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A Study on Vessel’ s Strong Wind Warning System

HU SHOUHU

Department of Navigation Science
Graduate School of Korea Maritime and Ocean University

Abstract

The marine climate information which provides to vessels is mainly
furnished by radio device such us NAVTEX, Weather Fax., radio
broadcasting, and others. Nevertheless, they provide widely information for
nation or region. It is the reason why many seafarers are disinclined to use
the information to prevent the marine accidents such as grounding, hull
and cargo damage, and cannot make a decision on optimal and economical

navigation plan considering weather conditions.

After analyzing the marine accidents which happened in Korea between
2010 and 2015, this paper finds out that 65% of all marine accidents were
caused by strong wind and high seas. And about 20.7% of all grounding
and capsizing accidents were due to severe marine weather. If the
changing trend of wind speed could be alerted to seafarers 2 or 3 hours in
advance, the accidents which were caused by strong wind would be

avoided.

Eight grounding accidents which happened from 2007 to 2016 in Korean
ports and coast are analyzed in this study. Firstly, this study attempts to
determine whether the wind speed can be used as a criterion to determine

the degree of danger. Hence, it analyzes the 10-minute average wind

_iX_
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speed before and after the accidents to find out the correlation of strong
wind and grounding accidents; secondly, this study uses least squares
method to process the wind speed data (the first clear and concise
exposition of the method of least squares was published by Legendre in
1805, which is widely used to find the best fit line to target data), and
then expand exponential function to further analysis the wind speed.
Eventually, this study develops the vessel’ s strong wind warming

algorithm that can estimate the changing trend of strong wind.

A significant benefit of applying this warning system is that this system
is simple and fast, and this system can obtain the wind speed data from

the shipborne anemometer without any additional equipment.

Key Words: weather information, strong wind warning, marine accident,

anemometer, least squares method
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Chapter 1. Introduction

1.1 Background and Purpose of This Study

Shipping is the most international of all the world’s great industries,
every year about 90% of international trade is done by it, and it is also
one of the most dangerous industries. The maritime accidents, undesired
abnormal events of a ship that often result in the loss of life or major
injury to the person on board and generate various types of property
damage. Marine accident has been a major issue in the international
maritime community since shipping began (LUO, M, F., and SHIN, S, H.
2016).

After the statistics and analysis of the marine accidents which happened
in Korea between 2010 and 2015 (shown in Table 2.1), this study finds out
that about 65% of all marine accidents were caused by strong wind and
rough seas. And about 20.7% of all grounding and capsizing accidents were
due to severe marine weather. If the marine weather can be forecasted 2
or 3 hours before, most of the accidents that caused by strong wind and

rough sea could be avoided.

_']1_
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Table 1. 1 Statistics of marine accidents between 2010 and 2015

2011 2012 2013 2014 2015 Total
Collision 185 182 182 192 162 903
Hull 10 10 9 14 10 53
Damage
Grounding 20 13 9 16 12 70
Capsizing 14 10 10 5 7 46
Fire 16 17 23 19 30 105
Explosion
Sinking 8 11 9 7 8 43
Engine
Trouble 2 9 3 5 14 33
Death and | 4 16 15 25 37 112
Injury
Others 7 4 2 11 25 49
Total 281 272 262 294 305 1414

The marine weather information which providing for vessels is mainly
offered by radio devices which are NAVTEX, Weather Fax., and others.
Nevertheless, the information they provide is always national or regional,
the precision of this wide range information is very low. It is the reason
why many seafarers are disinclined to use the information to prevent
marine accidents such as grounding, hull and cargo damage, and the

seafarers cannot make an optimal and economical navigation plan

_12_
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considering this kind of low precision weather information.

Due to the low precision weather information and the high-frequency
marine accidents caused by strong wind, this study attempts to develop the
vessel’ s strong wind warning system which is based on the wind
anemometer installed on the bridge. As a result, the accuracy of the
alarming information can be accurate to the surrounding area of the ship.
This study analyzes the 10-minute average wind speed when the grounding
accidents happened in the anchorage of Korean ports. And this paper has
already developed the vessel’ s strong wind warning system that can
estimate the changing trend of strong wind speed 2 hours before. Based
on the alert information provided by this system, vessels can have enough

time to do the preventive work for the coming strong wind.

1.2 Literature

In the maritime community, a huge effort has been directed to reduce or
eliminate the maritime accidents. And due to the strong wind’ s threats to
the people on board, the ships, the cargo, and the marine environment,
many countries have issued a severe weather warning in order to protect

their marine transportation infrastructure and save their people at sea.

In recent years, different wind speed forecasting models have been
developed, including the linear time series analysis approaches ARIMA
models, Kalman filters and more recent machine learning techniques which
are support vector machines and various forms of neural networks such as
multi-layer feedforward neural networks and recurrent neural networks.

These methods have its own improvements and characteristic.

Lysiane et al (2016) carried out an automatic gale warning proposals for

Swiss lakes and regional aerodromes based on genetic programming, the

_']3_
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evolutionary algorithm, which is a machine learning technique inspired by
the evolution theory of species, constructs, evaluates, selects and improves
algorithmic expressions - actual Java methods - aiming for forecasting
maximal gust intensity within the next hours. 20 such evolution runs were
performed once for each warning object, leading to an ensemble of 20
Java methods specific to each site. These 20 methods build a probabilistic
forecast for the occurrence of wind gusts at a specific lake or aerodrome
in the next hours. But this warning system was designed specifically for
the lake and aerodrome, and it was developed for the weather station that
needed lots of additional equipment. For that reason, this alarm system is

not suitable for shipborne use.

Pelikan, E. and Eben, K (2010) proposed a physical model which was
based on the NWP (Numerical Weather Prediction) models, and it provides
the wind speed forecasting by using the mathematical models of the
weather and topological data like pressure, humidity, temperature and wind
direction. These models often include many complex variables. Therefore,
it is very difficult to collect all the information mentioned above and it’ s

hard to be put into use.

Hu, J. M., Wang, J. Z. and Ma, K. L. (2015) developed a hybrid
forecasting approach that consisted of the EWT (Empirical Wavelet
Transform), CSA (Coupled Simulated Annealing) and LSSVM (Least Square
Support Vector Machine) for enhancing the accuracy of short-term wind
speed forecasting. The EWT was employed to extract true information on
a short-term wind speed series, and the LSSVM, which optimizes the
parameters using a CSA algorithm, is used as the predictor to provide the
final forecast. Moreover, this study uses a rolling operation method of the
prediction processes, including one-step and multi-step predictions, which

can adaptively tune the parameters of the LSSVM to respond quickly to

_']4_
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wind speed changes. The model designed in this paper can forecast any
changing trend of wind speed a half-hour before, but for marine
accidents, the strong wind is the main cause, and the low wind speed does
not have too much significant effect. Hence, the efficiency of this wind

forecasting model is not high.

