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Investigations were made to find out if there are
areas with suitable environments for ballast water
exchange. Suitable conditions may be areas of cer-
tain depths (preferably >200 meters) or distance
from the coast (preferably >200nm or >50nm).

The main focus is on the southern Baltic Proper
since it is the area with the highest traffic, it has
the largest of the two existing areas in the Baltic
Sea >50nm from the coast.

The Baltic Sea is not very large and there are nu-
trients available most of the year. During spring,
the biovolume is at its highest, though there are
biological activities (even HABs), mainly to the
end of the year. The nutrient level is not low
enough to prevent indigenous species survival.

The very brackish surface waters vary between 5
psu in the Bothnian Sea to 7 psu in the southern
Baltic Proper. The difference between fresh and
central Baltic Proper water is not large.

There is no definite way to say what specific salin-
ity level will kill the BW organisms since there

are many different organisms in the BW. As a rule
of thumb, there is always a risk that they may
survive.
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There is a high possibility that the surface waters
in the BWE areas can be transported to protected
areas or the coast and with a prevailing wind of
15 m/s it can take one day to one week, depending
on the wind direction.

Important assets like fish farms can be gravely
affected, depending on the contents of the BW.
Also competing or predatory species may cause
harm, especially in spawning areas of fish or on
native species on the sea bed. There are spawning
grounds very close to the southern Baltic Proper
proposed BWE area.

Discharged pollutants normally affect the pro-
tected areas.

The wave climate in the Baltic Proper is not very
rough, especially when comparing to more open
sea areas, hence not posing as high risk to the ship
or crew safety.

The total annual BWE discharge in the southern
Baltic Proper is approximated to 1.9%*10° m°.

Most probably, the uptake of BW in the BWE
area will be comprised of previously discharged
BW, but at a low concentration.

The BWE areas of interest are small. A ship will
have to reduce the speed to be able to complete
the exchange within the area.
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The Swedish National Environmental Protection
Agency commissioned and funded this report.

In the Ballast Water Convention (International
Convention for the Control and Management

of Ships’ Ballast Water and Sediments, hereafter
BWC) of the International Maritime Organization
(IMO), ballast water exchange between ports is
an alternative ballast water treatment until ac-
ceptable treatment systems have been developed.
This alternative treatment is only valid during a
temporary time period. Ballast water exchange
(BWE) is today the only chance to reduce the risks
of introducing and/or survival of new, alien spe-
cies in an area.

In the BWC, several requirements that should

be complied in order to make a BWE are listed.
The main requirements are that the BWE zones
should be situated >200 nautical miles (nm) from
the coast and with a depth of >200meters (m). If
there is no such zone along or near the shipping
lanes, the BWE zones should be situated >50nm
from the coast with a depth of >200m. In the
Guidelines on designation of areas for ballast
water exchange (G14) from the BWC, it is stated
that areas of BWE can still be designated even

if the stated requirements above do not comply.
Though there are several other criteria listed in
G14 that need to be considered when designating
a BWE area.
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In the Baltic Sea, there are no areas >200nm from
the coast or areas >50nm with depths >200m.
There are two areas >50nm from the coast with
depths <200m.

There are references to two reports in this assign-
ment (see appendix 9), that partially contains
some investigations to find out if it is possible and
biologically meaningful to designate BWE areas
in the Baltic Sea. In lack of sufficient information,
only areas >50nm from the coast are marked on
maps, but in the reports there is no clear recom-
mendation of designated areas in the Baltic Sea.
These areas are partially in Swedish waters.

The aim with this report is to give an oceano-
graphical and biological description of the areas
of interest and scientifically investigate if it is
possible and biologically meaningful to designate
BWE areas in the Baltic Sea.

The recommendations from this report are based

upon general oceanographic and biological condi-
tions of the areas of interest and the main part of

the descriptions are included in the appendices.



In this report, investigations should be made to
find out if there are areas that could provide a
suitable environment that would reduce the risks
of alien species introduction or spreading through
ballast water. Suitable conditions may be areas of
certain depths or salinities or other conditions that
effectively can kill the organisms from the ballast
water and that they do not spread beyond the
BWE area. The ship (here meaning all ships/tank-
ers/or the like containing ballast water) and crew
safety demands from the BWC must be ensured
and the areas need to have the capacity to be used
by all the ships identified as high risk traffic for
alien species introduction and spreading.

Assess, by the BWC and G14 requirements, if it
is possible to designate suitable BWE areas in the
Swedish waters in the Baltic Sea. Considering the
requirements, the assessment should include the
following issues:

J Oceanographic conditions — (1) Will
the discharge of ballast water in the
BWE area be transported towards or
away from the coast? (2a) Will the
organisms, discharged with the ballast
water, circulate horizontally in the surface
waters and by that, be present for ballast
water uptake when the next ship is
passing? (2b, biological condition) Will
the discharged organisms die in the BWE
area or in further transport after
ballast water uptake from the next
passing ship? (3) What is the vertical
circulation like in the areas >50nm from
the coast?

. Biological conditions — (4) Will the
proposed BWE areas be affected by
harmful aquatic organisms, including
harmful algal blooms?
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. Environmental conditions — (5) Are
protected areas/environments affected
by discharges of alien organisms in the
proposed BWE areas? (6) Are protected
areas/environments affected by discharges
of pollutants or increased nutrient
concentration in the proposed BWE
areas?

o Important assets — (7) Are important
assets, like fishery/play ground/spawning
ground affected by BWE in the proposed
areas?

. Ballast water discharges - (8)
Quantification, origin and frequency.

Following guidelines from the G14 (§ 7.2.4 and §
7.2.5) should also be taken under consideration:

J The proposed BWE areas should be
situated along the main shipping lanes or
as close as possible.

J The exchange procedure of the ballast
water in the proposed areas may not
jeopardise the safety of the ship or crew.

J The proposed BWE areas should regularly
be monitored in accordance with
G14 § 11.1.



