— Winter DIP — 1.1

70,000 e Large investment in measures 10
| ° Nutrient loads are at 1950s levels

60,000 — ) —0.9
and continues to decrease L

| —0.8
50,000 — -

| —0.7

40,000 — ; —0.6
| i \ /7 B

— 0.5
RIS -

| —0.4

20,000 — —0.3

| —0.2
10,000 — :

| —0.1

0 I I T T 7 I T | T T T T T T T ‘ T T T T T T T ‘ T T T T I T T ‘ I T T 1 I T I | T T I T T T T ‘ T T T T T T T O
1950 1960 1970 1980 1990 2000 2010 2020

(AM) J1q 100



_Hypoxia worse than ever. | :

Cyanobacterla blooms worse than ever

Cyanobacteria July 29, 2019

Frustration and despair! | _
3 5c|énce~b“ ;iadV|ce is more important than ever




Model tools are available to help us understand

BALTSEM l N-fixation
* Coupled physical-biogeochemical model w

Dla[nm-.

* Forced by weather, river runoff and North Au ﬂtm > Fitotrophs |
Sea boundary; and nutrient loads

* Hindcast simulation 1970-2021

Hetemtrophs

Burial
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Loads are close to
the level of the
1950s

Good status is
close to the
concentrations of
the 1950s
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Background to the present state

80000 —

(o
(=
S
S
S
]

40000 —

Phosphorus load (t y'l)

20000 —

Phosphorus loads to the Baltic Sea

DIP (uM)

Baltic proper winter DIP concentration

Good environmental status

|
1920

|
1980

I |
1940 1960

|
2000

|
2020

=]
W P8

Stoickho.lm
University



Del

ayed response in the sea
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1960 loads would
have led to
substantial
eutrophication
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Delayed response in the sea
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Delayed response in the sea
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Have measures had an effect?
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It would have been much worse without the effort made!
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V Eutrophication

“Baltic Sea unalffected
by eutrophication”

Ecological
objectives @

— Concentrations of nutrients close to natural levels

— Clear waters

— Natural level of algal blooms

— Natural distribution and occurrence of plants and
animals

— Natural oxygen levels

Management
objective
— Minimize inputs of nutrients from human activities
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HELCOM Baltic Sea Action Plan

HELCOM Ministerial Meeting
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Krakow, Poland, 15 November 2007

Baltic Sea
Action Plan s
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Indicators and thresholds

Quantify objectives using measurable indicators and
define thresholds of these

Good
Poor
QO M‘J,\O
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Method to determine
Maximum Allowable Inputs

Question to be answered is:

What combination of loads to the basins satisfies both targets and provides the maximal loads? ->

optimization problem

1. Determine relationships between loads and indicator response from a large amount (1000nds) of

cleverly chosen model simulations

2. Find the solution to the optimization problem from the data base of relationships
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Eutrophication
V goal

“Baltic Sea unaffected
by eutrophication”

Table 1. Maximum allowable inputs (MAI) of nitrogen (TN) and phosphorus

Ecological Management : i
oblactiues @ objective (TP) to the Baltic Sea sub-basins (in tonnes/year)
— Concentrations of nutrients close to natural levels — Minimize inputs of nutrients from human activities
= ﬂ:gmueverafafgamm Maximum allowable inputs (MAI)
— Natural distribution and occurrence of plants and
a:imr:ls SO i Baltic Sea Total nitrogen (TN)  Total phosphorous (TP)
st o sub-basin tonnes/year tonnes/year
Kattegat 74,000 1,687
Danish Straits 65,998 1,601
Baltic Proper 325,000 7,360
Bothnian Sea 79,372 2,773
Bothnian Bay 57,622 2,675
Institute Gulf of Finland 101,800 3,600

