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The m/s ESTONIA accident;

Weather conditions on September 27th and 28th 1994

General

The weather conditions on the 27th was dominated by an intense and large low pressure
area with several sublows, covering northern Scandinavia and the Norwegian Sea. Refer
to the weather chart over Europe in figure 1 (bilaga 1) from 12 UTC Sept. 27th.

One of the sublows intensified on the 27th and rapidly moved eastward via southern
Norway and eastern Sweden to southern Finland. The low became relatively intense and
was located over Oslo on Sept. 27th at 12 UTC with pressure 995 HPA, on Sept. 28th at
00 UTC over the southeastern part of Sea of Bothnia with 980 HPA and on Sept. 28th at
12 UTC over eastern Finland with 985 HPA. A warm front, associated with the low,
together with an area of rain, moved quickly eastward during the evening of the 27th
over the northern Baitic sea. South and southwest of the low the wind shifted from
southwesterly to westerly, the westerly becoming very gusty.

THE WEATHER CONDITIONS ON NORTHERN BALTIC SEA AND GULF OF
FINLAND SEPTEMBER 27TH

The weather can be described with a map of observations from different places. In
figure 2 to 6 (bilaga 2-6) these maps are shown for the period of interest.

Weather observations are made simultaneously every third hour, beginning at 00 UTC.
Swedish time is equal to UTC-time plus 1 hour.

Finnish and Estonian time is equal to UTC-time plus 2 hours.

In this report, Swedish time, called L.T. (UTC time plus ! hr) is used unless indicated
otherwise. In some of the figures, the time notation Z is used, which is equal to UTC.

The winds on the chart is denoted by an arrow flying with the wind. The arrow has short
and/or long cross bars indicating the wind speed.
One short bar means 2.5 m/s, one long bar means 5 m/s.
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For example: w/ SW (southwest) 12.5 m/s

i W (west) 20.0 m/s

Figure 7 (bilaga 7) shows a map of selected observation sites which have been found
representative to present the weather conditions on northern Baltic sea: Soderarm,
Svenska Hogarna, Bogskir, Uts, Russars, Bagaskir and Ristna.

Observations are also made in Tallinn, however those are impaired by lee wind effects.
For instance, no wind speed over 7 m/s were reported from Tallinn during the period of
strong winds which occurred on Sept. 27-28th.

In figure 8 (bilaga 8), the weather observations from the above mentioned sites are listed
in table form for each third hour during the period of interest.

DEFINITION OF WIND

The wind is defined by an international agreement (WMO), used by all countries, as the
mean wind registered on a height of 10 meters over the ground during a period of 10
minutes preceding the observation occasion. The wind is, in most cases, measured with
the help of an instrument called anemometer.

In Sweden, the maximum mean wind during the last 3-hour period is also noted. The
Finnish lighthouse, Bogskir, is equipped with an automatic weather station whick also
measures maximum mean wind and gust-winds.

Also on the Estonian site Ristna, maximum and gust winds are measured. Refer to
figure 8 (bilaga 8).

The variation of the wind hour by hour as registered by Soderarm and Svenska Hégama
(coptes of original registrations) are shown in figure (bilaga) 9 and 10. Note that the
time is UTC. Clearly, the maximum winds occurred after the accident of Estonia.

COMMENTS TO THE TABLE OF THE WEATHER CONDITIONS

The wind observations from the listed observation sites are relatively representative for
open sea area although some reduction is always present even at a lighthouse close the
coast. Additionally, at some lighthouses, the lee effect is significant from certain wind
directions. Observations from Bogskir and Ristna is estimated to be the most
representative in this weather situation.

In order to better assess the winds at sea, SMHI is using a computer model which takes
into account the actual weather observations, effects on the wind due to topography over
land and coastal areas and over the sea. Included in the model is also sensitivity to the
actual type of air mass and water temperatures. The physical relationships are well
known and by running this weather model one enhances the assessment of the winds in
different areas of the sea. The figures (bilaga) 11-14 depict such computer generated
maps valid 19, 22, 01 and 04 hours L.T. on Sept. 27-28th.



