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Introduction
The purpose of this study is to map the movement of leisure boats in the Baltic Sea region in
general and more specific in relation to a number of marinas within the main study. The main
project for this study, Changing antifouling practises for leisure boats in the Baltic Sea (CHANGE) is
focused on leisure boat types that to some extent uses paint to prevent fouling, meaning that
current sub task only concerns that specific range of boat types. An additional task is to
geographically relate spatial distribution pattern of leisure boat movements to marine protected
areas within the framework of HELCOM1, NATURA 20002 and RAMSAR3.
Leisure boat activity and movement in general is an undescribed phenomenon in the literature,
this much due to the absence of actual measurement data on leisure boat movement pattern.
AIS, Automated Identification System4 is an automatic tracking system used on ships and other
marine vessels for identifying and locating vessels by electronically exchanging data with other
nearby ships, AIS base stations and satellites. Data harvesting on accumulated AIS data over time
gives a spatial distribution of marine vessels and can thus be used for geographical mapping of
their movement. On the other hand, AIS is only mandatory aboard ships of 300 gross tonnage and
upwards, together with passenger ships, regardless of tonnage, leaving the large majority of leisure
boats unregulated. There are leisure boat owners, who, on a voluntary basis, are using AIS, but
they are relatively few and do not represent the general leisure boat owner. Using AIS data in an
effort to map boat activity and movement pattern will therefore be strongly biased towards
commercial traffic.
In the BONUS research Project Sustainable Shipping and Environment of the Baltic Sea region SHEBA
(2016), survey data (Båtlivsinventeringen 2010) on leisure boat practices together with measures on
total fuel consumption has been used in a top down approach. National data is broken down into
smaller segments and eventually applied on local conditions. In this project, same approach has
been adopted.

http://helcom.fi/action-areas/marine-protected-areas/
http://ec.europa.eu/environment/nature/natura2000/marine/index_en.htm
3 http://www.ramsar.org/
4 http://www.imo.org/en/OurWork/Safety/Navigation/Pages/AIS.aspx
1
2
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Method
Material
Two main data types are used in this work; statistical survey data on the use of leisure boats and
geographical data describing the physical environment within the study area.
Survey data is extracted from three different publications conducted on behalf of the Swedish
Transport Agency; Båtlivsundersökningen [Boating Survey] (2004; 2010; 2015) and from data extracted
from the main Bonus Research Project; CHANGE.
The Boating Survey is a survey of Swedish leisure craft and how they are used. The survey is based
on interviews with boat owners and those who are interested in recreational boating life. The
concept of pleasure boats comprises all types of boats, from kayaks and rowboats to larger sailand motorboats.
The geographical data used in this study is divided into two groups; internal data generated within
the project and external geodata describing geographical conditions within the area of interest.
Internal data refers to geolocation on marinas within the main study together with calculations of
the number of berths, mooring points in those cases were information was absent. Calculations
were synoptically performed in online satellite imagery (Google Earth Pro 7.1.5.1557, ©Google Inc.)
Geographical background data; coastline, land polygons and sea polygons were extracted from the
OpenStreetMap (OSM) contributors derivative and used under the Open Data Commons Open
Database License (ODbL), (OpenStreetMapData.com, 2016).
There are several reasons for the choice of data source:
•

•

Data are harmonically generated for the entire region in terms of scale, resolution and
accuracy, which is not the case if the data are put together from various sources in an effort
to cover the whole area in question.
Data and derivatives can be freely distributed under Open Data Commons Open Database
License (ODbL).

Current data on geographical distribution of marine protected areas (MPA) were harvested from
governing organisations:
•
•
•

HELCOM MPAs (2016)
NATURA 2000 (2016)
RAMSAR (2016)

MPA’s were filtered fore areas that are completely contained by the Baltic Sea or to some extent are
reaching out to the sea, omitting areas with a spatial extent on land (Natura 2000 and Ramsar).
Geographical distribution of Swedish marinas and small harbours were extracted and mapped.
Original data were derived from Brygginventeringen (2010), commissioned by the Swedish
Environmental Protection Agency.
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Additional map data, used as backgrounds, were streamed directly into the GIS client as map
services derived from the general GIS community and are referenced directly in the maps, where
they are present.
All geodata handling are executed within a Geographical Information System (GIS) framework,
ArcGIS 10.3.1 for Desktop.