YVES QUILFEN et al (2010) proposed a high wind model which is
provided for estimating maritime near-surface wind speed from satellite
altimeter backscatter data during high wind conditions. The model was
built using coincident satellite scatter meter and altimeter observations
obtained from QuikSCAT and Jason satellite orbit crossovers in 2008 and
2009. The new wind measurements are linear with inverse radar
backscatter levels, a result close to the earlier altimeter, high wind speed
model of Young (1993). The high wind model could estimate the wind
speed from 0 to 20 m/s, but this model is based on the satellite, this model
requires very harsh equipment and technical conditions, and the cost of
using this model is high. Consequently, the applicability of the model is

poor.

1.3 Methodology and Contents

This paper studied and discussed the advantages and disadvantages of
the genetic programming model, numerical weather prediction model,
hybrid forecasting approach model, and a high wind model in the
application of wind speed prediction. But all wind speed prediction models
discussed above are not suitable for use on board. Therefore, this paper
aims to develop a wind speed prediction model that suitable for ship use,

and this model should satisfy the following conditions;

1. be able to forecast any changing trend of the wind speed in the

_']5_
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near future,

ii. base on the measured wind speed data from the shipborne

anemometer,

iii. Let seafarers have enough time carry out sufficient preparation

for the coming strong wind.

The main contents of this article and the arrangement of each chapter

are as follows:

The first chapter introduces the background of this research and the
various existing wind speed prediction models, analyzes the advantages and
disadvantages of each model and introduce the wind speed prediction

method adopted in this study.

The second chapter introduces the main factors that cause marine
accidents and makes the correlation analysis of strong winds and grounding

accidents on eight ship stranded accidents.

The third chapter contains the research process of wind speed prediction
algorithm. This paper mainly uses the least squares method to process
10-minute average wind speed (24 hours wind speed before and after the
grounding accidents happened), and then uses the exponential function to

further emphasizes the wind speed data and gradient values.

Chapter four contains the concluding remarks and further prospects on

this topic.

_']6_
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Chapter 2. Analysis of Grounding Accidents

Since ancient times, all human activities in the sea are inseparable from
navigation. The sea provides abundant treasure and unlimited resources for
the survival and development of mankind. Whether engaged in marine
fishing and breeding or engaged in passenger and cargo transport at sea,
carrying out the national defense and military activities in the oceans,
conducting scientific expeditions to the oceans, or developing resources
such as seabed oil and mineral deposits. The navigation safety is the basis
and precondition of human understanding, exploitation, and exploitation of

the ocean.

2.1 The Factors that Caused the Marine Accident

Sailing safety has always been a great concern to the shipping industry.
For a long time, various shipping countries in the world have done a great
deal of work on ship safety. However, with the rapid development of the
shipping industry in recent years, accidents such as ship collision,
stranding, fire, explosion, and the pollution have occurred frequently which
was already caused serious consequences. Comprehensive analysis of these
marine accidents, it could acquire the conclusion that the main factors
affecting the safety of ship navigation are human factors, ship factors, and

environmental factors.

2.1.1 Human Factors

The human factor mainly refers to the accidents caused by the
misoperation of the crews, weak sense of responsibility or the shortage of
professional skills of the crews. IMO states in the ISM Code that about 80%

of all the accidents at sea were caused by human factors. And about 80%

- ’]7 -
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of all human factors can be controlled through effective management, by
strengthening the internal management of the company and the safety
management of the ship (Li, C.G., 2016).

2.1.2 Ship Factors

Ship factors include the ship’s quality and the ship management. The
ship’s quality and seaworthiness are the prerequisites for the safe
navigation of ships. The ship’s quality includes all kinds of fire-fighting
and life-saving equipment, mechanical and electrical equipment, safety
measures, navigational equipment in the cab and various automatic systems

in the cabin that operating normally or not.

2.1.3 Environmental Factors

Marine weather issues are very serious element that cannot be ignored
during the vessel’ s sailing, they are current wind speed and direction, air
pressure, rainfall, ocean current, fog, temperature, and others. Among
them, the strong wind is one of the most main factors that results in the
marine accidents at sea. The strong wind can cause the waves, as a result
it could alter the movement of ships. Especially when the vessel was
anchored in the harbor or sailing near the coast in the low speed, the
strong wind can lead to serious grounding accidents like the eight

grounding cases analyzed in this paper.

2.2 Grounding Cases Study

This study analyzed eight grounding cases which happened between 2007
and 2016 in Korean ports and coast, and the wind speed information are

from the Korea Meteorological Administration website (www.kma.go.kr).

_']8_
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This website provides 1-minute and 10-minute average wind speed data,
and because most of the world’ s meteorological departments use the
10-minute average wind speed recommended by the World Meteorological
Organization (WMO). And the calculation method for the 10-minute
average wind speed is: measures ten minutes’ wind speed at a height of
ten meters above the surface and then takes an average. For the wide
commonality of this warning system. Consequently, this paper is based on
the analyses of 10-minute average wind speed. Through the wind speed
analysis of the eight grounding cases, this paper attempts to develop a

strong wind warning algorithm that can forecast the upcoming strong wind.

Table 2.1 shows the grounding time, gross tonnage, atmospheric pressure
at sea level and the maximum wind speed information of the eight

grounding vessels.

_19_
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Table 2.1 The information of the 8 grounding ship

Atmospheric Max.

: pressure at sea Wind

No | Ship’s name Achent Gross level (hPa) Speed

time Tonnage

Max. Min. m/s

1| TiaN HE | 200703041 5500 | 10205 | 10013 | 156
22:00

o | carxiv | 2912098231 9900 | 10130 | 10096 | 363
13:00

3| EHAE [ O00L1 3026 | 10309 | 10145 | 125
FU SHENG | 2013.07.02

4 e SR 30000 | 10105 | 10002 | 126
CHEN LU | 2013.10.15

5 N S g6l | 10210 | 10130 | 96

6 | Bum N | ZOL3LL250 5000 1 10234 | 9976 | 146
03:55
OCEAN | 2016.04.17

7 e Cop '] 3525 (110131 | 9930 | 213

8 | M NAM 20})%%%05 1321 | 10194 | 9837 | 294

According to different wind speed observation locations, the wind speed
varied a lot. Therefore, for the accuracy of the strong wind warning
system, the wind speed data analyzed in this paper were collected from
the wind speed observation station that closest to the ship’ s grounding
location. Table 2.2 provides grounding places and wind speed observation

places of the eight grounding accidents.

