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Abstract 
The environmental conditions in the Gulf of Finland vary significantly in different locations. In addition, the 
gulf is a busy and important area for waterway traffic and international trade throughout the year. In summer, 
the area is ideal for recreational activities such as boating and other water-related activities. Water accidents 
occur due to different factors and under varying weather conditions. This paper introduces a visual data 
mining analysis applied to Search and Rescue (SAR) missions related to recreational boating. Starting from 
a SAR operations database, an integrated database was constructed by adding weather and wave data. The 
aim was to compare the different mission types as well as the activity of different SAR organisations during 
challenging wind and wave conditions. The investigation was performed using visual analysis techniques. 
The densest areas of challenging wind and wave conditions were found in the western and eastern parts of the 
gulf. Other investigated parameters were travelled distances and occurrence of the incidents during different 
times of day. A more detailed analysis was conducted for one dataset. 

 
 

Introduction 

The area of the Gulf of Finland is an exceptional 
environment where variable weather conditions and 
heavy traffic flows meet. During the summer 
months the area attracts boaters and other people to 
spend time on the water. This increase in boating 
activity augments the risk of boating accidents, 
which increases the demand on boating safety and 
maritime search and rescue services. 

The aim of this study is to enhance the under-
standing of maritime Search and Rescue (SAR) 
missions in relation to boating incidents. The ap-
proach to this end is a visual exploration applying 
common techniques used in visual data mining such 
as parallel coordinate plot (PCP), bivariate map, 
and Multiform Bivariate Matrix. The aim of this 
study was to find answers to the following ques-
tions: 

1. What are the general conditions when a certain 
type of incident tends to happen? 

2. Under which conditions do the SAR organisa-
tions perform their missions? Are there any  
differences between organisations? 

3. What visual analysis techniques are suitable for 
uncovering these patterns? Are there any de-
pendencies or outliers? 
The study area, the Gulf of Finland, and the 

SAR missions selected were those involved with 
recreational vessels only. The main interest of the 
study is investigating patterns such as dependen-
cies, combinations of factors and outliers. The 
suitability of the various techniques used for the 
study is analysed. The analysis focusses on whole 
datasets from all SAR organisations including 
additional data on weather and wave parameters. 
A more detailed analysis concentrates on the mis-
sions operated by the Finnish Lifeboat Institution 
(FLI), including the boat types that were involved 
in the accident as well as the size of the boat. The 
quality and cause of the accident were also taken 
into account. The study did not focus on factors 
caused by human behaviour or human error. 
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The paper starts with a literature review of the 
maritime SAR system in Finland and an overview 
of boating-related research. The literature review 
continues with the concept of visual data mining of 
multidimensional data. Thereafter, the material and 
data are described. In the results part, the main 
findings of the research are presented. 

Background 
Maritime SAR system and boating in Finland 

Maritime SAR means rescuing and safeguarding 
human lives in case of danger or emergency. The 
Finnish Border Guard (FBG) is the leading author-
ity of the maritime SAR in Finnish waters. The 
FBG is responsible for the coordination, planning, 
developing and supervising SAR activities. It also 
coordinates cooperation with other authorities and 
volunteers, and provides SAR-related training and 
education. In addition, the FBG is responsible for 
the coordination of radio communications and 
enabling telemedical assistance services for medical 
purposes in emergency situations (Raja, 2014). 

In accordance with existing agreements, other 
authorities may participate in the maritime rescue 
act if preferred. The Finnish Rescue Services 
(FRS), for example, may participate in maritime 
SAR operations. Municipalities are responsible for 
rescue cooperation within their respective areas, as 
determined by the Council of State in Finland. 
Tasks related to rescue and emergency are carried 
out by regional rescue departments, which are 
responsible for the maintenance of the rescue 
service system and provision of the rescue services. 
Voluntary organisations may take part in maritime 
SAR activities according to their own regulations 
and rules approved by an official authority. The FLI 
is a leading voluntary organisation for maritime 
rescue associations in Finland and a member of the 
International Lifeboat Federation. The incidents are 
mostly caused by technical factors or lacking skills 
or knowledge of seamanship. The main group of 
accidents involve recreational boats (Pelastustoimi, 
2014; Meripelastus, 2014).  