RESULTS

The numbered questions will be addressed one by
one. Most of the results and general descriptions
are described further in the appendices. The meth-
ods and data used are mainly described in the ap-
pendices. Many of the questions with a biological
or environmental angle, have been answered by
interviewing Inger Wallentinus and Malin Werner,
active within the research programme AquAliens.

Maps displaying both of the proposed BWE areas,
protected areasand major shipping lanes are
displayed in figure 1 and larger maps are found

at page 24-27. To the right in the figure, there are
maps from the SMHI tool SeaTrackWeb includ-
ing Baltic Sea Protected areas and important bird
areas, not only in Swedish waters.
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OCEANOGRAPHIC
CONDITIONS

I. Will the discharge of ballast
water in the BWE area be
transported towards or away
from the coast?

It will be transported (and since the BWE area is
in the middle of the sea) towards a coast or pro-
tected area in the direction slilghtly to the right of
the wind. The speed and direction of the surface
water depends on the wind and the thickness of
the surface layer of interest.

Area >50 nm

Z from the
~ coastline

Djup
662 m

Om

Planned Natura 2000 area [~
Fishing area and/or

Area >50 nm from
the coastline

Spawning ground [Iﬂmm'

bird reserve
PROTECTED AREA:
Very high priority [l
High priority [ |
Low priority [10]

Wind parks
(existing/planned)
Shipping lanes ==

Figure |. Maps displaying the BWE areas and the protected areas in Swedish waters to the left and protected areas in the Baltic

Proper and Bothnian Sea in the figures to the right.
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Table |. Calculated mean current speed and direction over varying depths and varying wind speeds. Calculated transportation
distances for the different scenarios.Wind direction is set to 180°.

|Current (curr) dir based on wind dir = 180 degrees, i.e. southerly winds.

|Surface to 5m |surface to 10m |Surface to 20m Surface to 40m |Surface to 60m
mean curr [mean curr mean curr |mean curr Enean curr |mean curr [mean curr [mean curr [mean curr

\Wind |mean curr (dir Ispeed dir speed ir Ispeed dir Ispeed dir
speed [speed 0-5m (0-5m [0-10m 0-10m [0-20m -20m 0-40m 0-40m [0-60m 0-60m
5 m/s 0.04 26 0.03 34 0.03 46 0.02 64 0.02 77
10 m/s 0.08 21 0.06 28 0.03 37 0.04 50 0.03 61
15 m/s 0.12 19 0.10 24 0.09 31 0.07 42 0.06 50
Unit m/s degrees m/s degrees m/s degrees m/s degrees m/s degrees

Equals Equals Equals Equal Equal Equals Equals Equals Equals Equals
\Wind |[di I (di di I |di: | |distance / |di [ |di | (distance / [distance / |distance /
speed |[day 10 days day 10 days day 10 days day 10 days day 10 days
5 m/s 3.5 35.4 2.9 294 24 242 2.1 20.7 2.0 19.9
10 m/s 6.5 64.8 5.4 54.4 2.7 26.8 3.7 37.2 2.9 29.4
15 m/s 10.4 103.7 8.8 88.1 7.3 73.4 6.0 60.5 5.4 54.4
Unit km/day |km/10 days| km/day |km/10 days| km/day |km/10 days| km/day |km/10 days| km/day [km/10 days
1 nm =1.852 km
50 nm = 92.6 km

At the wind speed 5 m/s, it takes 26 days to transport the top 5 meters of the surface waters a distance of 50 nm.
At the wind speed 10 m/s, it takes 14 days to transport the top 5 meters of the surface waters a distance of 50 nm.
At the wind speed 15 m/s, it takes 9 days to transport the top 5 meters of the surface waters a distance of 50 nm.

In table 1, current speed and direction is calcu-
lated for different wind scenarios as well as the
corresponding transporting distance during one
or 10 days with prevailing wind. To transport the
upper 5 meters a distance of 50nm, it takes:

J 26 days with a 5 m/s wind speed,
J 14 days with a 10 m/s wind speed and
J 9 days with a 15 m/s wind speed.

Mean Wind 10m 000115-000125

This depends mainly upon the dominating winds
during the time of the discharge. In appendix

4, mean measured winds for each month over
several years is displayed as well as modelled data
displaying a time period with commonly occur-

ring wind scenarios. In appendix 6, model data

Mean Current 0-4m 000115-000125

Wind, m/s
Curr, cm/s

62°N

60°N

58°N

56°N

over the mean current is displayed, as well as the
corresponding mean current during the chosen
wind scenarios. There are also calculated tracks of

20000115 plus 10 days

16°E 18°E 20°E 22°E

Figure 2. Modelled wind and current, mean values 000115 to 000125 and transportation of water parcels from 000115 to
000125 (starting at the upper right part of the lines).
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Mean Wind 10m 000101-000115

16°E 18°E 20°E 22°E

imagined water parcels transported by the surface
currents. With a prevailing wind of 15 m/s it can
take one day to one week, depending on the wind
direction, for the surface waters to reach the
nearest protected area. The calculations are de-
scribed in appendix 7.

The main force to create surface currents in the
Baltic Sea is the wind and the most frequent wind
direction is from the SW and W. Although, there
are numerous occasions with prevailing wind
from the other directions.

Depending on the strength of the wind, the direc-
tion of the surface current varies, but is slightly to
the right of the direction of the wind. The stronger
the wind, the narrower the deflection. The W
winds often create a surface current heading
towards the SE and the SW winds often create E
surface currents.

Two different wind/current/transport scenarios are
displayed. The first scenario is strong wind from
the N-NW;, (see figure 2) creating currents in the
SW direction. The second scenario is strong wind
from the SW, (see figure 3) creating currents in the
E direction. There are also scenarios with E to NE
winds, transporting the imagined water parcels
towards the protected areas W and NW of the
proposed BWE area in the southern Baltic Proper.

