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1.1 Ocean/marine ecosystem

◆ Ocean/marine waters

Covering more than 70% of the surface of the Earth

Accounting for more than 97% of Earth’s water 

supply and 90% of habitable space on Earth

◆ Marine ecosystem 

Marine ecosystems provide a wide range of 

ecosystem goods and services both globally and locally, 

and all are necessary for human survival

Salt marsh                    Mangroves

Intertidal zones             Estuaries

Lagoons                        Coral reefs

Deep sea and sea floor ……



1.2 Threats to the marine ecosystem

Pollution

Climate 

change

◆Marine environments are facing human-induced and natural pressures

◆ A spike of 1–2°C in ocean temperatures 

sustained over several weeks can lead to 

bleaching, turning corals white
◆ ← The bleaching of the Great Barrier Reef in 

2016 and 2017, killed around 50% of its corals



1.2 Threats to the marine ecosystem

Overfishing

Disorderly 

development

◆Marine environments are facing human-induced and natural pressures

Sea reclamation makes the area of the 

coastal wetland decrease rapidly. The global 

total area of mangroves decreases at a rate of 

more than 0.7% per year. 

Overfishing and exhaustion resulting from global 

population growth. 

According to UN report, nearly 90% of the world's 

fisheries are at the top of the fishing limit or 

overfishing.



1.3 Why mapping



02 Existing Research

2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

2.2 Mapping and Assessment of Ecosystems and their Services



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆The intergovernmental Group on Earth Observation (GEO) commissioned the 

first comprehensive maps that define all of Earth’s ecosystems. It is led by US 

Geological Survey (USGS) (Roger Sayre et al.), ESRI and other partners.

◆Develop a standardized, robust, and practical global ecosystems 

classification and map for the planet’s terrestrial, freshwater, and 

marine ecosystems.



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆ What has been done？

✓ For the land, there are more than 105 000 ecological facets, which represent all 

the unique combinations of land cover, lithology, landform type, and climate. 

Those facets were aggregated into 3 923 ELUs.

✓ For the ocean, 37 EMUs were built from an ocean point mesh that had 52 million 

points.

✓ For the coastal zone, a brand-new global shoreline was extracted from 2014 

Landsat imagery

✓ All the islands are subdivided  into three classes by size

—continental main lands (the five obvious ones)

—big islands

—small islands (smaller than a square kilometer) 



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆What has been done？

Ecological Larine Units (ELUs)

• Bioclimate

• Landform

• Lithology

• Land Cover



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆What has been done？

Ecological Marine Units (EMUs)

• Temperature

• Salinity 

• Dissolved oxygen

• Nitrate

• Phosphate

• Silicate 



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆What has been done？

Ecological Coastal Units (ECUs)



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆What has been done？

Ecological Freshwater Units (EFUs)



2.1 GEO ECOSYSTEMS Initiative: Global Ecosystem Mapping

◆What has been done？

Limitations of EMUs

• Their true ecological character has not yet been 

established

• The 57-year mean values were used to map EMU, 

prohibiting assessment of temporal variability 

and trends

• The addition of other variables would likely 

influence the oceanic partitioning

• Using finer-resolution data to create a more 

refined mapping of EMUs at regional and 

local scales

• ……

Characteristics of EMUs

• 3D mapping of the ocean

• Data come from WOD/WOA: 52 

million global measurements of 6

variables over a 50-year period



2.2 Mapping and Assessment of Ecosystems and their Services

Simplified MAES conceptual model

◆ MAES is one of actions of EU Biodiversity Strategy

Assessment and mapping of marine ecosystems is an 

important component of MAES

◆ Content

Assessing ecosystem status and ecosystem services in 

Europe, identifying data for ecosystem mapping

Website: https://biodiversity.europa.eu/maes

https://biodiversity.europa.eu/maes


2.2 Mapping and Assessment of Ecosystems and their Services

Example indicators for ecosystem services delivered by marine ecosystems

◆ What has been done?

➢ The indicators for the assessment

➢A first European map of ecosystems according 

to the MAES typology is provided

Ecosystem map with European regional seas



2.2 Mapping and Assessment of Ecosystems and their Services

◆ Marine ecosystems are subdivided 

into four parts 

➢ Marine inlets and transitional 

waters

➢ Coastal waters

➢ Shelf waters

➢ Open ocean

◆ Marine ecosystem services are 

divided into three categories 

➢ Provision 

➢ Regulation & maintenance

➢ Culture 

Example of links between pressures, condition, ecosystem 
services and policy objectives in marine ecosystems



2.3 Major issues

◆ The marine ecosystem classification

There have been widely accepted classification standards for terrestrial systems. 

