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Key Messages

■Wetlandecosystems(includinglakes,rivers,marshes,andcoastalregionstoadepthof6metersatlowtide)are
estimatedtocovermorethan1,280millionhectares,anarea33%largerthantheUnitedStatesand50%
largerthanBrazil.However,thisestimateisknowntounder-representmanywetlandtypes,andfurtherdataare
requiredforsomegeographicregions.Morethan50%ofspecifictypesofwetlandsinpartsofNorthAmerica,
Europe,Australia,andNewZealandweredestroyedduringthetwentiethcentury,andmanyothersinmany
partsoftheworlddegraded.

■Wetlandsdeliverawiderangeofecosystemservicesthatcontributetohumanwell-being,suchasfishandfiber,
watersupply,waterpurification,climateregulation,floodregulation,coastalprotection,recreationalopportuni-
ties,and,increasingly,tourism.

■Whenboththemarketedandnonmarketedeconomicbenefitsofwetlandsareincluded,thetotaleconomicvalue
ofunconvertedwetlandsisoftengreaterthanthatofconvertedwetlands.

■Aprioritywhenmakingdecisionsthatdirectlyorindirectlyinfluencewetlandsistoensurethatinformation
aboutthefullrangeofbenefitsandvaluesprovidedbydifferentwetlandecosystemservicesisconsidered.

■Thedegradationandlossofwetlandsismorerapidthanthatofotherecosystems.Similarly,thestatusofboth
freshwaterandcoastalwetlandspeciesisdeterioratingfasterthanthoseofotherecosystems.

■Theprimaryindirectdriversofdegradationandlossofinlandandcoastalwetlandshavebeenpopulation
growthandincreasingeconomicdevelopment.Theprimarydirectdriversofdegradationandlossinclude
infrastructuredevelopment,landconversion,waterwithdrawal,eutrophicationandpollution,overharvesting
andoverexploitation,andtheintroductionofinvasivealienspecies.

■Globalclimatechangeisexpectedtoexacerbatethelossanddegradationofmanywetlandsandthelossor
declineoftheirspeciesandtoincreasetheincidenceofvector-borneandwaterbornediseasesinmanyregions.
Excessivenutrientloadingisexpectedtobecomeagrowingthreattorivers,lakes,marshes,coastalzones,and
coralreefs.Growingpressuresfrommultipledirectdriversincreasethelikelihoodofpotentiallyabruptchangesin
wetlandecosystems,whichcanbelargeinmagnitudeanddifficult,expensive,orimpossibletoreverse.

■Theprojectedcontinuedlossanddegradationofwetlandswillreducethecapacityofwetlandstomitigate
impactsandresultinfurtherreductioninhumanwell-being(includinganincreaseintheprevalenceof
disease),especiallyforpoorerpeopleinlower-incomecountries,wheretechnologicalsolutionsarenotasreadily
available.Atthesametime,demandformanyoftheseservices(suchasdenitrificationandfloodandstorm
protection)willincrease.

■Physicalandeconomicwaterscarcityandlimitedorreducedaccesstowateraremajorchallengesfacingsociety
andarekeyfactorslimitingeconomicdevelopmentinmanycountries.However,manywaterresourcedevelop-
mentsundertakentoincreaseaccesstowaterhavenotgivenadequateconsiderationtoharmfultrade-offswith
otherservicesprovidedbywetlands.
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■Cross-sectoralandecosystem-basedapproachestowetlandmanagement—suchasriver(orlakeoraquifer)
basin-scalemanagement,andintegratedcoastalzonemanagement—thatconsiderthetrade-offsbetween
differentwetlandecosystemservicesaremorelikelytoensuresustainabledevelopmentthanmanyexisting
sectoralapproachesandarecriticalindesigningactionsinsupportoftheMillenniumDevelopmentGoals.

■Manyoftheresponsesdesignedwithaprimaryfocusonwetlandsandwaterresourceswillnotbesustainableor
sufficientunlessotherindirectanddirectdriversofchangeareaddressed.Theseincludeactionstoeliminatepro-
ductionsubsidies,sustainablyintensifyagriculture,slowclimatechange,slownutrientloading,correctmarket
failures,encouragestakeholderparticipation,andincreasetransparencyandaccountabilityofgovernmentand
private-sectordecision-making.

■Majorpolicydecisionsinthenextdecadeswillhavetoaddresstrade-offsamongcurrentusesofwetland
resourcesandbetweencurrentandfutureuses.Particularlyimportanttrade-offsinvolvethosebetween
agriculturalproductionandwaterquality,landuseandbiodiversity,wateruseandaquaticbiodiversity,
andcurrentwateruseforirrigationandfutureagriculturalproduction.