Ballast Water Exchange Areas

Mean Current 0-4m 000101-000115

11

20000101 - 20000115

62°N

60°N

Curr, cm/s

58°N

56°N

18°E 20°E 22°E

16°E
Figure 3. Modelled wind and current, mean values 000101 to 000115 and transportation of water parcels from 000101 to
0001 16 (starting positions at the left part of the lines).

Another way of displaying the transport from

the BWE area is to use model simulations from
Seatrack Web, which is a particle transport model.
The purpose of the simulations is to demonstrate
how different parts of the Baltic Sea could be ex-
posed to a BW discharge and how fast a discharge
could be transported by the currents to different
areas of interest, e.g. protected areas and coastal
areas.

To capture different seasonal current conditions,
the simulations covered a time period of one year.
During the simulation, particles representing the
BW discharge were released every 24 hours at 12
different locations distributed over the proposed
discharge area in the central Baltic Sea.

The following statistical data was calculated after
each run:

o (1) the maximum relative frequency of
arrival of the particles to different grid
cells,

o (2) the mean drift time of the particles
and

o (3) the shortest drift time.

The lifetime of each particle was set to 30 days,
which means that particles that had been drifting
around for more than 30 days were not consid-
ered.

Figure 4 shows the maximum relative frequency
of arrival for 2002. The black crosses mark
the 12 discharge points and the black rectan-
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Maximum relative frequency of arrival during 2002

gles mark some nearby protected areas: Sodra
Midsjo bank (south), Norra Midsjo bank (mid-
dle) and Hoburgs bank (north). Close to the
discharge points the probability approaches 100
%. However, the probability decreases fast with
increasing distance to the discharge points. See the
remaining runs in appendix 8.

The results for the three protected areas area sum-
marised in table 2. The maximum relative fre-
quency of arrival to the three areas was calculated
by counting the number of particles that reached
each protected area within 30 days after the time
of discharge and then taking the maximum of all
12 runs. The mean drift time and the shortest drift
time in the protected areas are the averages over
the cells inside the rectangular boundaries of the
areas.

Relative frequency (%)

18°E 21°E

Figure 4. Maximum relative frequency of arrival to different parts of the model domain during 2002.

On the basis of the simulations it is concluded
that the discharges could be transported over
large areas during a time period of one month.
The probability that a BW discharge will reach
the nearby protected areas Sodra Midsjo bank,
Norra Midsjo bank and Hoburgs bank is high, in
particular S6dra Midsj6 bank seems to be heav-
ily exposed. The simulations also showed that the
discharge could reach the three protected areas
within only a few days and coastal areas within
1-2 weeks.

These results are to be compared with the calcu-

lated results based on fundamental oceanographic
equations (see table 4).

Table 2. Summary of the results for the protected areas.

Protected area  [Statistical parameter 2002 2004}
Sodra Midsj6 bank [Maximum relative frequency (%) 100f 100]
[Mean drift time averaged over the area (days) 12 9
Shortest drift time averaged over the area 1 1
days)
[Norra Midsjo bank [Maximum relative frequency (%) 26|
[Mean drift time averaged over the area (days) 16] 13
Shortest drift time averaged over the area 5
days)
Hoburgs bank [Maximum relative frequency (%) 23 13
[Mean drift time averaged over the area (days) 2 19]
Shortest drift time averaged over the area 9 9

days)




Most probably, the uptake of BW in the BWE
area will be comprised of previously discharged
BW, but at a low concentration.

By looking at the different results of transporta-
tion by the currents, referring to the previous
question, the winds dominate the paths of the
discharged water. Though there are many ships
passing during one day which means that the cur-
rents may not transport the BW away from the
BWE area before other ships enter the area, ready
for BWE and by that uptake.

To make an estimate of the risk of possible uptake
by the next ship, many parameters need to be in-
cluded, for example traffic density, amount of BW
discharges, assuming the BW is discharged within
the BWE area, currents transporting the BW out
of the BWE area, diffusion and wind speed (see
appendix 7).

The total BWE per year was approximated to
1.9*10° m®. Approximately 220 ships pass the
southern Baltic Proper per day. The longest dis-
tance from one end of the southern Baltic Proper
BWE area to the other is approximately 50nm.
Taking the average BW volume of a tanker/cargo
ship, the ship needs to discharge 0.26 m? per trav-
elled meter over 50nm. For larger ships on route,
there might be a risk they have passed outside the
BWE area before the BWE is completed.

There is an instant mixing, due to the discharge
turbulence, so that the BW mixes in a 15 m?
volume giving a BW concentration of 1.7% of the
original concentration. Disregarding further mix-
ing, 220 ships per day now cover approximately
1% of the total BWE area with a BW concentra-
tion of 1.7%. During the course of a day, each
BW plume has spread to a 700 meter BW plume
(diffusion, see appendix 7). If there is no wind
mixing the BW further down, the new concentra-
tion a day after the discharge is 0.0074% of the
original concentration making up a total area of
220% of the total BWE area.

Ballast Water Exchange Areas
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Including wind mixing, the concentration will
drop further. The calculations of the concentra-
tions are only computed from day one, with

no previous BW discharge, to the next. After
several days, the concentration will be higher.
Another factor concerning the concentration is
that normally in a major shipping lane, the ships
tend to follow somewhat the same route, mark-
edly increasing the risk of BW uptake of higher
concentration.

In many of the referenced texts, the concentration
of the organisms in the BW is not of major impor-
tance. Some times the new organisms can survive
and reproduce even at low starting numbers.

There is a wide variety of the BW salinity range
in the ballast tanks, ranging from fresh water to
marine waters. There is no real rule of thumb as
to what salinity the ships entering the Baltic have
in its ballast tanks.

There is also no way to say what specific salinity
level will kill the BW organisms since there are
many different organisms in the BW. Some can
survive in a wide variety of salinities, some can
not. It also depends upon where the BW is collect-
ed. Is it from a harbour with brackish water and
the following BWE is conducted in brackish wa-
ter; the environment is then very similar, not able
to reduce the risk of survival. As a rule of thumb,
there is always a risk that they may survive.

