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Key Messages

■  Wetland ecosystems (including lakes, rivers, marshes, and coastal regions to a depth of 6 meters at low tide) are 
estimated to cover more than 1,280 million hectares, an area 33% larger than the United States and 50% 
larger than Brazil. However, this estimate is known to under-represent many wetland types, and further data are 
required for some geographic regions. More than 50% of specific types of wetlands in parts of North America, 
Europe, Australia, and New Zealand were destroyed during the twentieth century, and many others in many 
parts of the world degraded. 

■  Wetlands deliver a wide range of ecosystem services that contribute to human well-being, such as fish and fiber, 
water supply, water purification, climate regulation, flood regulation, coastal protection, recreational opportuni-
ties, and, increasingly, tourism. 

■  When both the marketed and nonmarketed economic benefits of wetlands are included, the total economic value 
of unconverted wetlands is often greater than that of converted wetlands. 

■   A priority when making decisions that directly or indirectly influence wetlands is to ensure that information 
about the full range of benefits and values provided by different wetland ecosystem services is considered.

■  The degradation and loss of wetlands is more rapid than that of other ecosystems. Similarly, the status of both 
freshwater and coastal wetland species is deteriorating faster than those of other ecosystems.

■  The primary indirect drivers of degradation and loss of inland and coastal wetlands have been population 
growth and increasing economic development. The primary direct drivers of degradation and loss include  
infrastructure development, land conversion, water withdrawal, eutrophication and pollution, overharvesting 
and overexploitation, and the introduction of invasive alien species. 

■  Global climate change is expected to exacerbate the loss and degradation of many wetlands and the loss or 
decline of their species and to increase the incidence of vector-borne and waterborne diseases in many regions. 
Excessive nutrient loading is expected to become a growing threat to rivers, lakes, marshes, coastal zones, and 
coral reefs. Growing pressures from multiple direct drivers increase the likelihood of potentially abrupt changes in 
wetland ecosystems, which can be large in magnitude and difficult, expensive, or impossible to reverse. 

■  The projected continued loss and degradation of wetlands will reduce the capacity of wetlands to mitigate 
impacts and result in further reduction in human well-being (including an increase in the prevalence of  
disease), especially for poorer people in lower-income countries, where technological solutions are not as readily 
available. At the same time, demand for many of these services (such as denitrification and flood and storm 
protection) will increase. 

■  Physical and economic water scarcity and limited or reduced access to water are major challenges facing society 
and are key factors limiting economic development in many countries. However, many water resource develop-
ments undertaken to increase access to water have not given adequate consideration to harmful trade-offs with 
other services provided by wetlands. 
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■  Cross-sectoral and ecosystem-based approaches to wetland management—such as river (or lake or aquifer)  
basin-scale management, and integrated coastal zone management—that consider the trade-offs between  
different wetland ecosystem services are more likely to ensure sustainable development than many existing  
sectoral approaches and are critical in designing actions in support of the Millennium Development Goals. 

■  Many of the responses designed with a primary focus on wetlands and water resources will not be sustainable or 
sufficient unless other indirect and direct drivers of change are addressed. These include actions to eliminate pro-
duction subsidies, sustainably intensify agriculture, slow climate change, slow nutrient loading, correct market 
failures, encourage stakeholder participation, and increase transparency and accountability of government and 
private-sector decision-making.

■  Major policy decisions in the next decades will have to address trade-offs among current uses of wetland 
resources and between current and future uses. Particularly important trade-offs involve those between  
agricultural production and water quality, land use and biodiversity, water use and aquatic biodiversity,  
and current water use for irrigation and future agricultural production.

■  The adverse effects of climate change, such as sea level rise, coral bleaching, and changes in hydrology and in 
the temperature of water bodies, will lead to a reduction in the services provided by wetlands. Removing  
the existing pressures on wetlands and improving their resiliency is the most effective method of coping with  
the adverse effects of climate change. Conserving, maintaining, or rehabilitating wetland ecosystems can be  
a viable element to an overall climate change mitigation strategy.

■  The MA conceptual framework for ecosystems and human well-being provides a framework that supports the 
promotion and delivery of the Ramsar Convention’s “wise use” concept. This enables the existing guidance  
provided by the Convention for the wise use of all wetlands to be expressed within the context of human well-
being and poverty alleviation.
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Foreword

Since the inception of global assessments on ozone depletion and climate change, the global policy process has been better informed, 
and decision-makers are able to take more effective and timely decisions. The Millennium Ecosystem Assessment followed in the foot-
steps of these assessments and was designed to meet the need for information about the consequences of ecosystem change for human 
well-being. It sought in particular to strengthen the link between scientific knowledge and decision-making. 

It provided an assessment, not just a review of existing knowledge and understanding, of the current state of our ecosystems and the 
many services they support and provide to people. It significantly enhanced our understanding of the direct drivers of change to wet-
lands and showed how they would fare under a range of future scenarios. It analyzed future challenges and response options that could 
allow us to maintain, to the greatest extent possible, the ecosystem services on which we all depend. 

The Convention on Wetlands (Ramsar, I.R. Iran, 1971) has recognized from the start that the MA can and should provide the Con-
tracting Parties to the Convention, and all involved in the conservation and wise use of wetlands, with new understanding and insights 
into how best they can meet the objectives of the Convention. The Convention’s Standing Committee, Secretariat, and Scientific and 
Technical Review Panel have supported and contributed to the work of the MA throughout.

This report, synthesizing the findings of the MA on inland, coastal, and near-shore marine wetlands, is the key product of the MA 
for the Ramsar Convention. It draws on the work of approximately 1,360 experts who compiled the many chapters of the MA reports. 
The synthesis stresses the link between wetlands and water and will help us set the future agenda for Ramsar.

During its work, the MA made a significant contribution to the work of the Convention’s STRP. Several of the MA’s authors contrib-
uted to the STRP’s work that will be considered by the Convention’s COP9 in November 2005. Through this “cross-fertilization” of 
ideas it became apparent that the MA’s conceptual framework provides a structure for the delivery of the Convention’s central concept 
of “wise use” of all wetlands. Furthermore, the STRP has recognized that the ecosystem terminologies adopted by the MA provide a 
valuable approach to its work of updating and harmonizing the terms and definitions used by the Convention, notably those concern-
ing ecological character and wise use. Finally, the existing Ramsar “Toolkit” of Wise Use Handbooks is enhanced and supported by the 
MA’s advice on response options.

We therefore commend this synthesis report to you, and urge all those concerned with the Ramsar Convention and with securing 
the wise use of wetlands to read it and use its findings to raise awareness of the role of wetlands in securing sustainable water supplies as 
well as providing a range of other vital ecosystem services.

Peter Bridgewater 
Secretary General  
Ramsar Convention on Wetlands

Gordana Beltram 
Chair, Standing Committee  
Ramsar Convention on Wetlands
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This report uses the Ramsar Convention definitions of several 
key terms related to wetlands. (See Box on Key Terms.) All of the 
MA authors and Review Editors have contributed to this draft 
through their contributions to the underlying assessment chap-
ters on which this material is based.

Five additional synthesis reports were prepared for ease of use 
by other audiences: general overview, UNCCD (desertification), 
CBD (biodiversity), business, and the health sector. Each  
MA sub-global assessment will also produce additional reports 
to meet the needs of its own audience. The full technical  
assessment reports of the four MA Working Groups will be 
published in 2005 by Island Press. All printed materials of the 
assessment, along with core data and a glossary of terminology 
used in the technical reports, will be available on the Internet at 
www.MAweb.org. Appendix A lists the acronyms and abbrevia-
tions used in this report and includes additional information 
on sources for some of the Figures.

References that appear in parentheses in the body of this report 
are to the underlying chapters in the full technical assessment 
reports of each Working Group. (A list of the assessment report 
chapters is provided in Appendix B.) To assist the reader, cita-
tions to the technical volumes generally specify sections of chap-
ters or specific Boxes, Tables, or Figures, based on final drafts of 
the chapter. Some chapter subsection numbers may change dur-
ing final copyediting, however, after this report has been printed.

In this report, the following words have been used where 
appropriate to indicate judgmental estimates of certainty, based 
on the collective judgment of the authors, using the observa-
tional evidence, modeling results, and theory that they have 
examined: very certain (98% or greater probability), high  
certainty (85–98% probability), medium certainty (65–85% 
probability), low certainty (52–65% probability), and very 
uncertain (50–52% probability). In other instances, a qualita-
tive scale to gauge the level of scientific understanding is used: 

Reader’s Guide  
and Acknowledgments

Wetlands: As defined by the Ramsar Con-
vention on Wetlands, wetlands are “areas of 
marsh, fen, peatland or water, whether nat-
ural or artificial, permanent or temporary, 
with water that is static or flowing, fresh, 
brackish or salt, including areas of marine 
water the depth of which at low tide does 
not exceed six metres” (Article 1.1 of the 
Convention text). 

Ecological character of wetlands: As 
defined by the Ramsar Convention, this is 
“the sum of the biological, physical and 
chemical components of the wetland ecosys-
tem, and their interactions, which maintain 
the wetland and its products, functions and 
attributes” (Ramsar COP7, 1999). In Febru-
ary 2005, the STRP proposed updating the 
definition of ecological character, drawing on 
the MA’s ecosystem terminology: “Ecologi-
cal character is the combination of the eco-
system components, processes and services 
that characterise the wetland at a given point 
in time.” This includes replacing “products, 
functions and attributes” with “services.” This 

proposal will be formally considered by the 
Ramsar Convention’s Contracting Parties in 
November 2005.

Ecosystem services: As defined by the  
MA, ecosystem services are “the bene-
fits people obtain from ecosystems. These 
include provisioning services such as food 
and water; regulating services such as regu-
lation of floods, drought, land degradation, 
and disease; supporting services such as 
soil formation and nutrient cycling; and cul-
tural services such as recreational, spiritual, 
religious, and other nonmaterial benefits.” 
This term corresponds with the usage by the 
Convention of the terms “products, functions 
and attributes” (as shown in the definition of 
ecological character). The classification of 
water as a provisioning service rather than  
a regulating service is debated, but this does 
not affect its general meaning within the  
context of this report.

Wise use of wetlands: This involves “their 
sustainable utilisation for the benefit of 

humankind in a way compatible with the main-
tenance of the natural properties of the eco-
system” (Ramsar COP3, 1987). The STRP 
has proposed updating the definition to: 
“the maintenance of their ecological charac-
ter within the context of sustainable devel-
opment, and achieved through the imple-
mentation of ecosystem approaches.” This 
proposal will be formally considered by the 
Ramsar Convention’s Contracting Parties in 
November 2005.

Waterbirds: These are “birds ecologically 
dependent on wetlands” (Article 1.2 of the 
Ramsar Convention text). This includes any 
wetland-dependent bird species and at the 
broad level includes penguins; divers; grebes; 
wetland-related pelicans; cormorants; dart-
ers and allies; herons; bitterns; storks; ibises 
and spoonbills; flamingos; screamers; swans, 
geese, and ducks (wildfowl); wetland-related 
raptors; wetland-related cranes; rails and 
allies; Hoatzin; wetland-related jacanas;  
waders (or shorebirds); gulls, skimmers, and 
terns; coucals; and wetland-related owls.

Box.  Key Terms Used in This Report



well established, established but incomplete, competing expla-
nations, and speculative. Each time these terms are used they 
appear in italics.

Throughout this report, dollar signs indicate U.S. dollars and 
tons mean metric tons.

This report would not have been possible without the extraor-
dinary commitment of the more than 2,000 authors and review-
ers worldwide who contributed their knowledge, creativity, time, 
and enthusiasm to the development of the assessment. Thanks 
are due to the MA Assessment Panel, Coordinating Lead 
Authors, Lead Authors, Contributing Authors, Board of Review 
Editors, Expert Reviewers, and the members of the Scientific and 
Technical Review Panel of the Ramsar Wetlands Convention 
who contributed to this process and to the institutions that pro-
vided in-kind support enabling their participation. The current 
and past members of the MA Board (and their alternates), the 

members of the MA Exploratory Steering Committee, the Con-
vention on Wetlands secretariat staff, and the MA secretariat 
staff, interns, and volunteers all contributed significantly to the 
success of this process. 

The MA received major financial support from the Global 
Environment Facility; United Nations Foundation; David and 
Lucile Packard Foundation; World Bank; Consultative Group on 
International Agricultural Research; United Nations Environ-
ment Programme; Government of China; Ministry of Foreign 
Affairs of the Government of Norway; Kingdom of Saudi Arabia; 
and the Swedish International Biodiversity Programme. The full 
list of organizations that provided financial support to the MA is 
available at www.MAweb.org. 
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For over 30 years, the Ramsar Convention has recognized the 
interdependence of people and their environment and is the only 
global intergovernmental convention addressing the interactions 
between water and wetland ecosystems. It has promoted the wise 
use of wetlands as a means of maintaining their “ecological char-
acter”—the ecosystem components and processes that comprise 
the wetland and that underpin the delivery of ecosystem services, 
such as fresh water and food.

Wetland Services and Human Well-being
Wetland ecosystems, including rivers, lakes, marshes, rice 
fields, and coastal areas, provide many services that contribute 
to human well-being and poverty alleviation. (See Table 1.) 
Some groups of people, particularly those living near wet-
lands, are highly dependent on these services and are directly 
harmed by their degradation. Two of the most important wet-
land ecosystem services affecting human well-being involve fish 
supply and water availability. Inland fisheries are of particular 
importance in developing countries, and they are sometimes 
the primary source of animal protein to which rural communi-
ties have access. For example, people in Cambodia obtain about 
60–80% of their total animal protein from the fishery in Tonle 
Sap and associated floodplains. Wetland-related fisheries also 
make important contributions to local and national economies. 
Capture fisheries in coastal waters alone contribute $34 billion 
to gross world product annually. 

The principal supply of renewable fresh water for human use 
comes from an array of inland wetlands, including lakes, rivers, 
swamps, and shallow groundwater aquifers. Groundwater, often 
recharged through wetlands, plays an important role in water 
supply, with an estimated 1.5–3 billion people dependent on it 

as a source of drinking water. Rivers have been substantially 
modified around the world to increase the water available for 
human consumption. Recent estimates place the volume of 
water trapped behind (documented) dams at 6,000–7,000 
cubic kilometers.

Other wetland services with strong linkages to human well-
being include:

■ Water purification and detoxification of wastes. Wetlands, and 
in particular marshes, play a major role in treating and detoxify-
ing a variety of waste products. Some wetlands have been found 
to reduce the concentration of nitrate by more than 80%.

■ Climate regulation. One of the most important roles of wet-
lands may be in the regulation of global climate change through 
sequestering and releasing a major proportion of fixed carbon  
in the biosphere. For example, although covering only an esti-
mated 3–4% of the world’s land area, peatlands are estimated to 
hold 540 gigatons of carbon, representing about 1.5% of the 
total estimated global carbon storage and about 25–30% of that  
contained in terrestrial vegetation and soils.

■ Mitigation of climate change. Sea level rise and increases in 
storm surges associated with climate change will result in the  
erosion of shores and habitat, increased salinity of estuaries and 
freshwater aquifers, altered tidal ranges in rivers and bays, 
changes in sediment and nutrient transport, and increased coastal 
flooding and, in turn, could increase the vulnerability of some 
coastal populations. Wetlands, such as mangroves and flood-
plains, can play a critical role in the physical buffering of climate 
change impacts. 

This report covers the range of wetlands as defined by the Ramsar Convention on Wetlands. These include 
inland wetlands (such as swamps, marshes, lakes, rivers, peatlands, and underground water habitats); coastal 

and near-shore marine wetlands (such as coral reefs, mangroves, seagrass beds, and estuaries); and human-made 
wetlands (such as rice fields (paddies), dams, reservoirs, and fish ponds). 

Summary for  
Decision-makers
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Table 1.  Ecosystem Services Provided by or Derived from Wetlands

Services Comments and Examples

Provisioning 

Food production of fish, wild game, fruits, and grains

Fresh watera storage and retention of water for domestic, industrial, and agricultural use

Fiber and fuel production of logs, fuelwood, peat, fodder

Biochemical extraction of medicines and other materials from biota

Genetic materials genes for resistance to plant pathogens, ornamental species, and so on

Regulating  

Climate regulation source of and sink for greenhouse gases; influence local and regional temperature,  
 precipitation, and other climatic processes

Water regulation (hydrological flows) groundwater recharge/discharge

Water purification and waste treatment  retention, recovery, and removal of excess nutrients and other pollutants 

Erosion regulation retention of soils and sediments

Natural hazard regulation flood control, storm protection

Pollination habitat for pollinators

Cultural 

Spiritual and inspirational source of inspiration; many religions attach spiritual and religious values to aspects of  
 wetland ecosystems

Recreational opportunities for recreational activities

Aesthetic many people find beauty or aesthetic value in aspects of wetland ecosystems

Educational opportunities for formal and informal education and training

Supporting 

Soil formation sediment retention and accumulation of organic matter

Nutrient cycling storage, recycling, processing, and acquisition of nutrients

a While fresh water was treated as a provisioning service within the MA, it is also regarded as a regulating service by various sectors.

