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Abstract 

 
 
 

Résumé 

A competitive analysis study is a usability engineering method administered to               
critically analyze and compare a set of similar applications according to their          
relative merits. This paper presents a competitive analysis study of current ocean 
web-mapping applications that deliver ocean related data to the scientific commu-
nity. The analysis is part of a User-Centered Design (UCD) approach that was        
applied to develop the Ocean Web-Mapping Application of the Ocean Mapping 
Group (OMG) at the University of New Brunswick (UNB), a web mapping applica-
tion to deliver ocean mapping data to ocean modellers. A total of twenty-four         
existing applications were critically analyzed and compared across two broad 
themes in cartography: (1) representation and (2) interaction; adding topics to        
consider the potential needs of ocean modellers. The results helped to establish 
trends and gaps and to discover new opportunities for ocean web-mapping             
development. Using the conclusions drawn from this study, an online survey was 
prepared to be conducted by ocean modellers and continue the UCD methodology 
of the Ocean Web-Mapping Application. 

Une analyse concurrentielle est un procédé d’ergonomie informatique appliqué afin 
d’effectuer une analyse critique et une comparaison d’une série d’applications           
similaires selon leurs mérites respectifs. L’article qui suit présente une analyse 
concurrentielle des applications existantes de cartographie en ligne des océans 
fournissant à la communauté scientifique des données relatives à l’océan. Cette 
analyse entre dans le cadre de l’approche axée sur l’utilisateur (UCD) qui a servi à 
développer l’application de cartographie en ligne des océans du groupe de                   
cartographie océanique (OMG) à l’université du Nouveau Brunswick (UNB),               
application de cartographie en ligne dont l’objectif est de fournir des données de 
cartographie océanique aux spécialistes de la modélisation des océans. Un total 
de vingt-quatre applications existantes ont fait l’objet d’une analyse critique et ont 
été comparées à travers deux thèmes généraux de cartographie : (1) représenta-
tion et (2) interaction ; d’autres thèmes ont été ajoutés pour évaluer les besoins 
potentiels des spécialistes de la modélisation des océans. Les résultats ont permis 
d’aider à dégager des tendances et à déceler des lacunes, ainsi qu’à découvrir de 
nouvelles opportunités de développement de la cartographie en ligne des océans. 
A partir des conclusions tirées de cette étude, une enquête en ligne a été élaborée 
pour être effectuée par les spécialistes de la modélisation des océans et en vue de 
la poursuite de la méthodologie UCD des applications de cartographie en ligne des 
océans. 
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Resumen 

 
. 

 

 

Un estudio de análisis competitivo es un método de ingenieria de la usabilidad              
utilizado para analizar y comparar de forma crítica un conjunto de aplicaciones  
similares según sus méritos relativos. Este artículo presenta un estudio analítico 
competitivo de aplicaciones de mapas web actuales que ofrecen datos relaciona-
dos con las ciencias oceánicas a la comunidad científica. El análisis forma parte 
de un enfoque UCD (User-Centered Design - Diseño Centrado en el Usuario), que 
fue aplicado para el desarrollo de la Aplicación Web de Cartografía Oceánica del 
OMG (Ocean Mapping Group - Grupo de Cartografía Oceánica) de la Universidad 
de New Brunswick (UNB), una aplicación de mapas web que ofrece datos de           
cartografía oceánica para la generación de modelos oceánicos. Un total de veinti-
cuatro aplicaciones existentes fueron analizadas y comparadas críticamente en 
dos amplias temáticas de la cartografía: (1) la representación y (2) la interacción, 
añadiendo tópicos que consideren las posibles necesidades durante la generación 
de modelos oceánicos. Los resultados ayudaron a establecer tendencias y defi-
ciencias, y a descubrir nuevas oportunidades para el desarrollo de aplicaciones 
web de cartografía oceánica. A partir de las conclusiones sacadas en este estudio, 
se preparó una encuesta en línea que será realizada por científicos dedicados a la 
generación de modelos oceánicos y permitirá la continuación de la Metodología 
UCD de la Aplicación Web de Cartografía Oceánica. 
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 1. Introduction 
 
User-Centered Design (UCD) can be described as the approach followed for the creation of a 
new object in which end users influence how the design process takes shape (McLoone et al., 
2010). Regarding web interfaces design, Nielsen (1992; 1994) developed a usability engineer-
ing model based on eleven design stages, including the competitive analysis method on the 
third stage. A competitive analysis critically compares existing products supporting similar use 
cases to determine how the proposed product should look to fill unmet needs. If several           
products are available, an analysis of the different design approaches can provide ideas for a 
new design, and guidelines for good or bad approaches. Therefore, during a competitive         
analysis, designers and developers evaluate the interface themselves using theoretical             
frameworks (Roth, Ross, and MacEachren, 2015).  