WAVES
DEFINITION OF WAVES

The wave height of a single wave is defined as the vertical distance from bottom to top.
According to international agreements, measurements are done using significant wave
height and maximum waves. The significant wave height is defined as the mean value
of the highest third of all waves. This concept has been introduced as a way to achieve a
better relationship between waves measured by instruments and manually assessed wave
heights. It is known that a human eye tends to over-estimate the "mean wave height".
The concept "significant wave height" then provides a better relation between manual
observations and those made hy instruments.

The concept maximum wave height is introduced because waves, which interferes with
each other, occasionally form waves considerably higher than the significant wave
height. :

Statistically, every 500th to 1000th wave will become generally 70-80% higher than the
significant wave height and in some extreme cases, 100% higher. On this occasion, it is
estimated to have happened between every second and every third hour.

In the cases of waves passing over shoals, the frequency of the above described
interference phenomena increases. This also occurs when the wind direction shifts more
than 45 degrees, lasting for at least a couple of hours. Wave fronts will then intersect
and interfere with each other.

Wave measurements were missing at the occasion in the northern Baltic sea. The only
measurements made routinely in this area are made at Almagrundet. Due to technical
problems this station has not been in use for some time. However, on this occasion,
wave measurements from Almagrundet would not have been representative for the area
from the western part of the Gulf of Finland to south of Uts, in particular not with wind
directions from south and southwest followed by west.

The daily wave forecast, used by SMHI, is produced by a numerical wave model which
uses the speed, direction and duration of the wind, plus the sea depth, in its calculations.
The dynamic processes are well known, and the model has been verified to be very
accurate in both Germany and Sweden. The result is presented as significant wave
height.

In order to calculate the wave conditions on the occasion as accurate as possible, SMHI
has used the above mentioned numerical weather model to produce the initial weather
conditions as input in the wave model. The outcome being waves based on the actual
wind conditions during Sept. 27-28th in the area of interest.

Figure (bilaga) 15-17 shows calculated waves at 19, 01 and 07 L.T., based on the
numerical weather mode].

This report also includes a theoretical study of wave heights and an assessment of
probabilities for some extreme wave heights which may have occurred on the occasion.
See figure 18 (a-b).



AIR TEMPERATURE

The air temperature at sea varied between 11 and 13 degrees during the day on the 27th.
Behind the narrow front which passed eastward during the evening, the temperature
sunk to 10-11 degrees. The temperature dropped to 8-9 degrees after the wind had
shifted to west during the later part of the night.

SEA SURFACE TEMPERATURE

Daily maps of the sea surface temperature of surrounding seas are produced by SMHL
Data is acquired from measurements made by ferries and merchant vessels and from
satellite measurements made with infrared sensors.

The sea surface temperature in the the area of interest during the night between 27-28th
was between 12-13 degrees. From the 28th the temperature sunk to 10-11 degrees. Refer

to figure (bilaga) 19.

CURRENTS

Sea current measurements are not made on a daily basis in the Baltic sea. However, a
numerical model which calculates currents is run daily at SMHI. This information is
mainly used for oil discharge fighting and rescue operations. Since the weather
conditions entirely steer the sea currents in the Baltic sea, it is possible, as in the wave
height case, to calculate the sea current conditions with the help of weather models.

These calculations, which in this case shows the current at 5 m depth, does not reveal
any strong currents along the route of m/s Estonia in the beginning of evening.

Shorily before midnight the current is calculated to have increased to about 0.5 knots
towards the direction between east and northeast. From 02-03 L.T. shifting toward
southeast, still around 0.5 knots,

REPORTS FROM EYEWITNESSES

Information about wind and waves have been gathered from:

* The ferries Silja Europa and Mariella, which run almost parallel to Estonia. They
arrived to the place shortly after the loss.

* The ferry Finnjet, which was located about 25 n.m. behind Estonia, arriving to the
place at 02.20 L.T.

* The ferries Silja Symphony and Isabella, which departed from Stockholm toward
Helsinki and estimated to have passed the place of the loss 2-3 hours after it happened.



* Two Swedish merchant vessels, Weston and Ingrid Gorthon, arriving to the place of
accident 3-4 hours after it happened.

* Helicopters from the Air Force and the Navy , which participated in the rescue
operation and arrived 3-5 hours after the loss.