■ Cultural services. Wetlands provide significant aesthetic, edu-
cational, cultural, and spiritual benefits, as well as a vast array of 
opportunities for recreation and tourism. Recreational fishing 
can generate considerable income: 35–45 million people take 
part in recreational fishing (inland and saltwater) in the United 
States, spending a total of $24–37 billion each year on their 
hobby. Much of the economic value of coral reefs—with net ben-
efits estimated at nearly $30 billion each year—is generated from 
nature-based tourism, including scuba diving and snorkeling.

Wetlands provide many nonmarketed and marketed benefits 
to people, and the total economic value of unconverted wet-
lands is often greater than converted wetlands (high certainty). 
There are many examples of the economic value of intact wet-
lands exceeding that of converted or otherwise altered wetlands. 
For instance, areas of intact mangroves in Thailand have a total 

net present economic value—calculated based on the economic 
contribution of both marketed products such as fish and non-
marketed services such as protection from storm damage and car-
bon sequestration—of at least $1,000 per hectare (and possibly 
as high as $36,000 per hectare) compared with about $200 per 
hectare when converted to shrimp farms. In Canada, areas of 
intact freshwater marshes have a total economic value of about 
$5,800 per hectare compared with $2,400 when drained marshes 
are used for agriculture. This does not mean that conversion of 
wetlands is never economically justified, but it illustrates the fact 
that many of the economic and social benefits of wetlands have 
not been taken into account by decision-makers.

Both inland and coastal wetlands significantly influence the 
nature of the hydrological cycle and hence the supply of water 
for people and the many uses they make of water, such as for 
irrigation, energy, and transport. Changes in hydrology, in 
turn, affect wetlands.
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■ Wetlands deliver a wide array of hydrological services—for 
instance, swamps, lakes, and marshes assist with flood mitiga-
tion, promote groundwater recharge, and regulate river 
flows—but the nature and value of these services differs across 
wetland types. 

■ Flooding is a natural phenomenon that is important for 
maintaining the ecological functioning of wetlands (for example, 
by serving as a means for the natural transport of dissolved or 
suspended materials and nutrients into wetlands) and in particu-
lar for sustaining the delivery of many of the services they pro-
vide to millions of people, particularly to those whose livelihoods 
depend on floodplains for flood-recession agriculture and pastur-
age and for fish production. 

■ Many wetlands diminish the destructive nature of flood-
ing, and the loss of these wetlands increases the risks of floods 
occurring. Wetlands, such as floodplains, lakes, and reservoirs, 
are the main providers of flood attenuation potential in inland 
water systems. Nearly 2 billion people live in areas of high 
flood risk—a risk that will be increased if wetlands are lost or 
degraded. Coastal wetlands, including coastal barrier islands, 
coastal river floodplains, and coastal vegetation, all play an 
important role in reducing the impacts of floodwaters produced 
by coastal storm events.

Physical and economic water scarcity and limited or reduced 
access to water are major challenges facing human society and 
are key factors limiting economic development in many coun-
tries. Water scarcity and declining access to fresh water are a 
globally significant and accelerating problem for 1–2 billion peo-
ple worldwide, hindering growth in food production and harm-
ing human health and economic development.

The continued degradation of water quality will increase the 
prevalence of disease, especially for vulnerable people in devel-
oping countries, where technological fixes and alternatives are 
not readily available (high certainty). The burden of disease from 
inadequate water, sanitation, and hygiene totals 1.7 million 
deaths and results in the loss of at least 54 million healthy life 
years annually. Although largely eliminated in wealthier nations, 
water-related diseases (malarial and diarrheal diseases, for 
instance) are among the most common causes of illness and 
death in developing countries, affecting particularly the poor. 
Some waterborne chemical and microbiological pollutants also 
harm human health—sometimes, in the case of chemical pollut-
ants, through biomagnification through the food chain. Water 
quality degradation also affects people indirectly by degrading 
the resource base on which they depend. Present institutional 
structures tend to promote a narrow, sectoral approach to inter-
vention for individual diseases, providing little opportunity to 
consider broader approaches to ecosystem management as a tool 
for enhancing human health. Actions to overcome intersectoral 
divides would help promote the use of ecosystem assessments or 
eco-health approaches to address human health concerns.

Status and Trends of Wetlands
The global extent of wetlands is estimated to be in excess of 
1,280 million hectares (1.2 million square kilometers) but it is 
well established that this is an underestimate. This estimate 
includes inland and coastal wetlands (including lakes, rivers, and 
marshes), near-shore marine areas (to a depth of 6 meters below 
low tide), and human-made wetlands such as reservoirs and rice 
fields and was derived from multiple information sources. How-
ever, these sources were known to under-represent many wetland 
types, and further data are required for some geographic regions. 

More than 50% of specific types of wetlands in parts of 
North America, Europe, Australia, and New Zealand were con-
verted during the twentieth century (medium to high certainty). 
Extrapolation of this estimate to wider geographic areas or to 
other wetland types, as has been done in some studies, is specu-
lative only. For North America, the estimates refer to inland 
water and coastal marshes and emergent estuarine wetlands; the 
estimates for Europe include the loss of peatlands; those for 
Northern Australia are of freshwater marshes, while estimates for 
New Zealand are of inland and coastal marshes.

There is insufficient information on the extent of all wetland 
types being considered in this report—such as inland wetlands 
that are seasonally or intermittently flooded and some coastal 
wetlands—to document the extent of wetland loss globally. 
There is, however, ample evidence of the dramatic loss and deg-
radation of many individual wetlands. For example, the surface 
area of the Mesopotamian marshes (located between the Tigris 
and Euphrates Rivers in southern Iraq) decreased from an area of 
15,000–20,000 square kilometers in the 1950s to less than 400 
square kilometers today due to excessive water withdrawals, dams, 
and industrial development. Similarly, the volume of water in the 
Aral Sea basin has been reduced by 75% since 1960 due mainly 
to large-scale upstream diversions of the Amu Darya and Syr 
Darya river flow for irrigation of close to 7 million hectares. 

Coastal ecosystems are among the most productive yet highly 
threatened systems in the world. These ecosystems produce dis-
proportionately more services relating to human well-being than 
most other systems, even those covering larger total areas, but are 
experiencing some of the most rapid degradation and loss:

■ About 35% of mangroves (from countries with available 
multiyear data, representing 54% of total mangrove area at pres-
ent) have been lost over the last two decades, driven primarily by 
aquaculture development, deforestation, and freshwater diversion.

■ Some 20% of coral reefs were lost and more than a further 
20% degraded in the last several decades of the twentieth century 
through overexploitation, destructive fishing practices, pollution 
and siltation, and changes in storm frequency and intensity.
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There is established but incomplete evidence that the changes 
being made are increasing the likelihood of nonlinear and 
potentially abrupt changes in ecosystems, with important con-
sequences for human well-being. These nonlinear changes can 
be large in magnitude and difficult, expensive, or impossible to 
reverse. For example, once a threshold of nutrient loading is 
crossed, changes in freshwater and coastal ecosystems can be 
abrupt and extensive, creating harmful algal blooms (including 
blooms of toxic species) and sometimes leading to the formation 
of oxygen-depleted zones, killing all animal life. Capabilities for 
predicting some nonlinear changes are improving, but on the 
whole scientists cannot predict the thresholds at which change 
will be encountered. The increased likelihood of these nonlinear 
changes stems from the loss of biodiversity and growing pressures 
from multiple direct drivers of ecosystem change. The loss of  
species and genetic diversity decreases the resilience of ecosystems 
—their ability to maintain particular ecosystem services as condi-
tions change. In addition, growing pressures from drivers such as 
overharvesting, climate change, invasive species, and nutrient 
loading push ecosystems toward thresholds that they might oth-
erwise not encounter.

Many wetland-dependent species in many parts of the world 
are in decline; the status of species dependent on inland waters 
and of waterbirds dependent on coastal wetlands is of particu-

lar concern. Although the evidence has geographical limitations 
and is chiefly from species already globally threatened with 
extinction, this pattern is consistent for different groups of spe-
cies, with medium certainty in the underlying data. (See Table 2.) 
Between 1970 and 2000, populations of freshwater species 
included in the Living Planet Index declined on average by 50%, 
compared with 30% for marine and other terrestrial species 
(medium certainty). The status of globally threatened birds 
dependent on freshwater wetlands, and even more so that of 
coastal seabirds, has deteriorated faster since 1988 than the status 
of birds dependent on other (terrestrial) ecosystems.

Causes of Wetland Loss and Degradation
The primary indirect drivers of degradation and loss of rivers, 
lakes, freshwater marshes, and other inland wetlands (including 
loss of species or reductions of populations in these systems) 
have been population growth and increasing economic develop-
ment. The primary direct drivers of degradation and loss 
include infrastructure development, land conversion, water 
withdrawal, pollution, overharvesting and overexploitation, and 
the introduction of invasive alien species. (See Figure 1.)

■ Clearing and drainage, often for agricultural expansion, and 
increased withdrawal of fresh water are the main reasons for the 
loss and degradation of inland wetlands such as swamps, 

Table 2. Status and Trends of Major Groups of Wetland-dependent Species

Species Group Status and Trends

Waterbirds Of the 1,138 waterbird biogeographic populations whose trends are known, 41% are in decline. Of the 964 bird  
 species that are predominantly wetland-dependent, 203 (21% of total) are extinct or globally threatened,  
 with higher percentages of species dependent on coastal systems being globally threatened than are those  
 dependent only on inland wetlands. The status of globally threatened birds dependent on freshwater wetlands  
 and, even more so, that of coastal seabirds has deteriorated faster since 1988 than the status of birds dependent  
 on other (terrestrial) ecosystems.

Wetland-dependent  Over one third (37%) of the freshwater-dependent species that were assessed for the IUCN Red List are  
mammals globally threatened; these include groups such as manatees, river dolphins, and porpoises, in which all species  
 assessed are listed as threatened. Almost a quarter of all seals, sea lions, and walruses are listed in the IUCN  
 Red List as threatened, and worldwide estimated mortalities across all cetacean species add up to several  
 hundred thousand every year.

Freshwater fish Approximately 20% of the world’s 10,000 described freshwater fish species have been listed as threatened,  
 endangered, or extinct in the last few decades.

Amphibians Nearly one third (1,856 species) of the world’s amphibian species are threatened with extinction, a large portion  
 of which (964 species) are from fresh water, especially flowing freshwater habitats. In addition, the population  
 sizes of at least 43% of all amphibian species are declining, indicating that the number of threatened species can  
 be expected to rise in the future. By comparison, just 12% of all bird species and 23% of all mammal species  
 are threatened. 

Turtles At least 50% of the 200 species of freshwater turtles have been assessed in the IUCN Red List as globally  
 threatened and more than 75% of freshwater turtle species in Asia are listed as globally threatened, including 18  
 that are critically endangered, with one being extinct. All 6 species of marine turtles that have been assessed that  
 use coastal wetlands for feeding and breeding are listed as threatened in the IUCN Red List. 

Crocodiles Of the 23 species of crocodilians that inhabit a range of wetlands including marshes, swamps, rivers, lagoons,  
 and estuaries, 4 are critically endangered, 3 endangered, and 3 vulnerable.
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Figure 1. Main Direct Drivers of Change in Wetland Systems

The cell color indicates the impact of each driver on biodiversity in each type of ecosystem over the past 50–100 years. High impact 
means that over the last century the particular driver has significantly altered biodiversity in that ecosystem; low impact indicates that it has 
had little influence on biodiversity in the ecosystem. The arrows indicate the trend in the driver. Horizontal arrows indicate a continuation 
of the current level of impact; diagonal and vertical arrows indicate progressively stronger increasing trends in impact. Thus, for example, 
if an ecosystem had experienced a moderate impact of a particular driver in the past century (such as the impact of overexploitation in 
inland water systems), a horizontal arrow indicates that this moderate impact is likely to continue. This Figure is based on expert opinion 
consistent with and based on the analysis of drivers of change in the various chapters of the assessment report of the MA Condition and 
Trends Working Group. The Figure presents global impacts and trends that may be different from those in specific regions.
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marshes, rivers, and associated floodplain water bodies. By 1985, 
an estimated 56−65% of inland and coastal marshes (including 
small lakes and ponds) had been drained for intensive agriculture 
in Europe and North America, 27% in Asia, 6% in South Amer-
ica, and 2% in Africa. The amount of water impounded behind 
dams quadrupled since 1960, and three to six times as much 
water is held in reservoirs as in natural rivers. Changes in flow 
regime, transport of sediments and chemical pollutants, modifi-
cation of inland wetlands, and disturbance of migration routes 
have endangered many species and resulted in the loss of others.

■ Agricultural systems and practices have exerted a wide range 
of mostly adverse impacts on inland and coastal wetlands glob-
ally. Both the extensive use of water for irrigation (some 70% of 
water use globally is for irrigation) and excessive nutrient load-
ing associated with the use of nitrogen and phosphorus in fertil-
izers have resulted in a decline in the delivery of services such as 
fresh water and some fish species. On the other hand, the expan-
sion of paddy rice cultivation has increased the area of human-
made wetlands in some regions.

■ The introduction of invasive alien species is now considered 
to be a major cause of local extinction of native freshwater spe-
cies. Worldwide, two thirds of the freshwater species introduced 
into the tropics and more than half of those introduced to tem-
perate regions have established self-sustaining populations.

The primary direct driver of the loss and degradation of 
coastal wetlands, including saltwater marshes, mangroves, sea-
grass meadows, and coral reefs, has been conversion to other 
land uses. Other direct drivers affecting coastal wetlands 
include diversion of freshwater flows, nitrogen loading, over-
harvesting, siltation, changes in water temperature, and species 
invasions. The primary indirect drivers of change have been 
the growth of human populations in coastal areas coupled with 
growing economic activity. Nearly half of the world’s major cit-
ies are located within 50 kilometers of the coast, and coastal 
population densities are 2.6 times larger than that of inland 
areas. This population pressure leads to conversion of coastal 
wetlands as a result of urban and suburban expansion and 
increasing agricultural demand (such as the clearing of man-
groves for aquaculture). Given the extensive changes in land use 
and cover that have occurred in many coastal areas, it is unlikely 
that many of the observed changes in habitat and species loss 
will be readily reversed. Other important drivers of change in 
coastal wetlands include:

■ Freshwater diversion from estuaries has meant significant 
losses in the delivery of water and sediment to nursery areas and 
fishing grounds in the coastal zone (high certainty) and to flood-
plains, affecting the livelihood of millions of people who depend 
on these coastal areas and floodplains for flood-recession agricul-
ture and pasturage and for fish production and capture fisheries. 
Worldwide, although human activities have increased sediment 
flows in rivers by about 20%, reservoirs and water diversions 

prevent about 30% of sediments from reaching the oceans, 
resulting in a net reduction of sediment delivery to estuaries of 
roughly 10%.

■ Seagrass ecosystems are damaged by a wide range of human 
impacts, including dredging and anchoring in seagrass meadows, 
coastal development, eutrophication, hyper-salinization resulting 
from reduction in freshwater inflows, siltation, habitat conver-
sion for the purposes of algae farming, and climate change. 
Major losses of seagrass habitat have been reported from the 
Mediterranean, Florida Bay in the United States, and parts of 
Australia, and current losses are expected to accelerate, especially 
in Southeast Asia and the Caribbean. 

■ Disruption and fragmentation of coastal wetlands important 
as migration routes have endangered many species and resulted 
in the loss of others. For example, the decline of certain long- 
distance East Atlantic flyway populations (while other popula-
tions on the same flyway are stable or increasing) has been 
attributed to their high dependence on deteriorating critically 
important spring staging areas, notably the international Wadden 
Sea, that have been affected by commercial shellfisheries.