If there are only strictly marine organisms in the
BW, they may not survive, but if they are capable
of tolerating a wide range of salt water concen-
trations, there is a large risk they may survive in
the brackish waters. Then they will live as long
as they normally would in their original habitat.
Furthermore, many freshwater organisms can
survive the brackish waters.

Some organisms may survive a long time even
though the new surroundings are not favourable.
An example of that is the resting stage of some
dinoflagellates. Other organisms may die very fast.



If there are organisms in a resting state, or sinking
cysts that blends down into the BW sediments,
there is a risk of the organisms surviving during

a very long time. Resting stages, if resuspended
into the water, can hatch after several decades and
develop into HABs.

If the organisms are planktonic, it does not matter
if they are released far from land, since as long

as there are nutrients and light or food available,
they can survive well. Also drifting, normally ben-
thic organisms can survive, and even if they may
not be able to resettle, some can continue to live
and reproduce and the spores or fertilized eggs
can settle, especially in the more shallow areas.

The idea of exchanging BW in the middle of the
Atlantic is in the hope that the nutrient level is so
low that the discharged organisms will not survive
due to the lack of food and that the organisms
there are adapted to live far offshore. Also, the
distance to the coast is too far for neritic organ-
isms to be able to reach the coast. The BW uptake
in the middle of the Atlantic is hopefully also low
in organisms able to survive in fresher water. The
Baltic Sea is not very large and there are nutrients
available most of the year (see appendix 2 and 3
for general hydrographic and biological descrip-
tions).

If there are shallow areas, like the southern and
northern Midsjobank and the Hoburgsbank, near
the BWE area, it offers a possible survival habi-
tate, for the organisms needing shallower areas to
survive.

Table 3. Ekman layers, from the monthly mean and 5, 10 and 15 m/s

area indicate pycnocline restriction of the wind mixing depth.

Ballast Water Exchange Areas

Since there has been no investigation within this
report of the buoyancy fluxes, the approximation
is that the wind is the dominating factor mixing
the surface layer to the lesser of the Ekman length
and the pycnocline depth.

The vertical circulation can be described by the
mixing of the surface layers. The thickness of the
mixed layer is a function of the surface buoyancy
flux (surface water getting lighter or heavier), the
wind speed and the stratification (the change of
density over depth).

The stronger the stratification, the harder it is for
the mixing processes to mix the top layer with
the water beneath. In the Baltic Proper, there is a
seasonal thermocline developed during summer
at about 20 meters depth which usually prevents
mixing to greater depths. During autumn cool-
ing, the surface and deeper water mix, resulting in
more homogenous temperatures. There is a stable
perennial halocline at 60 meters depth. Above the
halocline, the salinity is rather homogeneous. The
procedures are further explained in appendix 6.

In table 3, the Ekman lengths calculated using the
monthly mean winds over the year (read more
about the general wind climate in appendix 4) is
compared to the mean pycnocline depths (read
more in appendix 2). The mean winds are so

low, that the pycnocline is never reached. Ekman
length for wind scenarios with 5, 10 and 15 m/s is
also combined with the mean pycnocline depths.
In summer, the pycnocline restricts the wind
induced mixing when the wind speed is 15 m/s
(marked with yellow). Usually, the water layer
above the pycnocline is rather well mixed, though

winds are compared to the mean pycnocline depth.Yellow

Month Unit
J F M A M J J S (¢] N D Unit
Mean wind 7 6.5 55 5 4.5 4.5 4 4 5 6 55 6.5 m/s
Pycnocline
depth 60 60 60 60 60 60 20 20 40 60 60 60 m
|Wind mixed
depth 13.5 12.5 " 10 9 9 8 8 10 12 11 12.5 m
ind 5 m/s
mixed depth 10 10 10 10 10 10 10 10 10 10 10 10 m
ind 10 m/s
mixed depth 20 20 20 20 20 20 20 20 20 20 20 20 m
ind 15 m/s
mixed depth 35 35 35 35 35 35 20 20 35 35 35 35 m

14



during weaker wind scenarios, the wind induced
mixing does not always reach to that depth, creat-
ing a shallower vertical mixing. The results from
the southern Baltic Proper and the Bothnian Sea
do not deviate much.

Yes, if harmful aquatic organisms or HAB:s are
present in the BW, they will affect the area in
some way. Though the BWE area might not be the
area that suffers the consequences, since the algae
or other organisms may need to grow in numbers
to constitute for example a harmful algal bloom.
While they increase, currents may transport the
bloom away from the original BWE area.

Generally: if the organisms are harmful, they
can or will affect the native organisms able to be
affected. For example an organism harmful to
fish, can or will affect the fish in the area. Also
competing or predatory species may cause harm,
especially in spawning areas of fish or on native
species on the sea bed.

There will probably be a higher amount of native
organisms affected if the BWE area is close to the
coast, though pelagic organisms in the middle of
the Baltic Sea can also be affected.

Furthermore, there are native species caus-

Ballast Water Exchange Areas

ing HAB:s. Especially in summer some cy-
anobacteria may cause heavy blooms, such as
Nodularia spumigena (potentially toxic) and
Aphanizomenon flos-aquae, both of which mainly
occur close to or at the surface. Thus, there is a
high risk they may be taken up with ballast water
loading

Like mentioned earlier, what is discharged can be
transported to protected areas by the currents,

if the organisms can live at some depth in the
pelagic zone.

There are a number of protected areas more or
less in the vicinity. The positions and approxi-
mated extension are marked in the maps on page
9 and in larger formats on page 24-27.

The time it takes for the wind induced current to
transport a water parcel from the southern Baltic
Proper BWE area to the nearest protected area is
presented in table 4. These values are calculated
by oceanographic equations.