 
The analysis was completed during the early stages of the UCD methodology of the Ocean-
Web Mapping Application, a web mapping application to deliver ocean mapping data to ocean 
modellers. Previous stages included an informal interview with an ocean modeller, which             
allowed the identification of potential data and functionality to include within this analysis. The 
competitive analysis method was chosen next because it would depict the state of the art            
regarding ocean web mapping applications, and it would help to discover trends and gaps with-
in these applications, opening new opportunities for development.  

 
The theoretical framework used by this analysis is based on the one described by Roth et al. 
(2015) and follows Roth’s (2013a) distinction within cartography: (1) representation and (2)         
interaction, adding additional topics which consider the needs of ocean modellers, extracted 
from the previous informal interview. The methodology and results are followed by a summary 
of design recommendations that will be used to prepare an online survey for ocean modellers 
as the next stage of the UCD methodology of the Ocean Web-Mapping application. Combining 
the previous informal interview, the competitive study and the next online survey, a require-
ments document will be prepared to support the development of the Ocean Web-Mapping          
Application prototype. An application developed using this kind of UCD approach makes the 
data available to the community considering its context of use, and it will bridge the gap                
between ocean modellers and ocean data, providing them with the data and functionalities they 
need. 

 

2. Methodology 
 
A competitive analysis study of twenty-four existing ocean web mapping applications was            
conducted. The requirements for the inclusion in the analysis were:  

 
a. The application is a web-map based application, and  
b. The application provides potentially useful data for the ocean community, such as 

bathymetry, temperature, salinity, weather data or other information.  
 

The applications evaluated are shown in Table 1, including name, a brief description of the                 
application, and the link to the web portal. For the rest of this article, numbers shown are                 
referenced to the first column (#) of Table 1. 

 
Bathymetry and ocean mapping data collection are usually part of government or research             
organizations, as every country needs to map their territory and marine jurisdiction for political 
and environmental purposes. The government usually offers this data to the public, either freely 
(NOAA, 2013), or by limited licensing agreements (e.g. Canadian Hydrographic Service).  
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 In the United States, ten applications were developed, supported or funded by U.S. Federal 
agencies [1, 2, 3, 5, 6, 7, 8, 20, 24], one by an alliance of U.S. State agencies [5], a university 
research project [6], an alliance between several organizations and non-profit agencies [2], and 
two of them are owned by private companies or industries [4, 9]. In Europe, there are four           
applications developed by national institutions [10, 11, 12, 14] and one common for the                  
European Commission [13]. Within Canada, several applications were included in the analysis: 
the government of Canada web portal for data products and surveys [16], a federal and              
provincial government organization application [22], one application owned by a private               
company [21], a project from the University of Victoria [23], and two research projects from the 
University of New Brunswick [18, 19]. The government of Australia also provides a web portal 
for bathymetry and backscatter data [17]. Finally, one of the tools analyzed [15] is an alliance 
between EU, Canada and US for Atlantic Ocean Research Cooperation. 
 
Regarding geographic coverage, seven applications have a coverage of the entire globe [1, 2, 
3, 4, 7, 9, 21]; seven by a single country [8, 9, 12, 15, 16, 20, 23]; three by several US states      
[5, 6, 24]; three are regional [18, 19, 22]; and five include several countries and jurisdictions     
[10, 11, 13, 14, 17].  

 
The methodology to perform the competitive analysis followed Roth’s (2013a) distinction within 
cartography: Representation, i.e. the way the information in the map is encoded, and Interac-
tion, i.e. the ways a user can manipulate the map. The topics covered were based on 
those analyzed by Roth (2015) but included several additional topics that considered the poten-
tial needs of the ocean modelling community. 

  
Related to representation, a total of four topics were analyzed:  

(a) data offered/represented (see 3.1),  
(b) inclusion of uncertainty as a variable of the information (see 3.2),  
(c) inclusion of time as a variable of the information (see 3.3), and  
(d) variation in the basemap provided (see 3.4).  

 
Related to interaction, a total of four topics were analyzed:  

(a)variation across supported interaction operators that will include data download 
functionalities and analysis tools (see 3.5);  
(b)supported formats, distinguishing between: 

a.bathymetry formats (see 3.6); 
b.other kinds of data formats (see 3.7); and  

(a)variation in the web mapping technology used to implement the web application 
and mobile support (see 3.8).  

 

# Name Description 

1 
NOAA Bathymetry Data 

Viewer 

Bathymetry downloading service by the U.S. National Oceanic & Atmospheric 

Administration (NOAA). It includes multibeam and single beam data, Bathymetric 

Attributed Grid (BAG) surfaces, Digital Elevation Models (DEM), etc. Multibeam 

and single beam data are available for the entire globe. BAG surfaces/Lidar and 

DEM mostly limited to the U.S. 

2 
IEDA Data Browser / 
GMRT MAP TOOL 

Allows downloading bathymetry grid files of any part of the world using the Global 
Multi-Resolution Topography (GMRT) dataset. 

3 

International Hydrographic 
Organization Data  Centre 

for Digital Bathymetry 
Viewer 

Web-application to download digital bathymetry products. Bathymetry data is 
available for the entire globe. BAG surfaces/Lidar mostly limited to the U.S. 