■ Estuarine systems are among the most invaded ecosystems in 
the world, with introduced species causing major ecological 
changes. For example, San Francisco Bay in California has over 
210 invasive species, with one new species established every 14 
weeks between 1961 and 1995, brought in by ballast water of 
large ships or occurring as a result of fishing activities. The eco-
logical consequences of the invasions include habitat loss and 
alteration, altered water flow and food webs, the creation of 
novel and unnatural habitats subsequently colonized by other 
invasive alien species, abnormally effective filtration of the water 
column, hybridization with native species, highly destructive 
predators, and introductions of pathogens and disease. 

Excessive nutrient loading is expected to become a growing 
threat to rivers, lakes, marshes, coastal zones, and coral reefs. 
Since 1950, nutrient loading—anthropogenic increases in nitro-
gen, phosphorus, sulfur, and other nutrient-associated pollut-
ants—has emerged as one of the most important drivers of 
ecosystem change in freshwater and coastal ecosystems, and this 
driver is projected to substantially increase in the future (high cer-
tainty). Wetlands provide an important service by treating and 
detoxifying a variety of waste products, and some wetlands have 
been found to reduce the concentration of nitrate by more than 
80% (C7.2.5, C12.2.3). However, excessive nutrient loading 
associated with the use of nitrogen and phosphorus in fertilizers 
has resulted in eutrophication (a process whereby excessive plant 
growth depletes oxygen in the water), acidification of freshwater 
and terrestrial ecosystems, large and at times toxic algal blooms, 
widescale deoxygentation (and hypoxia), and a decline in the 
delivery of services such as fresh water and some fish species.

The negative impacts of nutrient loading can extend hundreds 
of kilometers from the source of pollution (such as the creation 
of hypoxic “dead zones” in coastal areas). The flux of reactive 
(biologically available) nitrogen to the coasts and oceans 
increased by 80% from 1860 to 1990, with resulting eutrophica-
tion that has harmed coastal fisheries and contributed to coral 
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reef regime shifts that are effectively irreversible. Humans now 
produce more reactive (biologically available) nitrogen than is 
produced by all natural pathways combined, and some projec-
tions suggest that this may increase by roughly a further two 
thirds by 2050. Three out of four scenarios prepared during the 
MA project that the global flux of nitrogen to coastal ecosystems 
will increase by a further 10–20% by 2030 (medium certainty), 
with almost all of the increase occurring in developing countries.

Global climate change is expected to exacerbate the loss and 
degradation of many wetlands and the loss or decline of their 
species and to harm the human populations dependent on their 
services; however, projections about the extent of such loss and 
degradation or decline are not yet well established. Climate 
change is projected to lead to increased precipitation over more 
than half of Earth’s surface, and this will make more water avail-
able to society and ecosystems. However, increases in precipita-
tion will not be universal, and climate change will also cause 
substantial decrease in precipitation in other areas. 

Despite the benefits that increased precipitation may provide 
to some freshwater wetlands, the projected changes in climate are 
likely to have pronounced harmful impacts on many wetland 
ecosystems. Specifically: 

■ Many coastal wetlands will change as a consequence of pro-
jected sea level rise, increased storm and tidal surges, changes in 
storm intensity and frequency, and subsequent changes in river 
flow regimes and sediment transport. There will be adverse con-
sequences for wetland species, especially those that cannot relo-
cate to suitable habitats, as well as migratory species that rely on 
a variety of wetland types during their life cycle. 

■ Of all the world’s ecosystems, coral reefs may be the most 
vulnerable to the effects of climate change. Many coral reefs 
have undergone major, although often partially reversible, 

bleaching episodes when local sea surface temperatures have 
increased during one month by 0.5–1o Celsius above the average 
of the hottest month. 

■ Global climate change impacts will often exacerbate impacts 
of other drivers of degradation of wetlands. For example, 
decreased precipitation as a result of climate change will exacer-
bate problems associated with already growing demands for 
water. Higher sea surface temperatures will exacerbate threats to 
coral reefs associated with increased sedimentation. In limited 
cases, however, global climate change could lessen pressure on 
some wetlands, particularly in areas where precipitation increases.

■ Specific adverse consequences of global climate change 
include already observed changes in the distribution of coastal 
wintering shorebirds in Western Europe associated with rising 
mid-winter temperatures. It is also anticipated that climate 
change will lead to population declines in high-Arctic breeding 
waterbird species as a result of habitat loss and that the distribu-
tion of many fish species will shift toward the poles, with cold-
water fish being further restricted in their range, and cool- and 
warm-water fish expanding in range (medium certainty).

■ The incidence of vector-borne diseases such as malaria and 
dengue and of waterborne diseases such as cholera is projected to 
increase in many regions (medium to high certainty).

There are a number of widely accepted reasons why many 
types of wetlands such as lakes, marshes, mangroves, tidal flats, 
and estuaries continue to be lost, converted, or degraded even 
though benefits gained from maintaining them often are 
greater than the benefits associated with their conversion:

■ The individuals who benefit most from the conservation of 
wetlands are often local residents, including many who are likely 
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to have been disenfranchised from decision-making processes. 
Decisions concerning the fate of wetlands, however, are often 
made through processes that are unsympathetic to local needs or 
that lack transparency and accountability.

■ Decision-makers at many levels are unaware of the connec-
tion between wetland condition and the provision of wetland 
services and the consequent benefits for people. In very few 
instances are decisions informed by estimates of the total eco-
nomic value of both the marketed and nonmarketed services  
provided by wetlands. 

■ Many services delivered by wetlands (such as flood mitiga-
tion, climate regulation, groundwater recharge, and prevention 
of erosion) are not marketed and accrue to society at large at 
local and global scales. More degradation of these “public 
goods” takes place than is in society’s interests. Individuals 
often do not have incentives to maintain the services for the 
benefit of wider society. Further, when an action results in the 
degradation of a service that harms other individuals, market 
mechanisms do not exist (nor, in many cases, could they exist) 
to ensure that these individuals are compensated for the dam-
ages they suffer.

■ The private benefits of wetland conversion are often exagger-
ated by subsidies such as those that encourage the drainage of 
wetlands for agriculture or the large-scale replacement of coastal 
wetlands by intensive aquaculture or infrastructure, including for 
urban, industrial, and tourism development. 

■ In some cases, the benefits of conversion exceed those of 
maintaining the wetland, such as in prime agricultural areas  
or on the borders of growing urban areas. As more and more 
wetlands are lost, however, the relative value of the conservation 
of the remaining wetlands increases, and these situations become 
increasingly rare.

Scenarios for Wetlands
The MA developed four scenarios to explore plausible futures 
for ecosystems and human well-being. (See Box 1.) The  
scenarios explored two global development paths—one in 
which the world becomes increasingly globalized (Global 
Orchestration and TechnoGarden) and the other in which it 
becomes increasingly regionalized (Adapting Mosaic and Order 
from Strength)—as well as two different approaches to ecosys-
tem management—one in which actions are reactive and most 

Box 1.  MA Scenarios

The MA developed four scenarios to explore plausible futures for ecosystems and human well-being based on different assumptions about driving 
forces of change and their possible interactions: 

Globalized World Description

Reactive ecosystem management  This scenario depicts a globally connected society that focuses on global trade and economic  
(Global Orchestration) liberalization and takes a reactive approach to ecosystem problems but that also takes strong  
 steps to reduce poverty and inequality and to invest in public goods such as infrastructure  
 and education. Economic growth in this scenario is the highest of the four scenarios, while the  
 scenario is assumed to have the lowest population in 2050.

Proactive ecosystem management This scenario depicts a globally connected world relying strongly on environmentally sound  
(TechnoGarden) technology, using highly managed, often engineered, ecosystems to deliver ecosystem  
 services, and taking a proactive approach to the management of ecosystems in an effort to  
 avoid problems. Economic growth is relatively high and accelerates, while population in 2050  
 is in the mid-range of the scenarios.

Regionalized World 

Reactive ecosystem management  This scenario represents a regionalized and fragmented world, concerned with security and  
(Order from Strength) protection, emphasizing primarily regional markets, paying little attention to public goods,  
 and taking a reactive approach to ecosystem problems. Economic growth rates are the lowest  
 of the scenarios (particularly low in developing countries) and decrease with time, while  
 population growth is the highest.

Proactive ecosystem management  In this scenario, regional watershed-scale ecosystems are the focus of political and  
(Adapting Mosaic) economic activity. Local institutions are strengthened and local ecosystem management  
 strategies are common; societies develop a strongly proactive approach to the management  
 of ecosystems. Economic growth rates are somewhat low initially but increase with time,  
 and population in 2050 is nearly as high as in Order from Strength.

The scenarios are not predictions; instead they were developed to explore the unpredictable features of change in drivers and ecosystem services. 
No scenario represents business as usual, although all begin from current conditions and trends.
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problems are addressed only after they become obvious (Global 
Orchestration and Order from Strength) and the other in which 
ecosystem management is proactive and policies deliberately 
seek to maintain ecosystem services for the long term (Techno-
Garden and Adapting Mosaic). 

The degradation of wetlands is expected to increase through 
2050 under the reactive Global Orchestration and Order from 
Strength scenarios but to be relatively unchanged in 2050 (after 
initial increases in the early part of the century) under the pro-
active TechnoGarden and Adapting Mosaic scenarios. The degra-
dation of wetlands is expected to increase (see Figure 2), and the 

global area of wetlands is expected to decrease with increases in 
human population, particularly in coastal zones, and with the 
expansion of agricultural land. Toward 2050, there is a long-
term increase of conversion to agricultural land use in the sce-
narios with reactive ecosystem management. For the proactive 
TechnoGarden and Adapting Mosaic scenarios, however, the 
development of technologies and skills for agroecosystem man-
agement could lead to restoration of wetlands. Furthermore, 
toward 2050 climate change begins to have significant impacts 
on coastal wetlands such as estuaries, tidal flats, and deltas as a 
result of sea level rise.

Figure 2. Plausible Main Direct Drivers of Change in Wetland Area under Different MA Scenarios 

For “Degraded Wetland Area,” solid lines indicate the best case, and dashed lines the worst case, envisaged for each scenario. The cell color 
indicates the current trend in each driver (trends not available separately for water schemes). For the other cells, the arrows indicate the trend in 
the driver. Horizontal arrows indicate stabilization of the impact; diagonal and vertical arrows indicate progressively stronger increasing trends in 
impact. Thus a vertical arrow indicates that the likely effect of the driver on the degradation of wetlands in the future will grow much stronger.
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The demand for provisioning services, such as food, fiber, 
and water, strongly increases in all four scenarios due to 
expected growth in population and economies and changing 
consumption patterns (medium to high certainty). Land use 
change is expected to continue to be a major driver of changes in 
the provision of ecosystem services up to 2050 (medium to high 
certainty). A deterioration of the services provided by freshwater 
resources—aquatic habitat, fish production, and water supply for 
households, industry, and agriculture—is expected under the two 
scenarios that adopt reactive approaches to environmental prob-
lems (medium certainty). A less severe decline is expected under 
the other two scenarios, which proactively increase efficiency in 
resource use through environmental policies and an emphasis on 
the application of technology for environmental benefits. After 
2050, climate change and its impacts (such as sea level rise) have 
an increasing effect on the provision of ecosystem services 
(medium certainty). 

The demand for regulating services provided by wetlands, 
such as denitrification and protection against floods and 
storms, will increase, while the provision of these services is 
likely to decrease. The use of nitrogen and other fertilizers is pro-
jected to increase in all scenarios, raising the demand for nutrient 
removal by wetlands. There is likely to be increased pressure on 
wetlands, such as mangroves and floodplains, to buffer the physi-
cal impacts of extreme events, such as sea level rise and increases 
in storm surges. 

Increased loss of wetlands will lead to global extinctions as 
species numbers approach equilibrium with the remnant hab-
itat. It is likely under most scenarios that large, costly, and even 
irreversible environmental changes will become more common 
in the future unless offset by anticipatory management that 
deliberately maintains the resilience of wetlands. However, time 
lags between habitat reduction and species extinction may pro-
vide an opportunity for humans to reverse past losses and avoid 
future ones. 

Major policy decisions in the next 50–100 years will have to 
address trade-offs among current uses of wetland resources and 
between current and future uses. Particularly important trade-
offs involve those between agricultural production and water 
quality, land use and biodiversity, water use and aquatic biodi-
versity, and current water use for irrigation and future agricul-
tural production. Under all the MA scenarios, resource 
management decisions tend to give highest priority to increasing 
availability of provisioning services (such as food supply and 
water use), and this often leads to reductions in the provision of 
supporting, regulating, and cultural ecosystem services. 

The MA scenarios differ significantly in their implications 
for the role of the Ramsar Convention in helping to protect 
wetlands. Some stresses to wetlands are stronger in the globaliza-
tion scenarios, while others are stronger in the regional fragmen-
tation scenarios. Under the Adapting Mosaic scenario, the focus 
on increasing knowledge of ecosystems through adaptive man-
agement could lead to high success in wetland protection, espe-

cially if the international cooperation frameworks help to 
empower regional managers and act as information-gathering 
and networking bases for regional and local management proj-
ects. The different futures projected by the MA scenarios imply 
somewhat different responsibilities for the Ramsar Convention. 
In the more regionalized scenarios, the Convention would likely 
need to carry a relatively greater part of the burden than at pres-
ent for supporting actions at local and regional scales, whereas 
the globalization scenarios would tend to reinforce or amplify 
current Ramsar activities. 

Responses
A conceptual shift among policy-makers and decision-makers is 
required to ensure that cross-sectoral approaches that incorpo-
rate the principles of consultation and transparency, address 
trade-offs, and ensure the long-term future of the services pro-
vided and supported by wetlands are adopted and implemented 
effectively. As these approaches place greater emphasis on the 
sustainable use of wetlands and their resources, they will better 
support sustainable development and improved human well-
being. Rivers, lakes, marshes, mangroves, and other wetlands 
have often played central roles in development plans, but all too 
often these plans have been developed by single sectors and the 
resources have been used in ways that led to unnecessary harm to 
other sectors or that sacrificed long-term benefits for short-term 
gains. For example, rivers have been dammed to provide irriga-
tion water, but these reservoirs have created health problems 
associated with infectious disease, while marshes drained to 
reduce malaria removed a critical source of food for local com-
munities. As wetlands become scarcer and as we understand the 
benefits provided by the entire array of ecosystem services, the 
best options will increasingly involve managing wetlands for a 
broad array of services. This in turn requires the maintenance of 
the ecological character of the wetland—the goal of the “wise 
use” concepts advocated by the Ramsar Convention for more 
than 30 years. 

Many of the responses designed with a primary focus on wet-
lands and water resources will not be sustainable or sufficient 
unless other indirect and direct drivers of change are addressed. 
For example, the sustainability of protected areas for wetlands 
will be severely threatened by human-caused climate change. 
Similarly, the management of ecosystem services cannot be sus-
tainable globally if the growth in consumption of services contin-
ues unabated. Responses also need to address the conditions that 
determine the effectiveness and degree of implementation of the 
wetland-focused actions.

In particular, changes in institutional and environmental gov-
ernance frameworks are often required to create these conditions. 
Many of our institutions were not designed to take into account 
the threats associated with the loss and degradation of ecosystem 
services; nor were they well designed to deal with the manage-
ment of common pool resources, a characteristic of many ecosys-
tem services. Issues of ownership and access to resources, the 
right to participate in decision-making, and the regulation of 
particular types of resource use or discharge of wastes can 
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strongly influence the sustainability of ecosystem management 
and are fundamental determinants of who wins and who loses 
from changes in ecosystems. Corruption, a major obstacle to 
effective management of ecosystems, also stems from weak sys-
tems of regulation and accountability. 

Consideration of the trade-offs among different wetland eco-
system services and the need for cooperation across sectors will 
be critical in designing actions in support of the Millennium 
Development Goals. (See Figure 3.) For example, it is not 
uncommon for strategies aiming to increase food production and 

 Figure 3.   Indicative Trade-offs Involved in Approaches to Achieve the MDGs (Derived from C7, C20, R13, R19)  

The Figure shows the implications for the future delivery of wetland ecosystem services of different strategic policy options for the 
achievement of intergovernmental environmental commitments: carbon mitigation (Kyoto Protocol), the poverty and hunger Millennium 
Development Goals, and environmental conventions concerned with water and ecosystems (Ramsar and CBD). Each row provides a 
hypothetical case where actions are taken to achieve a particular goal (such as carbon mitigation, poverty or hunger reduction, or wetland 
service delivery) using strategies that maximize the short-term progress toward that goal without any consideration given to alternative 
goals. The colored boxes show the likely extent of achievement of the different global targets under each strategy. The arrows indicate the 
extent of improvement (or otherwise) of target delivery under each strategy option in comparison with current trends. Although the actual 
trade-offs may differ in specific locations, in general overall progress is likely to be less when the goals are addressed in isolation than when 
they are addressed jointly. 



