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The Fourth Age

• Change is accelerating
• Faster changes in the next 50 years 

than in the past few hundred

• a new “Seaconomics” era

• GDP and cargo volumes are 
decoupled 

• Change creates new 
opportunities – new technologies

• A Digital Vision → powered by 
Data (in time and space)



Key technological factors

• Big Data
• Volume, Velocity and Variety

• Internet of Things (IoT)

• Artificial Intelligence (AI)



We can see their effects: Autonomous Ships

Fast developments around 
the world

Bigger, more efficient, more complex: new machine readable products



Smart Ports

• Maasvlakte2 terminal in the 
Port of Rotterdam 

• Unmanned electric AGVs

• Remote operated unmanned 
cranes



Portal

E-Navigation and MSPs



Maritime Services Portfolios

• As part of the improved provision of services to vessels through e-navigation;

• The means of providing electronic information in a harmonized way
No. Identified Service Identified Responsible Service 

Provider

MSP1 VTS Information Service

(IS)

VTS Authority

MSP2 Navigational Assistance 

Service

National competent VTS 

Authority/Coastal/Port Authority

MSP3 Traffic Organization 

Service (TOS)

National competent VTS

Authority/Coastal/Port Authority

MSP4 Local Port Service (LPS) Local Port/Harbor Operator

MSP5 Maritime Safety 

Information Service 

(MSI)

National competent authority

MSP6 Pilotage Service Pilot Authority/Pilot Organization

MSP7 Tugs Service Tug Authority

MSP8 Vessel Shore Reporting National competent authority, 

Shipowner/Operator/Master

No. Identified Service Identified Responsible Service 

Provider

MSP9 Tele-medical Assistance 

Service (TMAS)

National Health 

Organization/dedicated Health Org.

MSP10 Maritime Assistance 

Service (MAS)

Coastal/Port Authority/Organization

MSP11 Nautical Chart Service National Hydrographic Authority

MSP12 Nautical Publications 

Service

National Hydrographic Authority

MSP13 Ice Navigation Service National competent authority

MSP14 Meteorological 

Information Service

National Meteorological 

Authority/WMO/Public Institutions

MSP15 Real-time Hydrographic 

and Environmental 

Service

National Hydrographic and 

Meteorological Authorities

MSP16 Search and Rescue SAR Authorities



Image by Korea Hydrographic and Oceanographic Agency (KHOA)



Image by Korea Hydrographic and Oceanographic Agency (KHOA)

Apps

Desktop
APIs



Foundation: Marine Spatial Data Infrastructures (MSDIs)

• SDI is “the relevant base collection of technologies, policies 
and institutional arrangements that facilitate the 
availability of and access to spatial data.”

• Processes that integrate technologies, policies, standards, 
organizations and people;

• Structure of working practices and relationships across data producers and users 
for access, sharing and analyzing geospatial information across government and 
commerce;

• Hardware, software and system components necessary to support the processes



Enterprise GIS Transforms Organizations

Opening Access and Engaging Everyone

Management

Planning

Operations

Shared Geographic

Understanding

Focusing on end-use, decision support and insights



An Enterprise GIS empowers a Maritime Community
Connecting People, Processes and Data

System of 

Insight

System of 

Engagement

System(s) of 

Record

Supports Multiple Types 

of Systems

• Foundation Production

• Imagery Libraries

• Structured Observations

• Visualization

• Light-weight Analytics

• Analyst Contributed Content

• Event-based Alerting

• Pattern Detection

• Predictive Analysis



Web GIS Is Driving Digital Transformation

13

Digital 
Transformation

Digital 
Automation

Simultaneous

Sequential Workflows

Changing How Organizations as a Whole . . .       

. . . Do Their Work          

Integrated Operations

Using the Power of Location 

to Integrate Everything

Interconnected Information, Processes, and Workflows . . .

. . . All Happening at the Same Time 

Creating Smart, 
Dynamic Organizations

Portal



Creating Smart, 
Dynamic Organizations

Using the Power of Location to Integrate Everything

What’s Next?    Massive Transformation . . .
Interconnected Information, Processes, and Workflows . . .

. . . All Happening at the Same Time 



How Do We Take the Next Step?

. . . Create a Geoscience-Based Foundation for Our Future

Learn

Continuously  

Understand 

the Possibilities

Envision a 

Better Future

Create Solutions

Inform & 

Educate

Participate & 

Take Action

Embrace 

Technology

Take the Initiative

Work Together

Innovate

Embrace Digital Transformation . . .

. . . and Leverage The Science of Where



Foundation: Marine Spatial Data Infrastructures (MSDIs)
NMSDI Conceptual Model



A Platform for supporting the Maritime Community

Shipping &
Navigation

Reclamation
& Dredging

Desalination
Plants

Tourism

Sea Space
Planning

Power Plants
& Refineries Submarine Cables

& Pipelines

ArcGIS for
National MSDI

Recreation

Aquaculture / Biology
Research

Ferry / Cruise
Terminal



ArcGIS at the foundation of MSDI

At all levels of the organization

Apps

Services
• Historical
• Now cast
• Forecast 

Desktop Web Mobile

Server Online Content and 
Services

Portal
• System of Records
• System of Engagement
• System of Insights



ENC Viewer



Real-time Situational Awareness



Dynamic Briefing Products



Maritime Observations



Oceanographic Data Analysis



MSDI in Action



NOAA nowCOAST



NOAA PORTS: Physical Oceanographic Real-Time System

https://arcg.is/1v14Dn

https://arcg.is/1v14Dn


NOAA PORTS: Physical Oceanographic Real-Time System



NOAA CO-OPS PORTS



NOAA CO-OPS PORTS



NOAA CO-OPS PORTS



NOAA CO-OPS PORTS







HELCOM Map and Data Services

Baltic Marine Environment Protection Commission –

Helsinki Commission

• Governing body of the Helsinki Convention

• Denmark, Estonia, The EU, Finland, Germany, Latvia, 

Lithuania, Poland, Russia and Sweden;

• Established four decades ago;

• The 1992 Helsinki Convention entered into force on 

January 17, 2000;

• Eight main groups: Gear, Maritime, Pressure, Response, 

State & Conservation, Fish, Agri, Maritime Spatial 

Planning;

• Its vision for the future is a healthy Baltic Sea 

environment with diverse biological components 

functioning in balance, resulting in a good ecological 

status and supporting a wide range of sustainable 

economic and social activities.





Ecological Marine Units (EMUs)



EMU 3D Point Mesh Framework

• 52,000,000 points

• ¼ degree by ¼ degree in 

the horizontal

• Variable z depth (z 

thickness ranges from 5 m 

to 5,500 m)

• Data values represent the 

average of five “prominent 

decadal means”

• No temporal component 

related to seasonality

• The point mesh lives in 

ArcGIS Pro



They all come together for the future of Maritime…

…and the future is here



A Platform for supporting the Maritime Community

Shipping &
Navigation
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MSDI in action, take a look!
- NOAA PORTS Storymap https://arcg.is/1v14Dn
- Ecological Marine Units Project https://arcg.is/00WTXn
- Living Atlas of the World by Esri www.esri.com/livingatlas
- Atlas of Ocean Wealth OECS http://maps.oceanwealth.org

https://arcg.is/1v14Dn
https://arcg.is/00WTXn
http://www.esri.com/livingatlas
http://maps.oceanwealth.org/