■Theadverseeffectsofclimatechange,suchassealevelrise,coralbleaching,andchangesinhydrologyandin
thetemperatureofwaterbodies,willleadtoareductionintheservicesprovidedbywetlands.Removing
theexistingpressuresonwetlandsandimprovingtheirresiliencyisthemosteffectivemethodofcopingwith
theadverseeffectsofclimatechange.Conserving,maintaining,orrehabilitatingwetlandecosystemscanbe
aviableelementtoanoverallclimatechangemitigationstrategy.

■TheMAconceptualframeworkforecosystemsandhumanwell-beingprovidesaframeworkthatsupportsthe
promotionanddeliveryoftheRamsarConvention’s“wiseuse”concept.Thisenablestheexistingguidance
providedbytheConventionforthewiseuseofallwetlandstobeexpressedwithinthecontextofhumanwell-
beingandpovertyalleviation.
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Foreword

Sincetheinceptionofglobalassessmentsonozonedepletionandclimatechange,theglobalpolicyprocesshasbeenbetterinformed,
anddecision-makersareabletotakemoreeffectiveandtimelydecisions.TheMillenniumEcosystemAssessmentfollowedinthefoot-
stepsoftheseassessmentsandwasdesignedtomeettheneedforinformationabouttheconsequencesofecosystemchangeforhuman
well-being.Itsoughtinparticulartostrengthenthelinkbetweenscientificknowledgeanddecision-making.

Itprovidedanassessment,notjustareviewofexistingknowledgeandunderstanding,ofthecurrentstateofourecosystemsandthe
manyservicestheysupportandprovidetopeople.Itsignificantlyenhancedourunderstandingofthedirectdriversofchangetowet-
landsandshowedhowtheywouldfareunderarangeoffuturescenarios.Itanalyzedfuturechallengesandresponseoptionsthatcould
allowustomaintain,tothegreatestextentpossible,theecosystemservicesonwhichwealldepend.

TheConventiononWetlands(Ramsar,I.R.Iran,1971)hasrecognizedfromthestartthattheMAcanandshouldprovidetheCon-
tractingPartiestotheConvention,andallinvolvedintheconservationandwiseuseofwetlands,withnewunderstandingandinsights
intohowbesttheycanmeettheobjectivesoftheConvention.TheConvention’sStandingCommittee,Secretariat,andScientificand
TechnicalReviewPanelhavesupportedandcontributedtotheworkoftheMAthroughout.

Thisreport,synthesizingthefindingsoftheMAoninland,coastal,andnear-shoremarinewetlands,isthekeyproductoftheMA
fortheRamsarConvention.Itdrawsontheworkofapproximately1,360expertswhocompiledthemanychaptersoftheMAreports.
ThesynthesisstressesthelinkbetweenwetlandsandwaterandwillhelpussetthefutureagendaforRamsar.

Duringitswork,theMAmadeasignificantcontributiontotheworkoftheConvention’sSTRP.SeveraloftheMA’sauthorscontrib-
utedtotheSTRP’sworkthatwillbeconsideredbytheConvention’sCOP9inNovember2005.Throughthis“cross-fertilization”of
ideasitbecameapparentthattheMA’sconceptualframeworkprovidesastructureforthedeliveryoftheConvention’scentralconcept
of“wiseuse”ofallwetlands.Furthermore,theSTRPhasrecognizedthattheecosystemterminologiesadoptedbytheMAprovidea
valuableapproachtoitsworkofupdatingandharmonizingthetermsanddefinitionsusedbytheConvention,notablythoseconcern-
ingecologicalcharacterandwiseuse.Finally,theexistingRamsar“Toolkit”ofWiseUseHandbooksisenhancedandsupportedbythe
MA’sadviceonresponseoptions.

Wethereforecommendthissynthesisreporttoyou,andurgeallthoseconcernedwiththeRamsarConventionandwithsecuring
thewiseuseofwetlandstoreaditanduseitsfindingstoraiseawarenessoftheroleofwetlandsinsecuringsustainablewatersuppliesas
wellasprovidingarangeofothervitalecosystemservices.

PeterBridgewater
SecretaryGeneral
RamsarConventiononWetlands

GordanaBeltram
Chair,StandingCommittee
RamsarConventiononWetlands
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ThisreportusestheRamsarConventiondefinitionsofseveral
keytermsrelatedtowetlands.(SeeBoxonKeyTerms.)Allofthe
MAauthorsandReviewEditorshavecontributedtothisdraft
throughtheircontributionstotheunderlyingassessmentchap-
tersonwhichthismaterialisbased.