The Gulf of Finland is an actively investigated 
area in the Baltic Sea. The environment and biodi-
versity are unique and the whole area is important 
for the inhabitants, transportation, economic affairs, 
and also provides options for recreational activities. 
Maritime traffic and recreational activities are 
expected to increase in the future which makes this 
area more vulnerable to accidents. In addition to the 
active waterborne traffic, the variable weather 
conditions and harsh winters increase the safety risk 
at sea. The sea depth of the Gulf of Finland is also 
relatively low and the sea bottom is rocky and 

variable (Arola, Jalonen & Kujala, 2007; Viertola, 
2013). 

According to a study by Kujala et al. (Kujala et 
al., 2009), the most common type of accident in the 
gulf during the years 1997–2006 was groundings. 
After grounding, the most common cause of the 
accidents was ship-to-ship collision. However, the 
majority of the vessels were cargo ships and tank-
ers, which leave recreational vessels behind. The 
main cause of all accidents was attributed to human 
error.  

Studies of boating accidents have mainly focus-
sed on risk factors of the environment, people’s 
behaviour on board, technical failures and human 
error. According to the findings of O’Connor and 
O’Connor (O’Connor & O’Connor, 2005), nearly 
half of the vessels were equipped with an inade-
quate number of safety devices for the people on 
board and a large number of victims were not using 
them. Lunetta et al. (Lunetta et al., 2004) investi-
gated drowning statistics in Finland from 1970–
2000. Alcohol was denoted to be a significant risk 
factor for drowning. Similarly, alcohol was in-
volved in nearly half of the fatalities in the study of 
O’Connor and O’Connor (O’Connor & O’Connor 
2005). Human error was denoted to be the main 
cause of boating accidents. The fatalities might 
have been reduced if the victims had worn safety 
devices. McKnight et al. (McKnight et al., 2007) 
suggested to put an effort into safety instructions 
and to address proper use of safety equipment. In 
many cases the skills of the boaters were lacking. 
McKnight et al. (McKnight et al., 2007) also em-
phasised training for individual boat types, because 
the types of errors that led to accidents varied 
among vessels. Molberg et al. (Molberg et al., 
1993) stated that vessels such as canoes, dinghies, 
kayaks, rowboats, and inflatable’s were associated 
with a higher risk of fatalities than motorboats. 

New boating-related trends have become more 
popular. This has increased the concern about 
boating safety (Mäkilä, 2009). Such new trends are, 
for example, jet-skis. Collisions on jet-skis are 
claimed to be both severe and destructive due to 
their high speed (Luntiala et al., 2004). Collisions 
and groundings with high power motor vessels 
travelling at high speed may equal a car accident 
(Deltamarin, 2006). All motored vehicles have to 
be registered in Finland, but smaller vessels such as 
dinghies, canoes, kayaks, jet-skis, etc. are not in 
any register (Deltamarin, 2006). According to the 
water transport regulation, there has to be life 
jackets for every person on board any engine- 
-powered vessel. However, it is not mandatory to 
wear them.  



Exploring the context of maritime SAR missions using visual data mining techniques 