However, no consensus has been reached for estuarine, coastal or open ocean settings.

A unified marine/ocean ecosystem classification is needed urgently for ocean 

ecosystem assessment, mapping and accounting.

◆ The global data availability

Data is the basis of mapping. There are lot of datasets about the global ocean, but 

their storage, format and resolution etc. are quite different. It is necessary to analyze and 

figure out the qualified datasets.

There is a long way for 

creating “a land cover map” 

for the ocean



03 Ecological Classifications
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3.3 Coastal and Marine Ecological Classification Standard
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3.1 Large Marine Ecosystems

Website: http://onesharedocean.org/lmes

◆ Organizations: led by the Intergovernmental 

Oceanographic Commission of UNESCO;

implemented by the United Nations Environment 

Programme (UNEP).

◆ The LMEs assessment is part of Transboundary Waters 

Assessment Programme(TWAP)

◆ Dr. Kenneth Sherman and his colleagues developed 

the LME concept in 1991, LMEs are vast regions of 

coastal ocean space of 200,000 km2 or more.

Conceptual framework for TWAP 

LME assessment

http://onesharedocean.org/lmes


3.1 Large Marine Ecosystems 

◆ It has been widely adopted as the geographical unit for ecosystem-based 

management of coastal marine areas and their living resources.

◆ LMEs are largely conceived as units for the practical application of transboundary 

management issues.

LMEs are defined by 4

ecological criteria: 

bathymetry, hydrography, 

productivity, and 

trophically-linked 

populations. 

There are 66 LMEs

between the world’s 

continental margins and 

the open ocean. 



3.1 Large Marine Ecosystems 

◆Assessment methodology: An indicator-based assessment methodology

The approach to the assessment and management of LMEs is based on five modules: 

Socio-economics, Governance, Productivity, Fish and Fisheries, and Pollution and 

Ecosystem Health, each with sets of indicators. 

Indicators and indices by LME module



3.1 Large Marine Ecosystems

SST net change  in 66 LMEs, 1957–2012

◆Results of the LME Assessment
➢ Results of individual indicators and indices under each of the five LME modules.

➢ Results of multivariate analyses using multiple indicators.

◆ The assessment is mainly based on averages at the scale of the entire LME, does not 

reflect the situation at smaller scales.

Threat levels for 64 populated LMEs



3.2 Marine Ecoregions of the World

◆ Spalding et al. proposed MEOW in 2007 by summarizing existing over 230 works in journals, 

NGO reports, government publications, and other sources

◆ MEOW is a new bioregionalization of coastal and shelf areas 

◆ A nested system of 12 realms, 62 provinces, and 232 ecoregions covering all coastal and shelf 

waters of the world

◆ Characteristics

➢ better spatial resolution 

➢ stronger biogeographic 

basis

➢ allow for multiscale 

analyses

➢ hierarchical and nested



3.3 Coastal and Marine Ecological Classification Standard

Website: https://iocm.noaa.gov/cmecs/

CMECS Classidication Structure

◆CMECS characterizes marine and coastal environments 

in terms of 2 settings and 4 components.

➢ The BS identifies ecological units based on species 

aggregations and features influencing the distribution of 

organisms.

➢ The AS is comprised of three hierarchical levels: System, 

Subsystem and Tidal Zone.

➢ The WC represents a new approach to the ecological 

classification of open water settings. 

➢ The GC describes the major geomorphic and structural 

characteristics of the coast and seafloor.

➢ The SC describes the composition and size of estuary 

bottom and sea bed materials in all CMECS systems.

➢ The BC identifies (a) the composition of floating and 

suspended biota and (b) the biological composition of 

coastal and marine benthos.

https://iocm.noaa.gov/cmecs/


3.3 Coastal and Marine Ecological Classification Standard

◆Characteristic

➢ CMECS offers a way to organize and interpret data about the marine environment, 

and it provides a common platform for inter-relating data.

➢ CMECS has systematic and flexible framework. 

➢ CMECS cover most of the water conditions, seafloor condition and biotic status. 