Fiveadditionalsynthesisreportswerepreparedforeaseofuse
byotheraudiences:generaloverview,UNCCD(desertification),
CBD(biodiversity),business,andthehealthsector.Each
MAsub-globalassessmentwillalsoproduceadditionalreports
tomeettheneedsofitsownaudience.Thefulltechnical
assessmentreportsofthefourMAWorkingGroupswillbe
publishedin2005byIslandPress.Allprintedmaterialsofthe
assessment,alongwithcoredataandaglossaryofterminology
usedinthetechnicalreports,willbeavailableontheInternetat
www.MAweb.org.AppendixAliststheacronymsandabbrevia-
tionsusedinthisreportandincludesadditionalinformation
onsourcesforsomeoftheFigures.

Referencesthatappearinparenthesesinthebodyofthisreport
aretotheunderlyingchaptersinthefulltechnicalassessment
reportsofeachWorkingGroup.(Alistoftheassessmentreport
chaptersisprovidedinAppendixB.)Toassistthereader,cita-
tionstothetechnicalvolumesgenerallyspecifysectionsofchap-
tersorspecificBoxes,Tables,orFigures,basedonfinaldraftsof
thechapter.Somechaptersubsectionnumbersmaychangedur-
ingfinalcopyediting,however,afterthisreporthasbeenprinted.

Inthisreport,thefollowingwordshavebeenusedwhere
appropriatetoindicatejudgmentalestimatesofcertainty,based
onthecollectivejudgmentoftheauthors,usingtheobserva-
tionalevidence,modelingresults,andtheorythattheyhave
examined:verycertain(98%orgreaterprobability),high
certainty(85–98%probability),mediumcertainty(65–85%
probability),lowcertainty(52–65%probability),andvery
uncertain(50–52%probability).Inotherinstances,aqualita-
tivescaletogaugethelevelofscientificunderstandingisused:

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.  KeyTermsUsedinThisReport



wellestablished,establishedbutincomplete,competingexpla-
nations,andspeculative.Eachtimethesetermsareusedthey
appearinitalics.

Throughoutthisreport,dollarsignsindicateU.S.dollarsand
tonsmeanmetrictons.

Thisreportwouldnothavebeenpossiblewithouttheextraor-
dinarycommitmentofthemorethan2,000authorsandreview-
ersworldwidewhocontributedtheirknowledge,creativity,time,
andenthusiasmtothedevelopmentoftheassessment.Thanks
areduetotheMAAssessmentPanel,CoordinatingLead
Authors,LeadAuthors,ContributingAuthors,BoardofReview
Editors,ExpertReviewers,andthemembersoftheScientificand
TechnicalReviewPaneloftheRamsarWetlandsConvention
whocontributedtothisprocessandtotheinstitutionsthatpro-
videdin-kindsupportenablingtheirparticipation.Thecurrent
andpastmembersoftheMABoard(andtheiralternates),the

membersoftheMAExploratorySteeringCommittee,theCon-
ventiononWetlandssecretariatstaff,andtheMAsecretariat
staff,interns,andvolunteersallcontributedsignificantlytothe
successofthisprocess.

TheMAreceivedmajorfinancialsupportfromtheGlobal
EnvironmentFacility;UnitedNationsFoundation;Davidand
LucilePackardFoundation;WorldBank;ConsultativeGroupon
InternationalAgriculturalResearch;UnitedNationsEnviron-
mentProgramme;GovernmentofChina;MinistryofForeign
AffairsoftheGovernmentofNorway;KingdomofSaudiArabia;
andtheSwedishInternationalBiodiversityProgramme.Thefull
listoforganizationsthatprovidedfinancialsupporttotheMAis
availableatwww.MAweb.org.
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Forover30years,theRamsarConventionhasrecognizedthe
interdependenceofpeopleandtheirenvironmentandistheonly
globalintergovernmentalconventionaddressingtheinteractions
betweenwaterandwetlandecosystems.Ithaspromotedthewise
useofwetlandsasameansofmaintainingtheir“ecologicalchar-
acter”—theecosystemcomponentsandprocessesthatcomprise
thewetlandandthatunderpinthedeliveryofecosystemservices,
suchasfreshwaterandfood.