4 Bathymetrics Data Portal 
Simple web-mapping application that allows purchasing bathymetry datasets (2m 

or 90m resolution). 

Table 1. Web mapping applications included in the Competitive Analysis  

https://maps.ngdc.noaa.gov/viewers/bathymetry/
https://maps.ngdc.noaa.gov/viewers/bathymetry/
http://www.marine-geo.org/tools/GMRTMapTool/
http://www.marine-geo.org/tools/GMRTMapTool/
https://maps.ngdc.noaa.gov/viewers/iho_dcdb/
https://maps.ngdc.noaa.gov/viewers/iho_dcdb/
https://maps.ngdc.noaa.gov/viewers/iho_dcdb/
https://maps.ngdc.noaa.gov/viewers/iho_dcdb/
https://bathymetrics.shop/#/mappage/
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3. Results 
 
Analyzing the set of existing applications, there exist several patterns worth mentioning. First, 
some applications are only focused on bathymetry data, while others include bathymetry as well 
as other ocean data observations. In the first group, most of the applications are intended for da-
ta distribution and download; some for free [1, 2, 3, 7, 9, 15, 18, 19], free under request [1, 3, 15] 
or by purchase [1, 3, 4, 8, 9, 15, 16]. Bathymetry focused applications usually limit their function-
ality to show only what data is available for a given organization, providing a link for download 

5 
MID-ATLANTIC OCEAN 

DATA PORTAL 

Data portal including different ocean datasets that allows building ocean stories 

using storytelling techniques. 

6 

Pacific Islands Ocean 
Observing System               

Voyager 

An interactive map interface for visualizing and downloading oceanographic ob-
servations, forecasts, and other ocean related data. 

7 NOAA Grid Extract Simple NOAA downloading service for the global bathymetry models. 

8 Data Access Viewer 
NOAA downloading portal for elevation, imagery and land cover. It includes 

coastal bathymetry lidar. 

9 Planet OS 
Data hub from different providers. Access to weather, climate and environmental 

datasets. 

10 CCLME ECO-GIS Viewer 
Dynamic Geographic Information Systems (GIS) analytic tool aimed to create 

meaningful data products of the ocean. 

11 Mareano 
Data portal for bathymetry, sediment composition, biodiversity, habitats, biotopes 
and other kinds of biological and ocean data for the Norwegian offshore areas. 

12 INFOMAR Data Viewer 
The INtegrated Mapping FOr the Sustainable Development of Ireland’s MARine 
Resource integrates mapping products of the physical, chemical and biological 

features of the seabed. 

13 
EMODnet portal for         

Bathymetry 

Web-application from the European Marine Observation and Data Network 
(EMODnet). It allows downloading bathymetry products for the European Union 
region. Gaps with no data coverage are completed by integrating the General 

Bathymetric Chart of the Oceans (GEBCO) digital Bathymetry. 

14 
Baltic Sea Bathymetry 

Database 

The Baltic Sea Bathymetry Database (BSBD) distribute bathymetry data for the 
areas of all Baltic Sea countries. 

15 
North Atlantic Data            

Viewer 
Bathymetry from different sources: NOAA, EMODNet, Natural Resources Canada 

(NRCan) and Mareano 

16 
Data products and            

surveys 
Bathymetry data products from the government of Canada. 

17 
Bathymetry and 

Backscatter Data Access 

Different resolution bathymetry and backscatter data for the Australian area. 
Maintained by Geoscience Australia. 

18 
Lower Saint John River 

Data Overview 

Web portal for the bathymetric surveys performed by the OMG at the UNB. It also 
includes Conductivity, Temperature and Depth (CTD) data. 

19 
ArticNet Amundsen 

Multibeam Data 

Bathymetry and Backscatter data web application that includes the multibeam 
data collected for the ArticNet Amundsen project. 

20 Tide data viewer NOAA tidal and currents sensors viewer. 

21 Ocean Viewer 

Data hub that links to the different providers for real time ocean and weather vari-
ables. Data is retrieved as animated grids. Note: web site is not operational. The 
following link is given in case it is resumed: http://oceanviewer.org/atlantic-
canada/water-temperature/global-rtofs/test554 

22 Marine Conditions 

The application displays a wide range of recent and near real-time data collected 
by various monitoring systems installed in a vast territory from the Great Lakes to 
the St. Lawrence Gulf. They recently included data for the Canadian west coast. 

23 Ocean Networks Canada 

The organization operates ocean observatories around Canada, collecting data 
on physical, chemical, biological, and geological aspects of the ocean to support 

the scientific and research community. 