_20_

Collection @ kmou



Table 2.2 Grounding and wind speed observation places of 8 grounding

accidents
No | Ship’s name Grounding place Wind spe%?agbservatlon
Coastal area of Dongsam-dong,
1 TIAN HE Taejongdae, Busan Yeongdo-gu, Busan
Casarri Beach, Bulmok-ri,
2 CAI XIN Yaksan-myeon, Gunoe-myeon,
Wando-gun Wando-gun
3 IE HAE Coastal area in front of Dongsam-dong,
Jung-ri ,Yongdo-gu Yeongdo-gu, Busan
4 FU SHENG | 2kmsouthof coastal area Dongsam-dong,
HAI of Taejongdae, Busan Yeongdo-gu, Busan
900m northeast of
5 CHENG LU Pohang Yeongil Bay Songdo-dong, Nam-gu,
15 Pohang
Harbor
6 BUM JIN Coastal area of seul-do, | Bukjeong-dong, Jung-gu,
Dong-gu, Ulsan Ulsan
7 OCEAN CoJaus rtlal_ﬁresogl gé(_mltl . Sinseon-dong3-ga,
TANGO 8 B gdo-gu, Yeongdo-gu, Busan
usan
8 MI NAM Tyt Goso-dong, Yeosu
Dolsan-eup, Yeosu

2.2.1 Correlation Analysis of Strong Wind and Grounding Accidents

First of all, this study analyzes the wind speed data before and after the
grounding accidents in order to find out any relation between the changing
trend of wind speed and the accidents. Figure 2.1 - 2.16 show the
10-minute average wind speed curve when the eight grounding accidents

happened.

_21_
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N,

Figure 2.1 Grounded general cargo ship ‘TIAN HE’
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Figure 2.2 10-minute average wind speed before and after the ‘TIAN
HE’ accident

As shown in Figure 2.1, the cargo ship ‘TIAN HE’ (GT 5,500 tons) was

stranded by strong wind near the sea area of Taejongdae Busan on 04

March 2007 and caused very serious damage to the hull. Figure 2.2 shows

that from 22:00 to 19:00 the wind speed was lower than 7 m/s and the

wind speed change rate was relatively steady. However, from 19: 00 the
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wind speed continued to increase rapidly, up to 21:50 the wind speed
reached its maximum—15.6 m/s, and then 10 minutes later the stranding

accident happened.

Figure 2.3 Grounded general cargo ship ‘CAI XIN’

N
(e}
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Figure 2.4 10-minute average wind speed before and after the ‘CAI XIN’

accident

On 23 August 2012, the cargo ship ‘CAI XIN' (GT 2955 tons) was

stranded by strong wind and high seas in Casarri Beach, Yaksan-myeon,
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Wando-gun, Yeosu Korea. Figure 2.3 shows the situation in the rescue
scene, more than 35.4 tons of oil spilled from ‘CAI XIN’, and this accident
caused huge marine pollution. As shown in Figure 2.4 from 13:00 to 6:00
the wind speed was continuing to increase and at 6:00 the wind speed
reached its maximum—36.3 m/s. From 6:00 to 16:00 the wind speed had
been decreasing, and the grounding accident was occurring more than six

hours after the maximum wind speed appeared.

Figure 2.5 Grounded general cargo ship ‘JE HAE’
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Figure 2.6 10-minute average wind speed before and after the ‘JE HAE’
accident

On 01 February 2013, the cargo ship ‘JE HAE' (GT 3026 tons) who
anchored in Busan Port was stranded by the strong wind. Figure 2.6 shows
the fact that from 17:00 to 9:30 the wind speed was under 5 m/s, but from
9:30 to 15:00 the wind speed was keeping increasing and reached its
maximum wind velocity 12.5 m/s at 15:00. There were two strongest wind
speed point in this accident and the ‘JE HAE’ accident occurred near the
second largest wind speed point. The grounding time occurred one and a

half hours after the first strongest point appeared.
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Figure 2.7 Grounded bulk carrier ‘FU SHENG HAT
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Figure 2.8 10-minute average wind speed before and after the ‘FU
SHENG HAI' accident

On 07 February 2013, the bulk carrier ‘FU SHENG HAI’ (GT 30000

tons) who was anchored in Busan Port stranded by the strong wind and

wave, there were 26 mariners on board and 19 of them were saved.

Analyzing from Figure 2.8, it can find the fact that the grounding accident

happened almost 9 hours after the maximum wind speed occurred and
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from 3:00 to 12:20 the wind speed was keeping increasing. At 12:20 the

wind speed reached its maximum number 12.6 m/s.

Figure 2.9 Grounded freighter ‘CHENGG LU 15’
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Figure 2.10 10-minute average wind speed before and after the ‘CHENG
LU 15" accident

As shown in Figure 2.9, the freighter ‘CHENG LU 15° (GT 8461 tons)
sank about 0.5 nautical miles off South Korean Pohang port’s northeast

breakwater in a severe storm on October 15th 2013. This vessel was
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anchored on outer road, but the vessel’s anchor was dragged and then hit
the breakwater. Figure 2.10 shows that the wind speed up to its maximum
value of 9.6 m/s at 14:08 and the grounding time of ‘CHENG LU 15’ was
about 2 hours after the maximum wind speed occurred. From 16:00 to
10:00 the wind speed was under 3 m/s, and the wind speed changes were
relatively stable. However, from 9:00 to 12:00 the wind was keeping
increasing and from 9:00 the wind speed changes have fluctuated

remarkably.

Figure 2.11 Grounded oil tanker ‘BUM JIN’
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Figure 2.12 10-minute average wind speed before and after the ‘BUM
JIN” accident

On 25 November 2013, the oil tanker ‘BUM JIN’ (GT 2302 tons)
anchored in Ulsan port was stranded by strong wind and high seas. As
shown in Figure 2.11, the oil tanker ‘BUM JIN’ was seriously destroyed
and eventually lost its transport function. On the same day, another two oil
tanker ship grounded at Ulsan coastal sea, they are ZHOU HANG 2 (GT
4675 tons) and ‘CS CRANE’ (GT 7675 tons) which caused very serious
marine pollution and ecological pollution. Figure 2.12 shows that the wind
speed reached its maximum value of 14.9 m/s at 2:01 and the grounding
accident happened almost two hours after the maximum wind speed
appeared. From 8:00 to 19:00 the wind speed was under 4 m/s and during
this period of time the wind speed changing smoothly. However, from
19:00 the wind speed began to change dramatically, at 2:01 the wind

reached its maximum value.
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Figure 2.13 Grounded car carrier ‘OCEAN TANGO’
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Figure 2.14 10-minute average wind speed before and after the ‘OCEAN
TANGO’ accident

As shown in Figure 2.13, the car carrier ‘OCEAN TANGO’ (GT 3525
tons) which was anchored at Young-do area, grounded by strong wind and
high seas on 17 April 2016. For this grounding accidents, more than 38,000
liters of oil spilled from her and caused enormous economic losses and

serious environmental pollution. Figure 2.14 shows the facts that the
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grounding accident occurred near the strongest wind speed point for the
car carrier ‘OCEAN TANGO’. From 2:00 to 21:00 the wind speed was
under 6 m/s and the speed changes were very stable. Whereas from 21:00
the wind speed continued to increase rapidly and reached its maximum
velocity at 01:03, between 21:00 and 6:00 the wind speed change rate was

Severe.

