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Overview
Estuaries are one of the world’s great gathering places: for 
fresh water before draining into the ocean, for animal life that 
uses them for early development or as a migratory stopover, 
for commerce and transportation via the ports they host, and 
for people who are drawn to live or visit there. As the world’s 
population and emerging regional economies continue to grow, 
so, too, do local and global pressures that might threaten the 
ecological benefits of estuaries. At the same time, evolving 
technology, science, and resource management allow estuaries to 
be observed with great specificity, which enhances the ability of 
researchers to develop ways to address the pressures and monitor 
the changes.

Our Global Estuary is a transformative initiative to address 
estuaries as critical local and global resources. In October 

2013, with primary financial support from the Harbor Branch 
Oceanographic Institute Foundation, Inc., the Our Global Estuary 
U.S. National Workshop convened estuarine scientists, resource 
managers, coastal and ocean observing system managers, and 
educators, as well as experts in urban planning, Native American 
culture, and environmental law to discuss the state of estuary 
science, technology, management, and policy. The primary 
purpose of the workshop was to generate thinking on how 
knowledge produced in the study and caretaking of individual 
estuaries could be collected and made available to support efforts 
in other estuaries and for all estuaries worldwide.

This August 26, 2014, report discusses why estuaries deserve 
more attention and provides six consensus points and three 
recommendations from the U.S. National Workshop.

Consensus points from the Our Global Estuary U.S. National Workshop
1. Although each estuary is unique, there are strong 

commonalities across estuaries worldwide. They provide 
societal and ecosystem benefits (e.g., recreation, navigation, 
filtering of land inputs to the ocean, spawning habitat, 
and larval nurseries) and are subjected to stressors (e.g., 
population growth, habitat loss, fishing, and climate change) 
that impact their function to varying degrees.  

2. Many estuaries are experiencing disruptive stresses and 
all estuaries are exposed to long-term challenges – creating 
the need for actions that strengthen estuarine resilience 
and broaden societal choices on balancing uses of estuarine 
resources.

3. The importance of estuaries to local economies and 
populations is the most effective lever for change, but local 
change benefits from a global perspective.

4. Comparing and contrasting knowledge about estuaries and 
management approaches worldwide is essential to capturing 
and gaining from lessons learned locally.

5. Use of classification systems along with observation and 
prediction systems provides tools for comparing and 
contrasting the resilience of estuaries across the world, 
and for engaging indigenous communities, citizen science, 
researchers, and managers.

6. Success in addressing estuarine stresses and opportunities is 
a critical component of overall global sustainability due to the 
concentration of people and assets, both human and natural, 
in places where rivers meet the seas.
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“More than land meeting the sea, estuaries are 
where people meet the sea.” 

William J. Ullman, Ph.D.
Professor, Marine & Geological Sciences 
University of Delaware

ESTUARIES ARE . . .
. . . the places where rivers transition to the ocean, 

and they have historically been popular gathering 

places for land-based animals and people. One 

reason is that estuaries are excellent sources of food: 

The continuous mixing of different waters, land-

based nutrients, and species provides particularly 

favorable conditions for aquatic life to grow and 

develop, making estuaries among the most fertile 

places on earth. In addition, estuaries are ideal 

locations for ports, providing safe places for sea-

going vessels to dock and direct access to inland 

shipping by the river. These characteristics help 

explain why many of the world’s oldest and largest 

cities are located on estuaries; they also suggest that 

although every estuary is unique, all estuaries have 

important commonalities and a collective global role.

“We can think of estuaries like 
fingerprints: we all have them, but 
each is unique.”

Rae Ann Wessel
Director, Natural Resource Policy
Sanibel-Captiva Conservation 
Foundation

Image courtesy of William Reay, Ph.D., Manager, Chesapeake Bay
National Estuarine Research Reserve

Images of bathymetry from NOAA colored according to water depth show a variety of 
physical configurations from estuaries around the U.S. Collage courtesy of David Ralston, 
Ph.D., Associate Scientist, Woods Hole Oceanographic Institution
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The relationship between estuaries and people 

predates recorded history. Transportation has 

become increasingly important, particularly 

in port cities where trade fuels employment 

and the economy. Many estuaries are essential 

sources of food for indigenous people and others 

who live nearby and along connected rivers. 