24 SECOORA 
South East Coastal Ocean Observing Regional Association. Real-time sensors 

data visualization and downloading for the U.S. South Coast. 

http://portal.midatlanticocean.org/ocean-stories/every-map-tells-a-story/
http://portal.midatlanticocean.org/ocean-stories/every-map-tells-a-story/
http://www.pacioos.hawaii.edu/voyager/
http://www.pacioos.hawaii.edu/voyager/
http://www.pacioos.hawaii.edu/voyager/
https://maps.ngdc.noaa.gov/viewers/wcs-client/
https://coast.noaa.gov/dataviewer/#/
https://data.planetos.com/datasets
http://www.ideo-cclme.ieo.es/
http://mareano.no/en/maps/mareano_en.html
https://jetstream.gsi.ie/iwdds/delivery/INFOMAR_VIEWER/index.html
http://portal.emodnet-bathymetry.eu/
http://portal.emodnet-bathymetry.eu/
http://data.bshc.pro/#2/58.6/16.2
http://data.bshc.pro/#2/58.6/16.2
https://maps.ngdc.noaa.gov/viewers/north_atlantic/index.html
https://maps.ngdc.noaa.gov/viewers/north_atlantic/index.html
http://www.charts.gc.ca/data-gestion/500map-eng.asp
http://www.charts.gc.ca/data-gestion/500map-eng.asp
http://marine.ga.gov.au/#/
http://marine.ga.gov.au/#/
http://omg.unb.ca/Projects/lowerSJRiver/
http://omg.unb.ca/Projects/lowerSJRiver/
http://www.omg.unb.ca/Projects/Arctic/google/
http://www.omg.unb.ca/Projects/Arctic/google/
https://tidesandcurrents.noaa.gov/map/
http://oceanviewer.org/atlantic-canada/water-temperature/global-rtofs/test554
http://oceanviewer.org/atlantic-canada/water-temperature/global-rtofs/test554
https://ogsl.ca/conditions/?lg=en
http://dmas.uvic.ca/DataSearch
https://portal.secoora.org/
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and serving as data repositories. Planet OS [9] is a special case of a website, being a Datahub 
linking to ocean, weather and climate data from the main government organizations and compa-
nies. In contrast to the first group, other applications support data exploration, enabling more user 
interaction through querying, filtering and basic analysis or calculations, such as depth profiles, 
measuring tools [10, 13, 14, 17], area statistics [6], or even storytelling techniques to support ma-
rine planning [5].  

 

3.1. Data included  

The web applications were analyzed to determine if they include the different data types expected 
to be useful for an ocean modeller (Table 2). This information was provided from the previous       
informal interview and identified bathymetry, CTD profiles, weather, tidal, coastlines, water level, 
river discharge and currents as important data. 
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Other kinds of data 

1 
NOAA Bathymetry 

Data Viewer                1 Lidar Bathymetry. DEM 

2 GMRT MAP TOOL 


  
              1 

Cruise tracks, geochemistry data, 
seismic data, etc. 

3 
Crowdsourced 

Bathymetry                1 DEM 

4 Bathymetrics Data Portal                1   

5 MID-ATLANTIC PORTAL               2 Oceanographic data, seabed forms, 

6 Voyager           7 Benthic habitats, ocean glider data 

7 NOAA Grid Extract                1   

8 Data Access Viewer                1 Imagery, Land Cover, Elevation 

9 Planet OS              3 Climate and environmental data 

10 CCLME ECO-GIS Viewer 

  
          5 

Upwelling index, floating devices  
profiles, biological data 

11 Mareano              3 Sediments, habitats, etc. 

12 INFOMAR Data Viewer 


  
             2 

Seabed classification, survey track 
lines, etc. 

13 EMODnet               2   

14 
Baltic Sea Bathymetry 

Database 


  
              1   

15 
North Atlantic 
Data Viewer                1   

16 
Data products  

and surveys                1 
Nautical charts, Natural Resources 

maps 

17 
Bathymetry and 

Backscatter Data Access                1 Backscatter data 

Table 2. Data types included in the web mapping applications  

http://www.charts.gc.ca/data-gestion/index-eng.asp
http://www.charts.gc.ca/data-gestion/index-eng.asp
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There are nineteen applications that provide bathymetry (n=19), nine applications that provides 
weather data (n=9), seven that provide current data (n=7), five that provide water level data (n=5), 
four that provide CTD data (n=4), and three that provide tidal, coastlines or river discharge data 
(n=3). The results from the analysis subdivide the web pages into three main categories:  
 
(a) bathymetry data portals (n=14), which exclusively deliver bathymetry data and they do not 

include additional data [1, 2, 3, 4, 7, 8, 12, 13, 14, 15, 16, 17, 18, 19];  
(b) sensors and observations data portals (n=5), as the opposite of bathymetry data portals, 

they deliver all kinds of data but bathymetry, only focusing on observations (either real time 
or    historical) [20, 21, 22, 23, 24];  

(c) data portals that combine both bathymetry and other kinds of data (n=5) [5, 6, 9, 10, 11].  
 

CCLME ECO-GIS Viewer [10] and Pacific Islands Ocean Observing System Voyager [6] are the 
web portals which offer almost all the different datasets, being the most complete. However, none 
of the applications provide all the data expected to be useful by an ocean modeller. In particular, 
CTD profile data, although the main product of ocean mapping surveys is not usually delivered, 
with only four web portals offering it [10, 12, 18, 23]. Furthermore, river discharge, tidal data and 
coastlines are useful data for ocean modellers; however, only three web applications deliver this 
kind of data, and not usually in combination with bathymetry products. 