Zeszyty Naukowe Akademii Morskiej w Szczecinie 43 (115)  81 

The most common causes of accidents are hu-
man, material or technical failures, or bad weather 
conditions, which may lead to damage or loss of 
vessels, or personal injuries. The accident and 
location information compiled by the authority in 
charge is used for planning of distribution of sea 
rescue resources. However, the planning of locating 
rescue resources is primarily affected by political 
factors. Azofra et al. (Azofra et al., 2007) intro-
duced a gravitational assessment model for evaluat-
ing locations. The model was developed in the 
means of political decentralisation, which would 
evaluate and make decisions about the locations of 
rescue resources by assigning weights for the 
suitability of a certain location. The model analyses 
each resource individually. When assigning rescue 
resources, a wide range of technical factors is taken 
into account. For example, response time depends 
on technical properties, and thus it is claimed to be 
critical (Azofra et al., 2007). Once the used re-
source is determined, the only controllable parame-
ter is distance. Li (Li, 2006) introduced an optimi-
sation model for the location of SAR units. The 
goal of Li’s study was to apply several linear pro-
gramming models in optimising locations for 
search and rescue units (SRUs) by using a land 
avoiding algorithm. A simulation model was also 
employed to evaluate, compare and enhance the 
results. The simulation analysis turned out to be 
important to calculate statistics such as coverage, 
response time, and workload balance. Recently, the 
interest has also been turned to questions such as 
which types of SRUs would be suitable for the 
operations. Goerlandt et al. (Goerlandt, Torabiha-
ghighi & Kujala, 2013) introduced advances of a 
simulation model aimed at providing elements for 
supporting decision making for a voluntary SAR 
organisation, the FLI. The model is expected to 
provide information regarding response characteris-
tics such as the adequate number of vessels in each 
SAR station or which kind of SRUs are best to 
invest in. The model may also help plan proper 
material acquisition.  

In addition to response time and distance, there 
are several other factors that are relevant for SRU 
location planning which the authorities may not 
measure. For example environmental, weather or 
wave conditions may depend on location and time. 
Norrington et al. (Norrington et al., 2008) applied a 
Bayesian Belief Network (BBN) to model the 
reliability of SAR operations. The technique pre-
sents the probabilities of success of SAR operations 
taking all relevant variables and factors that are 
believed to have an impact on accident occurrence 
into account. The main finding of the study was 

that the construction of BBN can be complemented 
by using statistical analysis of secondary data. This 
provided a more objective picture of relationships 
between the variables.  

Environmental factors caused by the weather 
have not been studied extensively, although it is 
assumed that accident occurrence is affected by the 
prevailing conditions. Kokko (Kokko, 2013) did 
a study on maritime SAR missions caused by the 
weather. The aim of the study was to identify 
dangerous weather phenomena for boaters and to 
point out specific meteorological characteristics for 
dangerous weather conditions by using synoptic 
and mesoscale analyses. Patterns were found for 
wind, while fog turned out to be hard to estimate 
and predict at the time and place where the incident 
happened. Fog can be very local and is thus hard to 
predict and observe. 

Visual data mining with multidimensional data 

Exploring and analysing data related to space 
and time is a challenging task. Multidimensional 
datasets tend to be large, which causes limitations 
in complexity and tool issues. Today’s technology 
can store large amounts of high-dimensional data, 
but the solutions to deal with both spatial and 
temporal dimensions may not be efficient enough. 
Human vision and cognition in perceiving patterns 
from complex datasets are restricted since data do 
not have a physical form or structure. Therefore, 
data are often visualised. More visual tools and 
techniques are used to get an insight into large 
datasets that include dynamic, heterogeneous and 
conflicting data in order to detect both expected and 
unexpected patterns (Thomas & Cook, 2006; Chen, 
MacEachren & Guo, 2008). 

Shneiderman (Shneiderman, 1996) presented 
a so called Information Seeking Mantra. According 
to this, an effective tool for visualisation should 
function as follows: overview first, zoom and filter, 
and detail-on-demand. The first step provides an 
overall overview of the data in a compact and 
abstract manner with as much information as possi-
ble concentrating on the patterns of interest. To 
discover more details of relevant subsets of the 
data, the user needs to be able to get access to the 
details by using suitable techniques (Keim, 2002). 

In this context, if a dataset is large, it means that 
it consists of a large number of records. High- 
-dimensionality, correspondingly, means that the 
dataset includes a large number of variables. High- 
-dimensional data usually are compiled from sev-
eral different sources. Therefore the data often 
include information that is irrelevant or is presented 
in an unusable form. But a large number of vari-
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ables may be needed in order to discover relevant 
attributes, relationships and combinations (Guo et 
al., 2005). 