Wetland Services and Human Well-being
Wetlandecosystems,includingrivers,lakes,marshes,rice
fields,andcoastalareas,providemanyservicesthatcontribute
tohumanwell-beingandpovertyalleviation.(SeeTable1.)
Somegroupsofpeople,particularlythoselivingnearwet-
lands,arehighlydependentontheseservicesandaredirectly
harmedbytheirdegradation.Twoofthemostimportantwet-
landecosystemservicesaffectinghumanwell-beinginvolvefish
supplyandwateravailability.Inlandfisheriesareofparticular
importanceindevelopingcountries,andtheyaresometimes
theprimarysourceofanimalproteintowhichruralcommuni-
tieshaveaccess.Forexample,peopleinCambodiaobtainabout
60–80%oftheirtotalanimalproteinfromthefisheryinTonle
Sapandassociatedfloodplains.Wetland-relatedfisheriesalso
makeimportantcontributionstolocalandnationaleconomies.
Capturefisheriesincoastalwatersalonecontribute$34billion
togrossworldproductannually.

Theprincipalsupplyofrenewablefreshwaterforhumanuse
comesfromanarrayofinlandwetlands,includinglakes,rivers,
swamps,andshallowgroundwateraquifers.Groundwater,often
rechargedthroughwetlands,playsanimportantroleinwater
supply,withanestimated1.5–3billionpeopledependentonit

asasourceofdrinkingwater.Rivershavebeensubstantially
modifiedaroundtheworldtoincreasethewateravailablefor
humanconsumption.Recentestimatesplacethevolumeof
watertrappedbehind(documented)damsat6,000–7,000
cubickilometers.

Otherwetlandserviceswithstronglinkagestohumanwell-
beinginclude:

■Waterpurificationanddetoxificationofwastes.Wetlands,and
inparticularmarshes,playamajorroleintreatinganddetoxify-
ingavarietyofwasteproducts.Somewetlandshavebeenfound
toreducetheconcentrationofnitratebymorethan80%.

■Climateregulation.Oneofthemostimportantrolesofwet-
landsmaybeintheregulationofglobalclimatechangethrough
sequesteringandreleasingamajorproportionoffixedcarbon
inthebiosphere.Forexample,althoughcoveringonlyanesti-
mated3–4%oftheworld’slandarea,peatlandsareestimatedto
hold540gigatonsofcarbon,representingabout1.5%ofthe
totalestimatedglobalcarbonstorageandabout25–30%ofthat
containedinterrestrialvegetationandsoils.

■Mitigationofclimatechange.Sealevelriseandincreasesin
stormsurgesassociatedwithclimatechangewillresultinthe
erosionofshoresandhabitat,increasedsalinityofestuariesand
freshwateraquifers,alteredtidalrangesinriversandbays,
changesinsedimentandnutrienttransport,andincreasedcoastal
floodingand,inturn,couldincreasethevulnerabilityofsome
coastalpopulations.Wetlands,suchasmangrovesandflood-
plains,canplayacriticalroleinthephysicalbufferingofclimate
changeimpacts.

ThisreportcoverstherangeofwetlandsasdefinedbytheRamsarConventiononWetlands.Theseinclude
inlandwetlands(suchasswamps,marshes,lakes,rivers,peatlands,andundergroundwaterhabitats);coastal

andnear-shoremarinewetlands(suchascoralreefs,mangroves,seagrassbeds,andestuaries);andhuman-made
wetlands(suchasricefields(paddies),dams,reservoirs,andfishponds).

Summary for  
Decision-makers
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Table 1.  EcosystemServicesProvidedbyorDerivedfromWetlands

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.

■Culturalservices.Wetlandsprovidesignificantaesthetic,edu-
cational,cultural,andspiritualbenefits,aswellasavastarrayof
opportunitiesforrecreationandtourism.Recreationalfishing
cangenerateconsiderableincome:35–45millionpeopletake
partinrecreationalfishing(inlandandsaltwater)intheUnited
States,spendingatotalof$24–37billioneachyearontheir
hobby.Muchoftheeconomicvalueofcoralreefs—withnetben-
efitsestimatedatnearly$30billioneachyear—isgeneratedfrom
nature-basedtourism,includingscubadivingandsnorkeling.