 

3.2 Inclusion of Uncertainty 

Uncertainty is a measure that describes any mismatch between reality and the user’s understand-
ing of reality (Roth, 2009). It can appear at any part of the process of converting the reality into 
knowledge:  

 reality,  
 variable-definition,  
 data-collection,  
 information-assembly,  
 knowledge-construction (Longley et al. 2005).  

 

Information uncertainty in Geomatics is described using (at least) three components (MacEachren 
et al., 2012):  
(a) accuracy/error, or the correctness of a measurement or estimate,  
(b) precision/resolution, or the exactness of a measurement or estimate, and  
(c) trustworthiness, or the confidence that the user has in the information. 
 
The results from the analysis show that uncertainty is not represented on the map as a                 
cartographic variable in any of the web applications. Moreover, weather data and other observa-
tions are not accompanied by the uncertainty of the measurement. As an exceptional case,             

18 
Lower Saint John River 

Data Overview               2 Survey footprints 

19 
ArticNet Amundsen 

Multibeam Data                 1 Backscatter 

20 Tide data viewer                  4   

21 Ocean Viewer                 3 Salinity, Chlorophyll, etc. 

22 
St. Lawrence Global 

Observatory 
                3   

23 
Ocean Networks Can-

ada 
                3   

24 SECOORA                 4 Stream Height 

TOTAL 19 4 9 3 3 5 3 7   
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INFOMAR Data Viewer [12] includes data quality as one of the attributes for the Moving Vessel 
Profiler (MVP) surveys. However, this information is limited to good/fair/unknown/DNP, without 
any explanation about the meaning of these values. 
 
Some of the bathymetric tools however do include uncertainty information related to two themes:  
(a) bathymetry uncertainty (the uncertainty associated to the depth measurement) and  
(b) bathymetry resolution (the pixel size in the real world of the grid).  

 
Table 3 provides an overview of the inclusion of these two kinds of uncertainty across the web appli-
cations. Bathymetry uncertainty is included in four tools [1, 3, 15, 18], but only as a component of 
the BAG bathymetry format (not represented on the map). Bathymetry resolution is included in 
six tools [4, 6, 8, 12, 14, 17]. There are different resolution options depending on the area in four 
applications [4, 6, 12, 14], usually due to different surveys that were performed at different 
scales. In the Baltic Sea Bathymetry Database [14], the resolution is limited to high/low, with no 
numerical values; and INFOMAR Data Viewer [12] provides a tool to resample every 2nd or 10th 
cell but does not provide numerical values of the actual resolution. In the other two tools [8, 17], 
information about the resolution is only included as metadata (name of the layer), and no            
different options are given. Blue squares in Table 3 indicate that the tool considers uncertainty 
data. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Inclusion of Time 

Table 4 summarizes the inclusion of time across the web mapping applications. The           
results show that time is not represented or usually considered in bathymetric focused applica-
tions. The only way to know the date and time a survey was performed is by querying the layer 
or searching through the metadata. Both UNB tools [19, 20] include the year of the survey as the 
name of the layer; therefore, a user would be able to select the bathymetry depending on the 
year. NOAA applications provide a time search (by year) for the surveys.  

# Name 
Bathymetry 
uncertainty 

Bathymetry 
resolution 

1 NOAA Bathymetry Data Viewer     

3 Crowdsourced Bathymetry     

4 Bathymetrics Data Portal     

6 
Pacific Islands Ocean Observing Sys-

tem Voyager 
    

8 Data Access Viewer     

9 Planet OS Depends on the data source 

12 INFOMAR Data Viewer     

14 Baltic Sea Bathymetry Database     

15 North Atlantic Data Viewer     

17 
Bathymetry and Backscatter Data Ac-

cess 
    

18 Lower Saint John River Data Overview     

TOTAL 4 6 

Table 3. Inclusion of uncertainty in the web mapping applications  
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As opposed to bathymetry tools, time is considered in all the web applications that contain           
sensor observations, either as a search tool that applies a filter or as a time slider that allows the 
user to change the date/time of the visible measurements. Ocean viewer [21] includes a sophisti-
cated animation tool that allows the user to visualize on the map the different gridded data          
provided as a time series.  

 
Other interesting inclusions of time in ocean web mapping applications include the ones related to 
ocean gliders and CTD data. Pacific Islands Ocean Observing System Voyager [6] provides an 
animation tool for visualizing the movement of ocean gliders; however, it does not provide a 
search or query tool to retrieve data based on date or time (the only filter is by vessel). CCLME 
ECO-GIS Viewer [10] provides a spatiotemporal data viewer that allows the user to find CTD data 
for a specific month or year. Blue squares in Table 4 indicate that the tool includes time as a          
variable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4. Basemap context information 

Web mapping applications are usually organized into basemaps and overlays. Basemap layers 
are usually rasterized, serving as a set of tiles to provide context information to the user, who will 
retrieve information about overlay layers. Table 5 provides an overview of the most important 
basemap options available across the web mapping applications. Some of the applications offer 
other kinds of basemaps not included in Table 5. Blue squares in Table 5 indicate the kind of 
basemap that is included in the application. A darker blue shaded square, indicate the default 
basemap when the application is loaded. 
 