The beauty and natural resources of estuaries 

attract recreation and settlement, including those 

willing to pay a premium to live there. These 

activities tend to be major economic contributors. 

Estuaries also provide vital protection to many 

coastal communities through their capacity to 

absorb surges of ocean water caused by storms. 

The benefits of estuaries, however, can reach 

far beyond the people and places surrounding 

them: When estuaries are able to support a 

highly diverse community of animals and plants, 

they contribute to the environmental health and 

economy of our planet.

Image courtesy of Jon Waterhouse, Director, 
Yukon River Inter-Tribal Watershed Council

Image courtesy of Mark E. Luther, Ph.D., Associate Professor, Physical Oceanography, 
University of South Florida. “Manhattan” by Maureen from Buffalo, USA - Flickr. 
Licensed under Creative Commons Attribution 2.0 via Wikimedia Commons
http://commons.wikimedia.org/wiki/File:Manhattan.jpg#mediaviewer/File:Manhattan.jpg

“Estuaries throughout the world are necessary to 
indigenous people – from the Amazon to Alaska. 
We look at the world as one global environment.”

Jon Waterhouse
Director
Yukon River Inter-Tribal Watershed Council

ESTUARIES ARE ESSENTIAL TO PEOPLE

“It’s necessary to understand peoples’ perspectives 
on their estuaries. Louisiana residents, for instance, 
consider theirs a working coast.” 

Donald F. Boesch, Ph.D.
President
University of Maryland Center for Environmental 
Science



6 | Our Global Estuary

OUR GLOBAL ESTUARY REPORT

“Estuaries act as a water pollution filter for the planet. It’s 
the same as a wastewater treatment plant, but people don’t 
question the need for those.”

Joseph Needoba, Ph.D.
Assistant Professor, Institute of Environmental Health 
Oregon Health & Science University

“In terms of development of sea life, estuaries are 
the nurseries of the coastal ocean.”

Jerald S. Ault, Ph.D.
Professor, Marine Biology & Fisheries
University of Miami

Six states and the District of Columbia drain into Chesapeake Bay, and 
maps such as this can help researchers study correlations between land 
use and stressors. Image courtesy of Doug Wilson, Project Coordinator, 
IOCARIBE-GOOS

The extraordinary productivity of estuaries supports 

life in and around them, with the benefits extending 

globally such that estuaries collectively serve as an 

important contributor to Earth’s biodiversity and 

economy. For example, estuaries attract migratory 

species during their journeys, and so the energy 

these animals generate through feeding contributes 

to life elsewhere. Estuaries are also nursery grounds 

for many ecologically and commercially important 

species that ultimately migrate out to sea, thus 

supporting marine life as well as fishing. Moreover, 

estuaries and adjacent tidal marshes are important 

parts of the planet’s self-cleaning systems. Nearly 

90% of the Earth’s land surface is connected to the 

ocean by rivers, with much of the water that drains 

from land passing through wetlands and estuaries. 

Mangroves and oysters are among numerous species 

in healthy estuary systems that clean the water and 

thereby reduce the influence of land activities on 

the ocean. However, the ability of the systems to 

perform these functions efficiently is being limited 

by stressors caused by humans, such as water 

withdrawals, hydropower operation, navigation, 

and the release of fertilizers, contaminants, and 

municipal wastes. These pressures are increasing 

and threatening the balance of the systems.

ESTUARIES ARE VITAL TO THE PLANET

Tracking and modeling the complex movement of water among river, ocean, 
lateral bay, and estuarine portions of the system is an important part of 
understanding how water quality is affected by the estuary. Graphic courtesy 
of the NSF Science & Technology Center for Coastal Margin Observation & 
Prediction and adapted from www.stccmop.org
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“Our Global Estuary focuses on a tragedy of commons: 
Estuaries are needed by all, the sole responsibility of none.”