The calculated values are comparable to the
results from Seatrack Web. The shortest drift time
averaged over the Hoburgs bank area is 9 days.

Table 4. Distances from the nearest part of the southern Baltic Proper proposed BWE area to the nearest protetcted area
in each direction (top).The amount of days needed, with an ideal wind direction, for a water parcel to be transported to the
protected area due to the wind speed. The direction in the table is the current direction.

Direction
Distance S SW w NW N NE E SE
nm| 41 nm 46 0 14 15 46 26 34
km| 76 km 85 0 26 28 85 48 63
Direction
Wind speed S SW w NW N NE E SE
5 m/s| 21 days 24 0 7 8 24 13.5 18
10 m/s| 12 days 13 0 4 4.5 13 7.5 10
15 m/s| 7 days 8 0 2.5 3 8 4.5 6

15



Hoburgs bank is to the north of the BWE area,
hence N is the direction to use in the table below.
Since the mean wind over a year is about 5 to 6
m/s, that is the wind to use which results in a total
of 8 days needed to be transported to the area.
Only one days difference is a very good. Looking
at the Norra Midsjo bank, the calculated value

is 7 days and the modelled values 5 to 7. At the
southern Midsjo bank the calculated value is 0
days and the modelled value 1.

If the organisms are harmful to a single species or
to entire ecosystems, there is a clear risk of affect-
ing protected areas. One of the difficult parts with
alien species is that when they have established,
they are hard to get rid of. Werner (personal com-
munication). The fundamental difference between
chemicals and living organisms, when calculating
risks, is that the organisms can reproduce and
actively spread further.

There are a number of bird reserves in the prox-
imity to the proposed BWE area. Even if the BW
does not contain organisms directly harmful to the
birds, they may affect the food the birds eat, lead-
ing to a decreasing success of the bird breeding or
less food during the wintering.

The problem with alien species is that there is
hardly a way to predict how well they will behave
in a new area. One species can have a very suc-
cessful life in one area, causing major problems,
while in a similar area of similar conditions there
is hardly any noticeable impact. However, there
are many examples of negative impact caused by
an alien species also in very varying environments,
according to Wallentinus (personal communica-
tion).

Discharged pollutants normally affect the pro-

tected areas. A possible increase of nutrients in the
surface waters, due to BW discharge, may increase
the bloom capacity of the next bloom event or

change the content of a normal bloom situation. A
larger bloom can in turn lead to larger amounts of
detritus sinking to the bottom, consuming oxygen

Ballast Water Exchange Areas
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when decomposing, hence decreasing the oxygen
level at the bottom. Though probably, BW will
not markedly influence the surface nutrient level,
according to Wallentinus (personal communica-
tion) more than other nutrient sources from up-
welling, land-runoff and atmospheric deposition.

There is no definite Yes or No, but a most definite
Maybe, approaching Probably.

It depends on the content of the BW. BW does not
have to be harmful, but if the BW contains fish
parasites or organisms harmful to mussels, impor-
tant assets like fish farms can be gravely affected.
Mussels are the dominant organism in deep areas
(hard surface) hence the effect can be very large.
Also competing or predatory species may cause
harm, especially in spawning areas of fish or on
native species on the sea bed. Looking at the map
over protected areas, there are spawning grounds
very close to the southern Baltic Proper proposed
BWE area.

The effect depends on many parameters, for
example: where the BW comes from, what is the
environment like there, what bio-region is it, the
survival skills of the organisms in the new area
and during the previous transport, the stress toler-
ance of the organism and what concentration of
the organisms are there in the BW.
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The approximation in this report, of 1.9*10° m?,
as the total annual BWE discharge in the southern
Baltic Proper (see calculations and methods in
appendix 7) can be compared with 2.3*10” m? in
an article by the Swedish National Environmental
Protection agency (Anon. 1998). Though that to-
tal amount is based on a questionnaire, on traffic
statistics and that the amount is discharged within
Swedish waters. A similar study (questionnaire
and traffic statistics) was conducted by Hoffrén
(2006). In that study, an approximation of
4.6*107 m® BW is discharged (though in Swedish
waters) annually.

There are large sections in Leppdkoski (2006)
covering these issues and the total annual BWE
discharge in the Baltic Sea was there calculated to
1.2*108 m3.

By calculating the total annual BW discharge,
many parameters are included and as many as-
sumption are made. That the volume in this report
differ greatly to the Leppdkoski value, is due to
the different assumptions made.

In Hoffrén, some conclusions are that the dis-
charged BW mostly originates from the Baltic Sea
and the North Sea. The ships main destination
from Sweden is the Baltic and the North Sea and
the estimated main origin of BW leaving Sweden
mostly came from other Swedish waters and the
Baltic Sea.

Normally the trans-Atlantic ships and ships arriv-
ing from very far away, have had the possibility to
conduct a BWE in areas >200nm from the coast
at >200 meters of depth. The high risk ships are
European ships, not having been able to conduct
BWE at >200nm from the coast at >200 meters of
depth. Wallentinus (personal communication).

The point to make is that most of the ships com-
ing into the Baltic area have not had the possibil-
ity to make a BWE according to the basic IMO
guidelines, hence being high risk ships.
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In this report, investigations were made to find
out if there are areas with suitable environments
for ballast water exchange. Suitable conditions
may be areas of certain depths (preferably >200
meters), salinities or other conditions that effec-
tively can kill the organisms from the ballast wa-
ter and that they do not spread to the coast or to
protected areas. The main focus is on the southern
Baltic Proper since it is the area with the highest
traffic, it has the largest of the two existing areas
in the Baltic Sea >50nm from the coast.

In the assignment there were different aspects of
the questions at issue. The discussion and conclu-
sions are divided up into these different aspects.

