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On the other hand, navigating under blind situation cannot be well defined;
always there would be the risk of going aground in blind navigation, even in
safe routes. For more clearness look at the Figure 9;

Region 1: Region for possible recovery
Region 2: Region for no recovery

OUTBOUND LJt’ﬂ.NE_¢7

irin C
SHIF'S_TRACK NBBUND LANE |

Figure 9: Hypothetical Waterway (Adapted from [4])

Always there would be risk of running aground for a ship navigating under
blind situation, even for ships navigating between two region 1s (safe transit
channel, inbound and outbound lanes). However, in reality those ships that
have entered the region 1 are those who are candidate for going aground. If
they do evasive action, they would survive however for some reasons with
different probabilities, all of them will not be able to avoid entering region 2.
Most probably those ships that have entered region 2 will run aground because
the maneuvering ability of the ship to avoid grounding has been decreased [4].
The width of the regions 1 and 2 are depended on different parameters such as
vessel’ s characteristics, environmental conditions etc.

Macduff’s model can be modified by the help of the figure above. If we
consider that C is the width of the safe transit channel (the distance between
region 1s) the Macduff’s Pg would be the probability of being a grounding
candidate. However, in this case a new definition for T is needed. For instance,
it could be defined as the distance that the vessel would travel between each
position checking.

T=Vxa (3.1.15)
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Kristiansen then has mentioned that the model’s validity can be improved by
affecting the actual maritime traffic distribution into the model. Therefore, the
position of the vessels can redlistically be described with the help of the actual
traffic distribution in alane, instead of the physical barriers of the fairway.

Figure 15: Enhanced grounding scenario (Source[13])

Kristiansen is the only one, who has clearly distinguished the difference
between stranding and grounding accidents:

“Recalling the straight line fairway scenario in the previous section
[Grounding], thereisalso a risk of stranding. The term stranding is used for
the impact with the shoreline in contrast to the impact with individual shoals
and islandsin the fairway.”

Figure 16: Stranding model (Source[13])

He has assumed that in the case of loss of control, the vessel may continue on
any course ahead. The critical angle for the vessal that might end up with
stranding is a. Therefore the conditional probability of stranding would be the
ratio of the critical angle over thetotal angle for one lateral side:
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The arctangent term can be replaced by an expression of Taylor expansion
series' as:

p_ m/2+ Zn(—l)”(WZ/nD—_)Z;:_1 2 [rr w (W)Z _ (y)3 ] (3.15.9)
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It is assumable that the length of the waterway (D) is much greater than its
width (W); therefore the terms of W/D with power more than one can be
neglected. As a result, the conditional stranding probability would be
simplified as:

P=1-Sx— (3.15.10)
T

Kristiansen then has argued (like Fowler and Sgrgard [10]) that the “average
time to regain vessel control and thereby selection of fairway section distance
[or the length of the channel (D)] has a vital impact on the estimated
probability”

Nevertheless, the models presented by Kristiansen [13] are too simple to be
used for real cases. He mentioned that the models are used for comparing
aternatives, and the probabilities calculated by these models cannot be used for
real world scenarios as precise numbers.

3.2 Statistical Models
The models that are presented in this part are:

e Pedersen, 1995
e Somonsen, 1997

! CliffsNotes.com. Taylor Series. 19 Mar 2009
<http://www.cliffsnotes.com/WileyCDA/CliffsReviewTopic/topicArticleld-19736,articlel d-
19727.html>.
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Karlsson et al., 1998

Otto et al., 2002

Rambgll Danmark A/S, 2006
Gucma, 2006

Quy et a., 2007

3.2.1 Pedersen, 1995& Simonsen, 1997

Pedersen’s model [33] is the most used model in recent years. Almost al of the
recent risk analysis and calculations for collision and grounding were based on
his model. Also Simonsen’s model [34] is a revised version of Pedersen’s
work. Their models have been used in two recent risk analysis software
(GRACAT [35, 36] and GRISK][37]) for analyzing grounding and collision
rsks.

Pederson and Simonsen have not mentioned whether their models are suitable
for grounding or stranding. However, since their models are based on the
integration of probability density function of ships' traffic over the boundaries
of the obstacle, it can be argued that their models are suitable for both
grounding and stranding according to this report’ s definitions.