Geographic data are often multidimensional and 
usually involve time and space. Such data are 
linked to the concepts of spatial and temporal 
dependence, which refers to Tobler’s first law. 
According to Tobler’s first law, features near each 
other are more related than those that are distant. 
These are called spatial correlations. However, the 
geographical space is not homogeneous, which 
weakens this law. Every location has some level of 
uniqueness that is assigned to that particular loca-
tion. This is known as spatial dependence, which 
can be affected by natural or artificial barriers. 
Temporal dependence may be affected by events 
such as natural catastrophes. Apart from distance, 
the dependency between two variables may also be 
defined by direction. Closeness may also be de-
pendent on the events (Andrienka et al., 2010). 

The time dimension may consist of single or 
multiple levels of scale. The scale may affect the 
final result in an analysis. For example, some 
patterns may be detected at one scale, but not at 
another scale. In extreme cases, opposite relation-
ships may be found at the same place or time on 
different scales. This behaviour is called scale 
dependent (Andrienko et al., 2010). 

However, it is not easy to determine which scale 
would be appropriate. This is a key problem in all 
analyses because the scale of the analysis has to 
match the scale of the phenomena. Thus, the goal of 
the analysis has to be known when choosing the 
scale. Various scales of geographic and/or spatial 
phenomena interact. Some events may appear from 
smaller phenomena and others from larger phe-
nomena. This is known as the notion of hierarchy 
of scales. For example, time has a hierarchical 
system of granularities that consists of seconds, 
minutes, hours, days, weeks, months, years, etc. 
Temporal dimensions can be considered time points 
of intervals. Different temporal structures have 
been defined for time: ordered time (linear or 
cyclic), branching time (description and compari-
son of different scenarios), and multiple perspec-
tives (several points of view for the facts under 
consideration) (Andrienko et al., 2010). 

Techniques and data 
The applied techniques are provided with Geo-

Viz Toolkit, which is a free software consisting of 
tools developed for visualising multidimensional 
geographic data. This section briefly describes the 
applied techniques provided by GeoViz Toolkit. 

Thereafter, the data used in the analysis are intro-
duced. 

Techniques 

The applied techniques in the analyses were the 
following: PCP, bivariate map (known as GeoMap 
in GeoViz Toolkit) and Multiform Bivariate  
Matrix. PCP is one of the most common visual 
techniques for discovering relationships between 
variables. The advantage of PCP lies within its 
interactivity options for handling and dealing with 
multivariate dimensions both at a general and 
a detailed level. Gaining an overview of the data 
with PCP is very simple. Characteristics, such as 
relationships, outliers and missing values can be 
explored. However, the order of the axes is very 
important because the connections and patterns 
appear only for adjacent axes. Another advantage 
of PCP is that it can visualise a high number of 
attributes. The maximum number of attributes in 
GeoViz Toolkit is six. 

The bivariate map technique maps two variables 
onto a single map. Those two variables are com-
bined with two different sets of symbols or colours. 
The functional purpose of a bivariate map is to 
depict the relationship between two variables. The 
most relevant visual variables for the bivariate 
technique are colour, brightness and saturation. 
A colour or symbol indicates an attribute. Bright-
ness, usually shown as shades of gray, can be used 
to depict relative importance, order, or classified 
data. For example, the higher the value, the lower 
the brightness. Saturation is the purity of the colour. 
Colours in mapping are commonly used to map 
data values so that the relationship between the 
range of the data and the colour values are defined. 

A Multiform Bivariate Matrix is a generalisation 
of a scatterplot matrix, but not a complete scatter-
plot matrix. It applies a technique that is suitable 
for bivariate data. In this case, it is a bivariate map 
which is used in the lower grid cells of the diagonal 
axis. The grid cells that represent the diagonal axis 
are presented as histograms. The upper side of the 
diagonal axis consists of scatterplots. Scatterplots 
are one of the earliest and most widely used tech-
niques for data visualisation and they are used for 
visualising correlations between two variables. 