Ecosystems and Human Well-being: Wetlands and Water S y n t h e s i s12

reduce poverty to propose the conversion of marshes to agricul-
ture, conversion of mangroves to aquaculture, and significant 
increases in the use of fertilizers to increase crop production. This 
approach, however, will reduce habitat area (and hence the mag-
nitude of services provided by the original habitat), increase the 
input of water pollutants, remove the natural water filtering ser-
vice provided by wetlands, and remove ecosystem services pro-
vided by mangroves, such as timber and charcoal supply and fish 
habitat, on which the poor in particular rely. This will make the 
development goal of improved water and sanitation more diffi-
cult to achieve and may in fact increase poverty for some groups. 
In contrast, a development strategy that aims to safeguard the 
full range of benefits provided by wetlands might better achieve 
the set of development goals while minimizing future harm to 
the wetlands. 

The MA conceptual framework for ecosystems and human 
well-being provides a valuable framework for the delivery of the 
Ramsar Convention’s concept of “wise use” of wetlands. Figure 
4 illustrates where interventions using each of the Ramsar Wise 
Use Handbooks can be applied in the framework. In the context 
of wetland ecosystem management, responses will involve a com-
bination of approaches that may operate at local or micro, 
regional, national, or international level (or a combination of 
these) and at various time scales. 

Economic valuation can provide a powerful tool for placing 
wetlands on the agendas of conservation and development deci-
sion-makers. The concept of total economic value has now 
become one of the most widely used frameworks for identifying 
and quantifying the contribution of ecosystem services to human 
well-being. Looking at the total economic value of a wetland 
essentially involves considering its full range of characteristics as 

an integrated system—its resource stocks or assets, flows of envi-
ronmental services, and the attributes of the ecosystem as a 
whole. Such information enables wetlands to be considered as 
economically productive systems, alongside other possible uses  
of land, resources, and funds. It provides an analytical basis for 
considering trade-offs and making management decisions that 
better support public welfare and aspirations. A wide range of 
methods that move beyond the use of direct market prices are 
available and are increasingly used for valuing wetlands. These 
include approaches that elicit preferences directly (such as 
through contingent valuation methods) as well as those that use 
indirect methods to infer preferences from actions to purchase 
related services (for example, through production functions and 
replacement costs).

The effective management of inland wetlands and water 
resources will require improved arrangements for river (or lake 
or aquifer) basin-scale management and integrated coastal zone 
management. Actions taken upstream or upcurrent can have 
profound impacts on wetland resources downstream or down 
current. Regional approaches such as IRBM and ICZM are 
examples of “ecosystem approaches.” Ecosystem approaches have 
been developed as an overall strategy for integrated environmen-
tal management promoting conservation and sustainable use in 
an equitable way. They focus on managing environmental 
resources and human needs across landscapes and are a response 
to the tendency to manage ecosystems for a single good or ser-
vice, by trying to balance trade-offs to both human well-being 
and ecosystem services.

An ecosystem approach to water resources management is rec-
ognized as a key strategy for meeting the objectives of poverty 
alleviation. To date, however, few efforts at implementing IRBM 
have actually succeeded in achieving social, economic, and envi-
ronmental objectives simultaneously. One of the key lessons 
emerging from ICZM experiences is that more integration per se 
does not guarantee better outcomes. Adopting an incremental 
approach—focusing on a few issues initially and then gradually 
addressing additional ones as the capacity increases—is often 
more feasible and effective. In addition, these approaches can 
only succeed if appropriate institutional and governance arrange-
ments are in place and, in particular, if the authority and 
resources of the management mechanisms are consistent with 
their responsibilities. 

For international transboundary wetlands, including river  
systems, lakes, and aquifers, sovereignty is an important issue, 
making it more challenging to establish a basin-scale organiza-
tion supported by appropriate governance arrangements.  
Alternatives such as intergovernmental agreements that mandate 
development of management arrangements at the basin scale 
may need to be explored. An important tool for public involve-
ment is the development of a process for transboundary envi-
ronmental impact assessment.

A key approach for ensuring the future of wetlands and their 
services is to maintain the quantity and quality of the natural 
water regimes on which they depend, including the frequency 
and timing of flows. A variety of methods and tools are available 
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Figure 4.  Places within the MA Conceptual Framework Where Interventions 
Using Each Ramsar Wise Use Handbook Can Be Applied
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both for assessing the “environmental flow” requirements of wet-
lands and for implementing, at a basin scale, the range of water 
allocations to meet policy and planning requirements that bal-
ance ecosystem maintenance with public well-being and eco-
nomic development. These methods and tools provide a means 
to address the trade-offs for water allocation between different 
ecosystem services. They can also ensure that sufficient water is 
allocated to meet multiple objectives agreed to by the wider 
stakeholder community.

Wetland restoration is a broad response category to recover 
ecosystems that have been degraded or destroyed. A primary 
goal of wetland recovery projects is to restore and enhance wet-
land benefits by re-establishing natural ecological processes. 
Some wetland functions can be mimicked with engineered struc-
tures, but engineered methods typically do not provide the maxi-
mum ecological benefit. Restoration has become controversial in 
part because of the uncertainty about what set of actions leads to 
the establishment of a desired combination of wetland structure 
and function. Created wetlands rarely perform the same func-
tions or house the same biodiversity as the original site, and for 
this reason they are unlikely to structurally and functionally  
completely replace destroyed wetlands. The key to success is the 
setting of well-stated goals that form part of a broader compre-
hensive and rigorous process for planning, developing, imple-
menting, and evaluating the restoration projects and adopting an 
adaptive management approach. 

Systems of protected areas are another important category  
of response in international, regional, sub-regional, and 
national frameworks. A regional or landscape approach is neces-
sary especially for aquatic systems, which are not easily “fenced” 
from surrounding areas. Protected area networks at all levels, 
including the designation and management of Ramsar sites, play 
an important role, given the fact that individual sites are often 
functionally interconnected by reason of shared hydrology, 
migratory species, and so on.

Although information about the consequences of climate 
change on specific wetland types and river basins is lacking, it 
is generally understood that removing the existing pressures on 
wetlands and improving their resilience is the most effective 
method of coping with the adverse effects of climate change. 
Sea level rise, coral bleaching, and changes in hydrology and the 
temperature of water bodies will lead to a reduction in the goods 
and services provided by wetlands. Further, efforts to respond to 
climate change may have equally negative and compounding 
effects on freshwater and coastal zone ecosystems. Information 
about the consequences of climate change on specific wetland 
types and river basins is sorely needed to allow water resource 
and wetlands managers to integrate changes in climate into their 
planning and management efforts. Conserving, maintaining, or 
rehabilitating wetland ecosystems can be a viable element to an 
overall climate change mitigation strategy.

Greater coordination of actions among multilateral environ-
mental agreements would result in more-effective implementa-
tion. The Ramsar Convention has been promoting cooperation 
and coordination with other treaties to achieve its objectives. For 
instance, the Ramsar and World Heritage Conventions have 
cooperated to identify and strengthen conservation of sites of 
international importance that are of mutual interest and benefit. 
Furthermore, cooperation between the Ramsar Convention and 
the Convention on Migratory Species has been in effect since 
1997 in terms of joint conservation action; data collection, stor-
age, and analysis; institutional cooperation; and new agreements 
on migratory species. The Ramsar Convention is implementing 
its third joint work plan with the Convention on Biological 
Diversity, covering the period 2002–06.

Responses addressing direct and indirect drivers and seeking 
to establish conditions that would be particularly important for 
biodiversity and ecosystem services include the following: 

■ Elimination of subsidies that promote excessive use of ecosystem 
services (and, where possible, transfer of these subsidies to payments 
for nonmarketed ecosystem services). Subsidies paid to the agricul-
tural sectors of OECD countries between 2001 and 2003 aver-
aged over $324 billion annually, or one third the global value of 
agricultural products in 2000. A significant proportion of this 
total involved production subsidies that led to overproduction, 
reduced the profitability of agriculture in developing countries, 
and promoted overuse of fertilizers and pesticides. Many coun-
tries outside the OECD also have inappropriate input and pro-
duction subsidies. These subsidies could instead be directed to 
payments to farmers to produce nonmarketed ecosystem services 
through the maintenance of forest cover or wetlands or to protect 
biodiversity, thereby helping to establish economic incentives to 
provide these public goods. Similar problems are created by fish-
ery subsidies, which amounted to approximately $6.2 billion in 
OECD countries in 2002, or about 20% of the gross value of 
production. Water use is also often subsidized—for example, by 
public water supply systems that do not charge consumers for the 
cost of the water supply infrastructure and maintenance or, as is 
often the case with groundwater pumping, indirectly through 
energy subsidies. 

Although removal of perverse subsidies will produce net bene-
fits, it will not be without costs. Some of the people benefiting 
from production subsidies (through either the low prices of  
products that result from the subsidies or as direct recipients of 
subsidies) are poor and would be harmed by their removal. Com-
pensatory mechanisms may be needed for these groups. More-
over, removal of agricultural subsidies within the OECD would 
need to be accompanied by actions designed to minimize adverse 
impacts on ecosystem services in developing countries. 

■ Sustainable intensification of agriculture. The expansion of 
agriculture will continue to be a major driver of wetland loss. 
In regions where agricultural expansion remains a large threat 
to wetlands, the development, assessment, and diffusion of 
technologies that could increase the production of food per 
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unit area sustainably, without harmful trade-offs related to 
excessive consumption of water or use of nutrients or pesti-
cides, would lessen pressure on wetlands significantly. In many 
cases, appropriate technologies already exist that could be 
applied more widely, but countries lack the financial resources 
and institutional capabilities to gain and use these technologies. 

■ Slowing and adapting to climate change. By the end of the 
century, climate change and its impacts may be the dominant 
direct driver of change of ecosystem services globally. Harm to 
ecosystems will grow with both increasing rates of change in cli-
mate and increasing absolute amounts of change. Some ecosys-
tem services in some regions may initially benefit from increases 
in temperature or precipitation expected under climate scenarios, 
but the balance of evidence indicates that there will be a signifi-
cant net harmful impact on ecosystem services worldwide if 
global mean surface temperature increases more than 2o Celsius 
above preindustrial levels or faster than 0.2o Celsius per decade 
(medium certainty). Given the inertia in the climate system, 
actions to facilitate the adaptation of biodiversity and ecosystems 
to climate change will be necessary to mitigate negative impacts. 
These may include the development of ecological corridors or 
networks. 

■ Slowing the global growth in nutrient loading even while 
increasing fertilizer application in regions where crop yields are  
constrained by the lack of fertilizers, such as parts of sub-Saharan 
Africa. Technologies already exist for reducing nutrient pollution 
at reasonable costs, but new policies are needed for these tools to 
be applied on a sufficient scale to slow and ultimately reverse the 
increase in nutrient loading.

■ Correction of market failures and internalization of environ-
mental externalities that lead to the degradation of ecosystem  
services. Because many ecosystem services are not traded in  
markets, markets fail to provide appropriate signals that might 
otherwise contribute to the efficient allocation and sustainable 
use of the services. In addition, many of the harmful trade-offs 
and costs associated with the management of one ecosystem  
service are borne by others and so are not weighed in sectoral 

decisions regarding the management of that service. In countries 
with supportive institutions in place, market-based tools could 
be more effectively applied to correct some market failures and 
internalize externalities, particularly with respect to provisioning 
ecosystem services. 

■ Economic interventions, including payments for services and 
markets, that have long existed for resources such as water that, in 
many contexts, have long been traded goods. At the same time, 
water, and the wetlands it supports, has typically been underval-
ued and consequently underpriced, leading to the inefficient  
and ineffective management of water for people and ecosystems. 
Recent efforts have aimed at exploring the potential of water 
markets as a tool for reallocation of water to meet ecosystem 
needs as well as the traditional goal of improving resource effi-
ciency for the provision of water to irrigation, hydropower, and 
drinking water supplies. 

■ Increased transparency and accountability of government and  
private-sector performance in decisions that affect wetlands, including 
greater involvement of concerned stakeholders in decision-making. 
Laws, policies, institutions, and markets that have been shaped 
through public participation in decision-making are more likely 
to be effective and perceived as just. Stakeholder participation 
also contributes to the decision-making process because it allows 
for a better understanding of impacts and vulnerability, the dis-
tribution of costs and benefits associated with trade-offs, and the 
identification of a broader range of response options that are 
available in a specific context. Stakeholder involvement and 
transparency of decision-making can increase accountability  
and reduce corruption. Recognition of the importance of public 
participation and equity in decision-making is growing, and 
national policies are increasingly being used to support stake-
holder participation. Increasing participation at relevant levels 
supports the concept of subsidiarity—assigning roles and 
responsibilities at the management level closest to where they 
will have effect. 
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This report has been prepared to provide Contracting Parties 
to the Convention on Wetlands (Ramsar, Iran, 1971) and 

all those concerned with the management of wetlands and water 
resources with a synthesis of the findings of the Millennium  
Ecosystem Assessment. (See Box 1.1.)

The Millennium Ecosystem Assessment
The Millennium Ecosystem Assessment was a four-year interna-
tional process (2001–05) designed to meet the needs of decision-
makers for information on the links between ecosystem change 
and human well-being. It focused on how changes in ecosystems 
and ecosystem services have affected human well-being, how eco-
system changes may affect people in future decades, and what 
types of responses can be adopted at local, national, regional, or 
global scales to improve ecosystem management and thereby 
contribute to human well-being. It also considered the extent of 
our current knowledge and information and how well this can 
assist in addressing the ambitious and innovative focus adopted. 

The importance of and interest in the MA was illustrated by 
its launch in June 2001 by Secretary-General Kofi Annan and by 
the support offered to it by Contracting Parties to the Ramsar 
Convention as well as the Convention on Biological Diversity, 
the U.N. Convention to Combat Desertification, and the Con-
vention on Migratory Species. Parties to these Conventions 
requested the MA to provide scientific information that could 
assist in the implementation of these important international 
treaties. The MA also addressed the needs of other stakeholders, 
including the private sector, civil society, and indigenous peoples’ 
organizations. 

The MA was conducted through four Working Groups: Con-
dition and Trends, Scenarios, Responses, and Sub-global Assess-
ments. A total of 1,360 leading scientists from 95 nations carried 
out the assessment under the direction of a Board that included 
representatives of the four international conventions, five United 
Nations agencies, international scientific organizations, and lead-
ers from the private sector, NGOs, and indigenous groups. 

   
Wetlands and Water: 

Ecosystems and  
Human Well-being

1. Introduction

Box 1.1.  The Convention on Wetlands

The Convention on Wetlands, also known as the Ramsar Convention, 
is one of the oldest global environmental intergovernmental agree-
ments. It was established in 1971 in the City of Ramsar, I.R. of Iran. 
The Convention’s Mission is “the conservation and wise use of all 
wetlands through local, regional and national actions and interna-
tional cooperation, as a contribution towards achieving sustainable 
development throughout the world.”  

The 146 Contracting Parties to the Ramsar Convention (as at July 
2005) implement the Convention through three pillars of implemen-
tation: 

■ the “wise use” of all wetlands,
■ special attention to internationally important wetlands, and
■ international co-operation.
The Convention defines wetlands as “areas of marsh, fen, peat-

land or water, whether natural or artificial, permanent or tempo-
rary, with water that is static or flowing, fresh, brackish or salt, 
including areas of marine water the depth of which at low tide does 
not exceed six metres.” This broad definition includes inland wet-
lands (such as marshes, lakes, rivers, peatlands, forests, karst, 
and caves), coastal and near-shore marine wetlands (such as man-
groves, estuaries, and coral reefs), and human-made wetlands (such 
as rice fields (paddies), reservoirs, and fish ponds). 

For more than 30 years the Convention has recognized the inter-
dependence of people and their environment and the need to main-
tain the ecological character of wetlands, including the services 
they provide for people. It is the only global intergovernmental con-
vention addressing the interactions between water and ecosystems 
(inland, coastal, and human-made wetlands). 
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The MA and the Ramsar Convention
The Ramsar Convention has been involved in the development 
and implementation of the MA. Parties to the Convention at its 
8th Conference of the Parties in November 2002 welcomed and 
endorsed the MA as an initiative of significant relevance to the 
Convention. Representatives of the Convention (including those 

from Contracting Parties, the Scientific and Technical Review 
Panel, the Standing Committee, and the Secretariat) have been 
closely involved throughout the work of the assessment in guid-
ing its development, design, and implementation and in the 
development of the MA’s conceptual framework. (See Figure 
1.1.) The STRP has in particular accepted the principles that 

Figure 1.1.  The Conceptual Framework of the Millennium Ecosystem Assessment
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support this framework and through a series of iterative work-
shops and presentations linked it to the key Convention concepts 
of wise use and maintenance of the ecological character of wet-
lands. (See Box 1.2.) 