Like Fujii’s [2], Pedersen’s [33] model gives the number of groundings, and
not the probability of grounding as Macduff’s [3] does. However, on the
contrary, Pedersen has considered the time factor in his model. It means that
the Pedersen’s model will estimate the expected numbers of grounding per year
or grounding frequency.

Pedersen has defined an imaginary route with a bend in the navigation route
around an area where ships with a draught above a certain level may ground.
Does it mean that he has considered the ship’s draught and the depth of the
channel in his model? If it is so, regarding to previous definitions and models
also, do we really need to think about how these factors (draught and depth)
can affect the model? Or going aground, itself, means that those factors have
been considered into the model?

He has categorized the grounding/collision scenarios into 4 different categories
as.

Cat.1 Shipsfollowing the ordinary, direct route at normal speed. Accidents
in this category are mainly due to human error, but may include ships
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subject to unexpected problems with the propul sion/steering system
which occur in the vicinity of the fixed marine structure or the shoal.

Cat. 2 Shipswhich fail to change course at a given turning point near the
obstacle

Cat.3 Shipswhich take evasive action in the vicinity of the obstacle and asa
result, collide with structure or ground on the shoal

Cat. 4 All other track patternsthan Cat. 1, 2, 3, e.g. off-course ships and
drifting ships

Therefore the estimated frequencies of grounding on the shoal can be obtained
asasum of the four different accident categories.

Vs = e o
1'.
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Figure 17: Distribution of ship traffic on a navigation route (Sour ce[33])

The simplified expression for the two first categories, which most of the
happened accidents are categorized into them [34], would be expressed as:

n class

Fearq = Z PCiQif fiBids
Ship class i=1 L

(32.1.1)

n class

d—a;)/a;
Fear o = Z PCiQiPO( a/a f fiBids
Ship class i=1 L

(3.2.1.2)
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where

Fca  isexpected number of collision or grounding per year

[ Is the number of ship class determined by vessel type and dead weight
tonnage or length

P Is the causation dependents on vessel class (i) by the effect of the pilot
since the probability of having a pilot during the passage increase with

the vessel size
Qi is the number of movements per year of vessel class (i) in the
considered lane
L is the total width of considered area perpendicular to the ships' traffic
fi Is ship track distribution
Bi is the collision indication function, which is one when the ship strikes

the structure or shoal and zero when the candidate colliding ship does
not hit the obstacle, that is, passes safely or grounds prior to collision or
grounding on the considered shoal*.

Po is the probability of omission to check the position of the ship

d Is the distance from obstacle to the bend in the navigation route,
varying with the lateral position of the ship
a Is the average length between position checks by the navigator

Pedersen has considered the traffic distribution over the transverse section of
the waterway (f;) instead of using traffic volume or traffic density in his model.
Nowadays this probability density function, which mostly considered as a
Gaussian distribution, and its parameters can be estimated easily from
statistical databases collected by VTS (Vessel Traffic Services) centers.
However, in case of lack of data, it can be simply assumed as a Gaussian
distribution and its parameters can be approximated.

The other advantage of his model is that he has clearly put into account the
ship classes, which he has related them to vessel type and DWT or length.

One of the interesting points about his model is that he is the first one who has
tried to somehow put a human factor in geometric model of
collision/grounding. The Py is the probability of omission to check the position
of the ship, which is connected to human factors.

! The question is how the grounding on shoal and colliding with shoal can be distinguished
from each other? In author’s point of view, these two events should be classified as grounding.
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The factor B in Pedersen’s model has a complicated definition. According to
correspondence between the author and Ms. Maria Hanninen, since there
would be no point of integrating ship track distribution (f;) over the total width
of the considered area perpendicular to traffic (L), because not al the shipsin
the lane are grounding or collision candidates, the B-function has been defined
to restrict the integration for the ships on grounding or collision course only.
However, it is probable that someone like the author of this review,
understands from Pedersen’s definition that B would be zero for al grounding
candidates (if striking the shoal would not be categorized as grounding), and
since B is inside the integral, the number of groundings would be always zero
by this definition!