Material 

The primary data were acquired from three dif-
ferent SAR organisations: the FLI, the FBG and the 
FRS. Table 1 lists the information that could be 
acquired from these SAR organisations. The data 
were compiled during the years 2007–2012. Based 
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on the available data, national holidays, weekends, 
days, weeks, months and years could be defined. 
The distance calculations were implemented using 
location data (coordinates) of the SAR stations and 
incidents. Distances between the incidents and the 
shore line were also calculated. The FLI-data 
contained 7925 missions; the FBG-data contained 
9292, and the FRS-data 6577. A more detailed 
description of the available data can be found in 
Venäläinen and Sonninen (Venäläinen & Sonninen, 
2013). 

Table 1. The primary data attributes provided by the SAR 
organisations 

 FBG FLI FRS 
Incident type x x x 
Boat type x x x 
Boat class x x x 
Boat size x x x 
Location name  x  
Municipality  x x 
Coordinates x, y (WGS84) x x x 
Coordinates x, y (KKJ)   x 
SAR stations x x  
Performing SAR station  x  
Date (dd.mm.yy) x x x 
Alarm time x x x 
SAR vessel  x x 
Accident quality x x x 
Accident factor x x x 

 
Secondary data were related to weather and 

waves, as well as observations of lightning strikes 
during the period 2007–2012. The secondary data 
were acquired from the Finnish Meteorological 
Institute (FMI). The weather data included average 
wind speed (m/s), wind direction (north: 360, east: 
90, south: 180, west: 270, no wind: 0), air 
temperature (C), total cloud cover (0–9; 0 = clear, 
9 = could not be measured), and precipitation 
(mm). Depending on the weather observatory, the 
sampling times of the observations were usually 
every 10 minutes, except precipitation which was 
taken every hour. Not all weather observatories 
provided data on all the listed weather parameters. 
Therefore, the data had to be divided so that it 
would cover the coast of the Gulf of Finland as 
evenly as possible. 

The wave data derived from one buoy off Hel-
sinki. For this reason, the wave data was not accu-
rate for all incidents, because the incidents were all 
located near the coast. The most used parameter 
relating to the wave data was the significant wave 
height. 

The lightning observations covered the entire 
Gulf of Finland area. The lightning strike informa-
tion was only used assuming that there might have 
been a lightning strike involved in a boating acci-
dent. The focus was not on the fact that the light-
ning strike would have caused the boating accident. 

Data classification 

Before the data were put into the GeoViz Tool-
kit, a shapefile had to be created. The values of the 
attributes were shown as numeric values. Some of 
the preliminary data had to be classified. That data 
consisted of attributes such as incident type, boat 
type, boat class, boat size, SAR station, accident 
quality, and accident factor. Some of these were 
used only in the more detailed analysis of FLI data, 
such as boat type, boat size, accident quality, and 
accident factor. The attributes used in the results 
section (in particular Figures 1–3) are listed both 
with their numerical values and their explanation, 
as found in Table 2. 

Table 2. Data attributes, numerical representation and 
interpretation 

Category Nominal Numeric 
Mission 

 Rescue 1 

 Assistance 2 

 Ambulance and emergency response 3 

 Operation suspended 4 

 Search 5 

 Loss prevention 6.1 

 Inspection/Back-up task 6.2 

 Wildfire 6.31 

 Building fire 6.32 

 Firefighting 6.33 

 Other mission 6.4 

 Environmental accident/prevention 6.5 

 Animal rescue 6.6 

 Executive assistance 6.7 

 Traffic accident 6.8 
Boat type 

 Recreational vessel 1 

 Fishing vessel 2 

 Other 3 
Boat class 

 Sailboat 1 

 Motorboat 2 

 Other 3 
Boat size 

 Size unknown 0 

 Less than 7 m 1 

 7‒15 m 2 

 More than 15 m 3 
SAR organisation 

 Finnish Rescue Services (FRS) 1 

 Finnish Lifeboat Institution (FLI) 2 

 Finnish Border Guard (FBG) 3 
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Table 2 (cont’d). Data attributes, numerical representation 
and interpretation 