CMECS Settings and 

Components. AS, BS, BC, 

and SC are internally 

hierarchical. WC and GC 

include non-hierarchical 

subcomponents.



3.3 Coastal and Marine Ecological Classification Standard

◆Examples

➢ CMECS was developed for application in the territorial waters of the US

➢ Its architecture and underlying approach do not preclude application of the 

standard in other parts of the marine world.

Sea map Australia



3.4 Ecological Marine Units

Website: https://www.esri.com/ecological-marine-units

◆ EMUs are baseline 3D mapped ecosystems of the ocean 

having been classified through statistical clustering.

◆ EMUs come from a 3D point mesh framework of 52 million 

global measurements of 6 key ocean variables (temperature, 

salinity, dissolved oxygen, nitrate, phosphate, and silicate) over a 50-year 

period.

◆ Limitations

➢ Temporal scaling dimensions. The 57-year mean values 

were used to map EMU, prohibiting assessment of 

temporal variability and trends.

➢ Parameters selected. Other variables may also play a role.

https://www.esri.com/ecological-marine-units


3.5 Brief summary

◆ Large Marine Ecosystems is suitable for transboundary management issues. LMEs 

is pretty large, can not reflect the situation at smaller scales.

◆ Marine Ecoregions of the World has better spatial resolution than LME, and is a 

hierarchical and nested structure, which allows for multiscale analyses.

◆ Coastal and Marine Ecological Classification Standard is a systematic and 

flexible classification standard but it is a little bit complicated.

◆ Ecological Marine Units divided global marine in 3D form, but still have limitations 

in both temporal scaling dimensions and parameters selected for the clustering.



04Data availability 
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4.3 dbSEABED
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4.5 GEBCO: General Bathymetric Chart of the Oceans

4.6 GSHHG



4.1 World Ocean Database and World Ocean Atlas

◆The WOD is a collection of scientifically 

quality-controlled ocean profile and 

plankton data that includes measurements 

of temperature, salinity, oxygen, phosphate, 

nitrate, silicate, chlorophyll, alkalinity, pH, 

pCO2, TCO2, Tritium, Δ13Carbon, 

Δ14Carbon, Δ18Oxygen, Freon, Helium, 

Δ3Helium, Neon, and plankton.

◆The WOD incorporates 20,547 different datasets received and archived at NCEI. The 

data represent the results of 216,845 oceanographic cruises on 8,215 different platforms 

from 798 institutes around the world and 553 separate projects.There are 3.56 billion 

individual profile measurements (depth/pressure vs. measured variable) in the WOD. 

https://www.nodc.noaa.gov/OC5/WOD/readwod.html

https://www.nodc.noaa.gov/OC5/WOD/readwod.html


4.1 World Ocean Database and World Ocean Atlas

◆The WOD data are available online presorted by 10°geographic squares, by year, or 

user specified via WOD select data selection tool at standard or observed depth levels. 

(https://www.nodc.noaa.gov/OC5/WOD/readwod.html or ftp (ftp.nodc.noaa.gov) 

◆Data format: excel csv or grid, which can be analyzed and visualized in GIS platforms. 

The main sub-datasets in WOD

https://www.nodc.noaa.gov/OC5/WOD/readwod.html
https://www.nodc.noaa.gov/OC5/WOD/readwod.html


4.2 Ocean+ Habitat Atlas

◆The Ocean+ Habitat Atlas was curated by UNEP-

WCMC in collaboration with many data 

contributors. 

◆The aim of Ocean+ Habitat Atlas is to produce the 

first online, authoritative database on the known 

extent of ecologically-important ocean habitats.

◆Datasets provided mainly include seagrasses, 

warm- and cold-water corals, mangroves and 

saltmarshes, marine conditions, global 

distribution of various sea animals, and so on. 

http://data.unep-wcmc.org/

Dataset Sub-dataset Geometry type Time span Data type
Publicati
on date

Coral reefs

Global Distribution of Coral Reefs Polygon, point 1954-2018
Empirical 
observation

2018

Global Distribution of Coral Reefs (cold water) Polygon, point, other 1915-2014 2018

Global Distribution of Coral Reefs (warm water) Polygon, point

Reefs at Risk Revisited Polygon 2011-2011 Modelled data 2011

Global Distributions of Habitat Suitability for Cold-Water 
Octocorals

2012-2012 Modelled data 2012

Mangrove

Global Mangrove Watch Polygon 1996-2016 2018

Global Distribution of Modelled Mangrove Biomass Polygon 2014-2014 Modelled data 2018