In comparison, Simonsen [34] has modified the Pedersen’s model in his
Doctorate thesis. He has used the same imaginary route as Pedersen used; but
has defined the grounding frequency for two first categories as:

Zmax
M= Y e e 6219
Ship class i Zmin
Fmax (3.2.1.4)
Ny = Z PC,iQie_d/aij fi(z)dz o
Ship class ,i Zmin
where:
a is the average distance between position checks by the navigator

(assumed to be 75% of the ship’slength while sheisin the channel; and
set to one ship length while she is between the channel and the harbor)

d is the distance from obstacle to the bend in the navigation route,
varying with the lateral position, s, of the ship

[ istheindex for ship class, categorized after vessdl type and dead weight
or length

fi(z) isthe probability density function for the ship traffic

Pei is the causation probability, i.e. ratio between ships grounding and
ships on a grounding course

Qi is the number of shipsin classi passing a cross section of the route
per year

Fca  isexpected number of collision or grounding per year
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z Is the coordinate in the direction perpendicular to the route
(ZminZmax) are the transverse coordinates for an obstacle

As is seen, Simonsen has replaced the B factor by integration boundaries as
Zyvax and Zyin. In this way, the unclear role of the B has been replaced by the
clear definition of integration boundaries. Therefore, Simonsen’s model could
be used even for calculating collision frequency or grounding frequency; and
the integration boundaries et us to consider those ships that are in grounding or
collision courses only (Figure 18).

OQbstacle/ Shoal
Obstacle Shoal

B=0
=0 . B=1 B=1

Zr z2 Zz3 Z4 Z3

Figure 18: Pedersen’sB factor and Simonsen’sintegration boundaries

Simonsen assumed that the event of checking the position of the ship can be
described as a Poisson process. Therefore the term e~4/2i is representing the
probability of the navigator not checking the position of the vessel. He has also
mentioned that the causation probability (Pc) can be estimated by the help of
available accident data collected at various locations and then transformed to
the study region; or it can be found by the help of Fault Tree Analysis (FTA).

He has then mentioned that the theoretical result achieved by the model is quite
sensitive to both the causation probability, Pc, and the distance between each
position checking, a.

3.2.2 Karlsson et al., 1998

Karlsson et al. [38] has defined a model for grounding in @resud link between
Malmo in Sweden and Copenhagen in Denmark. The model will just yield the
grounding probability due to human failure as (see Figure 19):



o1

min@l=d) @22
l

P(Grounding at point E) = Phyman X

where:

/ is taken as 4 nm

Phuman is taken as 2.0 E-04 according to [29]
dand d’ are defined in Figure 19

Figure 19: Possible grounding scenario due to human failure in @resud link (Adapted
from [38])

One interesting point about his model is that he has mentioned that the
distribution of the ship traffic teraservers to the navigation channel can be
assumed as a combination of uniform and normal distributions, as 2% uniform
and 98% Gaussian. (Figure 20) Although he has not mentioned that how he has
come with this conclusion, it is probable that this conclusion was extracted
from the used database for traffic distribution.
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e |

Figure 20: Transver sedistribution of grounding candidates (Sour ce[38])

He aso has mentioned that the probability of grounding for those ships that
used pilots is more or less similar to the others, which is quite different from
general belief about presence of pilots.

3.2.3 Otto et al., 2002

The procedure for calculating the risk of grounding, presented in Otto et al.
[16], is quite similar to the collision with rocks or coral-reefs. It can be said
that it is a simplified version of Pedersen’s model. Therefore it can be
concluded that his model, same as Pedersen’s, is suitable for both grounding
and stranding.

The digtribution of routes over the traffic lane was assumed to be normally
distributed and therefore the grounding probability would be calculated by
integration of route probability distributions that overlapped with the obstacle.
This model, like Pedersen [33] and Simonsen [34] will yield the annua
frequency of the grounding.
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Figure 21: Sample grounding scenario (Source[16])

fe = nyPg(Pg1 + Pgz) (3:23.1)
where:
Ny is the number of voyages per year
Peg is the causation factor

Ps1& Pa2 is the grounding probability of ships navigating in route 1 and 2
respectively. Those are calculated by integration of route
probability distributions that overlapped with the obstacle.

3.2.4 Rambgll Danmark A/S, 2006

One other interesting existing risk model for grounding has been presented by
Rambgll Danmark A/S[39] in August 2006. The model has been presented in a
report about the navigational safety in a sound between Denmark and Sweden
named @resund. The parties, who had contribution in the study, were the Royal
Danish Administration of Navigation and Hydrography, the Danish Maritime
Authority and the Swedish Maritime Administration.