Category Nominal Numeric 
SAR station (FLI) 

 Hangon Meripelastajat 201 

 Tammisaaren Meripelastajat 202 

 Bågaskärin toimintakeskus 203 

 InkoonMeripelastajat 204 

 Porkkalan Meripelastajat 205 

 Espoon Meripelastajat 206 

 Meripelastusasema I 207 

 Helsingin Meripelastusyhdistys 208 

 Porvoon Meripelastajat 209 

 Loviisanseudun Meripelastajat 210 

 Kotkan Meripelastusyhdistys 211 

 Haminan Seudun Meripelastusyhdistys 212 
SAR station (FBG) 

 Hanko 301 

 Tammisaari 302 

 Porkkala 303 

 Suomenlinna 304 

 Glosholmen 305 

 Kotka 306 

 Haapasaari 307 

 Hurppu 309 
Municipality 

 External 0 

 Hanko 1 

 Raasepori/Tammisaari 2 

 Inkoo 3 

 Siuntio 4 

 Kirkkonummi 5 

 Espoo 6 

 Helsinki 7 

 Sipoo 8 

 Porvoo 9 

 Pernaja 10.1 

 Loviisa 10.2 

 Ruotsinpyhtää 10.3 

 Pyhtää 12 

 Kotka 13 

 Hamina 14 

 Virolahti 15 

Results 
The aim of this study was to investigate 

the occurrence of different incident types under 
challenging weather conditions as well as compare 
the activity of different SAR organisations. The 
travel distances of SAR organisations were com-
pared as well as the proportion values of the domi-
nant incident types in different areas and at differ-
ent times of the day. This section briefly describes 
the main findings with supporting images. 

SAR missions in challenging conditions 

The most interesting parameters related to 
weather were average wind speed (m/s) and signifi-
cant wave height (m). The limits of wind and wave 
warnings were provided by the FMI. Figure 1 

represents single scatterplots (upper panel) of those 
selected records that reached the minimum risk 
limit of a strong wind advisory (11 m/s) and 1-
metre wave height which makes boating challeng-
ing. The locations of the selected items are plotted 
in a bivariate map representation (lower panel). 
Due to the limitations of the applied visualisation 
tool (GeoViz Toolkit), it is not possible to show 
a background map of the datapoints. Instead, the 
studied area is indicated in an auxiliary map, em-
bedded in the figure. 

The bivariate map technique indicated that the 
western and eastern parts of the Gulf of Finland had 
the largest numbers of incidents reaching the mini-
mum limits of a strong wind advisory and wave 
warning. In particular, the western area had the 
highest density of incidents. This is not precisely 
known, because the measurements of wave heights 
are the waves outside of Helsinki at open sea, not at 
the coast, in the west or in the east. The wind 
speeds were covering the coast line quite well, but, 
for instance, the Hanko area lacked information 
about wind speed. It is still assumed that Hanko 
may have challenging conditions related to wind 
and waves, because it is the outermost area to the 
open sea. However, the incidents that had the 
highest significant wave heights were found to be 
most dense in the metropolitan area. Again, these 
wave heights derive from the Helsinki buoy only. 

The middle scatterplot of the top panel in Figure 
1 shows the highlighted incident types on the 
vertical axis. It was found that the FLI (category 2) 
had the largest variety of different incident types. 
It was known that the FBG operates mainly rescue- 
-related missions while the FLI performs assis-
tance-related operations and the FRS undertakes 
ambulance and emergency responses. 