António Baptista, Ph.D.
Director, NSF Science & Technology Center for Coastal Margin 
Observation & Prediction
Oregon Health & Science University

Most of the world’s estuaries face pressures that 

affect their capacity to provide benefits to people and 

the planet, and the combination, severity, and timing 

of pressures vary with every system. Population 

growth and land-use choices – not only near the 

estuaries but also many miles upstream – can have 

a significant effect on the type of pressures. For 

example, as farm production methods have evolved 

to increase yields, more nutrients have made their 

way to estuarine water, causing algae to overgrow 

to the point of suppressing seagrass growth. These 

pressures can cause disease and death in fish, marine 

mammals, birds, and other animals. Another factor 

is how much fresh water reaches the estuaries: Some 

receive too much when land development prevents 

rain from seeping into the ground, and others receive 

too little when we divert it for our needs. 

The impact of issues like these can be expected 

to rise with economic and population growth, 

which is of particular concern for a number of 

the world’s estuaries: The 10 most populated 

river basins (see table below), which are home to 

more than one-quarter of the world’s population, 

currently contribute 10% of the world economy, 

and this is predicted to rise to almost 25% by 2050.‡  

Accompanying this growth will be a rising need for 

fresh water, which, combined with other factors, 

is likely to produce unprecedented challenges 

to the health of estuaries. Climate change, rising 

sea levels, droughts, invasive species, and severe 

storms present an additional set of pressures on the 

resilience of estuaries.

ESTUARIES ARE UNDER GROWING PRESSURES

“Why are estuaries at risk? We’ve allowed 
personal rights to eclipse a sense of shared 
community value in the resource.”

Christopher Mann 
Director, Environment 
The Pew Charitable Trusts

Despite the many benefits estuaries provide, motivating policy makers and the communities that live on the 

watershed to address and reduce pressures can be difficult. Helping society understand that many of the 

pressures arise from a mix of choices made locally and many miles from the estuary is a good start. In addition 

to a motivated public, the support of governing bodies and adequate funding for science-based understanding 

are critical to the stewardship and restoration of estuaries.

No. River – Country/Region

1 Ganges – India, Bangladesh, Nepal 6 Huai He – China

2 Yangtze (Chang Jiang) – China 7 Niger – West Africa

3 Indus – India, China, Pakistan 8 Hai – China

4 Nile – Northeastern Africa 9 Krishna – India

5 Huang He (Yellow River) – China 10 Danube – Central & Eastern Europe

WORLD’S 10 MOST POPULATED RIVER BASINS

‡ Exploring the links between water and economic growth. A report prepared for HSBC by Frontier Economics: Executive Summary (June 2012). 
Accessed via http://www.hsbc.com/citizenship/sustainability/hsbc-water-programme



8 | Our Global Estuary

OUR GLOBAL ESTUARY REPORT

Although pressures left unchecked can decrease 
the benefits that estuaries provide, such losses can 
be the motivating factor for communities to begin 
cooperating toward solutions. Chesapeake Bay and 
Florida’s Indian River Lagoon are two examples of 
U.S. estuaries where this dynamic has unfolded.

Chesapeake Bay

The largest estuary in the U.S. has a watershed that 
includes the Baltimore, Washington, D.C., Richmond, 
and Hampton Roads metropolitan areas. Chesapeake 
Bay was the first U.S. estuary to be targeted for 
protection and restoration by the U.S. Congress 
in 1975. Agriculture and population growth were 
identified as primary causes of excess sedimentation 
and nutrient enrichment, both of which have 
contributed to poor water quality, loss of critical 
habitat, and reduced seafood production. Another 

cause and consequence of impaired Chesapeake Bay 
health is the decline of its oyster population, which is 
at less than one percent of what it was in the late 19th 
century due to over-harvesting, disease, and habitat 
loss. When plentiful, the oysters could filter the 
entire volume of Chesapeake Bay water in a matter of 
days; today’s oyster population would take several 
months to do the same thing. These crises led to 
the 1983 formation of the Chesapeake Bay Program 
(www.chesapeakebay.net), a regional partnership of 
leaders and experts from governments, agencies, and 

other organizations focused on restoring the estuary. 
Although the system remains degraded, long-term 
pollution trends are decreasing, and the Program 
continues to work toward a clean Bay. 