Wind and waves
Vessels

All vessels reported the mean wind in the beginning of the evening (Sept. 27th) to about
south 10-15 m/s. Later, further increasing to south 15-20 m/s. Then 2-3 hours before
midnight shifting to southwest 15-20 m/s. From the later part of the night, that is after
the loss, about west 20-25 m/s with gusts up to 26-30 m/s. During the early morning
decreasing to west about 20 m/s, later in the morning 15 my/s.

The wave height has been estimated to 4-5 m, with occasional maximum waves 6-7 m
before the accident, after the accident 5-6 m with occasional waves up to 7-8 m.

The wind gauge instruments on the ferries are placed between 40-50 m over the sea
surface but the wind speed readings are reduced to be valid at a height of 10 m. After
many years of experience, the general opinion among the crew on board the vessels is
that this reduction of the wind very well corresponded to the real conditions.

Observations of wind and waves on merchant ships are always estimated. The captains
on board these vessels point out that according to their experience, the wave height was
at the most 5-6 m, compared to 6-10 m which has been figured in the press.

Helicopters

The Swedish helicopters from the Air Force and the Navy which arrived to the site of
the loss between 02,50 and 05.00 L.T. have made the following estimates:

Wind about west 25 m/s, gusts up to 30 m/s. One helicopter reported gusts of up to 40
m/s. '

Concerning the wave heights, the range varies more than for the wind. The majority
reports 5-6 m or 6-8 m. One helicopter reported 6-9 m, another 6-10 m.

One helicopter even reported a gigantic wave of 12 m.

Comments to observations from vessels and helicopters

The wind and wave conditions of interest are those which occurred before the accident.
There is a close agreement between observations from the different meteorological



stations, observations made on vessels and the numerical model calculations of the wind
and wave conditions. Close agreement remains also after the accident except for wave
height reports from helicopters. It may prove difficult to evaluate the different
observations, but SMHI wants to comment on those since there have been speculations
about extreme conditions in the press.

Wind

Before the accident, reports were available from ferries and merchant ships. There is
close agreement here about the southwest wind 15-20 m/s, also supported by
meteorological observations and computer models.

After the accident, i.e. the late part of the night and the early morning, both vessels and
helicopters were generally in agreement of wind speed west 20-25 m/s, gusts up to 30
m/s.

One helicopter reports gusts up to 40 m/s.

These reports are generally supported by observations made by meteorological stations
as well as computer models, which indicated gusts of up to 30-34 m/s.

Significant wave height

There is close agreement between observations and calculations on the wave height 3.5-
4.5 m before the accident. During the time after the accident, there is significant
difference between the reports from the vessels, which report 5-6 m, and the helicopters,
which report wave heights from 5-6 mto 6-10 m.

One has to assume that reports from helicopters do not distinguish between significant
and maximum waves, which result in the large range of wave heights.

Since observations of significant wave height from ferries and merchant vessels before
and after the accident is in close agreement with numerical calculations and theoretical
studies, the conclusion made by SMHI is that is most likely that the wave height before
the accident was 3.5-4.5 m and 2-3 hours after the accident had increased to 5.0-6.0 m.

Maximal wave height

The maximal wave height, both observed by vessels and theoretical, are also in close
agreement here. Occasional maximal waves occurring before the accident is estimated
to about 7 m, but statistically, an 8 m wave could have occurred every second hour. A
couple of hours after the accident, the expected maxirnum wave is 8-9 m, possibly with
Some extreme wave up to 10 m. This wave may have been observed by the helicopter
which reported the 12 m wave.



As acomparison, the highest waves ever measured in the Baltic Sea since 1976 is from
Almagrundet with a significant wave height of 7.8 m, maximum height 12.8 m and from
Svenska Bjorn with a significant wave height of 8.1 m, maximum height 12.2 m. Both
of these readings are made during a long lasting southerly storm during January 13-14th
1584.

During the rescue operation later in the night, the waves must have been experienced as
very difficult due to the fact that "old” waves from southwest with longer period were
superimposed by waves from the west with shorter periods, forming a confused sea
state,

THE CONDITIONS FOR M/S ESTONIA

An attempt 15 made here to retrospectively give the most probable wind and wave
conditions which m/s Estonia experienced during her last voyage, based on observations
and calculations referred to earlier in this report.

The magnitude of the force of the gusts are estimated from both observations and
theoretical calculations made on the present weather situation.