Temporal and spatial analysis 

In this part, proportions of the three dominant 
incident groups (Rescue, Assistance, and Ambu-
lance and emergency response) were calculated 
for the western, metropolitan, and eastern areas of 
the gulf. It was found that the highest ratio of 
Rescue was in the east. The metropolitan area had 
the highest ratio of Assistance missions and the 
west had the highest ratio of Ambulance and emer-
gency responses. These three incident groups were 
analysed using PCP and bivariate map techniques. 
The aim was to compare the occurrences during 
different times of the day, mainly during the night 
(24–05) and late evening (21.30–24) hours. The 
proportions did not give any exceptional values, but 
more incidents occurred during the evening than 
during  the  night  hours.  Also  the  highest  ratio of 
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ambulance and emergency responses was found in 
the west during the late evening. The metropolitan 
area is known to be the busiest and densest area for 
water traffic. The missions took place mostly 
during the summer months and during all days of 
the week. 

Travel distances 

The distances between the incidents and shore 
and between incidents and SAR stations were 
calculated based on the coordinates of the incidents 
and stations. There was no station information 
provided by the FRS. Therefore only the distance 
between the incident and the shore could be calcu-
lated for the FRS incidents. The FBG has eight 
stations along the coast of the Gulf of Finland. The 
FBG statistics did not provide information about 
which FBG SAR station had undertaken the inci-
dents. Thus, the home stations of the FBG incidents 
were unknown. The FLI keeps statistics on the 
performing SAR station and SAR vessel. For the 

FLI, the distance to the home station could there-
fore be calculated. The distance to the closest FLI 
and FBG station was calculated for every incident. 

The FBG was identified by the largest radius of 
action. The travelled distances could be more than 
20 km from shore. Most FRS missions were located 
less than half a kilometre away from shore, which 
indicates that the FRS mainly operates missions 
that are common on land such as wild fires, build-
ing fires, environmental accidents, etc. The FLI 
missions could reach several hundred kilometres 
away from the home station, but still remained 
close to shore. The explanation for this could be 
that the FLI may have rehearsals or visits to other 
stations or regions.  

Figure 2 shows an example of highlighted far-
thest distances between the FLI incidents and home 
stations. The selection was done using the scatter-
plot (Figure 2, left window). From the scatterplot, it 
can be seen that the FLI vessels mainly travelled 
less than 50 km away from the station. The selected 
items also showed which SAR station had operated 

 
Figure 1. Combination of wind advisory and 1-metre wave height of selected items (upper panel), left: selection according to 
the values of wind speed (horizontal axis) and wave height (vertical axis), middle: highlighted items of incident type (vertical 
axis) and SAR organisation (horizontal axis), right: highlighted items of incident type (vertical axis) and municipality (hori-
zontal axis). In the lower panel the locations of the selected items are plotted in a bivariate map representation. For interpre-
tation of attribute labels: see Table 2 
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long distances. According to the scatterplot, Hel-
sinki stations (two stations) had SAR vessels that 
travelled the farthest distances. In the east, the 
longest distances were undertaken at Kotka and 
Hamina stations. In the western part of the gulf, 
Hanko and Bågaskär stations reached the farthest. 
The incidents that were located farthest away are 
highlighted. The second rightmost axis of the PCP 
(Figure 2, right window) shows that the incidents 
were not that far away from the shore. The brown 
polylines indicate Assistance missions. 

More detailed analysis of the FLI data 

The more detailed analysis was concentrating on 
the FLI data only and included boat class, boat size, 
accident quality, and accident factor. The FLI also 
kept statistics on the SAR vessels that were oper-
ated in the missions. An example was applied using 
the PCP technique to compare which SAR vessels 
were the most active during challenging wind and 
wave conditions. This section was investigating 
accident factors of incident types that were not as 
closely studied as the three dominant incident 
groups. Those incident types were Operation sus-
pended, Search, Loss prevention, Firefighting, 
Environmental accident/prevention, and Other 
mission. Operation suspended and Search were 
classified as two separate groups. The rest of the 
mission types were investigated together, because 
they constituted minor groups of the whole dataset.  