 
 
 

# Name 
Time 
filter 

Time 
slider 

Time 
search 

File 
name 

TOTAL 

1 NOAA Bathymetry Data Viewer         1 

3 Crowdsourced Bathymetry        1 

6 
Pacific Islands Ocean Observing  

System Voyager 
        1 

10 CCLME ECO-GIS Viewer         2 

18 Lower Saint John River Data Overview         1 

19 ArticNet Amundsen Multibeam Data         1 

20 Tide data viewer         2 

21 Ocean Viewer         1 

22 St. Lawrence Global Observatory         2 

23 Ocean Networks Canada         2 

24 SECOORA         1 

TOTAL 4 3 6 2     

Table 4. Inclusion of time across the web mapping applications  
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The analysis identified eight different basemap types: satellite image (n=14), simple basemap (as 
a grey/black/white map) (n=13), ocean basemap (ocean basemap from Esri) (n=11), global ba-
thymetry (as any layer portraying the global bathymetry of the oceans) (n=10), street map (n=9), 
hybrid map (n=7), topographic/terrain (n=4) and nautical charts (n=3). None of the applications 
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1 NOAA Bathymetry Data Viewer                 7 

2 IEDA Data Browser / GMRT MAP TOOL                 1 

3 Crowdsourced Bathymetry                 7 

4 Bathymetrics Data Portal                 1 

5 MID-ATLANTIC OCEAN DATA PORTAL                 5 

6 Pacific Islands Ocean Observing System Voyager                 6 

7 NOAA Grid Extract                 1 

8 Data Access Viewer                 3 

9 Planet OS                 1 

10 CCLME ECO-GIS Viewer                 2 

11 Mareano                 1 

12 INFOMAR Data Viewer                 6 

13 EMODnet portal for Bathymetry                 1 

14 Baltic Sea Bathymetry Database                 1 

15 North Atlantic Data Viewer                 6 

16 Data products and surveys                 1 

17 Bathymetry and Backscatter Data Access                 2 

18 Lower Saint John River Data Overview                 1 

19 ArcticNet Amundsen Multibeam Data                 3 

20 Tide data viewer                 7 

21 Ocean Viewer                 4 

22 St. Lawrence Global Observatory                 2 

23 Ocean Networks Canada                 1 

24 SECOORA                 1 

TOTAL MAIN 2 6 1 0 7 0 5 3 
  

TOTAL 9 14 7 4 11 3 10 9 

Table 5. Kinds of basemaps used across the web mapping applications  

http://www.charts.gc.ca/data-gestion/index-eng.asp
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provides all the basemaps options, and there are many tools that only provide one basemap 
(n=10). This fact might be explained because they only support downloading operations and the 
user interaction is limited (and not necessary). There are a large number of tools providing simple 
basemaps (n=9), and it is the starting basemap in three tools (n=3). This could show a tendency 
of ocean web mapping applications to be simplistic, either because the main purpose is just 
downloading data or because of design purposes. 

 
Also, there is a trend for some of the web mapping applications to simply use the basemap tool 
from Esri, which provides a set of standard basemaps options. This might be the reason why the 
number of web applications that provides street maps as a basemap is high (n=9). A street map 
might be viewed as of little use for ocean web mapping applications. On the other hand, a           
nautical chart basemap might seem like one of the best regarding ocean web mapping applica-
tions; however, there are only three tools which provide it (n=3). This information is usually owned 
by government organizations and not openly available to the public. Therefore, it may be hard to 
access. 
 
As an exceptional case, Pacific Islands Ocean Observing System Voyager [6] provides more than 
20 additional different options for basemaps, apart from the one mentioned on Table 5. The provi-
sion of more number of basemap options might seem useful as it could support a wider range of 
user tasks, allowing the map to be personalized (Roth, 2015). However, a huge number of op-
tions might overwhelm the user and be unnecessary for the purpose of the map.  

 

3.5. Supported interaction functionalities 

Interaction functionalities describe any functionality which allows the user to interact with the map 
or the application (Roth 2012; Roth 2013b). Table 6 provides an overview of the supported             
interaction functionalities across the web mapping applications. The most commonly implemented 
functionality is metadata retrieval (n=19). This allows users to retrieve metadata of a set of data, 
either as a link or as information shown in the same map view. The second most implemented 
functionality is requesting help or tutorials about the tools (n=17). The applications provide a page 
or help button explaining how the application must be used. The third most common functionality 
implemented was information retrieval (n=15), or the ability to request specific details about a      
feature on the map, which is a common functionality in web mapping applications.  