It can be argued that the presented model in the report is again a simple
deduction from Pedersen’s model. It aso, same as Pedersen, yields the
frequency of grounding.
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One interesting point about their work is that they argued that the collision with
fixed obstacle can be interpreted as grounding on a zero water depth curve.
Therefore, they have used same model for both grounding and collision with a
fixed obstacle. In this report’s point of view, it can be concluded that the model
Isdesigned for both grounding (collision with fixed obstacle) and stranding.

Qobstacle
‘ ‘ Ship dlass
‘ v, L, B, D

Al

Figure 22: Stranding (left) / Grounding (right) candidates for ships on straight route (Source [39])

Depth curve

They have separated the event into two different scenarios according to the
nature of the navigation route.

1. Straight route before meeting shoal or obstacle, which means all ships
at grounding course not making an evasive maneuver are grounding
candidates

2. Bend on the route before meeting shoal or obstacle, which means all
ships on grounding course before the bend not making a turn in the
bend are grounding candidates
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Figure 23: Grounding candidates for shipson a route with a bend (Source[39])

In fact, the second scenario (Figure 23) is a combination of two first scenarios
(Figure 22). Therefore, when the grounding frequency is calculated for the
second scenario, the grounding frequency in two (or even more) different
situations should be calculated separately and then combined together to give
the final grounding frequency.

The grounding frequency would be calculated by the formula below:

fgrounding = NQ X (1 - Pevasive) (324.1)
where:
No is the number of grounding candidates
1-Peyasive Is the probability of not making an evasive maneuver due to

human or technical failures

The model seems simple at the first glance; however calculating its parameters,
same as for others' models, is not asimple task.

The number of grounding candidates (Ng) would be gained by the help of ship
traffic distribution, which for the mentioned location it has been assumed that it
fits a combination of uniform and normal distribution®. The parameters of the

! Like what Karlsson et al. [38] has recommended.
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traffic distribution could be gained by analyzing the AIS data. The research
team has mentioned that the factors that have effect on Peyasive are:

Number of ships presented in the location
Pilot on board

Speed distribution for ships

Draught distribution for ships

Ship type distribution for each direction

L ocation of shoal or obstacle

Water depth at shoal or obstacle

Distance from bend to shoal or location

N AWM

As is seen, the affecting parameters are not few. Besides, defining each of the
above factors requires analyzing a quite huge amount of data. The analyzing
team has used BN to analyze the above parameters'.

3.2.5 Gucma, 2006& Quy et al., 2007

Quy et a. [40] has defined a model with the help of a graphical explanation
that Gucma [41] has used for his real time simulation. The model, like
Macduff’s [3], has yielded the probability of a ship exceeding from a certain
waterway width, or in other words, hitting the wall of the channel. Therefore,
Quy’s and Gucma's models are giving the probability of stranding, according
to the definition of this report. However, it seems that their models can be
modified to be used to calculate the probability of grounding as well.

Quy et al. [40] has mentioned that the probability of a ship exceeding from a
certain waterway width can be determined as:

o0

Pex = P(y > Dr|ETlU = l) = jf(y)dy (3.25.1)
B/2

where:

D, is the half of the channel width
B is the breadth of the ship

! The readers are referring to the report [39] for detailed used BNs.
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f(y) isthedensity function of the ships extreme positions (port and
starboard of the ship) in respect to the center of the waterway width in
the simulation of a maneuvering scenario i™

[ is the maneuvering scenario, which isthe different combinations of
environmental conditions affecting the ship’s maneuverability. They are
divided into various classes known here as “ maneuvering scenarios’

Figure 24: Distribution of ship’s position based on the simulation results (Source[41])

Therefore the probability of ship exceeding the waterway section borders
during a given time period can be determined as:

N,

Plife = Nship z Pex Poc [Env = i] (3252)
i=1
where:
Nship is the number of ships present in the waterway during a given
time period
Ne is the number of scenarios

P.[Env=i]  isthe occurrence frequency of the maneuvering scenario i

In comparison, Gucma [41] has presented the probability of accident due to
safe waterway exit as.
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+00
Pa = f f(y)dy (3.25.3)

dmax

where:

f(y) isthedensity function of ship extreme positions
dmax  iSthe distance from the waterway center to its border

Asit is seen, the two authors do not have the same idea about the integration’s
lower boundary. The Gucmas gives the probability of ship’s accident
(stranding), which are the black zones in Figure 24; while it seems that the
Quy’ s does not present anything meaningful.