Some of the questions were about transport and
mixing. In order to perform those calculations,
general wind climate and current conditions
needed to be investigated. The main force to cre-
ate surface currents in the Baltic Sea is the wind
and the most frequent wind direction is from the
SW and W. Although, there are numerous occa-
sions with prevailing wind from the other direc-
tions. The mean wind speeds are 7-8 m/s during
the winter and 4-5 m/s during summer, though the
variation of both speed and direction are large.
During winter winds almost reach 25 m/s and
during summer almost 15 m/s, but those events
are not very common. The direction of the wind is
dominated by south-westerly to westerly winds,

The speed of the surface current is mainly depend-
ant on the wind speed. Depending on the strength
of the wind, the direction of the surface current
varies, but is slightly to the right of the direction
of the wind. The mean speed and direction of the
surface water depends on the wind and the thick-
ness of the surface layer of interest. To transport
the upper 5 meters a distance of 50nm, it takes:

J 26 days with a 5 m/s wind speed and
J 9 days with a 15 m/s wind speed.

Ballast Water Exchange Areas
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The distances to the nearest protected area in each
direction and the time for the surface waters to
reach the areas (providing prevailing wind in the
optimal direction), the amount of days to reach
the areas vary between:

o 0 to 24 days with 5§ m/s wind and
o between 0 to 8 days with 15 m/s wind.

The calculations corresponded well with the
modelled simulations hence is concluded that the
discharges could be transported over large areas
during a time period of one month. The prob-
ability that a BW discharge will reach the nearby
protected areas Sodra Midsjo bank, Norra Midsjo
bank and Hoburgs bank is high. The simulations
also showed that the discharge could reach the
three protected areas within only a few days and
coastal areas within 1-2 weeks.

When it comes to mixing, the seasonal thermo-
cline in the Baltic Proper is developed during
summer at about 20 meters depth which prevents
mixing to greater depths. During autumn cool-
ing, the surface and deeper water mix, resulting in
more homogenous temperatures. There is a stable
perennial halocline at 60 meters depth. Above the
halocline, the salinity is rather homogeneous.

Waves also contribute to the mixing, higher waves
obviously more so than small waves. Another
aspect to be included is the safety for the ship and
crew. Rough wave climates pose as high risk for
the ship and crew. Mainly the significant wave
heights in the Baltic Proper are less than 3 me-
ters. During the winter, the main part is below 4
meters. These are not rough scenarios, but there
are occasions with significant wave height of 6-7
meters, which in many cases can pose as higher
risk, though these occasions are quite scarce. As a
conclusion, the wave climate in the Baltic Proper
is not very rough, especially when comparing to
more open sea areas.

A general description of the hydrography is need-
ed to understand more about the environment in
the area. The Baltic is a sensitive area partly due
to the narrow and shallow connection to the sea.
The very brackish surface waters vary between 5
psu in the Bothnian Sea to 7 psu in the southern
Baltic Proper. The difference between fresh and
central Baltic Proper water is not large.



There are distinct seasonal variations of many
parameters in the surface waters. Connecting

to above, the change is not only present in the
surface, but generally throughout the mixed layer
depth. The nutrients and chl-a clearly indicate
biological activity, mainly during spring, but there
are nutrients enough for the summer and autumn
blooms. A conclusion to be made is that the nutri-
ent level is not low enough to prevent indigenous
species survival.

More than 105 non indigenous species have been
recorded in the brackish waters of the Baltic Sea,
most of them due to shipping. Species invasions
are related to the volume of BW released, the
frequency of ship visits, and most importantly
the environmental match of donor and recipient
region of the BW (Leppidkoski, 2006).

According to Wallentinus and Leppikoski, usually
the trans-Atlantic ships and ships arriving from
very far away have had the possibility to conduct
a BWE in suitable areas. The high risk ships are
mainly European ships, not having suitable areas
along the route. Despite this, the most important
donor area is the east coast of North America,
having contributed to approximately 30% of all
known introductions to the Baltic Sea.

The idea of exchanging BW in the middle of the
Atlantic is in the hope that the nutrient level is so
low that the discharged organisms will not survive
due to the lack of food and that the organisms
there are adapted to live far offshore. The Baltic
Sea is not very large and there are nutrients availa-
ble most of the year. During spring, the biovolume
is at its highest, though there are biological activi-
ties (even HABs), mainly to the end of the year.

If the organisms are planktonic, it does not matter
if they are released far from land, since as long

as there are nutrients and light or food available,
they can survive well. If there are shallow areas,
like the southern and northern Midsjobank and
the Hoburgsbank, near the southern Baltic Proper
proposed BWE area, it offers a possible survival
area, for the organisms needing shallower areas to
survive. The wind mixes the water over a certain
depth, and it also transports this mixed layer from
the discharge area. If the water is transported
towards a protected area, like the ones mentioned
above, the entire water column over the shallow
area is a mixture with BW.

Ballast Water Exchange Areas
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Another risk reducing measure is a large salinity
difference between the donor and the recipient.
Though there is also no way to say what specific
salinity level will kill the BW organisms since
there are many different organisms in the BW. As
a rule of thumb, there is always a risk that they
may survive.

Generally: if the organisms are harmful, they
can or will affect the native organisms able to be
affected. For example an organism harmful to
fish, can or will affect the fish in the area. Also
competing or predatory species may cause harm,
especially in spawning areas of fish or on native
species on the sea bed.

In the risk evaluation (Leppadkoski), factors like
temperature, salinity, time of the transport and
the route was analysed. In general there is a high
risk when the area of origin and recipient is in

the same bioregion and low risk when they are
not even located next to a similar area (greater
distances - lower risk). The greater the difference
in salinity is between two areas, the lower the risk.
For the transport time; <3 days (at 16 knots) gives
high risk and >10 days gives low risk. However,
that also depends on the organisms, and in general
resting stages probably will survive and constitute
a high risk for quite a long time.