The focus of this report is on the needs expressed by the 
Ramsar Convention as a user of the findings of the MA. These 
needs were expressed as a set of key questions prepared by the 
STRP early in the design of the MA. Subsequently, the Synthesis 
Team reviewed these in light of the further development of the 
Convention and the decisions of its Parties made at Ramsar 
COP8, in particular those concerning the role of the Convention 
in wetlands and water issues and those addressing the direct driv-
ers of change to wetland ecosystems, such as water resource man-
agement and agriculture. 

Information in this report is derived from the MA reports as 
well as from Ecosystems and Human Well-being, which in 2003 set 
out the MA’s conceptual framework and the approach and 
method adopted for the assessment. It is noted that not all wet-
land types considered by the Ramsar Convention were assessed 
to the same degree in the MA reports, as individual MA reports 
adopted different emphases and balances between a plethora of 
important issues. 

Based on the material provided in the MA reports, this synthe-
sis outlines a range of options for responding to, and addressing, 
the many and increasing direct and indirect pressures on wetland 
ecosystems. It also presents advice to decision-makers on the 
trade-offs involved in the management of wetland ecosystems 
that will inevitably occur in the quest for sustainable develop-
ment, along with the implications of these trade-offs. It also 
notes where further information would be useful for ongoing 
assessments and management.

Scope and Coverage of Wetlands
The full range of wetland types considered by the Ramsar Con-
vention is covered in this synthesis. This includes inland water 
systems, coastal systems to a depth at low tide not exceeding 6 
meters (but not deep oceans), human-made wetlands, and both 
surface and subterranean (karst and cave) systems. All inland 
aquatic habitats—whether fresh, brackish, or saline, and includ-
ing rivers, great lakes, and inland seas—are considered. Coastal 
wetlands include fresh, brackish, and saline habitats (such as 
lagoons, estuaries, mangroves, seagrass beds, mud flats, and 
coral reefs). (See www.ramsar.org for further information on  
the definition of wetlands and the habitat typology accepted by 
the Convention.) As there is no clear boundary between inland 
and coastal systems, this particular delineation is indicative only 
and is not strictly applied, especially where there are strong 

interactions between the biodiversity, services, and pressures that 
affect inter-connected aquatic habitats. 

The relationship between the biogeographic realms used in the 
MA to report on some aspects of biodiversity and the regionaliza-
tion used by the Ramsar Convention, as well as the number of 
wetlands within each Ramsar region listed as internationally 
important, is presented in Box 1.3. 

Box 1.2.   The MA Conceptual Framework  
and Definitions in Relation to the  
Ramsar Convention 

The MA conceptual framework considers at multiple scales, from 
local to global, the relationships and interactions between ecosys-
tems and human well-being. The framework applies equally to all 
ecosystems and in this instance is adapted for wetlands as defined 
by the Ramsar Convention. 

Changes in factors that indirectly affect wetland ecosystems, 
such as population, technology, and lifestyle, can lead to changes 
in factors that directly affect wetlands, such as the catch of fish or 
the application of fertilizers to increase food production. The result-
ing changes cause the ecosystems services derived from or sup-
plied by the wetland to change and thereby affect human well-being. 
These interactions can take place at more than one spatial and time 
scale and can cross scales. Actions, called strategies and interven-
tions in the framework, can be taken either to respond to negative 
changes or to enhance positive changes at almost all points in the 
framework. 

The MA describes ecosystems as including biological, physical, 
and chemical components (equating to the terms “attributes” and 
“features” previously used in the Ramsar Convention); processes 
(equating to the term “interactions” in Ramsar); and services (equat-
ing to the terms “values, functions, and products” in Ramsar), with 
the latter categorized as provisioning, regulating, supporting, and 
cultural services.

The MA conceptual framework represents an overarching struc-
ture that encapsulates how and when implementation of the Conven-
tion contributes to the wise use of wetlands and support for human 
well-being. Wise use of wetlands, as defined by the Convention,  
corresponds to the strategies and interventions shown in the frame-
work and is an ecosystem-based approach to the maintenance of 
the ecological character of wetlands. 
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Box 1.3.  Biogeographic Realms and the Ramsar Convention’s Regionalization Scheme

Many biogeographical studies, including a number of those cited in the MA, refer to eight terrestrial biogeographic realms—Australasian, 
Antarctic, Afrotropical, Indo-Malayan, Nearctic, Neotropical, Oceania, and Palearctic—and to biomes. The geopolitical regionalization 
scheme adopted by the Convention for administrative purposes overlays fairly closely, but not entirely, on these biogeographic realms. 
As the Ramsar regionalization is based on sovereign countries, it does not include Antarctica, and Central Asian countries are included 
in Ramsar’s Asia region instead of being spilt between the Palearctic and Indo-Malayan realms. (See Figure.) Most systems used by the 
MA for reporting its findings (forests, cultivated, dryland, coastal, marine, urban, polar, inland water, island, and mountain) occur in all 
terrestrial biogeographic realms—apart from the MA marine system, which is not mapped against the terrestrial realms.

Most Ramsar wetland types occur in all terrestrial biogeographic realms except Antarctic. All Ramsar wetland types, as reflected in the 
designation of Wetlands of International Importance (Ramsar sites), occur in most Ramsar regions.

Figure.    Wetlands Listed as Internationally Important (Ramsar Sites) in Ramsar Regions and 
Commonly Accepted Global Terrestrial Biogeographic Realms

Neotropical
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Extent and Distribution of Wetland Habitats

The global extent of wetlands is estimated to be in excess of 
1,280 million hectares, but it is well established that this is 

a clear underestimate (C20.3.1). Estimates of the global extent 
of wetlands differ significantly among different studies and are 
highly dependent on the definition of wetlands used and on the 
methods for delineating wetlands.

The 1999 Global Review of Wetland Resources and Priorities for 
Wetland Inventory estimated wetlands extent from 
national inventories as approximately 1,280 mil-
lion hectares, which is considerably higher than 
previous estimates derived from remotely sensed 
information. This estimate includes inland and 
coastal wetlands (including lakes, rivers, and 
marshes), near-shore marine areas (to a depth of 6 
meters below low tide), and human-made wet-
lands such as reservoirs and rice paddies, and it 
was derived from multiple information sources. 
Nevertheless, the GRoWI figure is still considered 
an underestimate, especially for the Neotropics 
and for certain wetland types (such as intermit-
tently flooded inland wetlands, peatlands, artifi-
cial wetlands, seagrasses, and coastal flats) where 
data were incomplete or not readily accessible. 
These gaps need to be addressed before the extent 
of global wetlands (inland, coastal, and human-
made) can be established with a high degree of confidence.

Table 2.1 presents the two best available estimates of wetlands 
extent: the GRoWI assessment and the WWF/Kassel University 
Global Lakes and Wetlands Database. 

Mapping exercises have been undertaken for wetlands, but the 
level of detail varies from region to region. The most recent 
global map (see Figure 2.1), with a 1-minute resolution, was pro-
duced by combining various digital maps and data sources, but it 
still suffers from the problems of definition and scale.

Global information on peatlands, lakes, dams, major rivers, 
and rice fields has been compiled but is variable or lacking for 
many other inland wetlands and human-made wetlands 
(C20.3.1). Peatlands occur in at least 173 countries worldwide, 
with a total area estimated as approximately 400 million hectares, 
the vast majority of which are in Canada (37%) and Russia 
(30%). There are several published inventories of rivers, listing 
the major river systems with their drainage area, length, and flow 
volume, but again there is considerable variability between esti-
mates due to the method and definitions used. Information on 
river flow volume and discharge, for example, varies considerably 
depending on the water balance model applied and the different 

time periods or locations for the measurement of discharge. Res-
ervoirs are also widespread; the number of dams in the world has 
increased from 5,000 in 1950 to more than 45,000 at present. 
They store water for 30–40% of irrigated land and are used to 
generate 19% of global electricity supplies. The area of rice fields 
has been estimated at about 130 million hectares, of which 
almost 90% is cultivated in Asia. Information on other human-
made wetlands is variable and even lacking for many types.

Information on the estimated 5–15 million lakes across the 
globe is also highly variable and dispersed (C20.3.1). A high 
proportion of large lakes—defined as those with a surface area 
over 500 square kilometers—are found in Russia and North 
America, especially Canada, where glacial scouring created many 
depressions in which lakes have formed. Tectonic belts, such as 
the Rift Valley in East Africa and the Lake Baikal region in Sibe-
ria, are the sites of some of the largest and most “ancient” lakes. 
Lakes have been mapped reasonably well, although issues of scale 
also occur, with smaller lakes being more difficult to map. But 
there is no single repository of comprehensive lake information, 
which makes assessment of these water bodies difficult and time-
consuming. Some of the largest lakes are saline, with the largest 
by far being the Caspian Sea (422,000 square kilometers). Many 
saline lakes occur on all continents and on many islands; given 
their impermanence, it is difficult to derive accurate values for 
the number worldwide. 

2. Distribution of Wetlands and Their Species

Table 2.1.    Estimates of Global Wetland Area by Ramsar  
Regions (C20.3.1) 

Region 1999 Global Review of 2004 Global Lakes and
 Wetland Resources  Wetlands Database 
 (million hectares) (million hectares)

Africa 121–25 131

Asia 204 286

Europe 258 26

Neotropics 415 159

North America 242 287

Oceania 36 28

Total area ~1,280 917
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Information on the distribution of coastal wetlands such as 
estuaries, mangrove forests, coral reefs, and seagrass beds has 
been compiled but is variable or lacking for other coastal wet-
land types (such as rocky intertidal habitats and intertidal mud-
flats) (C19.2.1). The diversity of coastal habitat types and 
biological communities is significant, and the linkages between 
habitats are extremely strong, as is the extent of inter-connectivity 
with terrestrial systems and human settlements and infrastructure. 
Worldwide, there are some 1,200 major estuaries (discharges of 
10 cubic meters per second), with a total area of approximately 50 
million hectares. The distribution of the world’s major estuaries, 
mangroves, coral reefs, and seagrasses is shown in Figure 2.2 on 
pages 23 and 24. 

Mangrove forests are found in both tropical and sub-tropical 
areas, with global cover estimated at 16–18 million hectares 
and with the majority found in Asia. Reefs occur as barrier reefs, 

atolls, fringing reefs, or patch reefs; many islands in the Pacific 
and Indian Oceans and in the Caribbean Sea have extensive reefs 
with a combination of these types. Tropical seagrass beds or 
meadows occur both in association with coral reefs and removed 
from them, particularly in shallow, protected coastal areas such as 
Florida Bay in the United States, Shark Bay and the Gulf of Car-
pentaria in Australia, and other geomorphologically similar loca-
tions. Seagrass is also pervasive (and ecologically important) in 
temperate coastal areas such as the Baltic Seas. 

 
Condition and Trends of Wetland Habitats 
More than 50% of specific types of wetlands in parts of North 
America, Europe, Australia, and New Zealand were converted 
during the twentieth century (medium to high certainty). 
Extrapolation of this estimate to wider geographic areas or to 
other wetland types, as has been done in some studies, is specu-
lative only (C20.3, C20.4). In North America, the estimates 
refer to inland water and coastal marshes and emergent estuarine 

 Figure 2.1.    Distribution of Large Lakes, Reservoirs, and Wetlands Based on Data in the Global Lakes  
and Wetlands Database (C20.1)
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 Figure 2.2.    Distribution of Major Estuaries, Mangroves, Coral Reefs, and Seagrasses (C19.2.1)

r
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 Figure 2.2.    Distribution of Major Estuaries, Mangroves, Coral Reefs, and Seagrasses (C19.2.1) (continued)
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wetlands (see Box 2.1); the estimates in Europe include the loss of 
peatlands; estimates in Northern Australia are of freshwater 
marshes; estimates in New Zealand are of inland and coastal 
marshes. There is insufficient information available on the extent 
of all wetland types being considered in this report—such as 
inland wetlands that are seasonally or intermittently flooded, and 
some coastal wetlands—to document the extent of wetland loss 
globally. Although the accuracy of this figure has not been estab-
lished due to an absence of reliable data, it is well established that 
much of the loss of wetlands has occurred in the northern temper-
ate zone during the first half of the twentieth century (C20.3.1). 

The loss and degradation of inland wetlands have been 
reported in many parts of the world, but there are few reliable 
estimates of the actual extent of this loss. The information avail-
able on the distribution of inland waters is on the whole better for 
North America than for many other areas (C20.3.1). Since the 
1950s, many tropical and sub-tropical wetlands, such as swamp 
forests, have increasingly been lost or degraded (C20.4.1). 

A global assessment of 227 major river basins showed that 
37% were strongly affected by fragmentation and altered flows, 
23% moderately affected, and 40% unaffected (C20.4.2). Abso-
lute measures of the condition of wetlands are hard to develop, 
given the lack of baseline information. However, proxy indica-

tors, such as the degree of fragmentation of rivers, can be used to 
infer the likely condition of at least some wetlands. Dams play a 
major role in fragmenting and modifying aquatic habitats, trans-
forming lotic (running water) ecosystems into lentic (standing 
water) and semi-lentic ecosystems, altering the flow of matter 
and energy, and establishing barriers to migratory species move-
ment. The global assessment of river basins found that most sys-
tems with parts of their basins in arid areas or with internal 
drainage systems were strongly affected; only the tundra regions 
of North America and Russia and the smaller coastal basins in 
Africa and Latin America had remaining large free-flowing rivers. 
While some dams in the United States (268 out of 80,000) are 
being decommissioned, the demand and untapped potential for 
these structures is still high in the developing world, particularly 
in Asia (C7.3.2). As of 2004, an estimated 1,500 dams were 
under construction, with many more planned, particularly in 
developing countries. (See Table 2.2.)

It is well established that coastal ecosystems such as man-
groves, coral reefs, tidal flats, and estuaries are experiencing 
degradation and loss (C19.2, C19.4). 

Mangroves: Estimates of the loss of mangroves from countries 
with available multiyear data (representing 54% of total man-
grove area at present) show that 35% of mangrove forests have 
disappeared in the last two decades. In some countries, large 
areas of mangrove have been lost to deforestation; in the Philip-
pines, for instance, 210,500 hectares of mangrove—40% of the 
country’s total mangrove cover—were lost to aquaculture from 
1918 to 1988. By 1993, only 123,000 hectares of mangroves 
were left, equivalent to a loss of 70% in 70 years. Restoration of 
mangroves has been attempted, but this has not kept pace with 
wholesale destruction in most areas.

Coral reefs: Recent estimates indicate that approximately  
20% of coral reefs have been lost, with an additional 20% having 
been degraded in the last several decades of the twentieth cen-
tury, through impacts such as siltation and destructive fishing 
practices. Estuaries and coral reefs are the most threatened of all 
coastal ecosystems, precisely because impacts are both direct 

Table 2.2.    Basins Most Threatened by Future  
Large Dams (C7.3.2)

Basin Number of Dams 
 (>60 meters) Planned 
 or Under Construction

Yangtze Basin (China) 46

La Plata Basin (South America) 27

Tigris and Euphrates River Basin  
(Middle East) 26

Box 2.1.    Loss of Wetlands in the Conterminous 
United States (C20.3.1) 

The United States is one of the few countries that systematically 
monitors change in the extent of its wetlands. The U.S. Fish and 
Wildlife Service is mandated to conduct a wetlands status and 
trends assessment for the conterminous 48 states and report the 
results to Congress each decade.

Net loss of wetlands in the United States (using a narrower def-
inition than Ramsar’s and thus including only inland and coastal 
marshes and emergent estuarine wetlands) from 1986 to 1997 was 
260,700 hectares, equivalent to an annual loss of 23,700 hect-
ares. This rate of loss is considerably lower (80%) than during previ-
ous decades. As of 1997, an estimated 42.7 million of the 89 mil-
lion hectares of wetlands present in the United States at the time of 
European colonization remained. Nearly all—98%—of the wetland 
losses from 1986 to 1997 were forested and freshwater wetlands, 
mostly from conversion or drainage for urban development and agri-
cultural purposes. Only 2% were estuarine wetlands, a substantially 
lower rate of loss than in previous decades, although 5,850 hect-
ares were still lost to coastal development.  