 
Data download, which is one of the main purposes in ocean web mapping applications, was subdi-
vided into two functionalities: bulk download (n=12), downloading whole datasets; and data down-
load by area (n=13), allowing the user to draw an area on the map to download only a specific set 
of data. Most of the applications include one or both options [6, 8, 13, 17, 23]; and there are only 
four applications [5, 10, 11, 19] which do not provide any options. 

 
The filter and the search functionality are implemented in twelve applications (n=12), and some-
what related to each other. Filtering is the ability to adjust the map to only show map features that 
match one or more user-defined conditions. Searching is the ability to identify map features of   
interest. Most of the applications provide a search tool that applies a filter on the map when a 
specific kind of feature is selected. Blue squares in Table 6 indicate that the functionality is             
implemented in the application. 
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3.6. Bathymetry Supported formats 

Table 7 provides the results from the analysis of bathymetry supported formats. The most 
supported formats are GeoTIFF (n=6) and BAG, LAS/LAZ and ArcGIS ASCII formats (n=5). Most 

Table 6. Supported interaction functionalities across the web mapping applications 
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1                               6 

2                                 4 

3                               6 

4                                  3 

5                              7 

6                         1

7                                    1 

8                             8 

9                               6 

10                             8 

11                              7 

12                          1

13                            9 

14                                 4 

15                                  3 

16                                  3 

17                               6 

18                                 4 

19                                   2 

20                               6 

21                                 4 

22                                5 

23                             8 

24                               6 

TOTAL 1 1 1 1 1 1 4 5 4 5 2 1 6 2 4 1 5 1   
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of the tools make available more than one format for downloading bathymetry data. There are  
only three applications [8, 16, 18] which only provide one format. Blue squares in Table 7 indicate 
that the application provides that data format. 

3.7. Other Data Supported formats 

Table 8 lists other kinds of data supported by the web applications include alphanumerical data (time 
series observations or profiles) and vector data. The most common format for delivering this kind 
of data is CSV format, a simple standardized format to provide tabular data (numbers and text) in 
plain text. Blue squares in Table 8 indicate that the application provides that kind of format. 
 

Table 7. Kind of bathymetry formats offered to the user across the web mapping applications  
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6                         2 
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3.8. Web Mapping Technologies and Mobile Support 

Web mapping technologies support the implementation of maps and specific functionalities in 
web mapping applications. Table 9 provides an overview of the client-side web mapping techno-
logies used to implement the set of web mapping applications analyzed. Esri products take the 
lead on web mapping technologies used to develop ocean web mapping applications (n=10),        
followed by Google Maps (n=5) and leaflet (n=4).  
 
The widespread use of Esri products might be explained as it provides a wide range of services 
(for example, ArcGIS Server, ArcGIS Online, and ArcGIS API for JavaScript) to develop and        
support web mapping applications. Bathymetry datasets are usually large and need a powerful 
server development which is already built into the ArcGIS suite. However, ArcGIS is commercial 
software and is not open source, which means high pricing for licensing, storage and develop-
ment, and less possibilities for plugins and personalization. For this reason, many of the                
applications have the same look, as they are developed using basic Esri templates. Google Maps 
is also widely used; however, it shares the same problem as Esri Products, plus does not provide 
built-in web map servers. Regarding open source web mapping technologies, leaflet is the most 
used technology, followed by Mapbox. The rest of the web mapping technologies (Open Layers, 
GeoExplorer) have decreased in popularity during recent years, and their APIs are not                     
well-maintained, resulting in maps which are inferior in appearance. 

 
Concerning mobile support, sixteen of the twenty-four applications provide support for mobile de-
vices, adapting the interface for smaller screens and maintaining all the functionalities available. 
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Type of data 

6                3 Ocean gliders profiles 

11               4 Vertical profiles and charts 

13                 2 N/A 

21                 2 Charts 

22 Links to different providers - N/A 

23                  1 N/A 

24              5 Time series 

25                  1 N/A 

TOTAL 1 1 2 6 1 3 2 2 1    

Table 8. Kind of formats for other data supported across the web mapping applications  
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A blue square in Table 9 indicates that the application is built using that technology. A green 
square indicates mobile support.  
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1 NOAA Bathymetry Data Viewer               

2 
IEDA Data Browser / GMRT  

MAP TOOL 
              

3 Crowdsourced Bathymetry               

4 Bathymetrics Data Portal                

5 
MID-ATLANTIC OCEAN  

DATA PORTAL 
               

6 
Pacific Islands Ocean Observing 

System Voyager 
               

7 NOAA Grid Extract               

8 Data Access Viewer                

9 Planet OS               

10 CCLME ECO-GIS Viewer                

11 Mareano               

12 INFOMAR Data Viewer               

13 EMODnet portal for Bathymetry               

14 Baltic Sea Bathymetry Database               

15 North Atlantic Data Viewer               

16 Data products and surveys                

17 
Bathymetry and Backscatter Data 

Access 
              

18 
Lower Saint John River Data  

Overview 
              

19 
Artic Net Amundsen Multibeam  

Data 
              

20 Tide data viewer               

21 Ocean Viewer                

22 St. Lawrence Global Observatory               

23 Ocean Networks Canada                

24 SECOORA               

TOTAL 5 2 4 10 1 1 1 16 

Table 9. Web Mapping technologies and mobile support across the web mapping applications  

http://www.charts.gc.ca/data-gestion/index-eng.asp
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4. Conclusions 