Harbours with a high frequency of ships with
BW potentially originating from outside the Baltic
Proper, are exposed to a higher risk of non in-
digenous species introductions and are evaluated
based on that. Some of the conclusions were that
all chosen recipient harbours in the Baltic Proper
have at least one high risk donor harbour and all
the extreme and high risk donor harbours were
located in Europe, but outside the Baltic.



The environment at the BWE area or in nearby
protected areas, possibly with important assets,
can be affected by the BW, but it is quite depend-
ant on what the BW contains. There is a wide
variety of what it can contain. If the organisms are
harmful to a single species or to entire ecosystems,
there is a clear risk of affecting protected areas.
The effect then depends on many parameters, for
example: where the BW comes from, what the
donor environment is like, from what donor bio-
region, the survival skills of the organisms dis-
charged in the new area and during the previous
transport, the stress tolerance of the organism and
what organism concentration it is in the BW.

The organisms discharged with the BW can be
transported to protected areas by the currents, if
the organisms can live at some depth in the pe-
lagic zone. There are a number of protected areas
more or less in the vicinity, for example spawning
grounds, fishing areas and bird reserves. Even if
the BW does not contain an organism directly
harmful to the birds, they may affect the food the
birds eat, leading to a decreasing success of the
bird breeding or less food during the wintering.

Important assets like fish farms can be gravely
affected. Also competing or predatory species may
cause harm, especially in spawning areas of fish
or on native species on the sea bed. Looking at
the map over protected areas, there are spawning
grounds very close to the southern Baltic Proper
proposed BWE area. Discharged pollutants nor-
mally affect the protected areas if transported to
the area.

Ballast Water Exchange Areas
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Taking consideration to traffic intensity, what
ships are passing the area, what the BW volume
is, the total annual BWE discharge in the southern
Baltic Proper was approximated to 1.9*10° m?.
Behind the number, there are many assumptions
made, especially when estimating the concentra-
tions and calculating the risk of a ship taking up
BW from a previous discharge.

Disregarding further mixing after the total BW
discharge during the course of one day, the BW
will cover approximately 1% of the total BWE
area at a concentration of about 2 %. During the
course of a day, by including diffusion, the area
has spread 220% of the total BWE area, now with
a concentration of 0.007%. If the wind mixes

the water to greater depths, the concentration

will drop further. These are calculations during
one day, but after several days, the concentration
will obviously be higher. Another factor concern-
ing the concentration is that normally in a major
shipping lane, the ships tend to follow somewhat
the same route, markedly increasing the risk of
BW uptake of higher concentration. The currents
cannot transport the discharged BW in the surface
waters fast enough away from the BWE area
before the arrival of the next ship.

The conclusion is that most probably, the uptake
of BW in the BWE area will be comprised of
previously discharged BW, but to a low concen-
tration. Though, in many of the referenced texts,
the concentrations of the organisms are not of
major importance. Some times the new organisms
can survive and reproduce even at low starting
numbers.

A final comment:

The proposed BWE in the southern Baltic Proper
is situated somewhat away from the main ship-
ping lane. It would be difficult to motivate
enough to change the main shipping lane through
the BWE area and the ships actually follow-

ing it. In the report from the Swedish National
Environmental Protection agency (Anon. 1998),
a comment was that: few ships reported having
exchanged ballast water while out at sea, which of
none had been for the purpose of preventing the
spreading of alien aquatic organisms and patho-
gens.
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Several colleagues and co-workers have contrib-
uted to this report. From SMHI Bertil Hikansson
has reviewed the report. Anna Edman pro-

duced the maps over the areas of interest, Ola
Nordblom contributed with the section of the
Seatrack model, Per Pemberton and Lars Axell
have extracted data. Signild Nerheim (SMHI) was
consulted in discussions of the transportation and
mixing. Daniel Nilsson participated by translating
a section of the text.

Inger Wallentinus and Malin Werner (AquAliens)
were interviewed for information of species intro-
ductions and introduction through Ballast water
and also of general effects the organisms in the
ballast water can have on the surroundings.

Ulrika Borg (the Swedish Maritime
Administration) was interviewed and gave further
information of reports of ballast water discharges
and ship traffic in the Baltic Sea.
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Map over shipping lanes, areas >50nm from the
coast, protected areas and depth range of the
Baltic Sea. The first map is an overview of both
areas >50nm from the coast.

The map in figure 6, includes the southern Baltic
Proper BWE area, major shipping lanes, protected
areas in Swedish waters. The legend describes the
different areas marked in the map. The location of
the different areas are gathered from Sydhavsvind
and Kartbok Euroregion Baltic och Ostersjon (see
web addresses in the references).

The following three maps are received from the
SMHI tool SeaTrackWeb. SeaTrackWeb is mainly
used to calculate and give a graphical map of
tracks from for example oil spill, forwards and
backwards in time. The maps include Baltic Sea
Protected areas and important bird areas, not only
in Swedish waters. These maps have been used to
calculate the distance to the nearest protected area
from the proposed BWE areas.
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Figure 5. Overview of both areas >50nm from the coast and the depth range in the Baltic Sea.
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Figure 6. Overview of the proposed southern Baltic Proper BWE area, protected areas in Swedish waters and major shipping
lanes.
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Figure 7a (top) and b (bottom). SeaTrackVWeb maps of the Baltic sea, including Baltic Sea Protected areas and important bird
areas, not only situated in Swedish waters.The top map is the Bothnian sea and the bottom map is the northern Baltic Proper.
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Figure 7c. SeaTrackWeb map of the southern Baltic Proper, including Baltic Sea Protected areas and important bird areas, not

only situated in Swedish waters.

Table 5.The closest distance in each point of the compass from the Southern Baltic Proper proposed BWE area to a protective
area. The distances are given in nm and in km (I nm = 1852 m).

N

NE

E

SE

41

46

14

15

46

26

34

76

85

26

28

85

48

63

In the table above, distances to the nearest pro-
tected area from the proposed BWE areas have
been calculated for each direction.