World Atlas of Mangroves Polygon 1999-2003
Empirical 
observation

2010

Global Distribution of Mangroves USGS Polygon 1997-2000
Empirical 
observation

2011

Seagrass

Global Distribution of Seagrasses Polygon, point 1934-2015
Empirical 
observation

2017

Global Seagrass Species Richness Polygon Metric

A Modelled Global Distribution of the Seagrass Biome Polygon Modelled data

Saltmarsh Global distribution of Saltmarshes Polygon, point 1973-2015
Empirical 
observation

2017

Sea surface

Mean Sea Surface Productivity in June Raster 2003-2007 Modelled data 2008

Mean Sea Surface Productivity in December Raster 2003-2007 Modelled data 2008

Mean Annual Sea Surface Chlorophyll-a Concentration Raster 2009-2013 2015

Mean Annual Sea Surface Temperature Raster 2003-2007
Empirical 
observation

2008

Sea animals

Global Distribution of Sperm Whales Raster 2013-2013 Modelled data 2013

Global Distribution of Sei Whales Point 2013-2013 Modelled data 2013

Global Distribution of Bowhead Whales Point 2013-2013 Modelled data 2013

Global Distribution of Northern Bottlenose Whales Point 2013-2013 Modelled data 2013

Global Distribution of Atlantic Spotted Dolphins Point 2013-2013 Modelled data 2013

Global Distribution of Melon-Headed Whales Point 2013-2013 Modelled data 2013

Global Distribution of Hector's Dolphins Point 2013-2013 Modelled data 2013

Global Distribution of Grey Seals Point 2013-2013 Modelled data 2013

Global Distribution of Hawaiian Monk Seals Point 2013-2013 Modelled data 2013

Global Distribution of Northern Fur Seals Point 2013-2013 Modelled data 2013

Global Distribution of Sea Turtle Feeding Sites polygon 1993-1993
Empirical 
observation

1999

Global Distribution of Sea Turtle Nesting Sites other 1949-1993
Empirical 
observation

1999

Others

Global Distribution of Seamounts and Knolls Polygon, point 2011-2011 Modelled data 2011

Global Estuary Database polygon 2003-2003
Empirical 
observation

2003

Global Patterns of Marine Biodiversity polygon 1900-2009 Metric 2010

Global Distribution of Dive Centres Point
Empirical 
observation

2001

Global Critical Habitat Screening Layer (Published) (Area of 
biodiversity importance)

Raster 2017-2017 Classification 2017

Marine Ecoregions and Pelagic Provinces of the World (2007, 
2012)

polygon 2007-2012 Classification 2015

World Database on Protected Areas(Area of biodiversity 
importance)

Polygon, point 2016

http://data.unep-wcmc.org/


4.2 Ocean+ Habitat Atlas

◆Data types: raster or 1-2 shapefiles, one with polygons and one with points, and both 

including associated spatial and tabular information on key attributes; one source table 

identifying the sources of the data (provider, date and metadata etc.). 

◆Data are available for download from the Ocean Data Viewer (https://data.unep-

wcmc.org/ ) in file geodatabase, KML, ESRI Web Map Service(WMS) and CSV 

format. The atlas is based on the World Geodetic Survey (WGS) 1984. Data is quality 

controlled and updated at least once every five years.

https://data.unep-wcmc.org/


4.3 dbSEABED

◆dbSEABED creates unified, detailed mappings of the materials that make the 

seafloor by efficiently integrating thousands of individual datasets. 

◆dbSEABED is a Information Integration System, this data include seabed texture, 

composition, acoustic properties, colour, geology and biology.

https://instaar.colorado.edu/~jenkinsc/dbseabed/

◆dbSEABED is point-data based.

Gridded and vector mappings of the 

seafloor materials are computed from 

the point-data coverages. 

◆The data are presented in the 

organization of a multi-dimensional 

cube, one dimension per parameter.

Point data distribution in dbSEABED 2015

https://instaar.colorado.edu/~jenkinsc/dbseabed/


4.4 COPEPOD: the global plankton database

https://www.st.nmfs.noaa.gov/plankton/about/databases.html

◆COPEPOD’s global plankton 

database provides an integrated 

dataset of quality-reviewed, globally 

distributed plankton abundance, 

biomass and composition data.