The incidents of the FLI were mainly technical 
such as breakdowns or power or input failures. The 
dominant accident factors that were categorised 
into the Emergency/Accident group were ground-
ings and collisions. The dominant boat type was 
motorboats less than seven metres. The size of 
sailboats and other boat types such as jet-skis, 
kayaks, canoes, etc. were unknown. Accident 

factors of Assistance missions, which form the 
dominant incident group of the FLI missions, were 
mainly due to technical factors such as breakdowns 
or propeller or power failures. Rescue missions 
were mostly due to Accident/Emergency factors, of 
which groundings and collisions were the most 
common ones. Assistance and Rescue missions 
were the most common incident types in the whole 
dataset and thus did not give any exceptional pat-
terns. Therefore these two mission classes were not 
specifically investigated in the detailed analysis. 

Operation suspended missions were only under-
taken by the FLI. The boat types were mainly 
sailboat and motorboats. However, the accident 
factors of motorboats were mostly technical 
whereas those of sailboats belonged to the accident 
quality group Accident/Emergency. Search mis-
sions consisted mainly of Accident/Emergency 
factors and a large part of the minor incident types 
were due to unknown factors. 

Since motorboats and sailboats occur in every 
incident type and accident quality, the other vessel 
types were selected separately. Figure 3 shows the 
highlighted polylines of a PCP representation 
(upper panel). The blue colours indicate Rescue and 
Assistance missions which are mostly technical. 
Operation suspended (pink polyline), Search, and 
some minor mission types (dark purple polylines) 
are mainly pointing at the Accident/Emergency 
group (rightmost axis accident factor). 

The bivariate map (Figure 3, lower panel) shows 
that the cases most often occurred in the metropoli-
tan area. The metropolitan area is the busiest region 
that attracts tourists and local people to attend water 
activities. Due to the limitations of the applied 
visualisation tool (GeoViz Toolkit), it is not possi-
ble to show a background map of the datapoints. 
Instead, the use is made of an auxiliary map. 

 
Figure 2. Scatterplot (vertical axis: SAR station, horizontal axis: distance to home station) and PCP (axis from the left: 
Incident type, closest SMP station, distance to closest SMP station, distance to own station, SAR station) representing dis-
tances between FLI incidents and FLI SAR stations. For interpretation of attribute labels: see Table 2 
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Conclusions 

The aim of the study was to investigate which 
incident types occur under challenging wind and 
wave conditions. The most dominant incident types 
were most likely to appear: Rescue for the FBG, 
Assistance for the FLI, and Ambulance and emer-
gency response for the FRS. No particular connec-
tion between certain incident types and weather 
parameters were found. All SAR organisations stay 
active during all weather conditions, but the FLI, as 
a voluntary organisation, reduces its activity during 
the winter period. As a leading maritime SAR 
authority, the FBG has the largest radius of action 
and thus undertakes missions in the most challeng-
ing conditions. The FRS focusses primarily on SAR 
missions that are common on land.  

Because of its simplicity and clarity, a PCP 
turned out to be the most adequate technique for 
this analysis. Another advantage is its capability of 
plotting multiple attributes at once. In this case, the  

maximum attribute value was six. The options of 
interactivity, such as zooming, switching order of 
the axes, and colour schemes, enhance the legibility 
of visual representation. However, selecting combi-
nations of two attributes is not possible with the 
PCP technique. For this purpose, scatterplots of the 
Multiform Bivariate Matrix turned out to be an 
efficient technique. This also plots multiple attrib-
utes, but the interactivity is not as broad as in PCP. 
The bivariate map technique worked as a side tool 
for the other techniques, mainly for plotting the 
locations. The bivariate map technique is more 
suitable for analysing proportional data. The inter-
activity options were wide, but the maximum 
number of attributes the technique was able to plot 
was only two. All the techniques suffer from over-
plotting if the dataset is big. PCP and Multiform 
Bivariate Matrix are suitable to detect outliers. The 
bivariate map can mainly detect outliers that are 
related to location, for example, erroneous coordi-
nates. 

 
Figure 3. Other vessel types (second leftmost axis boat class) selected from PCP (upper panel). Attributes from the left: 
incident type, boat class, boat size, SAR station, alarm time, and accident factor. Locations plotted in the bivariate map 
(lower panel). For interpretation of attribute labels: see Table 2 
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