In Dragsund et. al 2005 and Leppakoski, E. &
Gollasch, S. 2006, the maps indicate larger and
more than two areas >50 nm from the coast. By
using a 50nm buffer zone from the coast, it is
clear that there are only two areas >50nm in the
Baltic Sea. One in the southern Baltic Proper and
one in the Bothnian Sea. There could have been
a smaller area in the northern Baltic Proper, but
with the Gotska Sandon, there is no area in the
northern Baltic Proper. For general interest, some
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of the results from the northern Baltic Proper are
still included.

The distances to the closest protected areas in the
Bothnian sea are in most directions almost the
same as the distance to the coast, which is 50nm.
The same would apply to the non-existing area in
the northern Baltic Proper.



APPENDIX 2: GENERAL
HYDROGRAPHIC DESCRIPTION

General description of the areas in the Baltic
Proper and Bothnian Sea > 50nm from the coast-
line (waves and main part of currents excluded).
A general salinity map for the Baltic Sea has been
produced by calculating the mean of the top layer
from the HIROMB model data during the entire
year 2003. By the same procedure, a general circu-
lation image was also produced.

The surface waters for a number of parameters
are displayed by each month for the three areas
southern Baltic Proper, northern Baltic Proper and
the Bothnian Sea.
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In the map below, data host stations are marked
with red dots, SMHI stations with blue dots and
the white dots are terminated stations. For analy-
sis of the southern Baltic Proper, BCS III-10 and
BY10 were used. For the northern Baltic Proper,
BY31 and BY29 were used. In the Bothnian Sea,
SR5/C4, MS4/C14 and F26 were used.

For temperature, salinity and sigmaT, the entire
depth column is displayed over several years as iso
plots.

The monthly mean values between 1994 and
2006 for temperature, salinity and sigmaT in the
southern Baltic Proper is compiled to present the
change and depth of the pycnocline depth over the
year.

Figure 8. Map of sta-
tions. Data host stations
are marked with red
dots, SMHI stations with
blue dots and the white
dots are terminated sta-
tions. For analysis of the
southern Baltic Proper,
BCS llI-10 and BY 10
were used. For the
northern Baltic Proper,
BY3I and BY29 were
used. In the Bothnian
Sea, SR5/C4,MS4/Cl14
and F26 were used.
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Figure 9. A general salinity map for the Baltic Sea by the mean of the top layer from the HHROMB model data during the year

2003.

The Baltic is like an estuary with a narrow and
shallow connection to the sea. The greatest sill
depth is about 18 meters. Due to the relatively
large freshwater supply and the limited connec-
tion to the sea, the salinity in the upper layer of
the Baltic Proper is about 6-7 psu with a perma-
nent halocline at about 60 meters depth. There is
also a horizontal salinity gradient from the north
towards the Kattegat and the Skagerrak due to the
runoff with higher levels of salinity on all levels in
the inflow region in the southwest.
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Most of the time, there is an outflow from the
Baltic due to the relatively large freshwater supply,
but every now end then, dense water from the
Kattegat flows into the Baltic Proper like a dense
bottom current. On its way, it entrains fresher
water from above. Vertical mixing processes lift
the denser water through the haloccline into the
upper layer where it is mixed with the freshwa-
ter supplied through the sea surface. The surface
layer loses water to the ocean via the Belt Sea and
Kattegat (Stigebrandt, 1983).
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Figure 10. A general current map for the Baltic Sea by the mean of the top layer from the HIROMB model data during the year

2003.

Since the earth is a rotating system, everything

is influenced by the different forces of the mo-
tion. By generalizing the mean currents from one
year, the currents are clearly influenced by the
Coriolis force. The fresher (mainly supplied from
the northern parts) surface waters get deflected
slightly to the right of its original motion until the
coast prohibits further deflection. The water then
continues to flow along the coast. The counter-
clockwise rotation of the surface currents are
marked in the figure above as black arrows.

The main force to create horizontal surface cur-
rents in the Baltic Sea is the wind and the predom-
inant wind direction is SW winds, that is most of
the winds come from the south-west and the west.

Depending on the strength of the wind, the
direction of the surface current gets vary, but is
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slightly to the right of the direction of the wind.
The stronger the wind, the narrower the deflec-
tion. The westerly winds often create a surface
current heading towards the south-east and the
south-westerly winds often create easterly surface
currents, hence the mean surface currents in the
southern Baltic Proper.

Due to friction, the moving surface waters affect
the water layers beneath and each layer move
slower than the one above and each layer move
slightly more to the right than the layer above
(until the wind induced motion reaches zero). In
an idealized situation, the surface current is 45 de-
grees to the right of the wind direction an the net
current induced by the wind, is 90 degrees to the
right of the wind (in the Northern Hemisphere).
Normally, these angles are less than above men-
tioned.



BCS IlI-10 in blue

By10 in red
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Southern Baltic Proper, surface
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Figure 11. Surface values for a number of parameters in the southern Baltic Proper on a monthly basis from 1990 to 2006.
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Stations included are BY 10 and BCS IlI-10.
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Figure 12. Iso plots of temperature, salinity and sigmaT from surface to the bottom in the southern Baltic Proper from 1990 to
2006. Stations included are BY 10 and BCS IlI-10.
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Figure 13. Iso plots of temperature, salinity and sigmaT from surface to 80 meters in the southern Baltic Proper. Monthly mean
values from 1994 to 2006. Stations included are BY 10 and BCS IlI-10.
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Figure 14. Surface values for a number of parameters in the northern Baltic Proper on a monthly basis from 1990 to 2006.

Stations included are BY29 and BY31.
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Figure 15. Iso plots of temperature, salinity and sigmaT from surface to the bottom in the northern Baltic Proper from 1990 to
2006. Stations included are BY29 and BY3|I.
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Figure 16. Iso plots of temperature, salinity and sigmaT from surface to 80 meters in the northern Baltic Proper. Monthly mean
values from 1994 to 2006. Stations included are BY29 and BY31.
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