Figure 2.15 Grounded passenger ship ‘Ml NAM’
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Figure 2.16 10-minute average wind speed before and after the ‘MI
NAM’ accident

As shown in Figure 2.15, the passenger ship ‘MI NAM’ (GT 1321 tons)
anchored in Yeosu Expo new port was grounded by the breakwater while
being pushed by a strong gust because of the typhoon ‘CHABA’ On 04
May 2016. Figure 2.16 shows the wind speed curve before and after the
passenger ship ‘Ml NAM’ accident, for this grounding case, the accident
happened almost one hour after the maximum wind speed appeared. From
17:00 to 07:58 the wind has maintained an increasing trend, and up to the
maximum wind speed at 07:58. From 03:00 to 13:00 the wind speed

changes were fluctuated severely.

Analyzing the eight grounding cases above, it can acquire the conclusion
that the accidents did not always occur near the strongest point of wind.
For the cargo ship ‘TIAN HE’ and the car carrier ‘OCEAN TANGO’, the
grounding accidents happened near the maximum wind speed, and for the
other six cases, the accidents occurred a few hours after the maximum
wind speed appeared. And for the eight grounding accidents, the grounding

wind speed varied a lot from each other. Thus, making alarming level only
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based on the wind speed does not a good and effective method. However,
for the eight grounding accidents, the wind speed has changed very
quickly during a specific time period. Hence, this paper attempts to use
wind speed changing rate to carry on the further analysis for the eight

grounding accidents.
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Chapter 3. Development of the Strong Wind Warning
Algorithm

3.1 The Basic Method of Wind Speed Changing Trend Prediction

In recent years, different kinds of wind speed changing trend forecasting
methods have been developed, which is including Kalman filtering method,
linear trend method, random time series method, least squares method, and
the others.

The linear trend method is to assume that the variables that are to be
predicted are linear in relation to time, and based on this to predict the
future trend. But sometimes there is no linear relationship between wind

speed and time.

Using the Kalman filter algorithm, the wind speed is used as the state
variable to establish the state space model, which can realize the wind
prediction. However, it is difficult to establish the Kalman state equation
and the measurement equation. And this method can be used to predict
the online wind speed when the noise statistical characteristics are known.

But the statistical characteristics of the noise are often difficult to obtain.

The implementation of random time series method is relatively simple
and requires only a single wind time series to model, but the accuracy of
the prediction depends on the order of the model, the low order has low
prediction accuracy, and it is difficult to calculate the parameters of the

model with the high order number.

The least squares method is a mathematical optimization technique. It
matches the best function of finding the data by minimizing the squared

error. Using the least square method, the unknown data can be obtained
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easily, and the sum of squared error between the obtained data and the
actual data is minimized. Therefore, this paper uses the least squares

method to process the wind speed data.

3.2 Design of the Strong Wind Warning Algorithm

3.2.1 Wind Speed Changing Trend Calculation Method

At first, the wind speed changing trend is obtained by least squares
method. The least squares method is a process to find the best fit line to
the target data (Miller). The gradient of the fit line means the simple
changing trend in a specific period. This study mainly used the Excel’ s
Linest function to process the wind speed data and obtain the gradient
values. This study uses 8 computing units to acquire 8 kinds of gradient
values. Meanwhile, the computing units are 1 hour, 2 hours, 3 hours, 4
hours, 5 hours, 6 hours, 7 hours and 8 hours. Eqs.(3-1)-(3-5) is the
formula for seeking wind speed changing rate by the linear least squares
method.

y=kt+c (3—1)
1 (3—2)
t=—Yt,
ni;l
- 1y (3—3)
y_ni;yi
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i=1 ‘ (3—5)

where is t time, v is wind speed, ¢ is mean time, y is mean wind speed

, ¢ is the constant and b, is the slope.

Table 3.1-3.2 show the calculation method of wind speed changing rate,
and the calculation unit varied from 1 hour to 8 hours. Figure 3.1 - 3.8

show the gradient values and wind speed curves.
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Table 3.1 Wind speed changing trend calculation method (1-4 hours
calculation unit)

Collection @ kmou

Wind 1 hour 2 hour 3 hour 4 hour Time
speed
V1 8:00
V2 7:59
Index(Linest( :
V60 V1:V60)) 7:00
Index(Linest( | Index(Linest( ,
V20 ye1vizon | vivI2o) 6:00
V180 Index(Linest( | Index(Linest( | Index(Linest( 500
V121:V180)) | V61:V180)) V1:V180)) '
V240 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest( 4:00
V181:V240)) | V121:V240)) V61:V240)) V1:V240)) '
V300 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest( 3:00
V241:V300)) | V181:V300)) | V121:V300)) V61:V300)) '
V360 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest( 900
V301:V360)) | V241:V360)) | V181:V360)) | V121:V360)) '
V420 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest( 1:00
V361:V420)) | V301:V420)) | V241:V420)) | V181:V420)) '
V480 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest( 0:00
V421:V480)) | V361:V480)) | V301:V480)) | V241:V480)) '
V168 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest(
0 V1621:V1680 | V1561:V1680 | V1501:V1680) | V1441:V1680 | 4:01
) ) ) )
V168 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest(
1 V1622:V1681 | V1562:V1681 | V1502:V1681) | V1442:V1681 | 4:00
) ) ) )
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Table 3.2 Wind speed changing trend calculation method (5-8 hours
calculation unit)