Wetlandsprovidemanynonmarketedandmarketedbenefits
topeople,andthetotaleconomicvalueofunconvertedwet-
landsisoftengreaterthanconvertedwetlands(highcertainty).
Therearemanyexamplesoftheeconomicvalueofintactwet-
landsexceedingthatofconvertedorotherwisealteredwetlands.
Forinstance,areasofintactmangrovesinThailandhaveatotal

netpresenteconomicvalue—calculatedbasedontheeconomic
contributionofbothmarketedproductssuchasfishandnon-
marketedservicessuchasprotectionfromstormdamageandcar-
bonsequestration—ofatleast$1,000perhectare(andpossibly
ashighas$36,000perhectare)comparedwithabout$200per
hectarewhenconvertedtoshrimpfarms.InCanada,areasof
intactfreshwatermarsheshaveatotaleconomicvalueofabout
$5,800perhectarecomparedwith$2,400whendrainedmarshes
areusedforagriculture.Thisdoesnotmeanthatconversionof
wetlandsisnevereconomicallyjustified,butitillustratesthefact
thatmanyoftheeconomicandsocialbenefitsofwetlandshave
notbeentakenintoaccountbydecision-makers.

Bothinlandandcoastalwetlandssignificantlyinfluencethe
natureofthehydrologicalcycleandhencethesupplyofwater
forpeopleandthemanyusestheymakeofwater,suchasfor
irrigation,energy,andtransport.Changesinhydrology,in
turn,affectwetlands.
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■Wetlandsdeliverawidearrayofhydrologicalservices—for
instance,swamps,lakes,andmarshesassistwithfloodmitiga-
tion,promotegroundwaterrecharge,andregulateriver
flows—butthenatureandvalueoftheseservicesdiffersacross
wetlandtypes.

■Floodingisanaturalphenomenonthatisimportantfor
maintainingtheecologicalfunctioningofwetlands(forexample,
byservingasameansforthenaturaltransportofdissolvedor
suspendedmaterialsandnutrientsintowetlands)andinparticu-
larforsustainingthedeliveryofmanyoftheservicestheypro-
videtomillionsofpeople,particularlytothosewhoselivelihoods
dependonfloodplainsforflood-recessionagricultureandpastur-
ageandforfishproduction.

■Manywetlandsdiminishthedestructivenatureofflood-
ing,andthelossofthesewetlandsincreasestherisksoffloods
occurring.Wetlands,suchasfloodplains,lakes,andreservoirs,
arethemainprovidersoffloodattenuationpotentialininland
watersystems.Nearly2billionpeopleliveinareasofhigh
floodrisk—ariskthatwillbeincreasedifwetlandsarelostor
degraded.Coastalwetlands,includingcoastalbarrierislands,
coastalriverfloodplains,andcoastalvegetation,allplayan
importantroleinreducingtheimpactsoffloodwatersproduced
bycoastalstormevents.

Physicalandeconomicwaterscarcityandlimitedorreduced
accesstowateraremajorchallengesfacinghumansocietyand
arekeyfactorslimitingeconomicdevelopmentinmanycoun-
tries.Waterscarcityanddecliningaccesstofreshwaterarea
globallysignificantandacceleratingproblemfor1–2billionpeo-
pleworldwide,hinderinggrowthinfoodproductionandharm-
inghumanhealthandeconomicdevelopment.

Thecontinueddegradationofwaterqualitywillincreasethe
prevalenceofdisease,especiallyforvulnerablepeopleindevel-
opingcountries,wheretechnologicalfixesandalternativesare
notreadilyavailable(highcertainty).Theburdenofdiseasefrom
inadequatewater,sanitation,andhygienetotals1.7million
deathsandresultsinthelossofatleast54millionhealthylife
yearsannually.Althoughlargelyeliminatedinwealthiernations,
water-relateddiseases(malarialanddiarrhealdiseases,for
instance)areamongthemostcommoncausesofillnessand
deathindevelopingcountries,affectingparticularlythepoor.
Somewaterbornechemicalandmicrobiologicalpollutantsalso
harmhumanhealth—sometimes,inthecaseofchemicalpollut-
ants,throughbiomagnificationthroughthefoodchain.Water
qualitydegradationalsoaffectspeopleindirectlybydegrading
theresourcebaseonwhichtheydepend.Presentinstitutional
structurestendtopromoteanarrow,sectoralapproachtointer-
ventionforindividualdiseases,providinglittleopportunityto
considerbroaderapproachestoecosystemmanagementasatool
forenhancinghumanhealth.Actionstoovercomeintersectoral
divideswouldhelppromotetheuseofecosystemassessmentsor
eco-healthapproachestoaddresshumanhealthconcerns.