F(y) is the function of the channel’s width, which shows the locations of the
extreme starboard and port points of the ship with regard to the width of the
channel. Because the lateral location of the ship is not fixed, the breadth of the
ship (B) cannot be considered as a constant value for integration; and therefore
the breadth of the ship, itself, is somehow a variable in this function and cannot
be considered as a boundary for integration’.

However, the author of this report assumes that by using the presented theory
in [4] (see Figure 9), the lower integration boundary in above equations [Eq.
(3.2.5.1) and Eq. (3.2.5.3)] can be considered as D, or D, which are the right
and left boundaries of safe maneuvering area of the waterway (outer borders of
regions 1, refer to Figure 9). By this assumption, the result will show the
probability of the ship to be a grounding candidate? or entering the no-recovery
area (Figure 9). Therefore the EQ. (3.2.5.1) can be rewritten as:

! 1t means that the extreme position of the starboard and port of the ship (B/2) with regard to
the centerline of the waterway is not fixed, and it cannot be considered as an integration
boundary.

2 Entering the regions 2 refer to Figure 9, or black and red zones in Figure 24.
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P, =P((y > D)|Env =1i) = j f(y)dy (3.25.4)
Dy

The most important feature of Quy et a.”s model [40], which makes it different
from other models, is that he has used different combination of environmental
conditions as scenarios instead of using causation probabilities. He has taken
into attention different scenarios that can occur for the ship while she is on the
sea. However, he has regected undesired combination of environmental
conditions like the combination of very low wind speeds but very high waves
or windy situation with fog, which have hardly ever occurred.

Moreover, in the graphical model that has been used by Gucma [41], the center
line of the ship has not been used to define the distribution of the ships
positions. On the contrary the extreme positions of starboard and port sides of
the ship have been considered, which is more redlistic in order to model the
stranding event as an event of hitting the wall of the channel. It should be
mentioned that Gucma [42] has expressed the model briefly for the first timein
one of his paper in year 2000, where he has put into word the terms technical
reliability and navigation reliability to talk about the effects of navigation
device failures and human factor, respectively.
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4. Conclusion

“Learning and unlearning are vital factors in the implementation of new
concepts. Implementation requires two vital things, Change-radical shifts in
conditions- and Transition-the human process of getting used to change. The
transition takestime” (Dag Ericsson) [43]

One of the main issues in SGRA is that by today’s knowledge, a holistic and
precise model which could describe the reality, if not say impossible, at least is
arealy hard goa to achieve. Nevertheless, the main questions are:

¢ |ssuch modd really needed to calculate the risk of grounding?
e What precision should the model have to deliver an acceptable level
for grounding risk assessment?

By reviewing the literature, the author has come to this idea that since the
causation probabilities cannot reveal the features of the traffic and the
geometrical locations of the ships and obstacles, having a geometrical model
would be necessary for SGRA. Now the question is:

e How general this geometrical model should be?

The author believes that since the geometrical model should be used generally
for al locations and situations (scenarios), it should contain as few parameters
as possible. It means every factor that its value may change if the scenario (not
the location) is changed, should not be considered in risk analysis as
geometrical model. However, they should be added into the analysis as
causation probability. Then the causation probability could be defined locally
as a general causation probability, which contains the specific conditions of the
accident that may occur.

One another possible view is to define different causation probabilities, which
each of them is connected to specific event or situation. For instance one
causation probability connected to the time of the day (being day or night) and
the other one connected to presentation of pilot on board and so on. They
should be defined as universal causation probabilities, which are valid for the
same situation all over the world. For caculating a total (local) causation
probability for a specific scenario, al different probabilities for the applied
situations should be known and then they can be combined together to reach to
a unigue causation probability for a unique scenario. Then when it multiplied
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by the geometrical probability that gained from the geometrical model, it can
give usthe final probability of grounding in specific location and situation.