Wind 5 hour 6 hour 7 hour 8 hour Time
speed
V1 8:00
V2 7:59
V60 7:00
V120 6:00
V180 5:00
V240 4:00
Index(Linest( .
V300 1 y1.v300) 3:00
Index(Linest( | Index(Linest( ,
V360 | y61.v360)) | V1:V360) 200
V420 Index(Linest( | Index(Linest( | Index(Linest( 1:00
V121:V420)) | V61:V420)) V1:V420)) )
V480 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest 0:00
V181:V480)) | V121:V480)) V61:V480)) (V1:V480)) ’
V168 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest
0 V1381:V1680 | V1321:V1680 | V1261:V1680) | (V1201:V168 | 4:01
) ) ) 0)
V168 Index(Linest( | Index(Linest( | Index(Linest( | Index(Linest
1 V1382:V1681 | V1322:V1681 | V1262:V1681) | (V1202:V168 | 4:00
) ) ) 1)
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Figure 3.2 2 hours gradient and wind speed curve (OCEAN TANGO)
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Figure 3.3 3 hours gradient and wind speed curve (OCEAN TANGO)
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Figure 3. 4 4 hours gradient and wind speed curve (OCEAN TANGO)
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Figure 3.5 5 hours gradient and wind speed curve (OCEAN TANGO)
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Figure 3.6 6 hours gradient and wind speed curve (OCEAN TANGO)

- 41 -

Collection @ kmou



===== 7 hour

0.15

=
=

(s/u)paads purp

0.05
-0.05

JUAIPEID)

-0.1

-0.15

009
009
00
00:€
00¢
00T
000
00:€C
00:cc
00'T¢C
00:0¢
0061
0081
00:LT
0091
00:6T
0071
00€T
00:CT
00TT
00:0T
006
008
00:L
009
009
00
00€
00¢

Figure 3.7 7 hours gradient and wind speed curve (OCEAN TANGO)
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Figure 3.8 8 hours gradient and wind speed curve (OCEAN TANGO)
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Figure 3.9 Gradient curve of least squares method (OCEAN TANGO)

Comparing the 9 figures plotted above, it can find the phenomenon that
the fluctuation of the gradients becomes larger as the calculating unit
becomes shorter. And as the calculating range becomes larger the
time-delay of the gradient values is increasing. Applied the wind speed
data of the other seven accidents into the ‘linest’ function, it attains the
same result. Therefore, this study takes an assumption that 6 hours is the

most suitable computing unit.

Secondly, 6 hours gradient values curve and 10-minute average wind
speed curve are displayed together to check out if the gradient values can

effectively forecast the wind speed.
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Figure 3.10 6 hours gradient and wind speed curve (TIAN HE)

Analyzing the gradient curve from the Figure 3.10, it is obvious that the
6 hours gradient values of the cargo ship ‘TIAN HE’ can indicate the
changing trend of wind speed accurately. Especially from 19:00 to 23:00,
during this period the wind speed velocity changes were rapidly and the
gradient values can forecast it very efficiently. Therefore, for the cargo
ship ‘TIAN HE’ accident the 6 hours gradient values is very practical in

forecasting the wind speed changing trend.
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Figure 3.11 6 hours gradient and wind speed curve (CAI XIN)

As shown in Figure 3.11, within a certain range of wind speed, the
gradient value is less fitted. However, on the whole, the gradient value
can effectively predict the wind speed changing trend. The gradient values
tend to be a certain of lager at the wind speed zone from 19:00 to 01:00,
but it is still possible to predict the growth trend of wind speed. From
03:00 to 09:30, the wind speed changes rapidly, and the gradient values
can be very practical in forecasting the changing trend for this period of
time. Therefore, in terms of the cargo ship ‘CAI XIN’ accident, if this
alarming system only uses the gradient values as the warning index, the
predicting effect won't fit in with reality very well. For this grounding
accident, the strong wind warning system needs to find a revision

algorithm to improve its prediction accuracy.
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In general, the gradient values are conducive to predicting the wind
speed changing trend for the cargo ship ‘JE HAE’ accident. However,
from 23:00 to 10:00 at the low wind speed area, the gradient values are
inclined to be somewhat larger, but still can predict the variation trends of
wind speed. As a consequence, for the gradient values of this period of
time, it’s would be better to find a correction algorithm that can decrease
the gradient values in the low wind speed area. As a result, the gradient
values cannot be used to precisely forecast the variation trend of wind

speed in ‘JE HAE’ grounding case.
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Figure 3.13 6 hours gradient and wind speed curve (FU SHENG HAD

On the whole, the gradient values can reflect the variation tendency of
wind speed curve pretty well as is shown in Figure 3.13. Whereas the
gradient values appear to be somewhat smaller in the high wind speed
zone of 7~10 m/s from 15:00 to 18:00, but it can still predict the wind
speed changing trend. Hence, for the deviation of this wind speed region,

it’s better to find a way that can increase the gradient values.
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Figure 3.14 6 hours gradient and wind speed curve (CHENG LU 15)
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As shown in Figure 3.14, the gradient values can forecast the changing
trend of wind speed effectively. And more than one hour before the
grounding accident, the gradient values reached its maximum number.
Therefore, for this grounding case, the gradient values can be used to

forecast the wind speed very well.
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Figure 3.15 6 hours gradient and wind speed curve (BUM JIN)

In figure 3.15, although the gradient values can indicate the changing
trend of wind speed well, the gradient values tend to be somewhat larger
in the low wind speed zone which is under 4 m/s from 13:00 to 16:00. And
in this period of time, the gradient values cannot reflect the wind speed
changing trend. It means that if only use the gradient value to forecast the

wind speed changing trend, it may not fit in with reality.
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Figure 3.16 6 hours gradient and wind speed curve (OCEAN TANGO)

In the car carrier *‘OCEAN TANGO’ grounding case, the gradient values
can indicate the changing trend of wind speed well. However, the gradient
values tend to be too large in the low wind speed zone which is under 5
m/s from 8:00 to 18:00. As a result, only uses the gradient values, this
system cannot accurately indicate the trend of wind speed of the car
carrier ‘OCEAN TANGO’ accident.
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Figure 3.17 6 hours gradient and wind speed curve (MI NAM)
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As shown in Figure 3.17, the gradient values can generally predict the
changing tend of wind speed. Whereas, the gradient value tends to be too
large from 15:00 to 02:00. Thus, if this study only uses the gradient values
to forecast the wind speed changing trend, the accuracy of the prediction

will be inaccurate.

As shown in Figure 3.10-3.17 above, the situation can be divided into
three categories, the first kind is the gradient values can predict the wind
speed changing trend accurately: ‘TIAN HE’, ‘CHENG LU 15’; the second
type is the gradient values tend to be too large in the low wind speed
zone: ‘CAI XIN’, ‘JE HAE’, ‘BUM JIN’, ‘MI NAM’, for these four stranded
accidents, the gradient values in the low wind speed zone need to be
decreased; the third kind is the gradient values tend to be too small in the
high wind speed zone: ‘FU SHENG HAI'. The gradient values in the high
wind speed zone need to be increased for this grounding accident. It
means that if this paper only uses the gradient values as the warning
index, it may not fit in with reality. And the gradient values need to be

revised.