Note that the significant wave height is calculated while the maximal wave height is
based on theory, statistics and eyewitnesses.

The time is referred to as Swedish time. The vessel’s speed is based on the normal time
table/speed normally used according to EstLine including information from Officer
Kukk to media and m/s Mariella.

Estimated conditions on m/s Estonia’s last voyage:

*18.00-19.00 L.T. Tallinn roadstead - point just west of Naissar. (Speed 19-20 knots?)
Wind S-SW 8-10 m/s. Gusts up to 13 m/s.
Waves 1.0-1.5 m, max 2.0 m.

* 19.00-20.00 L.T. Point just west of Naissar - line Pakri/Jussars. (Speed 16 knots?)
Wind S 10-13 m/s. Gusts up to 16 m/s.
Waves 1.5-2.0 m, max 3.0 m.



* 20.00-21.00 L.T. line Pakri/Jussars - abeam of Osmussar. (Speed 15 knots?)
Wind S 11-15 m/s. Gusts up to 18 m/s.
Waves 2.0-3.0 m, max 4.0 m.

*21.00-22.00 L.T. Abeam of Osmussar - line Tahkuna/Russaré. (Speed 14 knots?)
Wind S-SW 13-17 m/s, gusts up to 24 m/s. (At the front shortly strong gusts.)
Waves 2.5-3.5 m, max 5.0 m.

*22.00-23.00 L.T. Line Tahkuna/Russaré - abeam of Bengtskir. (Speed 14 knots?)
Wind SW 13-17 m/s. Gusts up to 21 m/s.
Waves 3.0-4.0 m, max 6.0 m.

* 23.00-24.00 L.T. Abeam of Bengtskir - abeam of Ristna. (Speed 13 knots?)
Wind S-SW 14-18 m/s. Gusts up to 21 my/s.
Waves 3.5-4.5 m, max 6.5 m.

*00.00-00.30 L..T. Abeam of Ristna - point just east of the accident. (Speed 12 knots?)
Wind SW 16-20 m/s. Gusts up to 23 mvs.
Waves 3.5-4.5 m, max 7.0 m.

At the sight of the loss:

*00.30-02.00 L.T.
Wind SW 16-20 m/s. Gusts up to 24 m/s.
Waves 4.0-5.0 m, max 7.5 m.

* 02.00-06.00 L.T.
Wind W 20-25 m/s. Gusts up to 30-34 m/s.
Waves 5.0-6.0 m, max 9.0 m, possibly an occasional wave up to 10 m.

*06.00-08.00 L.T.
Wind W 17-22 my/s. Gusts 26 my/s.
Waves 4.0-5.0 m, max 7.0 m.



FORECASTS

Presentation of forecasts valid on the occasion of the accident including the customized
forecast which was sent to m/s Estonia.

The General Weather Forecast for Sea areas

In the general weather forecast for sea areas transmitted on the Swedish radio P1 on the
27th at 08.00 L.T. and the forecast transmitted in English via Coastal Radio Station and
NAVTEX on the 27th at 06.56 UTC, it was indicated that the wind from SW 10-13 m/s
would be increasing to 17-22 m/s, during the night further increasing to westerly storm
20-25 m/s. Refer to figure (bilaga) 20 and 21.

The following reports transmitted during the day and evening of the 27th, repeated this
forecast. Refer to figure (bilaga) 22-25.

Customized Forecast

Like many other ferries, m/s Estonia subscribed to a daily forecast service from SMHI
via fax. These forecasts are customized to a specific route and offer relevant
information. The forecast was sent by fax and acknowledged by m/s Estonia in the
afternoon on the 27th is shown in figure (bilaga) 26.

Besides a detailed wind forecast for separate stretches along the route, a wave forecast is
included, based on the earlier mentioned numerical wave model.

Forecast preparation

The data used by SMHI for making 72 hour forecasts is provided by a nurnerical
weather model which is run on a main frame computer four times a day. Longer
forecasts of up to 10 days are calculated on a co-European weather model twice a day,
but the space and time resolution in the latter model is not as high.

In cases of technical problems and for reasons of comparison, SMHI also receive
numerical weather models from Great Britain, Germany and the United States.