The overall decline in the rate of loss is attributed primarily 
to wetland policies and programs that promote restoration, cre-
ation, and enhancement of wetlands, as well as to incentives that 
deter the draining of wetlands. Between 1986 and 1997 the United 
States had a net gain of about 72,870 hectares of upland wetlands, 
mostly due to federal protection and restoration programs and to 
an increase in the area of lakes and reservoirs by 47,000 hectares 
due to the creation of new impoundments and artificial lakes.
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(originating from activity within the ecosystem), and indirect 
(originating in watersheds and inland areas). The coral reefs of 
the Caribbean Sea and parts of Southeast Asia have suffered the 
most and are still under threat from ongoing coastal develop-
ment, pollution, and destructive fishing practices (C19.2.1). 

Tidal flats and estuaries: Other coastal wetlands, such as tidal 
flats and estuaries, have also been widely degraded and lost. 
Along the Yellow Sea coast, around 37% of habitat in intertidal 
areas in China has been destroyed since 1950; South Korea has 
destroyed approximately 43% of habitat in intertidal areas since 
1918 (C19.2.1). There has been a substantial loss of estuaries 
and associated wetlands globally; in California, for example, less 
than 10% of natural coastal wetlands remain, while in the 
United States more generally, more than half of original estuarine 
and wetland areas have been substantially altered (C19.2.1).

Other habitats: Broad regional and global estimates of losses of 
other habitats are not available, but major losses of seagrass habi-
tat have been reported for the Mediterranean, Florida Bay, and 
parts of Australia; seagrass losses are expected to accelerate, espe-
cially in Southeast Asia and the Caribbean, as eutrophication 
increases, algal grazers are overfished, and coastal development 
increases (C19.2.1).

 
Wetland-dependent Species
Although limited in global extent when compared with marine 
and terrestrial ecosystems, many freshwater wetlands are rela-
tively species-rich and support a disproportionately large num-
ber of species of certain faunal taxonomic groups (established 
but incomplete) (C20.3.2). While terrestrial and marine ecosys-
tems have a larger percentage of known species, the relative spe-
cies richness of freshwater ecosystems is higher. (See Table 2.3.)

There are about 100,000 described freshwater animal species 
worldwide; half of these are insects and some 20,000 are verte-
brates. Some 40% of known species of fish inhabit inland waters 
(more than 10,000 species out of 25,000 species globally). It is 
anticipated that the number of aquatic animals will be far higher 
than current estimates given a lack of information about some 
taxa—for example, about 200 new species of freshwater fish are 
described every year. 

Levels of endemism are particularly high in inland wetlands 
(C20.3.2). As river and lake catchments act as physical barriers 

for the dispersion of some taxonomic groups, such as fish, mol-
lusks, and macro-crustacea, they can exhibit high levels of ende-
mism. This is particularly evident in ancient lakes, such as the 
Great East African Lakes (including Tanganyika, Malawi, and 
Victoria) or Lake Baikal in Siberia, that have been isolated from 
other water bodies for millions of years. Lake Baikal has 78% 
endemism among its gastropod fauna, and Lake Victoria has 
more than 300 species of endemic cichlid fish. Dragonflies and 
damselflies (Odonata) also have high levels of endemism; for 
example, 111 Odonata species (64% of the fauna) in Madagascar 
are of conservation concern because of high diversity and ende-
mism. Subterranean wetlands are increasingly recognized to have 
high species endemism—for example, the karst systems in Slove-
nia are known to harbor about 800 endemic animal taxa.

Coastal wetlands, such as mangroves, coral reefs, estuaries, and 
seagrass, contain some of the most productive communities in 
the world (C19.2.1). Coral reefs occur mainly in relatively nutri-
ent-poor waters of the tropics, yet because nutrient cycling is 
very efficient on reefs and complex predator-prey interactions 
maintain diversity, productivity is high. Coral reefs also exhibit 
high levels of endemism. In tropical systems, the Indonesian 
archipelago seems to be an “epicenter” for the evolution of 
marine diversity; for coral genera and species, the level of diver-
sity decreases westward, then rises in the Red Sea and Africa 
before decreasing again, with lowest diversity found in the Carib-
bean. There are similar patterns for other taxa. One of the most 
important processes in estuaries is the mixing of nutrients from 
upstream as well as from tidal sources, making estuaries one of 
the most fertile coastal environments. Seagrass is highly produc-
tive and an important source of food for many species of coastal 
organisms in both tropical and temperate regions.

Condition and Trends in  
Wetland-dependent Species
There is increasing evidence of a rapid and continuing wide-
spread decline in many populations of wetland-dependent spe-
cies (C20.3.2). Data on the status and population trends of 
species in some inland wetland-dependent groups, including 
mollusks, amphibians, fish, waterbirds, and some water-depen-
dent mammals, have been compiled and show clear declines. An 
overall index of the trend in vertebrate species populations has 

Table 2.3.  Relative Species Richness of Freshwater, Marine, and Terrestrial Ecosystems  
(ratio between species richness and habitat extent)

Ecosystems Habitat Extent Species Richness Relative Species
 (percent of world) (percent of known species)a Richness

Freshwater 0.8 2.4 3.0

Marine 70.8 14.7 0.2

Terrestrial 28.4 77.5 2.7
a Does not add up to 100% because 5.3% of known symbiotic species are excluded.
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also been developed and shows a continuous and rapid decline in 
freshwater vertebrate populations since 1970—a markedly more 
drastic decline than for terrestrial or marine species (medium cer-
tainty). (See Box 2.2.) This pattern is also found at a regional 
scale, at least for regions with enough data to assess trends. For 
instance, the projected average future extinction rate for North 
American freshwater fauna has been estimated at about five times 
greater than for terrestrial fauna and three times greater than for 
coastal and marine mammals. Similar information does not yet 
exist for coastal wetland species.

Even in the case of more poorly known wetland fauna, such 
as invertebrates, existing assessments show that species in these 
groups are significantly threatened with extinction (C20.3.2). 
For example, the IUCN Red List reports that some 275 species of 
freshwater crustacea and 420 freshwater mollusks are globally 
threatened, although no comprehensive global assessment has 
been made of all the species in these groups. In the United States, 
one of the few countries to comprehensively assess freshwater 
mollusks and crustaceans, 50% of known crayfish species and 
two thirds of freshwater mollusks are at risk of extinction, and at 
least one in 10 freshwater mollusks are likely to have already 
gone extinct. 

With the exception of dragonflies and damselflies (Odonata), 
the conservation status of other aquatic invertebrates, including 
insects, has not been comprehensively assessed because there 
are presently insufficient data (C20.3.2). A recent review of the 
global threat status of dragonflies and damselflies in 22 regions 
covering most of the world (except parts of Asia) found relatively 
high levels of threat. For example, in Australia 4 species are cur-
rently listed as globally threatened but 25 are considered to be in 
critical condition, with another 30% of species being data-defi-
cient. In North America, 6% (25 species) are considered to be of 
conservation concern. In the Neotropics, 25 species are already 
considered globally threatened and a further 45 are considered of 
high conservation priority, with many others data-deficient. In 
most areas assessed, habitat loss and degradation of wetlands 
(and forests) were considered the major drivers of declines in 
Odonate species, often associated with overabstraction and pollu-
tion of water as well as the impacts of alien invasive species.

Although the status of freshwater fish species has not been 
assessed, it is estimated that more than 20% of the world’s 
10,000 described freshwater fish species have become threat-
ened, endangered, or listed as extinct in the last few decades 
(C20.3.2). In the 20 countries for which assessments are most 
complete, an average of 17% of freshwater fish species are glob-
ally threatened. In addition, a few well-documented cases show 
clearly this level of threat. The most widely known is the appar-
ent disappearance of up to 123 haplochromine cichlids in Lake 
Victoria, although taxonomic questions remain a problem in 
accurately assessing this group of fish. In Europe (including the 
former Soviet Union), there are 67 threatened species of freshwa-
ter fish, including sturgeons, barbs, and other cyprinids. Of the 
645 ray-finned fishes listed as threatened in the IUCN Red List, 
122 are found in the United States and 85 in Mexico, partially 
reflecting the high level of knowledge in these two countries.

Box 2.2. The Living Planet Index (C4.4.1, C20.3.2) 

The Living Planet Index, created by the World Wide Fund for Nature 
and the UNEP-World Conservation Monitoring Centre, provides a 
measure of the trends in more than 3,000 populations of 1,145 
vertebrate species around the world. The index is an aggregate of 
three separate indices of change in freshwater, marine, and terres-
trial species. The 2004 freshwater species population index took 
into account trend data for 269 temperate and 54 tropical freshwa-
ter species populations, 93 of which were fish, 67 amphibians, 16 
reptiles, 136 birds, and 11 mammals. The index showed that fresh-
water populations have declined consistently and at a faster rate 
than the other species groups assessed, with an average decline of 
50% between 1970 and 2000. (See Figure.) Over the same period, 
both terrestrial and marine fauna decreased by 30%. Overall, the 
trend is one of continuing decline in each ecosystem over the  
30-year period; the aggregate Living Plant Index fell by about 40%. 

The index has a bias in the available data toward North American 
and European birds, and fish species other than commercial spe-
cies are under-represented. It is also clear that the most species-
rich parts of the world have the least information.

Figure.   Trends in Freshwater, Marine, and  
Terrestrial Living Planet Indices,  
1970–2000
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Nearly one third (1,856 species) of the world’s amphibian 
species are threatened with extinction, a large portion of which 
(964 species) are freshwater-dependent (C20.3.2). (By compari-
son, just 12% of all bird species and 23% of all mammal species 
are threatened.) In addition, at least 43% of all amphibian spe-
cies are declining in population, indicating that the number of 
threatened species can be expected to rise in the future. In con-
trast, less than 1% of species show population increases. Species 
dependent on flowing water have a much higher likelihood of 
being threatened than those in still water. (See Figure 2.3.) Basins 
with the highest number of threatened freshwater species—
between 13 and 98 species—include the Amazon, Yangtze, 
Niger, Paraná, Mekong, Red and Pearl (China), Krishna (India), 
and Balsas and Usumacinta (Central America). The rate of 
decline in the conservation status of freshwater amphibians is  
far greater than that of terrestrial species. As amphibians are 

excellent indicators of the quality of the overall environment,  
this underpins the notion of the current declining condition of 
freshwater habitats around the world. 

Large proportions of those groups of reptiles that have been 
assessed, notably freshwater and marine turtles, are globally 
threatened (C19.2.2, C20.3.2). For example, at least 100 of 
around 200 species of freshwater turtles have been assessed as 
globally threatened. The number of critically endangered fresh-
water turtles more than doubled from 1996 to 2000. More than 
75% of freshwater turtle species in Asia are listed in the IUCN 
Red List as globally threatened, including 18 that are critically 
endangered, with one being extinct. All 7 species of marine tur-
tles, many of which use coastal wetlands for feeding and breed-
ing, are listed in the IUCN Red List—globally, 3 are critically 
endangered, 3 are endangered, and the status of the Australian 
flatback remains unknown due to insufficient information. Of 
the 23 species of crocodilians, which inhabit a range of wetlands 
including marshes, swamps, rivers, lagoons, and estuaries, 4 are 
critically endangered, 3 endangered, and 3 vulnerable. The other 
species are at lower risk of extinction but are depleted or extir-
pated locally in some areas. There is little information on the 
conservation status of aquatic and semi-aquatic snakes, but sev-
eral are listed as vulnerable.

It is well established that many wetland-dependent bird spe-
cies are globally threatened, and their status continues to dete-
riorate faster than that of bird species in other habitats 
(C19.2.2, C20.3.2). Bird species that are ecologically dependent 
on coastal and inland wetlands, particularly migratory water-
birds, are well studied compared with other taxa, particularly in 
North America and Western Europe. Of the 964 bird species 
(excluding albatrosses and petrels) that are predominantly wet-
land-dependent, 203 are extinct or globally threatened (21% of 
total), with higher percentages of species dependent on coastal 
systems being globally threatened than are those dependent only 
on inland wetlands. (See Figure 2.4.) 

Information on the net change over time to the overall threat 
status of the world’s birds is also available and reflected in the Red 
List index. (See Figure 2.5.) The status of globally threatened 
birds dependent on freshwater wetlands, and even more so that 
of coastal seabirds, has deteriorated faster since 1988 than the 
status of birds dependent on other (terrestrial) ecosystems.  
While the Red List indices focus on threatened species and do not 
consider population trends of non-threatened species, they do 
provide a measure of progress in attenuating species loss. At the 
same time, because all known bird species have been assessed 
using the same criteria, potential regional or group bias is lim-
ited. Notwithstanding this, other measures of the status and 
trends of water birds for various regions show a similar pattern 
(such as the U.S. Breeding Bird Survey and trends in European 
waterbird populations from Wetlands International), with com-
mon species increasing while populations of more restricted and 
specialized groups are declining.

Figure 2.3.   Number of Threatened and  
Non-threatened Wetland-dependent 
Amphibian Species, by Major Habitat  
Type (C20.3.2)
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Based on the analysis of the trends in biogeographic popula-
tions of 33 waterbird families, 41% are in decline and more 
inland and coastal waterbird populations are decreasing than 
increasing, especially in Oceania and the Neotropics. In Europe 
and North America, the indices showed that waterbird popula-
tions are in a more healthy state, but even in Europe 39% of 
populations are decreasing. The families most affected by these 
population declines include darters, with 71% in decline, divers 
with 67%, skimmers with 60%, storks with 59%, rails and jaca-
nas with 50% each, ibis and spoonbills with 48%, and cranes 
with 47%. Only gulls, flamingos, and cormorants appear to have 
a relatively healthy population status (C20.3.2). A similar picture 
emerges for Africa-Eurasia, although the status of some families 
in this region is worse than their global status. 

A high proportion of wetland-dependent mammals that 
have been assessed are globally threatened, but for many spe-
cies there are insufficient data for assessment purposes (C19.2, 
C20.3.2). Over one third (37%) of the freshwater-dependent 
species that were assessed by IUCN are globally threatened. 
These include groups such as manatees, river dolphins, and  

porpoises, in which all species assessed are listed by IUCN as 
threatened. Other freshwater mammals that have been assessed 
and categorized as globally threatened include freshwater seals, 
freshwater otters, water shrews in Malaysia and Indonesia, otter 
shrews in Africa, desmans, Madagascar tenrecs, marsh mongooses 
and otter civets, the pigmy hippopotamus, and the freshwater-
dependent Pere David’s deer, which has been successfully reintro-
duced in the wild (C20.3.2). Coastal wetland-dependent 
mammals also show high levels of threat; almost a quarter of all 
seals, sea lions, and walruses are listed by IUCN as threatened, 
and worldwide estimated mortalities across all cetacean species 
add up to several hundred thousands every year (C19.2.2).

 

Figure 2.4.   Globally Threatened Waterbirds, 
Including Seabirds, in Different  
Threat Categories.  
Each waterbird family is allocated as depending 
either on inland wetlands, on inland and  
coastal/marine wetlands, or on coastal/marine 
wetlands (C20.3.2) 

Figure 2.5.   IUCN RED LIST Indices for Birds in  
Different Ecosystems (C20.3.2)



Ecosystems and Human Well-being: Wetlands and Water S y n t h e s i s30

3. Wetland Services

Diversity and Value of Wetland Services

Wetland ecosystems provide a diversity of services vital for 
human well-being and poverty alleviation (C19, C20). 

(See Table 3.1.) It is well established that provisioning services 
from wetlands, such as food (notably fish) and fiber are essential 
for human well-being. Supporting and regulating services (such 
as nutrient cycling) are critical to sustaining vital ecosystem func-
tions that deliver many benefits to people. The delivery of fresh 
water is a particularly important service both directly and indi-
rectly. In addition, wetlands have significant aesthetic, educa-
tional, cultural, and spiritual values and provide invaluable 
opportunities for recreation and tourism. 

The principal supply of renewable fresh water for human use 
comes from an array of inland wetlands, including lakes, rivers, 
swamps, and shallow groundwater aquifers (C7.2.1). The 
renewable resource base expressed as long-term mean runoff has 
been estimated to fall between 33,500 and 47,000 cubic kilome-
ters per year. By one estimate, one third of global renewable 
water supply is accessible to humans, when taking into account 
both its physical proximity to population and its variation over 
time, such as when flood waves pass uncaptured on their way to 
the ocean. Inland waters and mountains provide water to two 
thirds of global population and drylands to one third. Inland 
wetlands serve 12 times as many people downstream through 
river corridors as they do through locally derived runoff.