3.2.2 Exponential Function Method

In terms of the wind strength, the strong wind speed is one of the main
causes of the grounding accidents, and the low wind speed has little
significance in the grounding accidents. Meanwhile, the gradient values
tend to be somewhat larger at the low wind speed zone, and tend to be
somewhat smaller in the high wind speed area. Therefore, if this paper
manages to design an effective strong wind alarming system, it would be
better for this paper to decrease the gradient values in the low wind speed
zone and increase the gradient values in the high wind speed zone. This

paper process the gradient values and wind speed data using the
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exponential function to further emphasize the large values. Table 3.2
shows the calculation method of the exponential function for gradient
index, wind speed index, warning index (in this table ‘G’ is the column of
6 hours gradient). And each base of the exponential function was so
calculated that wind speed 20m/s was set to index 30 and gradient 0.02

was set to index 20.

Gradient index

G:am*looo (3_6)
Where G is gradient index, a is about 1.122, m is 6 hours gradient values.

Wind speed index

Q:bv*lﬁ (3_7)
Where @ is Wind speed index , b is about 1.08 , V is wind speed.
Warning index

W=G *Q (3—8)
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Table 3.3 Exponential function method
Wind G (6 hours) Gradient | Wind speed Warning index | Time
speed index index
V1 8:00
V2 7:59
V360 Index(Linest(V | Power(1.122, | Power(1.079, mﬁgi?@?; d 9:00
. * * .
1:V360)) G360*1000) | V360*1.5) speed index
V361 Index(Linest(V | Power(1.122, | Power(1.079, mﬁgi?@?; d 1:59
. * * .
2:V361)) G361*1000) | V361*1.5) speed index
) Gradient
Index(Linest(V | Power(1.122, | Power(1.079, | . v _
V36217 3v362) | G362+1000) | V36215 | ndex*Wind 158
speed index
V1680 Index(Linest(V | Power(1.122, |Power(1.079,V mgéigl\;?; d 401
. * * .
1320:V1680)) | V1680*1000)|  1680*1.5) speed index
) Gradient
Index(Linest(V | Power(1.122, |Power(1.079,V| . )
V1681 _ . ’ 1 ey index*Wind 4:00
1321:V1680)) | V1681*1000)| 1681*1.5) speed index

3.3 Strong Wind Warning System Concepts

Applied the computational process to all the grounding cases in Table

2.1. Figure 3.18 - 3.25 show the calculation result of the gradient index,

wind speed index and wind warning index for the eight grounding

accidents. This paper divided the wind warning level into 4 stages which
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are namely warning index 5 as the limit of level 1 (attention), 10 as level
2 (warning), 15 as level 3 (alert), 20 as level 4 (critical). Actually, the wind
warnings must be issued a few hours before the upcoming strong wind,
this paper takes 2 hours as the basic pre-warning time. And the different
ship can use the different warning level information based on the
condition of the ship itself. Because there are too many factors which can
affect the ship’s grounding accident such as the ship’s shape, the quantity
of loading cargo, holding power of anchor and cable, depth of water area,
and the geographical features of the coast, and others. And because the
warning index numbers does not necessarily equate to an integer, that is

why the warning level does not necessarily appears at integer points.

25 Time of groundin,
Gradient index |g &

Wind speed index

|
|
— Level 4 i
20 Warning index I
|
|
15 Level 3 |
P |
Q |
i i
= |
10 Level 2 I
|
I
|
5 Level 1 !
|
|
I
O |
o O O O O O O O O O 9O O O O O O O O O 9O ©O O O
< n W K~ 0 0O O dA N O < N W N 0 00O = N N O — N
N = = = = ~H = = — — N AN N N

Figure 3.18 Calculation results curve of 3 indexes (TIAN HE)

As shown in Figure 3.18, the warning ‘level 4’ can be indicated at
20:23, and the accident happened at 22:00. It means that the cargo
ship ‘TIAN HE’ would be alerted more than one and a half hours before
the accident. Therefore, by using this warning system, the mariner can

have sufficient to do the preparation work for the coming strong wind.
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Figure 3.19 Calculation results curve of 3 indexes (CAI XIN)

As shown in Figure 3.19, the warning ‘level 4’ can be indicated at 20:10
22nd, and the grounding accident happened at 13:00 23rd. Therefore, for
the cargo ship ‘CAI XIN’ accident, the warning ‘level 4’ can be notified

almost 17 hours in advance.

25 T
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I
I
Ilt'\A :
[ 1 AN
L ’ sl
5 evg s’ NS Yoot
P N’ 1 \
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OO 0 0 090 0009000000 00000900 O
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From Figure 3.20 it can attain the information that the warning ‘level

4’ cannot be issued, and the warning ‘level 3’ can be notified at 14:55.
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The cargo ship ‘JAE HAI’ accident happened at 16:17. Therefore, cargo
ship ‘JE HAE’ has almost one and a half hours to do enough preparation

Gradient index
Wind speed index

25
Warning index

”»n

Level 4 ;

after the ‘level 3’ alarming signal occurred.

1

L)
1)

Time of grounding

20
! \
H \
1 4
Level 3 ; \
15 H AN
[ \Y 1
o f AN |
(] H 1
< / \ |
= 10 Level 214 \ I
\
H \ |
’ . |
\
H Y I
5 Level 1 ¢/ X |
J \ |
’,’ oty “,:\.\ ..... Toaes
—— Y L LT A= | | | Certm.
o =T | 1 1 | N ANAB TS e | Iv=5
AU OYN 0O R R R R R R R R RN NNNO RN
O 9O O 9O o o e NMW kW O N®OOO 2 NWS S S
S O 6 5 & S 00 0 9O D DO Do DD o o 5 & &
S5 S5 &5 6 &5 &6 6 &5 &6 5 8 8 & 5
3 indexes (FU SHENG HAID

Figure
As shown in the Figure 3.21, the warning ‘level 4’ can be issued at

08:16 and the accident happened at 21:40. Hence, the bulk carrier would
be informed the warning ‘level 4’ nearly 14 hours before her grounding

accident. This warning system can provide enough pre-warning time for

the ship’s crews to do sufficient work for the coming strong wind.
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Figure 3.22 Calculation results curve of 3 indexes (CHENG LU 15)