◆First went online in 2004. Full 

database content and method 

summaries are released roughly every 

few years, with new data content 

added each month. (COPEPOD-2014, 

COPEPOD-2010, COPEPOD-2007, 

COPEPOD-2005).

https://www.st.nmfs.noaa.gov/plankton/about/databases.html


4.4 COPEPOD：the global plankton database

◆In addition to data distribution maps, COPEPOD offers text and graphical content 

summaries and searching options.

◆Data downloadable as “.csv” files with longitude and latitude coordinates. 



4.4 GEBCO: General Bathymetric Chart of the Oceans

https://www.gebco.net/

◆International Hydrographic Organization (IHO) and 

the Intergovernmental Oceanographic Commission 

(IOC) (of UNESCO)

◆GEBCO produces and makes available a range of 

bathymetric datasets and products. This includes a 

global bathymetric grid; gazetteer of undersea feature 

names, a Web Map Service and printable maps of 

ocean bathymetry

◆Available in a number of formats including 

spreadsheet, shapefile, KML, WMS and ArcGIS layer

https://www.gebco.net/


4.5 GEBCO (General Bathymetric Chart of the Oceans)

◆GEBCO’s gridded bathymetric data 

sets are global terrain models for ocean 

and land. GEBCO_2019 grid, is a 

global terrain model for ocean and land 

at 15 arc-second intervals. 

◆Seabed 2030 is a collaborative project 

between the Nippon Foundation and 

GEBCO. It aims to bring together all 

available bathymetric data to produce the 

definitive map of the world ocean floor 

by 2030 and make it available to all.



4.6 A Global Self-consistent, Hierarchical, High-resolution Geography Database

◆A high-resolution geography data set 

amalgamated from two major data 

➢ World Vector Shorelines (WVS)

➢ CIA World Data Bank II (WDBII)

➢ Atlas of the Cryosphere (AC)

http://www.soest.hawaii.edu/pwessel/gshhg/

◆The shoreline polygons and rivers/borders line data sets are distributed in  ESRI 

shapefiles file and native binary files.

◆The shoreline data in ECUs.

https://www.ngdc.noaa.gov/mgg/shorelines/

https://www.nodc.noaa.gov/OC5/WOD/readwod.html
https://www.ngdc.noaa.gov/mgg/shorelines/


4.7 Brief summary

A brief list for available marine datasets reviewed



4.7 Brief summary

◆ Coupling multi-datasets for marine ecosystem assessment, mapping and accounting

➢ WOD is a collection of ocean profile and plankton data

➢ Ocean + Habitat Atlas by UNEP-WCMC provides global ocean habitat data  

➢ The dbSEABED provides substrate data, including seabed texture, composition, 

acoustic properties, color, geology and biology

➢ The COPEPOD’s global plankton database component provides plankton data

➢ OBIS provides marine species information

➢ The GEBCO provides bathymetric datasets and products

➢ The GSHHG, ECUs provide high-resolution shoreline data

All the data are quality-controlled and downloadable as in spreadsheet, .CSV, KML, 

WMS and ArcGIS layer format.



Recommendations 

➢ Compatible with relevant standards and 

based on most recent publications

➢ Systematic and flexible framework. It 

can be extended according to the 

application areas

➢ With a data friendly feature. It allows 

investigators to determine the types of 

data to be collected

➢ Having been applied in U.S. coastal 

study and Seamap Australia after 

extension on the original structure

Classification: CMECS

➢ For water column, WOD/WOA is 

recommended

➢ For shoreline, geoform, ECUs, GSHHG 

are recommended

➢ The dbSEABED provides substrate data

➢ The COPEPOD’s global plankton database 

component and WOD Ocean Station Data 

(OSD) provide biotic data

➢ OBIS provides marine species information

➢ RS data provide productivity, chlorophyll 

concentration and SST modeling etc.

Datasets: matching CMECS



01 Determining the spatial and temporal scale and granularity

02 Analyzing the available global datasets and determining the mapping data

At least, six person-months are needed for 
creating an initial test map. 

03 Data preprocessing

04 Defining a crosswalk from an existing system into CMECS

05 Linking CMECS to classify all data for integrated mapping
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From Roger Sayre et al. (2018)