Asit is seen in different reviewed models, the causation probabilities could be
defined and calculated either by Fault Tree Anaysis (FTA) or Bayesian
Network Analysis (BNA) or even a combination of these two methods, which
Is recommended by the author.

It is also worthwhile to mention that traffic distribution is one of the main
factors that should be included in geometrical model. However traffic
distribution, itself, depends on some other factors like time of the year
(season). Although it is possible to use average traffic distribution for the
whole year, it is recommended to use a suitable time window (ex. seasonal) for
the analysis, in which the traffic distribution is somehow constant. Since
seasonal traffic distribution fluctuation for GOF is high, at least this precise
time window is vital for the GOF.

Another interesting point about the reviewed literature is that in al models, the
ship’s draught and the depth of the waterway have not been directly considered
in the models. However, the grounding accident has been defined when the
draught exceeds the depth. Does it mean that there is really no need to take into
account the draught and the depth when the model is being designed? Could
not a model be defined, in which the depth and the draught both are considered
directly into it?

Moreover, it should be mentioned that athough the term “grounding
candidate” has been explained as “those ships that would most probably go
aground if nothing, internally or externally, changes’, author believes that there
would be more clear estimation about the grounding candidates with the exact
information about the near-miss cases.

Near-miss cases are those ships that were near to have an accident (go aground
In this case) but survived by just a minute. They occur in situations that control
measures are postponed until the last minute, or where the technological
capacities suddenly fail [44]. Although some efforts have been done to prepare
a database about the near-miss cases, since most of the navigator officers are
not eager to admit that there was anything special about the incident, the near-
miss grounding situations have not been registered in any databases yet [15,
26].
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It is worthwhile to mention that in spite of the collision accidents, which “being
in encounter situation” could be defined easily (when two or more ships meet
each other), definition of “being in a grounding situation” might not be so
clear. Although, Fowler and Sergard [10] and Amrozowicz [4] have somehow
defined the grounding situations, still there is a need for an international
definition.
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5. Further Researches

“1f we knew what we were doing, it wouldn't be called research, would it?”
(Albert Einstein)

Since this literature review has been carried out specificaly for GOF, and the
aim was to find a suitable risk model for ship grounding in GOF; these further
researches are recommended for SGRA in GOF.

Recommended further researches:

1.

o u

Choose and modify an existing geometrical model or define a new
geometrical model for the ship grounding probability in GOF.

Clarify the specific features of shipping in GOF, which have effect on
the probability of ship grounding in the region

Calculate or define the causation probabilities connected to each
specific features of GOF

Calculate the total probability of ship grounding in the GOF for current
traffic situation

Validate the gained result by comparing with available statistical data
Predict and calculate the total probability of ship grounding in the GOF
for traffic situation up to year 2015
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7. Appendix

Collected values for Grounding Causation Probability
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Reference Value of Pc Location Remarks
Macduff, 1974 1.55E-04 : without traffic separation scheme
[3] 1.41E-04 North Sea, Dover Strait with traffic separation scheme
1.26E-04 Uraga Strait Probability of mis-maneuver
5.01E-04 Ship Size (GRT) >500
6.31E-04| Hiraiso, Akashi Channel | Ship Size (GRT) 100-500
1.00E-04 Ship Size (GRT) 20-10
Fujiii, 197412] || p _ 37104 [100E-03| Sementoiso, Akashi Channel
3.16E-04 100-500 GRT
2.00E-04 | Bisanseto, Ozeishimaldand | >500 GRT
3.16E-04 <100 GRT
6.31E-05| Naruto Strait, Nakaze bars
Pedersen, 1995
(33 1.59E-04
Simonsen, 1997
[34] 3.50E-04
0.0019 good vis. >=2 km, Small T<30ft, USflag
Kite-Powell et 3.53E-04 0.0002 New York/ New Jersey | good vis. >=2 km, Small T<30ft, non-US flag
a., 1999[7] 4.50E-03 good vis. >=2 km, Large T>=30ft, USflag




Kite-Powell et
al., 1999 [7]
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0.0015 good vis. >=2 km, Large T>=30ft, non-US flag