From Figure 3.22, it can attain the information that the warning ‘level
4’ can be notified at 08:16 and the grounding time was at 15:40. It means
that for the crews on freighter *CHENG LU 15°, they would have nearly 2

hours pre-warning time to do preparative works before the strong wind

arrive.
2 Timg ofigrounding
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Figure 3.23 Calculation results curve of 3 indexes (BUN JIN)

Figure 3.23 shows the three kinds of warning indexes of the oil
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tanker ‘BUM JIN’ accident, the warning ‘level 4’ can be indicated at
01:34 and the grounding accident happened at 03:55. Therefore, for the
mariners on ‘BUM JIN’, they would have more than 2 hours early warning
time before the strong wind arrive. During this period of time, the sailors

could carry out some reasonable coping strategies for the coming strong

wind.
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Figure 3.24 Calculation results curve of 3 indexes (OCEAN TANGO)

As is demonstrated in Figure 3.24, for the car carrier ‘OCEAN TANGO’,
the ‘level 4’ could be notified at 22:45 16th and the grounding time was
at 01:02 17th. Hence, the car carrier ‘OCEAN TANGO’ could obtain the
warning ‘level 4° more than 2 hours before her stranding accident. And
because ‘OCEAN TANGO’ berthed at the port in light ship condition, the
mariner can adjust the ballast water to increase the ship’s draught and
reduce the windward area, finally improve the ship’s stability to resist the

strong wind.
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As shown in Figure 3.25, the warning ‘Level 4’ can be indicated at
05:15 and the accident happened at 09:00 for the passenger ship ‘MI
NAM’. It means that the warning ‘level 4’ can be indicated three and 45
minutes before the strong wind reach. This warning system can let the
mariners on ‘Ml NAM’ have enough time to do sufficient strong wind

preventive work for the coming typhoon ‘CHABA’.
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Table 3.4 Warning time of the cases at each level (6 hours calculation

unit)
Warning time
No| SMP's | Accident FreC T o o) Pre-wa
name time . ) Level 3 | Level 4 )
(Attenti | (Warnin - rning
(Alert) | (Critical) .
on) g time
TIAN 2007.03. _ _ _ _ 1h
1 HE 04 29:00 19:29 20:13 20:19 20:23 37minS
2012.08.
o | CAl 23. 1859 | 1933 | 1951 | 2000 | 160
XIN _ 50mins
13:00
2013.02. _ _ _ 1h
3 | JE HAE 01 16:17 11:29 14:31 14:55 No 991Mins
FU
4 | sHENG | 2013071 708 | 7.5 | 0804 | 0816 | . A9D
02 21:40 24mins
HAI
CHENG | 2013.10. . : . _ 2h
5 LU 15 | 15 1540 11:36 12:06 12:25 13:36 Amins
BUM | 2013.11. . : . _ 2h
6 TN 95 0355 20:38 00:41 01:23 01:34 9 1mmins
OCEAN | 2016.01. _ _ _ _ %h
7 TANGO | 17 01:02 22:11 22:30 22:36 22:45 17mins
MI 2016.10. ) ) ) ) 3h
8 NAM 05 09:00 19:58 20:50 21:18 05:15 A5mins

Table 3.3 is the calculation result of the warning time at each warning
level of the grounding accidents. For the eight cases analyzed in this
paper, all vessel except JE HAE can issue the ‘Level 4’, the other six
ships can be notified the warning ‘level 4’ more than two hours,
for ‘TIAN HE’ ship the ‘Level 4’ can be warned about one and a half
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hours.

Table 3.5 Warning time of the cases at each level (5 hours calculation

Collection @ kmou

unit)
Warning time
No Ship’s | Accident Level 1| Level 2 b
name | time | ZEVEL LILEVEL Sy oo 3] evel 4 [ TTEV
(Attenti | (Warnin - rning
(Alert) | (Critical) | .
on) g time
TIAN | 2007.03. , . . . 1h
1 HE 04 99:00 19:31 20:14 20:21 20:26 3Amins
CAl | 2012.08. . . . . 17h
2 XIN 93 13:00 18:32 19:10 19:32 19:56 Amins
2013.02. . . :
3 | JE HAE 01 16:17 10:54 13:59 14:21 No
FU
4 | SHENG | 291307 o535 | 0713 | 0740 | o07:49 | 1D
02 21:40 51mins
HAI
CHENG | 2013.10. : , , , 3h
5 LU 15 | 15 15:40 11:29 11:59 12:06 12:13 97Hmins
BUM | 2013.11. . . . . 2h
6 N 95 0355 19:59 21:03 01:02 01:05 50Mmins
OCEAN | 2016.01. . . . . 2h
7 TANGO | 17 01:02 13:06 22:25 22:30 22:33 29mins
Ml | 2016.10. , , , , 3h
8 NAM 5 09-00 19:17 19:43 20:19 05:15 A5mins
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Table 3.6 Warning time of the cases at each level (7 hours calculation

Collection @ kmou

unit)
Warning time
No | STUP's | Accident | oo 111 evel 2 Pre-wa
name time . .| Level 3| Level 4 )
(Attenti | (Warnin o rning
(Alert) | (Critical) .
on) g time
TIAN | 2007.03. . . . . 1h
1 HE 04 99:00 20:05 20:25 20:33 20:42 18mins
CAI | 2012.08. . . . . 16h
2 XIN 93 13:00 18:59 20:02 20:30 20:51 9mins
JE | 2013.02. , . .
3 HAE | 01 16:17 12:28 14:53 16:18 No
FU
4 | SHENG | 2013071 749 | 0822 | 0839 | 0853 | AN
02 21:40 47mins
HAI
CHEN
2013.10. . . ) . 1h
5 GllgU 15 15-40 11:05 12:17 13:50 14:21 19mins
BUM | 2013.11. , , , , 2h
6 TN 95 03:55 23:24 00:26 01:04 01:23 39mins
OCEA
N | 2016.01. . . . . 2h
7 TANG | 17 01:02 22:11 22:32 22:46 22:52 10mins
O
Ml | 2016.10. , , , , 3h
8 NAM 5 09-00 20:20 21:32 05:15 05:30 30mins
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Table 3.7 Warning time of the cases at each level (8 hours calculation unit)

Warning time
Ship’s | Accident
(Alert) | (Critical) | Tning
on) g) time
TIAN | 2007.03. | . | | | .
1] U | & | 2017 | 2033 | 2059 | 2107 | 53mins
CAI | 2012.08. _ _ 15h
21 XN |23 1300] I 2125 ) 242 | jering
E | 201302 | .. _ _
3| e |52 ) 1248 | 1450 | 1637 | No
EU
4 | SHENG | 201397 | 0759 | oss2 | 0921 | 0940 | 12n
02 21:40
HAI
CHENG | 2013.10. | .. | . 1h
5| SN | el 1159 | 1332 | 1408 No | ot
BUM | 2013.11. | . | . | %h
6 | P | ol 9327 0040|0104 | 0123 | N
OCEAN
7 | TANG | 2016:01 o0 q6 | 0230 | 2250 | 2301 | .20
0 17 01:02 1mins
ML | 201610, | .. | | | 3h
B | wan | 2 oon | 2039 | 2306 | 0529 | 0548 | 00

This study applies the 5 hours, 7 hours and 8 hours calculation unit into
the warning algorithm to verify the hypothesis proposed in section 3.2.2,
and obtains the warning time at each warning level of the grounding cases
which are shown in the Table 3.4, Table 3.5 and Table 3.6.