Baltic Sea 792,209 21,716




Nutrient input ceilings

V Eutrophication

Table 2a. Net nutrient input ceilings (NIC) of nitrogen for the HELCOM countries, non-HELCOM countries in the Baltic Sea catchment area, other countries
goal with airborne input, Baltic Sea shipping and North Sea shipping (in tonnes/year).
{ ( L4 Bothnian Bay Bothnian Sea Gulfof Riga  Danish Str: Kattegat
Baltic Sea unaffecte
Denmark 9,025 28,067
b h @ o ’ ’ Estonia 1,478 11,334 13,099 22
! r . Finland 1,827 20,457 295 76
y eu Op lca tl 0 n Lithuania 108 25,878 305 8,820 66
Latvia 3 6,457 246 43,074
Poland 668 3,125 151,997 1,407 1,596 1,443
Russia 839 1,993 10,317 61,503 3,296 245
Ecological @ Management Sweden : 17,718 32,633 30,690 32,799
5 4 =) . Other countries
Ohjectl\les DbjECtIVE with airborne input 1375 26,947 4502
Belarus 13,456
— Concentrations of nutrients close to natural levels — Minimize inputs of nutrients from human activities Czech Republic 3,551
— Clearwaters Ukraine
— Natural level of algal blooms Baltic Sea shipping
— Natural distribution and occurrence of plants and North Sea shipping
animals
— Natural oxygen levels
Table 2b. Net nutrient input ceilings (NIC) of phosphorus for the HELCOM countries, non-HELCOM countries in the Baltic Sea catchment area (in tonnes/year).
BothnianBay Bothnian Sea  Baltic Proper GulfofFinland  GulfofRiga  Danish Straits Kattegat
Germany 109 - 401
Denmark 21 - 979
Estonia 9 225 -
Finland - 315 -
Lithuania 703
Latvia 167
. Poland
Baltic Nest

Sweden

Institute

Czech Republic

Ukraine




Nutrient inputs are still higher than Maximum Allowable Inputs
HELCOM PLC assessment

HELCOM (2023) Inputs of nutrients
to the sub-basins (2020). HELCOM
core indicator report.
https://indicators.helcom.fi/indicator
/inputs-of-nutrients/
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Kattegat

Danish Straits

TN DS

100km
| I

Total nitrogen input in
2020 compared to MAI

TNBOB

Bothnian Bay

TN GUF

Bothnian Sea

Gulf of Finland

TN GUR

Baltic Proper

ang

Inputs lower than MAI
I Inputs higher than MAI
Inputs lower than MAI (not statistically certain)

100km
L1

Total phosphorus input in
2020 compared to MAI

P BOB

Bothnian Bay

Bothnian Sea

Gulf of Finland

TP GUR

Kattegat Baltic Proper

Danish Straits
TP DS

| Inputs lower than MAI
I nputs higher than MAI
\ Inputs lower than MAI (not statistically certain)
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What about the future?

e Scenarios with present day nutrient inputs (2020)
e 100 simulations with randomized meteorogical

forcing
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and several GES thresholds may be reached but only by the end
of the century

Simulated eutrophication ratios (ER).
ER < 1 = good environmental status target reached

EutrophiFation state Trrmstuale Today Future Future
indicator (2016-2021) 2050 2100
[ Winter DIN 2.64 uM
Winter DIP 0.29 uM
1 Totaln 16.25 uM
| TotalP 0.44 uM
@ 0, debt 8.66 mg [
¢ Chl-a 1.72 pg It
) *HELCOM core indicator reports 2023
&,
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Future challenges - climate change

On-going rapid warming

Rekonstruerad arsmedeltemperatur, Stockholm 1756-2022
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Staplarna i diagrammet visar rekonstruerad drsmedeltemperatur. Réda staplar visar hdgre och bla visar I&gre temperaturer &n medelvérdet for hela serien.
Den kraftigaste gra linjen visar ett glidande medelvarde berdknat éver ungefar 30 ar och den tunnare gra linjen visar ett glidande medelvarde berdknat
éver ungefar 10 ar.



Future challenges - climate change
On-going rapid warming

Heat content of the Baltic Sea
From Baltsem simulation
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Future challenges - climate change

On-going rapid warming

Average temperature in the Gulf of Bothnia
From Baltsem simulation
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Future challenges - climate change

Will lead to major and complex changes in the ecosystem

Amounts of benthic biomass for different levels of nutrient loads
From Baltsem simulation (Ehrnsten et al., 2020)

Climate change Current climate

)

“\o n N
'l\\,‘\' L AL (O
7ol
.

Macrofauna (kton




Concluding remarks

¢ Numerical modeling tools are necessary and useful for
managing the Baltic Sea

e Still models are limited to relatively simplistic physical-
biogeochemical processes

e Changes due to the ecosystem function from large
perturbations by climate change may be drastic and difficult to

simulate

e Novel technology can help!
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