This paper presents a competitive analysis study of current Ocean Web Mapping Applications 
that deliver Ocean related data to the scientific community. A total of twenty-four existing applica-
tions were critically analyzed and compared, across the following topics:  

- data offered/represented,  

- inclusion of uncertainty as a variable of the information, inclusion of time as a variable of 

the information, and  

- variation in the basemap provided;  

- variation across supported interaction operators; supported formats, distinguishing           

between (2b) bathymetry and  

- other kinds of data; and  

- variation in the web mapping technology used to implement the web application and    

mobile support.  

The study shows that ocean web mapping applications could be classified in three main catego-
ries: those focused mainly on bathymetry data, those focused on ocean data observations 
(sensor data) and those which combine both. Due to the particularity of the ocean modelling field 
and the ocean science community in general, an ocean web mapping application should include 
both, combining data distribution and download with more data exploration and visualization tools 
to know what data is available.  

None of the applications provide all of the data expected to be useful by an ocean modeller, and 
CTD profiles data, river discharge, tidal data and coastlines are not usually delivered or combined 
with bathymetry products. An application particularly designed for ocean modellers should include 
all the data necessary to develop an ocean model, gathering heterogeneous data from different 
sources in the same application.  

Concerning the inclusion of uncertainty in ocean web mapping applications, uncertainty is not rep-
resented on the map as a cartographic variable, and it is an unusual value to include along with 
an observation or measurement. As an important part of any measurement, and being a crucial 
point for decision making, more attention should be given to the inclusion of uncertainty in ocean 
web mapping applications.  

Regarding bathymetry resolution, the ideal scenario for an ocean modeller would be to provide 
different resolutions under request (i.e. even if the survey was performed in another resolution, 
resampling the data per user request). Also, the inclusion of time in ocean web mapping applica-
tions is unusual, especially the applications focused on bathymetry. The only way to know the 
date and time a survey was performed is by querying the layer or searching through the metada-
ta. Special attention should be given to time, as it is important to know when a survey was                
performed to be able to compare between years and select the most convenient data. Regarding 
contextual information, there is a wide range of basemaps included in the applications           
analyzed. Many of the tools use the Esri predefined set of basemaps, and nautical charts are not 
a common basemap to include while streets maps are common (although being potentially           
useless regarding ocean mapping applications). It should be studied what would be the context 
information required by the user to provide them with the most appropriate basemap, instead of 
providing all the options. Moreover, there are alternatives to Esri basemaps that could better            
enrich an ocean web mapping application (i.e. bathymetry and nautical charts).  
 
In considering functionalities, the results from the analysis reveal several opportunities for im-
provement. Several functionalities are under-represented in existing applications: Area of interest 
(n=1), area statistics (n=1), map annotation (n=2), and vertical profiles (n=2). These functionalities 
are more analytical and task specific, rather than general purpose functionalities, such as data 
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download. The ideal scenario would be to combine all these tools to improve analytical workflow 
and support ocean modelling tasks.  
The study also identifies what formats are used by ocean web mapping applications. However, 
these formats may not align with the formats used by other scientific fields (like ocean modelling). 
Therefore, further analysis and considerations should be taken to decide what formats to deliver 
depending on what users require.  

Considering web mapping technologies, the results align with those found by Roth, Donohue, and 
Wallace (2014), indicating a broad transition in web mapping technologies from proprietary 
plugins to modern web standards, and an increase in popularity of open source solutions. Open 
source options are free to use and include several possibilities for plugins and personalization. 
However, proprietary solutions are known as having better performance. Depending on the re-
quirements of the application, further analysis is necessary to determine whether an open source 
solution meets the performance, storage or computing requirements. If these requirements are 
not a high priority, open source solutions provide an easier way to produce visually appealing web 
maps of comparable functionality to those of Esri or Google Maps and can result in a more satis-
fying development experience given the openness and extensibility of the code repository. Moreo-
ver, most of the current applications already provide mobile support, being a common trend in 
ocean web mapping applications. Whether or not to include this support depends on whether the 
application is intended to be used in a mobile device or is only intended for desktop use.   

Overall, this analysis served as the second stage of the UCD methodology of the Ocean Web-
Mapping Application of the OMG at UNB and helped to establish trends and gaps concerning 
ocean web mapping applications and to discover new opportunities for ocean web mapping de-
velopment. The insights generated from the analysis will be combined with the previous informal 
interview to prepare an online survey to be conducted by ocean modellers. This method allows 
user input from the target user group and organizations and serves to generate a requirements 
document to support the development of the first application prototype. After the first prototype, 
an evaluation of the tool will be performed to close the UCD cycle and to continue the improve-
ment of the Ocean Web-Mapping Application. 
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