Table 3.4 shows that ‘JE HAE’ cannot issue the warning ‘level 3’, the

cargo ship ‘TIAN HE’ can be informed the warning ‘level 4’ more than
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one and a half hours, and the other six vessels can be notified the
warning ‘level 4’ more than two hours before the coming strong wind.
Compared to the alarming system based on 6 hours calculation unit, the
early warning time of the wind warning system do not changed too much.
Therefore, the alarm system that based on 6 hours computing unit is

effective enough.

Table 3.5 shows that ‘JE HAE’ cannot issue the warning ‘level
3’, ‘TIAN HE’ and ‘CHENG LU 15’ can be indicated the warning ‘level
4’ less than one and a half hours, and the other five vessels can be
notified more than two hours before the strong wind reach. Compared to
the 6 hours computing unit, the alarming system which is based on 7 hours
calculation unit has a poor early warning time. Therefore, the alarm
system based on 7 hours calculation unit is not efficient as the alarm

system based on 6 hours computing unit.

Table 3.6 shows that ‘JE- HAE’ cannot issue the warning ‘level
3’, “CHENG LU 15’ cannot issue the warning ‘level 4’, ‘TIAN HE’ can
be informed the warning ‘level 4 53 minutes in advance, and the other
five vessels can be notified the warning ‘level 4° more than two hours
before the strong wind arrive. And it compared to the alert system which
is based on 6 hours calculation unit, the time-effectiveness of the wind
alert system is poor, the predication quality of the alert system based on 8
hours calculation unit is not good as the alert system that based on 6

hours computing unit.

As mentioned above, the hypothesis proposed in chapter 3.2.2 (on the
page of 33) turned out to be right. Therefore, the 6 hours calculation unit

is proved to be the most suitable computing unit.
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3.4 Simulation

In order to verify the feasibility of this strong wind warning system, this
study carries out a simulation test by a grounding tug ship which was
stranded by the strong wind in the coast of Wallhang port Yeosu-si at
10:20 on May 3, 2016. For this grounding accident the wind observations
place is Sinbok-ri, Dolsan-eup, Yeosu-si, the nearest wind speed

observation station to the accident.

16 Grounded time
14
12

10

Wind speed(m/s)

SN B OY

Figure 3.26 10-minute average wind speed before and after the ‘TUG’
accident
Figure 3.26 shows the wind speed before and after the grounding
accident, for this grounding case the accident occurred almost two hours
after the maximum wind speed appeared. From 10:20 to 22:20 the wind
speed was under 6 m/s and the wind speed changes smoothly, but from
22:20 to 14:20 the wind speed changes rapidly. Especially, during this

periods of time, the wind varies dramatically.
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Figure 3.27 Calculation result curve of 3 indexes (TUG)

Bring the wind speed data into the strong wind warning algorithm, this
study acquires the different warning time at each warning level. For this
grounding accident the warning ‘level 4’ can be indicated more than 8

hours before the grounding time.

Table 3.8 Warning time of the cases at each level (TUG)

Warning time

Level 1 Level 2 Level 3 Level 4 Accident | Pre-warni
(Attention) | (Warning) (Alert) (Critical) time ng time
00:11 a.m. | 00:48 a.m. | 01:19 a.m. | 01:45 a.m. | 10:20 a.m. | 8h 35mins

As mentioned above, this strong wind warning system will be very

practical in predicting the coming strong wind, saving human life and

property at sea, protect the marine environment and marine ecological

balance.
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Chapter 4. Conclusion and Future Prospects

This study aims to develop a strong wind warning system. Normally, the
seafarers on watch in the bridge have to check and record the change of
wind speed or atmospheric pressure to estimate the coming bad weather
condition around their water area. But these precaution activities mainly
depend on the knowledge and past experience of watch-keeping which
needs years of working experience and there is always the human error

exists in forecasting the coming bad weather.

This study analyzes 10-minute average wind speed data of eight
grounding accidents that happened in Korean coast and anchorages. Firstly,
this study analyzes the wind speed before and after the grounding
accidents to carry out the correlation analysis of strong wind and
grounding accidents, and attains the conclusion that it cannot make the
warning level based on the wind speed; secondly, this study uses the least
squares method to obtain the wind speed changing rate by changing the
calculation unit from 1 hour to 8 hours ( the computing unit is 1 hour, 2
hous, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours and 8 hours) . And make
an assumption that 6 hours is the most effective and appropriate
calculating unit in forecasting the changing trend of wind speed.
Nevertheless, the gradient values tend to be somewhat larger in the low
wind speed zone. In terms of the wind strength, the low wind speed
doesn’t have too much impact on the grounding accident, and the high
wind speed are the main cause of the grounding accidents; thirdly, in order
to develop a more efficacious wind speed alert system, this study uses an
exponential function to process wind speed data and gradient values to
decrease the low wind speed and increase the high wind speed, and then

gets the wind speed index and gradient index; lastly, this study multiplies
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the wind speed index by the gradient index for calculating the warning
index, and then classifies the warning level into 4 stages, takes the
warning index 5 as the lower limit of ‘level 1’ (attention), the warning
index 10 as the lower limit of ‘level 2” (warning), the warning index 15 as
the lower limit of ‘level 3 (alert), the warning index 20 as the lower limit

of ‘level 4’ (critical).

In order to verify the feasibility of this strong wind warning system, this
study takes a grounding accident for simulation. After simulating it is
confirmed that this strong wind alarming system will be very helpful in
predicting the coming strong wind, and this system will provide the
effective and timely alarming signal to the watch-keepers on board. By
this warning system the sailors on board could have sufficient time to

make adequate preparative work for coming strong wind.

As is well known that the wind speed has a deep relation to the change
of air pressure, and the angle between the wind and the ship is a very
important factor that cannot be ignored when predicting the effect of wind
on the ship. Therefore, in order to get a more efficient warning system, in
the future studies the atmospheric pressure at sea level and wind direction

would be applied to the warning system.
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