Status and Trends of Wetlands
Theglobalextentofwetlandsisestimatedtobeinexcessof
1,280millionhectares(1.2millionsquarekilometers)butitis
wellestablishedthatthisisanunderestimate.Thisestimate
includesinlandandcoastalwetlands(includinglakes,rivers,and
marshes),near-shoremarineareas(toadepthof6metersbelow
lowtide),andhuman-madewetlandssuchasreservoirsandrice
fieldsandwasderivedfrommultipleinformationsources.How-
ever,thesesourceswereknowntounder-representmanywetland
types,andfurtherdataarerequiredforsomegeographicregions.

Morethan50%ofspecifictypesofwetlandsinpartsof
NorthAmerica,Europe,Australia,andNewZealandwerecon-
vertedduringthetwentiethcentury(mediumtohighcertainty).
Extrapolationofthisestimatetowidergeographicareasorto
otherwetlandtypes,ashasbeendoneinsomestudies,isspecu-
lativeonly.ForNorthAmerica,theestimatesrefertoinland
waterandcoastalmarshesandemergentestuarinewetlands;the
estimatesforEuropeincludethelossofpeatlands;thosefor
NorthernAustraliaareoffreshwatermarshes,whileestimatesfor
NewZealandareofinlandandcoastalmarshes.

Thereisinsufficientinformationontheextentofallwetland
typesbeingconsideredinthisreport—suchasinlandwetlands
thatareseasonallyorintermittentlyfloodedandsomecoastal
wetlands—todocumenttheextentofwetlandlossglobally.
Thereis,however,ampleevidenceofthedramaticlossanddeg-
radationofmanyindividualwetlands.Forexample,thesurface
areaoftheMesopotamianmarshes(locatedbetweentheTigris
andEuphratesRiversinsouthernIraq)decreasedfromanareaof
15,000–20,000squarekilometersinthe1950stolessthan400
squarekilometerstodayduetoexcessivewaterwithdrawals,dams,
andindustrialdevelopment.Similarly,thevolumeofwaterinthe
AralSeabasinhasbeenreducedby75%since1960duemainly
tolarge-scaleupstreamdiversionsoftheAmuDaryaandSyr
Daryariverflowforirrigationofcloseto7millionhectares.

Coastalecosystemsareamongthemostproductiveyethighly
threatenedsystemsintheworld.Theseecosystemsproducedis-
proportionatelymoreservicesrelatingtohumanwell-beingthan
mostothersystems,eventhosecoveringlargertotalareas,butare
experiencingsomeofthemostrapiddegradationandloss:

■About35%ofmangroves(fromcountrieswithavailable
multiyeardata,representing54%oftotalmangroveareaatpres-
ent)havebeenlostoverthelasttwodecades,drivenprimarilyby
aquaculturedevelopment,deforestation,andfreshwaterdiversion.

■Some20%ofcoralreefswerelostandmorethanafurther
20%degradedinthelastseveraldecadesofthetwentiethcentury
throughoverexploitation,destructivefishingpractices,pollution
andsiltation,andchangesinstormfrequencyandintensity.
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Thereisestablishedbutincompleteevidencethatthechanges
beingmadeareincreasingthelikelihoodofnonlinearand
potentiallyabruptchangesinecosystems,withimportantcon-
sequencesforhumanwell-being.Thesenonlinearchangescan
belargeinmagnitudeanddifficult,expensive,orimpossibleto
reverse.Forexample,onceathresholdofnutrientloadingis
crossed,changesinfreshwaterandcoastalecosystemscanbe
abruptandextensive,creatingharmfulalgalblooms(including
bloomsoftoxicspecies)andsometimesleadingtotheformation
ofoxygen-depletedzones,killingallanimallife.Capabilitiesfor
predictingsomenonlinearchangesareimproving,butonthe
wholescientistscannotpredictthethresholdsatwhichchange
willbeencountered.Theincreasedlikelihoodofthesenonlinear
changesstemsfromthelossofbiodiversityandgrowingpressures
frommultipledirectdriversofecosystemchange.Thelossof
speciesandgeneticdiversitydecreasestheresilienceofecosystems
—theirabilitytomaintainparticularecosystemservicesascondi-
tionschange.Inaddition,growingpressuresfromdriverssuchas
overharvesting,climatechange,invasivespecies,andnutrient
loadingpushecosystemstowardthresholdsthattheymightoth-
erwisenotencounter.