Indian River Lagoon

Spanning 156 miles of Florida’s east coast and 
receiving limited tidal exchange through five 
Atlantic Ocean inlets, the Indian River Lagoon 
faces a number of challenges related to factors 
that include development along its watershed and 
water control practices further inland. Caretaking 
is complicated by the diversity of these challenges 
and their effects along the length of the system. 
Water quality is compromised in the southern areas 
in part by excess nutrients and inland freshwater 
discharges during the wet season, causing harmful 
algal blooms. A primary cause of the discharges is 
diversion of water that historically flowed south 
through the Florida Everglades. Significant seagrass 
die-offs have occurred recently in the central and 
northern Lagoon, and been attributed to massive 
algal blooms that also may have contributed to 
increased manatee, pelican, and bottlenose dolphin 
mortality in these areas. Identified nutrient sources 
include septic systems, agricultural and lawn 
fertilizers, and other urban runoff. Public outcry and 
accompanying media attention achieved critical mass 
in 2013, helping 
convince several 
municipalities 
to enact more 
restrictive fertilizer 
ordinances and the 
state legislature 
to appropriate 
approximately $200 
million to support 
observation 
systems and 
remediation 
projects for the 
Lagoon and 
Everglades.

ESTUARIES ARE RECEIVING MORE ATTENTION

The Chesapeake Bay Interpretive Buoy System makes water-quality 
information freely available via the Internet or mobile app. Image 
courtesy of buoybay.noaa.gov.

Indian River Lagoon map courtesy of Brian 
Lapointe, Ph.D., Research Professor, and 
Laura Herren, Biological Scientist, FAU 
Harbor Branch Oceanographic Institute
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Addressing pressures and preserving benefits is 
better than trying to fix damage after it occurs, and 
the importance of each estuary to its local economy 
and population is the most effective lever for change. 
Therefore, the spectrum of people who value the 
resource must be encouraged to “own” the estuary 
and contribute to the associated discussions and 
actions. Establishing common ground among 
different interests that might otherwise consider 
themselves in competition is essential to generating 
caretaking momentum and action. This can be 
fostered through knowledge gathering and sharing 
that honors the perspectives of diverse groups of 
people, and by enlisting the public to help study the 
estuary through “citizen science.” Indeed, improving 
and sharing knowledge are keys to better caretaking, 
and knowledge gathering begins with measuring the 
estuary’s characteristics. Measurement is occurring 
in many estuaries using a variety of techniques, 
including a community-based water quality 

monitoring program in the Yukon River Basin and 
an advanced-technology observation and prediction 
system in the Columbia River Estuary. Cross-estuary 
initiatives by governmental agencies exist in the 
U.S. and other countries. In the U.S. they include 
the National Estuarine Research Reserve System 
(National Oceanic and Atmospheric Administration), 
National Estuary Program (U.S. Environmental 
Protection Agency), and The Long Term Ecological 
Research Network (National Science Foundation). 
Effective sharing of technologies, experiences, and 
knowledge, as envisioned by Our Global Estuary, is 
critically needed for estuaries worldwide.

OUR GLOBAL ESTUARY RECOMMENDS:
MORE PEOPLE, MORE KNOWLEDGE, MORE SHARING

“People are part of the estuary ecosystem: We 
are there and we have an impact. It’s important 
to see how people think about, adapt to, and use 
estuaries.”

Michael Bruno, Sc.D. 
Dean, Schaefer School of Engineering & Science
Stevens Institute of Technology

Involving the public in the study of estuaries can help build support for stewardship efforts. 
Image courtesy of Jon Waterhouse, Director, Yukon River Inter-Tribal Watershed Council

Image courtesy of Troy Rice, Senior Project Manager, St. Johns River 
Water Management District

“Healthy, resilient estuaries depend on public and policy 
support, and monitoring and data are essential to motivate 
such support.”

