
What Are Ecosystems?

Odum (1953): Systems of biotic communities interacting with their environment.



How Can Global Terrestrial Ecosystems Be Mapped in a Standardized, 
Robust, and Practical Manner?

The Ecophysiographic Stratification Approach

Land Cover

Lithology

Landform

Bioclimate Example: Warm Wet Plains on Metamorphic 

Rock with Mostly Deciduous Forest

3,639 Ecological Land Unit Classes



What Do We Know About The Ocean?



Global Ecological Marine Units (EMUs) -
Physically and Chemically Distinct Volumetric Regions

Nitrate
Phosphate
Silicate

Temperature
Salinity
Dissolved Oxygen

52 million points from NOAA’s World Ocean Atlas (WOA 2013) database
k-means statistical clustering in 3D

Globally comprehensive

Top-to-bottom true 3D

Objectively derived from 
data



Global Ecological Marine Units (EMUs)
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Surface-occurring EMUs



EMUs at 1000 m Depth



Bottom-occurring EMUs



EMU 13 Summary

Technical Name:

• Bathypelagic

• Very Cold

• Euhaline

• Hypoxic

• High Nitrate 

• Medium Phosphate

• High Silicate

Common Name:

• Deep

• Very Cold

• Normal Salinity

• Low Oxygen

• High Nitrate

• Medium Phosphate

• High Silicate
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Pacific and Indian Ocean Bathypelagic



Visualizing ELUs and EMUs
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livingatlas.arcgis.com/emu



Next Set of Global Ecosystem Maps: ECUs and EFUs

Ecological Coastal Units (ECUs) Ecological Freshwater Units (EFUs) 



Data

www.esri.com/ecological-marine-units

Pubs

Sayre et al., 2017, Oceanography, 30(1): 90-103.

AAG Booklet: http://www.aag.org/cs/global_marine_ecosystems

Exposure

Nature News feature, 3 January 2017

rsayre@usgs.gov

dwright@esri.com, @deepseadawn