Groundwater, often recharged through wetlands, plays an 
important role in water supply, providing drinking water to an 
estimated 1.5–3 billion people (C7.2.1). It also serves as the 
source water for 40% of industrial use and 20% of irrigation. 
Despite its importance, sustainable use of groundwater has 
often not been sufficiently supported through appropriate  
pricing and management action.

Another important water supply is represented by the wide-
spread construction of artificial impoundments that stabilize 
river flow. Today, approximately 45,000 large dams (more than 
15 meters in height or more than 5 meters high and holding 3 
million cubic meters) and possibly 800,000 smaller dams have 
been built for municipal, industrial, hydropower, agricultural, 
and recreational water supply and for flood control. Recent esti-
mates place the volume of water trapped behind (documented) 
dams at 6,000–7,000 cubic kilometers. 

Fish and fishery products are particularly important ecosys-
tem services derived from inland waters (C20.2.5). Inland fish-
eries are of special importance in developing countries as they are 
sometimes the primary source of animal protein for rural com-
munities. For example, people in Cambodia obtain about 60–
80% of their total animal protein from the fishery in Tonle Sap 
and associated floodplains; in Malawi, 70–75% of the total ani-
mal protein for both urban and rural low-income families comes 
from inland fisheries. A large proportion of the recorded inland 
fisheries catch comes from developing countries, and the actual 
catch is thought to be several times the official 2001 figure of 8.7 
million tons, as much of the inland catch is under-reported. An 
estimated 2 million tons of fish and other aquatic animals are 
consumed annually in the lower Mekong Basin alone, with 1.5 
million tons originating from natural wetlands and 240,000 tons 
from reservoirs; the total value of the catch is about $1.2 billion. 
In Africa, fishing and harvesting of aquatic plants from the large 
floodplains and swamps associated with major lakes are signifi-
cant sources of subsistence and income for local communities. 

Coastal wetlands such as estuaries, marshes, mangroves, and 
coral reefs deliver many services for people (C19.3.2). They are 
especially important for providing food (capture fisheries in 
coastal waters alone account for $34 billion in yields annually 
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Table 3.1.   Relative Magnitude (per Unit Area) of Ecosystem Services Derived from Different Types of  
Wetland Ecosystems (Derived from C19 Table 19.2, C20 Table 20.1)  

Scale is low •, medium •,  to high: • ; not known = ?; blank cells indicate that the service is not considered applicable to the wetland 
type. The information in the table represents expert opinion for a global average pattern for wetlands; there will be local and regional 
differences in relative magnitudes. 

Inland Wetlands
Provisioning         

Food production of fish, wild game,  
 fruits, grains, and so on   

Fresh water storage and retention of  
 water; provision of water  
 for irrigation and for drinking  

Fiber and fuel production of timber, fuelwood,  
 peat, fodder, aggregates    

Biochemical products extraction of materials from biota  

Genetic materials medicine; genes for resistance to  
 plant pathogens, ornamental  
 species, and so on  

Regulating          

Climate regulation regulation of greenhouse gases,  
 temperature, precipitation, and  
 other climatic processes; chemical  
 composition of the atmosphere 

Hydrological regimes groundwater recharge and  
 discharge; storage of water for  
 agriculture or industry  

Pollution control  retention, recovery, and removal 
and detoxification of excess nutrients and pollutants  

Erosion protection retention of soils and prevention of  
 structural change (such as coastal  
 erosion, bank slumping, and so on) 

Natural  flood control; storm protection 
hazards   

Cultural         

Spiritual and  personal feelings and well-being; 
inspirational religious significance 

Recreational opportunities for tourism and  
 recreational activities 

Aesthetic appreciation of natural features

 

 • • • •  •  •     
 • • •  •  •  •   •
 • •  • • •  •  •    • •  ?  ?  ?  ?  ?  ? 
  •  •  ?  •  ?  ?  ?  ?

  • •  • •  •  •  •   •
 • • • •  •  •    •
 • •  • •  •  •   •
 •  •  • •  ?  •    •
 • • • • •  •    •
 • • • •  • •  •   •
 • • •  •  •  •  •   •
 • •  • •  •  •  •  • 
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Table 3.1.   Relative Magnitude (per Unit Area) of Ecosystem Services Derived from Different Types of  
Wetland Ecosystems (Derived from C19 Table 19.2, C20 Table 20.1) (continued)  

Scale is low •, medium •,  to high: • ; not known = ?; blank cells indicate that the service is not considered applicable to the wetland 
type. The information in the table represents expert opinion for a global average pattern for wetlands; there will be local and regional 
differences in relative magnitudes. 

Cultural (continued)  

Educational opportunities for formal and informal  
 education and training 

Supporting         

Biodiversity habitats for resident or transient  
 species  

Soil formation sediment retention and accumulation  
 of organic matter  

Nutrient cycling storage, recycling, processing,  
 and acquisition of nutrients  

Pollination support for pollinators

Coastal Wetlands
Provisioning         

Food production of fish, algae, and  
 invertebrates 

Fresh water storage and retention of water;  
 provision of water for irrigation  
 and for drinking  

Fiber, timber, fuel production of timber, fuelwood,  
 peat, fodder, aggregates   

Biochemical  extraction of materials from biota 
products    

Genetic materials medicine; genes for resistance to  
 plant pathogens, ornamental  
 species, and so on  

 • • • •  •  •  •   •  
  • • • •  •  •  •   •
 •  • • •  •   ?  ?    
 • • • •  •  •  ?  • 

  •  •  • •  •  •    
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Table 3.1.   Relative Magnitude (per Unit Area) of Ecosystem Services Derived from Different Types of  
Wetland Ecosystems (Derived from C19 Table 19.2, C20 Table 20.1) (continued)  

Scale is low •, medium •,  to high: • ; not known = ?; blank cells indicate that the service is not considered applicable to the wetland 
type. The information in the table represents expert opinion for a global average pattern for wetlands; there will be local and regional 
differences in relative magnitudes. 

Regulating          

Climate regulation regulation of greenhouse gases,  
 temperature, precipitation, and other  
 climatic processes; chemical  
 composition of the atmosphere  

Biological  resistance of species invasions; 
regulation (C11.3) regulating interactions between  
 different trophic levels; preserving  
 functional diversity and interactions   

Hydrological regimes groundwater recharge/discharge;  
 storage of water for agriculture or  
 industry  

Pollution control  retention, recovery, and removal of 
and detoxification excess nutrients and pollutants  

Erosion protection retention of soils  

Natural hazards flood control; storm protection 

Cultural         

Spiritual and  personal feelings and well-being 
inspirational   

Recreational opportunities for tourism and  
 recreational activities  

Aesthetic appreciation of natural features  

Educational opportunities for formal and  
 informal education and training 

Supporting         

Biodiversity habitats for resident or  
 transient species  

Soil formation sediment retention and accumulation  
 of organic matter   

Nutrient cycling storage, recycling, processing,  
 and acquisition of nutrients   

 

 • • •  •    •  •  •

 • • •  •   •    • 

 •    •           • •  •    ?  •  •   •
 • •  •        •  • 
 • •  •  •  • • • • 

 •  •  • •  •  •  • •
 •  •  • •  •     •
 •  • • •       •
  •  •  •  •    •    •
 • •  • •  • •  •  •
 • •  •  •        

 • •  •  •  •  •   •
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(C19.2.1)). Many estuaries, intertidal flats, beaches, dunes, and 
coral reefs also have spiritual, aesthetic, and recreational values. 
Most coastal wetlands play a role in delivering supporting services 
as well, such as nutrient cycling and soil formation. Coastal areas, 
including coastal wetlands, coastal river floodplains, and coastal 
vegetation, all play an important role in reducing the impacts of 
floodwaters produced by coastal storm events (C16.1.1).

Wetlands provide an important service by treating and detox-
ifying a variety of waste products (C15.7.5). Water flowing 
through a wetland area may be considerably cleaner upon its exit 
from the wetland. Some wetlands have been found to reduce the 
concentration of nitrate by more than 80%. Some artificially 
constructed wetlands have been developed specifically to treat 
nitrogen-rich sewage effluents. Metals and many organic com-
pounds may be adsorbed to the sediments (that is, accumulated 
on their surface) in the wetlands. The relatively slow passage of 
water through wetlands provides time for pathogens to lose their 
viability or be consumed by other organisms in the ecosystem. 
However, wetlands can become “hotspots” of contamination—
wastes can build up to concentrations high enough to have detri-
mental effects on wetland functions. Unfortunately, the threshold 
between where loadings are tolerated and where they will do 
damage to wetlands is not easily determined. 

Wetlands are important tourism destinations because of their 
aesthetic value and the high diversity of the animal and plant 
life they contain (C19.2, C19.3.2, C20.2.6). In some locations, 
tourism plays a major part in supporting rural economies, 
although there are often great disparities between access to and 
involvement in such activities. Recreational fishing can generate 
considerable income: some 35–45 million people take part in 
recreational fishing (inland and saltwater) in the United States, 
spending a total of $24–37 billion each year on their hobby. 
Reefs support high diversity that in turn supports a thriving and 
valuable recreational diving industry. For example, much of the 
economic value of coral reefs—with net benefits estimated at 
nearly $30 billion each year—is generated from nature-based 
tourism and diving. The demand from tourists for biologically 
rich sites to visit increases the value of intrinsically linked habi-
tats, such as mangroves and seagrass beds. Temperate bays, semi-
enclosed seas, and estuaries can generate tourism revenues of 
similar orders of magnitude. The negative effects of recreation 
and tourism are particularly noticeable when they introduce 
inequities and do not support and develop local economies, and 
especially where the resources that support the recreation and 
tourism are degraded.

Wetlands play an important role in the regulation of global 
climate by sequestering and releasing significant amounts of 
carbon (C20.2.4). Inland water systems play two critical but 
contrasting roles in mitigating the effects of climate change: the 
regulation of greenhouse gases (especially carbon dioxide) and 
the physical buffering of climate change impacts. Inland water 
systems have been identified as significant storehouses (sinks) of 
carbon as well as sources of carbon dioxide (for instance, boreal 
peatlands), as net sources of carbon sequestration in sediments, 
and as transporters of carbon to the sea. Although covering only 
an estimated 3–4% of the world’s land area, peatlands are esti-
mated to hold 540 gigatons of carbon, representing about 1.5% 
of the total estimated global carbon storage and about 25–30% 
of that contained in terrestrial vegetation and soils. Inland waters 
also contribute to the regulation of local climate. 

Wetlands provide many nonmarketed and marketed benefits 
to people, and the total economic value of unconverted wet-
lands is often greater than that of converted wetlands (medium 
certainty) (C19.3.2, C20.2). There are many examples of the 
economic value of intact wetlands exceeding that of converted or 
otherwise altered wetlands. (See Box 3.1.) Estimates for the 
global economic importance of wetlands are highly variable, with 
an upper value of $15 trillion. Figures such as these are strongly 
disputed on methodological grounds by many economists, who 
point to limitations in the methods and urge careful consider-
ation of the assumptions made. Regardless of the ongoing debate 

Box 3.1.   Two Examples of the Costs and Benefits of 
Retaining or Converting Natural Coastal 
and Inland Wetlands (C5 Box 5.2)

Draining freshwater marshes for agriculture (Canada):  Draining 
freshwater marshes in one of Canada’s most productive agricul-
tural areas yielded net private benefits, but in large part this was 
only because of provision of substantial drainage subsidies. When 
the social benefits of retaining wetlands, arising from sustainable 
hunting, angling, and trapping, are calculated, however, they greatly 
exceeded agricultural gains. For all three marsh types consid-
ered, the net present value was higher when the wetlands remained 
intact (average for three wetland types of approximately $5,800 
compared with the total economic value of a converted wetland of 
$2,400 per hectare). 

Conversion of a mangrove system to aquaculture (Thailand): 
Although conversion for aquaculture made sense in terms of short-
term private benefits, it did not once external costs were factored 
in. The global benefits of carbon sequestration were considered to 
be similar in intact and degraded systems. However, the substan-
tial social benefits associated with the original mangrove cover (from 
timber, charcoal, non-timber forest products, offshore fisheries, and 
storm protection) fell to almost zero following conversion. Summing 
all measured services, the total economic value of intact mangroves 
was a minimum of $1,000 and possibly as high as $36,000 per 
hectare, while that of shrimp farming was about $200 per hectare.  
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about the means of calculating the economic value of wetlands, it 
is now well established that they are valuable and deliver many 
services for people. This does not mean that conversion of wet-
lands is never economically justified, but it illustrates the fact 
that many of the economic and social benefits of wetlands have 
not been taken into account by decision-makers.

The declining condition of wetlands has placed their ecosys-
tem services and the people who depend on them at increasing 
risk (C7.2, C7.4, C8.3, SG7). Humans now withdraw about 3,600 
cubic kilometers of water a year from inland wetlands—a substan-
tial fraction of the available global continental runoff (C7.2). 
Global freshwater use has been increasing at about 20% per decade 
from 1960 to 2000 and is estimated to continue to increase by 
10% by 2010. In river basins in arid or populous regions, the rate 
of water use can be much higher. In addition, supplies of fresh 
water in many parts of the world continue to be polluted. Pollu-
tion of inland wetlands by inorganic nitrogen has doubled globally 
since 1960 and has increased more than tenfold in many industri-
alized parts of the world. Many pollutants are long-lived and  
can be transformed into compounds whose behaviors, synergistic  
interactions, and impacts are for the most part unknown. As a 
consequence of pollution, the capacity of many wetlands to  
provide clean and reliable sources of water has been reduced. 

Water scarcity and declining access to fresh water is a glob-
ally significant and accelerating problem for 1–2 billion people 
worldwide, leading to reductions in food production, human 
health, and economic development (C7.2). With population 
growth and the overexploitation and contamination of water 
resources, the gap between available water and water demand is 
increasing in many parts of the world. Scarcity of water will 
affect all businesses either directly or indirectly, just as increases 
in the price of petroleum affect the state of the global economy 
(Business and Industry Synthesis). Governments will be called on 
to allocate supplies and adjudicate water rights. 

The Synergistic Role of Wetlands  
and the Global Water (Hydrological) Cycle
Both inland and coastal wetlands have a significant influence 
on the water (hydrological) cycle and hence the supply of water 
for people and the many uses they make of it, including for irri-
gation, energy, and transport. The water cycle is the movement of 
water between all parts of Earth in its different forms (vapor, liq-
uid, and solid) and throughout the broader biophysical environ-
ment (atmospheric, marine, terrestrial, aquatic, and subterranean). 
(See Figure 3.1.) Water resources, via water itself, are linked to all 
aspects of this broader environment. Two components of the water 

Figure 3.1.   Interrelationships Among Environmental Components of Global Water Cycle, Including  
Cycling of “Green Water” and “Blue Water” (Derived from C7 Box 7.1)
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cycle are generally recognized: “blue water” is all water that is con-
trolled by physical processes, including evaporation, and “green 
water” is water that is influenced by biological processes such as 
evapotranspiration by vegetation.

The global water cycle plays a fundamental role in support-
ing both inland and coastal wetlands, while at the same time 
wetlands have a significant influence on the water cycle itself 
(C7.2, C19.2.3, C20.2.1). Wetlands can either increase or 
decrease particular components of the water cycle. The interrela-
tionship between wetlands and the water cycle extends well into 
the coastal zone, with coastal wetlands being influenced by the 
inflow of fresh water from catchments as well as by the tides and 
other coastal/oceanic factors that in turn influence the fresh-
water aspects of the water cycle. Although there is insufficient 
information on wetland hydrology to fully meet the needs of 
decision-makers, there is a progressive decline in investments to 
generate new hydrological data or enhance the quality of existing 
information at global, national, and local levels, particularly in 
developing countries (C7.1.2). 

It is well established that inland wetlands provide a wide 
array of hydrological services, but the nature and value of 
these is not consistent, and many are not well understood 
(C20.2.1). There are several long-standing generalizations 
about the hydrological services performed by wetlands, notably 
that they reduce floods (C16.2.1), promote groundwater 
recharge, and regulate river flows, specifically the augmentation 
of low flows (for instance, wetlands act as sponges that soak up 
water during wet periods and release it during dry ones). While 
there are numerous examples of wetlands, notably floodplains, 
where this does occur, there is increasing evidence that such 
generalizations are not applicable for all hydrological contexts 
or wetland types. Indeed, there are many instances where the 
opposite occurs: where wetlands reduce low flows, increase 
floods, or act as a barrier to groundwater recharge. This varia-
tion is not unexpected given the wide range of wetlands—from 
entirely groundwater-fed springs to large inland river flood-
plains. When divided into hydrologically similar types, how-
ever, services do tend toward greater consistency for some 
wetland types. (See Box 3.2.) 