All available information about the present weather condition on a global basis from the
surface, the atmosphere and through satellite sensors are continuously transmitted into
these models. The data is also supervised directly by meteorologists on screens and
maps in order to closely follow the weather development.

The weather development on Sept. 27-28th was well predicted by SMHI's weather
model and supported by the rest of the above mentioned weather models. The
meteorologist on duty at SMHI during Sept. 27-28th had access to a reliable forecast
and was able to issue a storm warning already Tuesday moming for the upcoming night
on northern Baltic Sea.

The operational wave model, which uses winds from the numerical wind mode] as
input, produced maps of waves which, although slightly smaller, relatively well
corresponded to the actual wave heights.
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FINAL COMMENTS

Weather and wave conditions

As mentioned earlier, the conclusion is that the hardest winds and windshift to a
westerly storm force, with corresponding heavy sea, occurred not until 1-2 hours after
the accident and then continued 3-5 hours in the morning.

The weather on Sept. 27-28th is not extreme in any way, instead a rather 'normal’
autumn storm occurring a number of times during the autumn and winter periods,
statistically 5-15 times per year.

Forecasts

SMHI's opinion about the general forecasts, which were transmitted on Swedish radio
station P1, coastal radio station and NAVTEX, is that the weather development was
well predicted on the evening of the 27th and morning of the 28th on the northern Baltic
Sea. Additionally, the customized forecast sent to and acknowledged by m/s Estonia,
must have matched the expected quality requirements, although the waves in the
forecast were underestimated to some degree, especially the maximal waves.

Up until the accident the wave height was in the forecast 2.5-3.5 m, max 5.5 m. In the
analysis of this report the actual wave height is estimated to have been 3.54.5 m, max
7.0 m before the accident.

SMHI finds no physical or topographical conditions in the sea which may have caused
any extreme waves over 7 m before the accident.

The conditions after the accident with waves 5.0-6.0 m, max 8-9 m, occurring 2-6 hours
later in the morning on the 28th, would never have been experienced by m/s Estonia if
the vessel had continued westward with 14-16 knots, since the wave height decreases
toward the lee shore further westward.

This is why the customized forecast from SMHI for the period 04-07 Estonian time (03-
06 L.T.) indicated decreasing waves, although the wind was predicted to increase to
west 18-25 m/s.

SMHT's opinion is that the forecast in this case did not have a deterrent effect to the

officers on m/s Estonia, since these conditions are experienced a number of times each
year on the northern Baltic Sea, and at times even worse.

For SMHI

Svante Andersson
Head of SMH I -Marine Services
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OBSERVATIONER

Bilaga 8.

Nedan visas de observationer av medelvind till rikning respektive hastighet som noterades 27-28

september.

Endast de svenska stationemna plus den finlindska automatstationen Bogskar anger vilka maximala
medelvindar man noterat sedan forra observationen, 3 timmar tidigare. Notera att man aldrig mater
vindhastigheten i byama vid nigon av dessa stationer forutom vid Bogskir och Ristna.

Tiden ir svensk vinterntid.

Dag/ kl | Soderarm Svenska | Bogskar Utd Russard | Ristna Bagaskar
Hogarna

riktning

medel/max byvindar,

(m/s) se Not.

/ bymax

27/k1 16 | SW SW SW SW WSW SW SW

09 /12 12 /14 |13 /14 {09 09 08 /12 12
27/ 19 | SW SSW. S SSW SW SSW SW

11 /13 14 /16 |14 /17 13 08 08 /14 |09
27122 1S SW SwW SW S WSW S

13 N7 16 /18 |17 /18 [ 15 16 16 f21 15
28/k1 01 | SW W SW SW SW WSW SW

14 /15 17 /18 |20 /21 |15 12 15 /22 16
28/ki 04 | W WNW W WIW WSW W SwW

20 /20 24 24 |19 [f22 |15 12 18 /29 18
28/k1 07 | WNW WNW WNW WNW WNW W W

17 /20 18 /25 |21 f24 |13 09 17 /26 04
28/ki 09 | WNW WNW w WNW W W

12 /17 14 /18 15 11 12 10

Not.

Bogskir uppmitte de hogsta byvindama:
27 september kl 22.46 till 24.6 m/s.

28 september kl 06.25 till 27.7 m/s.

Diremellan var bymax betydligt lagre.