0.0002 good vis. >=2 km, Barge Trains

0.007 poor vis. < 2 km, Small T<30ft, USflag

0.0014 poor vis. < 2 km, Small T<30ft, non-US flag

0.0937 poor vis. < 2 km, Large T>=30ft, USflag

0.0139 poor vis. < 2 km, Large T>=30ft, non-US flag

0.0015 poor vis. < 2 km, Barge Trains

0.0002 low wind <10 m/s, Small T<30ft, non-US flag

0.0066 low wind <10 m/s, Large T>=30ft, US flag

0.0018 low wind <10 m/s, Large T>=30ft, non-US flag

0.0002 low wind <10 m/s, Barge Trains

0.002 high wind>=10 m/s, Small T<30ft, USflag

0.0008 high wind>=10 m/s, Small T<30ft, non-USflag

0.005 high wind>=10 m/s, Large T>=30ft, USflag

0.001 high wind>=10 m/s, Large T>=30ft, non-US flag

0.0002 high wind>=10 m/s, Barge Trains

0.0023 good vis. >=2 km, Small T<30ft, US flag

0.0008 good vis. >=2 km, Small T<30ft, non-USflag
1.64E-03 0.0048 Tampa Bay good vis. >=2 km, Large T>=30ft, US flag

0.0016 good vis. >=2 km, Large T>=30ft, non-USflag




Kite-Powell et
al., 1999 [7]
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0.0017 good vis. >=2 km, Barge Trains
0.0125 poor vis. < 2 km, Small T<30ft, USflag
0.0072 poor vis. < 2 km, Small T<30ft, non-USflag
0.0407 poor vis. < 2 km, Large T>=30ft, USflag
0.016 poor vis. < 2 km, Large T>=30ft, non-US flag
1.64E-03 0.017 TampaBay poor vis. < 2 km, Barge Trains
0.0024 low wind <10 m/s, Small T<30ft, USflag
0.0009 low wind <10 m/s, Small T<30ft, non-USflag
0.0053 low wind <10 m/s, Large T>=30ft, US flag
0.0018 low wind <10 m/s, Large T>=30ft, non-US flag
0.0019 low wind <10 m/s, Barge Trains
high wind>=10 m/s, Small T<30ft, USflag
high wind>=10 m/s, Small T<30ft, non-USflag
high wind>=10 m/s, Large T>=30ft, USflag
high wind>=10 m/s, Large T>=30ft, non-US flag
0.0048 high wind>=10 m/s, Barge Trains
0.0014 good vis. >=2 km, Small T<30ft, USflag
0.0003 good vis. >=2 km, Small T<30ft, non-USflag
115E.03 0.0051 Houston/Galveston good vis. >=2 km, Large T>=30ft, USflag
' 0.0009 good vis. >=2 km, Large T>=30ft, non-US flag
0.0012 good vis. >=2 km, Barge Trains
0.0139 poor vis. < 2 km, Small T<30ft, USflag
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0.0026 poor vis. < 2 km, Small T<30ft, non-USflag
0.0429 poor vis. < 2 km, Large T>=30ft, USflag
0.0013 poor vis. < 2 km, Large T>=30ft, non-US flag
0.01 poor vis. < 2 km, Barge Trains
0.0016 low wind <10 m/s, Small T<30ft, USflag
0.0004 low wind <10 m/s, Small T<30ft, non-US flag
Kite-Powell et 1.158-03 0.0057 Houston/Galveston low wind <10 m/s, Large T>=30ft, USflag
al., 1999[7] 0.0009 low wind <10 m/s, Large T>=30ft, non-US flag
0.0014 low wind <10 m/s, Barge Trains
high wind>=10 m/s, Small T<30ft, USflag
high wind>=10 m/s, Small T<30ft, non-US flag
0.0745 high wind>=10 m/s, Large T>=30ft, USflag
high wind>=10 m/s, Large T>=30ft, non-US flag
0.0041 high wind>=10 m/s, Barge Trains
Fowler &
Sergérd, 2000 3.07E-04 North Sea A e Powered, good visibility
[10] 2.47E-04 Powered, good visibility, within VTS zone
Fowler & 8.57E-04 Powered, poor visibility
S@rg?rlt(j),] 2000 North Sea Area Powered, poor visibility, within VTS zone
Otto, 2002 [16] 1.59E-04 Taken from Pedersen [33]




Kristiansen,
2005 [13]

2.00E-04
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Mean value of others' values (0.80E-4 to 3.30E-4)
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