Process
Geographical data were projected into a common spatial reference system (EPSG: 3857) and were
compiled into a GEO-database together with supporting tabular metadata.
For Swedish conditions, linkage between survey data on boat behaviour from
Båtlivsundersökningen, (2004, 2010 and 2015) and spatial movements of leisure boats were
approximated using a top down approach where; total number of leisure boats, total number of
days boat were used and accumulated travelled distance during the active season expresses the
central characteristics. Corresponding data for the remaining riparian states, surrounding the Baltic
Sea, has not been identified. General boating behaviour for the remaining stats is assumed to be in
the same extent as for Swedish conditions.
According to Båtlivsunderökningen (2015), there are a total of 756 500 seaworthy leisure boats in
Sweden. If the number of small boats (kayaks, rowboats and dinghies) and the inland boat stock is
excluded, the remaining number of relevant leisure boats is reduced to approximately 281 300. The
average boat use in days between May – September is 20.5 and the lion’s share of purpose is
daytrips, fishing trips and shorter transportations.
Accumulated distance travelled during the season is a very vague parameter in the survey, where
42 % of the respondents stated that they did not know how far they travelled. The remaining
respondents; 41 % excluding small boats 17 %, stated that the accumulated travel distance is less
than 50 nautical miles. Based on these data a general area of interest for leisure boat activity along
the coast is set to a distance of 50 km. The assumption is that boat activity and boat movements will
occur in the vicinity of the home marina with a spatial bias towards near shore areas.
An effort to map this assumed movement was conducted by producing a Euclidian distance map,
using the full coastline enclosing the Baltic Sea as base line. Perimeter coast, surrounding islands,
were include in the base line concept. The result is a raster covering the Baltic Sea area with 100 by
100 meter cell size. Cells on shore received the value of 0 with progressively increasing value with
distance to coast, all directions included, out to the outer rim of 50 km from shore, where cells
received the maximum value of 50 000. Since the distance algorithm also generates pixel values
towards the opposite direction, i.e. on land, the resulting map was masked using geographical
features representing land.
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All 18 marinas included in the study were buffered using a radius of 50 km. The point locations of
the marinas were used as source input and the corresponding buffered area were used as region of
interest for a spatial cost distance algorithm were the distance map was used as cost surface. The
algorithm calculates the least accumulative cost distance for each cell to the nearest source,
producing a map with increasing cost, less probability of boat presence, with distance from marina
and distance from coast.
To make the resulting cost allocation map more intelligible with respect to probability of boat
presence, data is processed by transformations; stretch and inversion using following functions:
Stretch:
Inversion:

𝐶𝐶𝐶𝐶𝑙𝑙𝑙𝑙 =

�𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 – 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚 �

�𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚 – 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚 �

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚 ) × (−1) + 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑚𝑚𝑚𝑚

Cell is representing the new cell value.

The result is a map with values ranging from 0 to 1 were 0 represents furthest cost distance; away
from shore with zero probability of boat occurrence and 1 represent the marina and near shore
environments with 100 % probability of boat occurrence.

Results
The resulting maps are plotted as a general distance map over the whole Baltic Sea area with
marine protected areas superimposed. Focus areas, marinas within the study, are plotted at higher
resolution in separate tiles were the probability of boat occurrence, or prevalence for leisure
boating, is expressed as surface together with marine protected areas. Produced maps are
presented in the appendix.
The hypothesis; leisure boating occur in a higher degree in the vicinity of the marinas and in near
shore environments emerges and is illustrated in the maps. It is also clear that MPA’s often
coincides with the spatial region that has a high prevalence of leisure boat activity.
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Discussion
It should be noted that this work is based on compilations of insufficient statistical data on boating
behaviour together with general spatial expressions of distance and distance cost in a geographical
perspective. The result is a reflection of this input data and cannot be regarded as an absolute
truth. However, the resulting maps illustrate an expected pattern of leisure boat movements and
can be regarded as a general description of leisure boat movements.
The result has not been validated against measured data on leisure boat movements. The reason
for this is that data on leisure boat movements in the Baltic Sea area have not been found in the
literature. As mentioned in the introduction, the related Bonus research project SHEBA, has
compiled spatial statistics on leisure boat movements in a similar way as in this study but on a
different scale. Comparison between data sets will be strongly affected by the scaling factor and are
therefore difficult to interpret.
Distance measures and cost surfaces could be further explored using penalty expressions for
shallow areas adopted from bathymetry data and thus excluding these areas from the calculations.
In order to increase the knowledge domain regarding leisure boat movements it is necessary to
include direct measurements on spatial movements. This could be performed by including AIS
data, when the use of AIS is adopted by increased number of boat owners. Other ways of mapping
boat movements could be conducted by the analysis of remote sensing data or to compile datasets
on the location of smart phones.
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Figure 1 Baltic Sea area
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Figure 2 Strömstad area
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Figure 3 Gothenburg area
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Figure 4 Halmstad area
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Figure 5 Helsingör, Malmö, area
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Figure 6 Simrishamn area

16

Report U 5726  Spatial distribution of leisure boats in the Baltic Sea region

Figure 7 Kiel, Grömitz area
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Figure 8 Karlskrona, Kalmar area
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Figure 9 Västervik area
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Figure 10 Stockhom, Nynäs, Askö area
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Figure 11 Gävle area
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Figure 12 Vaasa area
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Figure 13 Turku area
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Figure 14 Helsinki area
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Figure 15 Swedish leisure boat marinas superimposed on distance surface and MPA’s.
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