Rae Ann Wessel
Director, Natural Resource Policy
Sanibel-Captiva Conservation Foundation
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Although every estuary is unique, each shares 

characteristics with other estuaries, and these 

commonalities enable comparisons that can greatly 

improve understanding and caretaking of the 

systems. Widespread use and refinement of estuary 

classification systems would reveal commonalities 

and foster the compare/contrast approach, which 

makes it possible to transfer the lessons learned 

in well-studied systems to estuaries where less 

is known. This also can help prioritize and speed 

response to pressures in less-studied estuaries, 

thus minimizing the potential for damage. Lessons 

learned elsewhere may prove particularly helpful in 

managing highly populated river basins in regions 

where significant economic and continued population 

growth are expected, and where environmental 

controls, monitoring systems, and supporting 

scientific understanding need to be expanded. 

Increased use of compare/contrast also would 

encourage greater uniformity in knowledge gathering 

across estuaries, thereby improving the quality of the 

comparisons, and ultimately the stewardship of these 

highly valuable systems.

OUR GLOBAL ESTUARY RECOMMENDS:
COMPARING ESTUARIES AND APPLYING THEIR LESSONS

“The value of sharing with 
decision makers how their 
estuary compares to others is 
enormous.”

Michael Bruno, Sc.D. 
Dean, Schaefer School of 
Engineering & Science
Stevens Institute of Technology

What parameters can link conditions across different estuaries? 
Estuaries as boxes, crossing categories: variability in tides and river, range of water depths 

[Geyer and MacCready, 2013] 
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Classifying estuaries by physical characteristics can advance understanding of the systems. Image courtesy of Annual 
Review of Fluid Mechanics and David Ralston, Ph.D., Associate Scientist, Woods Hole Oceanographic Institution

“The more we know about 
what happened in all 
estuaries, the better we can 
predict what will happen in 
a single estuary.”

Yvette H. Spitz, Ph.D.
Professor, College of Earth, 
Ocean & Atmospheric 
Sciences
Oregon State University
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Our capacity to advance the sustainability of estuaries 

would benefit from an understanding of their 

inherent variability and susceptibility to change. A 

combination of tailored observations, simulations, 

and scientific knowledge and translation could 

greatly increase that understanding. Measurement 

and observation also can help us determine if 

efforts to improve an estuary have been effective. 

Observations might range from simple to complex: 

from citizens collecting data to advanced, automated 

sensor collection across multiple physical and 

ecosystem environments. Similarly, simulations 

could span from back-of-the-envelope nutrient 

calculations to explicit 3D numerical models of a 

host of parameters, either real-time, retrospectively, 

or into the future. Sophisticated systems integrating 

observations, simulations, and fundamental and 

applied knowledge exist for specific estuaries, such as 

Columbia River. Observation systems are integrated 

to some extent, regionally and nationally, through 

initiatives like the U.S. Integrated Ocean Observing 

System, and globally, through the Global Ocean 

Observing System. Our Global Estuary envisions the 

incorporation of all existing and emerging assets 

into an innovative, worldwide knowledge network, 

which would support awareness, understanding, 

valuation, and management of estuaries at both 

local and global scales. Success in implementing this 

network will maximize societal choices on use, global 

sustainability, and resilience of estuaries worldwide.

OUR GLOBAL ESTUARY RECOMMENDS:
A NETWORK OF OBSERVATION AND PREDICTION SYSTEMS

“Good quality information is essential for making sound 
management decisions and for resolving disputes.”

Rob Lothrop 
Policy Development/Litigation Support Manager
Columbia River Inter-Tribal Fish Commission

Modern observation networks, as the one for the Columbia River on the west coast of 
the U.S., combine endurance stations and mobile assets to provide high-resolution, 
long-term, inter-disciplinary views of estuarine processes. Image courtesy of NSF 
Science & Technology Center for Coastal Margin Observation & Prediction

“People will join with others when they have a 
common focus, and measurements are the tool 
that enables them to act on the commonality.”

Margaret Leinen, Ph.D.
Director
Scripps Institute of Oceanography

Slide courtesy of Ken Johnson, Ph.D., Senior Scientist, Monterey
Bay Aquarium Research Institute
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