Manywetland-dependentspeciesinmanypartsoftheworld
areindecline;thestatusofspeciesdependentoninlandwaters
andofwaterbirdsdependentoncoastalwetlandsisofparticu-

larconcern.Althoughtheevidencehasgeographicallimitations
andischieflyfromspeciesalreadygloballythreatenedwith
extinction,thispatternisconsistentfordifferentgroupsofspe-
cies,withmediumcertaintyintheunderlyingdata.(SeeTable2.)
Between1970and2000,populationsoffreshwaterspecies
includedintheLivingPlanetIndexdeclinedonaverageby50%,
comparedwith30%formarineandotherterrestrialspecies
(mediumcertainty).Thestatusofgloballythreatenedbirds
dependentonfreshwaterwetlands,andevenmoresothatof
coastalseabirds,hasdeterioratedfastersince1988thanthestatus
ofbirdsdependentonother(terrestrial)ecosystems.

Causes of Wetland Loss and Degradation
Theprimaryindirectdriversofdegradationandlossofrivers,
lakes,freshwatermarshes,andotherinlandwetlands(including
lossofspeciesorreductionsofpopulationsinthesesystems)
havebeenpopulationgrowthandincreasingeconomicdevelop-
ment.Theprimarydirectdriversofdegradationandloss
includeinfrastructuredevelopment,landconversion,water
withdrawal,pollution,overharvestingandoverexploitation,and
theintroductionofinvasivealienspecies.(SeeFigure1.)

■Clearinganddrainage,oftenforagriculturalexpansion,and
increasedwithdrawaloffreshwaterarethemainreasonsforthe
lossanddegradationofinlandwetlandssuchasswamps,

Table 2.StatusandTrendsofMajorGroupsofWetland-dependentSpecies

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. MainDirectDriversofChangeinWetlandSystems

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,andassociatedfloodplainwaterbodies.By1985,
anestimated56−65%ofinlandandcoastalmarshes(including
smalllakesandponds)hadbeendrainedforintensiveagriculture
inEuropeandNorthAmerica,27%inAsia,6%inSouthAmer-
ica,and2%inAfrica.Theamountofwaterimpoundedbehind
damsquadrupledsince1960,andthreetosixtimesasmuch
waterisheldinreservoirsasinnaturalrivers.Changesinflow
regime,transportofsedimentsandchemicalpollutants,modifi-
cationofinlandwetlands,anddisturbanceofmigrationroutes
haveendangeredmanyspeciesandresultedinthelossofothers.

■Agriculturalsystemsandpracticeshaveexertedawiderange
ofmostlyadverseimpactsoninlandandcoastalwetlandsglob-
ally.Boththeextensiveuseofwaterforirrigation(some70%of
waterusegloballyisforirrigation)andexcessivenutrientload-
ingassociatedwiththeuseofnitrogenandphosphorusinfertil-
izershaveresultedinadeclineinthedeliveryofservicessuchas
freshwaterandsomefishspecies.Ontheotherhand,theexpan-
sionofpaddyricecultivationhasincreasedtheareaofhuman-
madewetlandsinsomeregions.

■Theintroductionofinvasivealienspeciesisnowconsidered
tobeamajorcauseoflocalextinctionofnativefreshwaterspe-
cies.Worldwide,twothirdsofthefreshwaterspeciesintroduced
intothetropicsandmorethanhalfofthoseintroducedtotem-
perateregionshaveestablishedself-sustainingpopulations.

Theprimarydirectdriverofthelossanddegradationof
coastalwetlands,includingsaltwatermarshes,mangroves,sea-
grassmeadows,andcoralreefs,hasbeenconversiontoother
landuses.Otherdirectdriversaffectingcoastalwetlands
includediversionoffreshwaterflows,nitrogenloading,over-
harvesting,siltation,changesinwatertemperature,andspecies
invasions.Theprimaryindirectdriversofchangehavebeen
thegrowthofhumanpopulationsincoastalareascoupledwith
growingeconomicactivity.Nearlyhalfoftheworld’smajorcit-
iesarelocatedwithin50kilometersofthecoast,andcoastal
populationdensitiesare2.6timeslargerthanthatofinland
areas.Thispopulationpressureleadstoconversionofcoastal
wetlandsasaresultofurbanandsuburbanexpansionand
increasingagriculturaldemand(suchastheclearingofman-
grovesforaquaculture).Giventheextensivechangesinlanduse
andcoverthathaveoccurredinmanycoastalareas,itisunlikely
thatmanyoftheobservedchangesinhabitatandspeciesloss
willbereadilyreversed.Otherimportantdriversofchangein
coastalwetlandsinclude:

■Freshwaterdiversionfromestuarieshasmeantsignificant
lossesinthedeliveryofwaterandsedimenttonurseryareasand
fishinggroundsinthecoastalzone(highcertainty)andtoflood-
plains,affectingthelivelihoodofmillionsofpeoplewhodepend
onthesecoastalareasandfloodplainsforflood-recessionagricul-
tureandpasturageandforfishproductionandcapturefisheries.
Worldwide,althoughhumanactivitieshaveincreasedsediment
flowsinriversbyabout20%,reservoirsandwaterdiversions

preventabout30%ofsedimentsfromreachingtheoceans,
resultinginanetreductionofsedimentdeliverytoestuariesof
roughly10%.