Maintenance of the key hydrological services performed by 
wetlands enables them to continue to deliver a wide range of 
critical and important regulatory and provisioning ecological 
services to humans (C20.2). Historically, it is well established 
that the maintenance, protection, and even restoration of wet-
lands have often been encouraged because of the manifold 
hydrological services they perform. However, while some of these 
hydrological services, such as water storage, flood attenuation, 
and the augmentation of dry-season flows, are likely to be seen as 
favorable for human well-being, others that are essential to main-
tain wetland ecological character (such as flooding and evapora-
tion from wetland vegetation) may complicate water 
management efforts aimed at balancing differing needs between 
cities, navigation, agriculture, and wetlands.

Maintaining the hydrological regime of a wetland and its nat-
ural variability is necessary to maintain the ecological character-
istics of the wetland, including its biodiversity (high certainty) 
(derived from C19.2, C20.2). (See Table 3.2.) Hydrological 
regime and topography are generally the most important determi-
nants of the establishment and maintenance of specific types of 
wetland and wetland processes, creating the unique physicochem-
ical conditions that make wetlands different from both deepwater 
aquatic systems and well-drained terrestrial systems. Hydrological 
conditions affect numerous abiotic factors, including nutrient 
availability, soil anerobiosis, and salinity in both coastal and 
inland wetlands, which in turn determine the biota that establish 
in a wetland. These biotic components can alter the hydrology 
and other physicochemical features of the wetland. 

Wetlands such as floodplains, lakes, and reservoirs help to 
attenuate floods. Flood attenuation potential can be estimated 
by the “residence time” of water in rivers, lakes, reservoirs, and 
soils. Residence time is defined as the time taken for water falling 
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as precipitation to pass through a system: the longer the resi-
dence time, the larger the buffering capacity to attenuate peak 
flood events. Larger rivers (such as the Congo and the Amazon) 
have a greater attenuation capacity than smaller rivers. Nearly 2 
billion people live in areas with a residence time of one year or 
less and are thus in areas of high flood risk with low attenuation 
potential. Most of these people live in northern South America, 
highly populated regions of northern India and Southeast Asia, 
Central Europe, and the southwest coast of Africa. Large and 
extreme flood events have high costs both in terms of human life 
and expenditure on mitigation and recovery measures (C16.2.2). 

However, floods also play an important role in maintaining the 
productivity of wetlands (and agriculture in floodplains), since 
they transport dissolved or suspended sediments and nutrients to 
the floodplains. The presence of a natural flood regime thus con-
tributes to the livelihoods of millions of people, particularly 
those who depend on floodplains for flood-recession agriculture 
and pasturage and for fish production (C20.2.1). 

Although the influence of a wetland on the 
hydrological cycle is site-specific, some gen-
eral patterns found in assessments in North 
America and a smaller number of European 
assessments (and a very small number of 
assessments in Asia and South America) are 
described here (C7, C20).

Gross water balance: Wetlands evaporate 
more water than other land types, such as 
cultivated land, grassland, or forests. Around 
65% of studies reviewed concluded that non-
riverine wetlands reduce average annual flow 
in rivers. Some 25% of studies were neutral, 
and in only 10% did such wetlands increase 
flows. There appear to be no obvious distinc-
tions among wetland sub-types or geographi-
cal regions in this regard.

Flow regulation: Inland wetlands are impor-
tant water storage sites during wet periods 
and often provide a reserve of water during 
dry periods. However, there is strong evi-
dence that some wetlands with high evapo-
transpiration rates reduce the flow of water 
in downstream rivers during dry periods. 
This is backed by overwhelming evidence 
that shows evaporation from wetlands to be 
higher than from non-wetland portions of the 
catchment during dry periods; there is no 
discernible difference for different wetland 
sub-types. In only 20% of cases examined 
did wetlands increase river flows during the 
dry season.

Flood-related services: Floodplain wet-
lands almost always reduce floods (and their 
peaks) or delay them. Many wetlands in the 
headwaters of river systems (such as bogs 
and river margins) probably perform a simi-

lar service. However, some headwater wet-
lands are known to increase flood peaks and 
generate flood flows. They often increase the 
immediate response of rivers to rainfall, due 
to a tendency to be saturated, generating 
higher volumes of flood flow even if the flood 
peak is not increased.

Pollution control and detoxification: The 
valuable role played by wetland plants and 
substrates in trapping sediments, nutrients, 
and pollutants is well established. Where 
erosion has increased as a consequence of 
wide-scale vegetation clearing, many shal-
low water bodies have trapped high levels 
of sediment that would otherwise be trans-
ported downstream and deposited in coastal 
areas or on nearby reefs. Vegetation along 
the edge of Lake Victoria, East Africa, was 
found to retain 60–92% of phosphorus. 
More generally, it is estimated that wetlands 
intercept more than 80% of nitrogen flow-
ing from terrestrial systems (although fig-
ures vary due to temperature and size of 
the area) (C7.2.5, C12.2.3). In West Ben-
gal, India, water hyacinth is used to remove 
heavy metals, and other aquatic plants 
remove grease and oil, enabling members 
of a fishers’ cooperative to harvest one ton 
of fish per day from ponds that receive 23 
million liters of polluted water daily from 
both industrial and domestic sources. How-
ever, excessive loads of domestic sewage 
or industrial effluent can degrade inland wet-
lands, with a loss of both biota and services 
(C20.1.1). The costs of reversing damages 
to waste-degraded ecosystems are typically 
large; in some cases, rehabilitation is effec-

tively impossible (CWG). 
Groundwater services: Services deliv-

ered by groundwater are generally less well 
understood than those derived from sur-
face waters. Many wetlands exist because 
they overlie impermeable soils or rocks and 
there is therefore little or no interaction with 
groundwater. However, numerous wetlands 
are groundwater-dependent and fed largely or 
wholly by groundwater, such as wetlands that 
form at springs, oases, and many lakes. In 
some instances, wetlands may promote less 
groundwater recharge than other land types. 
In other cases, such as floodplains overly-
ing sandy soils (in West Africa and India, for 
example), recharge of the aquifer occurs dur-
ing flooding. The direction of water move-
ment between the wetland and the ground 
may change in the same wetland, such as 
in some peatlands in Madagascar and along 
many river reaches, depending on season 
and local hydrological conditions.

River flow and hydrological regime variabil-
ity: These services vary greatly between dif-
ferent types of wetland and their localities. 
For instance, different headwater wetlands 
and peat bogs showed increases, decreases, 
or neutral effects on variability. Glaciers 
and snowmelt also contribute to flows and 
their variability and timing. While floodplains 
(such as the Okavango delta in Africa and 
the Barito floodplain in Indonesia) reduce 
flow variability, principally by reducing flood 
peaks, other wetlands (such as many head-
water wetlands) serve to increase flow vari-
ability through both increasing flood peaks 
and reducing dry-season flows.

Box 3.2. Hydrological Services of Wetlands
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Table 3.2.   Examples of Hydrological-Ecological Relationships at Different River Flows That Support 
Ecological Character of Wetlands and Their Services (Derived from C19.2, C20.2)

Flow Component Ecological Role

Low (base) flows  provide adequate habitat space for aquatic organisms 
Normal level: maintain suitable water temperatures, dissolved oxygen, and other chemical conditions, including salinity 
 maintain water table levels in floodplain and plant soil moisture 
 provide drinking water for terrestrial animals 
 keep fish and amphibian eggs suspended 
 enable passage of fish to feeding and spawning areas 
 support hyporheic organisms (living in saturated sediments)

Low (base) flows enable recruitment of certain floodplain plants 
Drought level: purge invasive, introduced species from aquatic and riparian communities 
 concentrate prey into limited areas to the benefit of predators

Higher flows  shape physical character of river channel, including availability and heterogeneity of different biotopes 
(small flood pulses)    (such as riffles, pools) and microhabitats 
 restore normal water quality after prolonged low flows, flushing away waste products, pollutants, and proliferations  
    of nuisance algae 
 maintain suitable salinity conditions in estuaries 
 prevent encroachment of riparian vegetation into the channel 
 aerate eggs in spawning gravels, prevent siltation of cobble interstices 
 determine size of river bed substrata (sand, gravel, cobble, boulder)

Large floods provide fish migration and spawning cues 
 provide new feeding opportunities for fish and waterbirds 
 recharge floodplain water table 
 maintain diversity in floodplain forest types through prolonged inundation (plant species have differing tolerances  
    for flooding) and their natural regeneration processes 
 control distribution and abundance of plants on floodplain 
 trigger new phases of life cycles (such as insects) 
 enable fish to spawn on floodplain, provide nursery area for juvenile fish 
 deposit nutrients on floodplain 
 maintain balance of species in aquatic and riparian communities 
 create sites for recruitment of colonizing plants 
 shape physical character and habitats of river channels and floodplain 
 deposit substrata (gravel, cobble) in spawning areas 
 flush organic materials (food) and woody debris (habitat structures) into channel 
 purge invasive, introduced species from aquatic and riparian communities 
 disburse seeds and fruits of riparian plants 
 drive lateral movement of river channel, forming new habitats (secondary channels, oxbow lakes) 
 provide plant seedlings with prolonged access to soil moisture   
 drive floodplain productivity 
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Wetlands

The degradation and loss of inland wetlands and species has 
been driven by infrastructure development (such as dams, 

dikes, and levees), land conversion, water withdrawals, pollu-
tion, overharvesting, and the introduction of invasive alien spe-
cies. Global climate change and nutrient loading are projected 
to become increasingly important drivers in the next 50 years 
(C7, C19, C20, R9, R13). The analysis presented in this chapter 
focuses primarily on direct drivers as illustrated in Figure 4.1. 

Increased human use of fresh water has reduced the amount 
available to maintain the ecological character of many inland 
water systems (C7.3, C20.4.2, C22.5.2, R7.4). Throughout 
the world, the construction of dams and other infrastructure 
and the withdrawal of water for use in agriculture, industry, 
and households has changed flow regimes, changed the trans-
port of sediments and nutrients, modified habitat, and dis-
rupted migration routes of aquatic biota such as salmon. The 
amount of water impounded behind dams quadrupled since 

4. Drivers of Loss and Change to Wetland Ecosystems

Figure 4.1.  Pictorial Representation of Some Direct Drivers of Change in Inland and Coastal Wetlands 

Invasive species, climate change, and land conversion to urban or suburban areas affect all components of the catchment and coastal 
zone and are therefore not represented pictorially (C19.4.1, C20.4).
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1960, and three to six times as much water is held in reservoirs 
as in natural rivers.

As a result of consumptive use and interbasin transfers, several 
of the world’s largest rivers (including the Nile, Yellow, and Colo-
rado) have been transformed into seasonally (and in some cases 
entirely) non-discharging river channels in their lower reaches. 
One third of all rivers for which contemporary and predisturbed 
discharges could be compared showed substantial declines in  
discharges to the ocean. Long-term trend analysis (> 25 years) of 
145 major world rivers indicated that discharge had declined in 
more than one fifth (C7.2.4). As water flows to many wetlands 
have declined, so have sediment flows. Delivery of ecologically 
important nutrients is also impeded by freshwater diversion in 
watersheds, affecting not only coastal ecology but also marine 
fisheries yields. Further, these changes have also altered the flow 
velocity in rivers, transforming some to large lakes, such as 
Kariba Lake (southern Africa); have created a chain of connected 
deep reservoirs, such as those along the Volga River (Russia); 
have resulted in channelization, such as that along the Missis-
sippi and Missouri Rivers (United States); or have significantly 
reduced flows to floodplains and downstream habitats, including 
deltas such as the Indus (Pakistan) (C20.4.2).

The more than 45,000 existing large dams and additional 
planned facilities generate both positive and negative outcomes 
for humans (C20.4.2). Positive effects on human well-being 
include flow stabilization for irrigation for food production, 
domestic water supply, flood control, and generation of hydroelec-
tricity. Negative effects include, among others, loss of economic 
livelihoods, fragmentation and destruction of habitats, loss of spe-
cies, health issues associated with stagnant water, and loss of sedi-
ments and nutrients destined for the coastal zone. Inter-basin 
transfers, particularly large transfers between major river systems, 
will be particularly harmful to downstream ecosystems in the 
source catchments. In India and China, for example, transfer proj-
ects costing hundreds of billions of dollars are proposed (R7.4). 

Conversion (clearing or transformation) or drainage for agri-
cultural development has been the principal cause of inland 
wetland loss worldwide (high certainty) (C20.4.1). By 1985, an 
estimated 56−65% of available inland and coastal marshes had 
been drained for intensive agriculture in Europe and North 
America, 27% in Asia, 6% in South America, and 2% in Africa. 
Intensification of agriculture has also increased pressure on 
inland water ecosystems due to increased water withdrawals for 
irrigation and nutrient and pesticide leakage from cultivated 
lands. Intensification also generally reduces biodiversity within 
agricultural landscapes and requires higher energy inputs in the 
form of mechanization and the production of chemical fertilizers 
(C19.5.2, C20.4.1). In the majority of cases, the people most 
affected by reduced water supplies, increased pollution, and loss 
of biodiversity are the poor, who depend on freshwater resources 
not only for drinking water but also for food and income. 

The Aral Sea represents one of the most extreme cases in 
which water for irrigated agriculture has caused severe and irre-
versible environmental degradation of an inland water system. 
(See Box 4.1 and Figure 4.2.) Similarly, Lake Chad shrank over 
35 years from about 2.5 million hectares in surface area to only 
one twentieth that size at the end of the twentieth century as a 

Box 4.1.   The Aral Sea: A Degraded Inland Sea  
(C20.4.1)

During the past 50 years, the Aral Sea has been reduced to one 
fifth of its original size and significantly degraded by pollution as 
a consequence of water withdrawals and water diversion to meet 
the needs of large-scale cotton cultivation. The hydrological change 
has included the construction of more than 94 water reservoirs 
and 24,000 kilometers of channels, with 40% of the annual water 
inflow of 80–100 cubic kilometers taken for irrigation. The sea is 
now only about 20% of its former volume and it comprises three 
separate entities: the Small Sea, with an area of 3,000 square kilo-
meters, a volume of 20 cubic kilometers, and a salinity of 18–20 
grams per liter; the eastern part of the Large Sea, with an area of 
9,150 square kilometers, a volume of 29.5 cubic kilometers, and 
a salinity of 120 grams per liter; and the western part of the Large 
Sea, with an area of 4,950 square kilometers, a volume of 79.6 
cubic kilometers, and a salinity of 80 grams per liter. The shoreline 
has retreated 100–150 kilometers and has exposed some 45,000 
square kilometers of former seabed and created a salty desert, 
generating in excess of 100 million tons of salt-laden dust, which 
has grave consequences for human health. 

Along with these changes, the socioeconomically important fish-
ing industry has gone, as have many plant and animal species. 
Only a few of the former 34 fish species survive, with some of the 
lake’s endemic fish becoming extinct. Waterbirds have similarly 
been drastically affected, with a loss of breeding and stopover hab-
itats for migratory species in the deltas of the Amu Darya and Syr 
Darya. New wetland habitats have been produced through the con-
struction of irrigation areas, but it is unlikely that these compen-
sate adequately for the losses of the different natural habitats. The 
local climate has also been affected. For example, the humidity has 
decreased from around 40% to 30%, resulting in a loss of pasture 
productivity (C5.5). 

Around the Aral Sea, far-reaching environmental and ecological 
problems (such as dust storms, erosion, and poor water quality for 
drinking and other purposes) have harmed human health. Rates of 
anemia, tuberculosis, kidney and liver diseases, respiratory infec-
tions, allergies, and cancer have increased and now far exceed 
those in the rest of the former Soviet Union and present-day Rus-
sia. The rate of birth abnormalities—another serious consequence 
of pollution—is also increasing. One in every 20 babies is born with 
abnormalities, a figure approximately five times higher than in Euro-
pean countries. 

The consequences of the management decisions for the sea 
have been drastic, although some were foreseen, and deliberate 
trade-offs were made in favor of economic outcomes. In 1995, it 
was estimated that an investment of $16 billion could result in net 
water savings of 12 cubic kilometers per year, which could then 
help to restore the hydrology of the lake. But the prospects for 
funding were not very optimistic. 