■Seagrassecosystemsaredamagedbyawiderangeofhuman
impacts,includingdredgingandanchoringinseagrassmeadows,
coastaldevelopment,eutrophication,hyper-salinizationresulting
fromreductioninfreshwaterinflows,siltation,habitatconver-
sionforthepurposesofalgaefarming,andclimatechange.
Majorlossesofseagrasshabitathavebeenreportedfromthe
Mediterranean,FloridaBayintheUnitedStates,andpartsof
Australia,andcurrentlossesareexpectedtoaccelerate,especially
inSoutheastAsiaandtheCaribbean.

■Disruptionandfragmentationofcoastalwetlandsimportant
asmigrationrouteshaveendangeredmanyspeciesandresulted
inthelossofothers.Forexample,thedeclineofcertainlong-
distanceEastAtlanticflywaypopulations(whileotherpopula-
tionsonthesameflywayarestableorincreasing)hasbeen
attributedtotheirhighdependenceondeterioratingcritically
importantspringstagingareas,notablytheinternationalWadden
Sea,thathavebeenaffectedbycommercialshellfisheries.

■Estuarinesystemsareamongthemostinvadedecosystemsin
theworld,withintroducedspeciescausingmajorecological
changes.Forexample,SanFranciscoBayinCaliforniahasover
210invasivespecies,withonenewspeciesestablishedevery14
weeksbetween1961and1995,broughtinbyballastwaterof
largeshipsoroccurringasaresultoffishingactivities.Theeco-
logicalconsequencesoftheinvasionsincludehabitatlossand
alteration,alteredwaterflowandfoodwebs,thecreationof
novelandunnaturalhabitatssubsequentlycolonizedbyother
invasivealienspecies,abnormallyeffectivefiltrationofthewater
column,hybridizationwithnativespecies,highlydestructive
predators,andintroductionsofpathogensanddisease.

Excessivenutrientloadingisexpectedtobecomeagrowing
threattorivers,lakes,marshes,coastalzones,andcoralreefs.
Since1950,nutrientloading—anthropogenicincreasesinnitro-
gen,phosphorus,sulfur,andothernutrient-associatedpollut-
ants—hasemergedasoneofthemostimportantdriversof
ecosystemchangeinfreshwaterandcoastalecosystems,andthis
driverisprojectedtosubstantiallyincreaseinthefuture(highcer-
tainty).Wetlandsprovideanimportantservicebytreatingand
detoxifyingavarietyofwasteproducts,andsomewetlandshave
beenfoundtoreducetheconcentrationofnitratebymorethan
80%(C7.2.5,C12.2.3).However,excessivenutrientloading
associatedwiththeuseofnitrogenandphosphorusinfertilizers
hasresultedineutrophication(aprocesswherebyexcessiveplant
growthdepletesoxygeninthewater),acidificationoffreshwater
andterrestrialecosystems,largeandattimestoxicalgalblooms,
widescaledeoxygentation(andhypoxia),andadeclineinthe
deliveryofservicessuchasfreshwaterandsomefishspecies.

Thenegativeimpactsofnutrientloadingcanextendhundreds
ofkilometersfromthesourceofpollution(suchasthecreation
ofhypoxic“deadzones”incoastalareas).Thefluxofreactive
(biologicallyavailable)nitrogentothecoastsandoceans
increasedby80%from1860to1990,withresultingeutrophica-
tionthathasharmedcoastalfisheriesandcontributedtocoral
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reefregimeshiftsthatareeffectivelyirreversible.Humansnow
producemorereactive(biologicallyavailable)nitrogenthanis
producedbyallnaturalpathwayscombined,andsomeprojec-
tionssuggestthatthismayincreasebyroughlyafurthertwo
thirdsby2050.Threeoutoffourscenariospreparedduringthe
MAprojectthattheglobalfluxofnitrogentocoastalecosystems
willincreasebyafurther10–20%by2030(mediumcertainty),
withalmostalloftheincreaseoccurringindevelopingcountries.

Globalclimatechangeisexpectedtoexacerbatethelossand
degradationofmanywetlandsandthelossordeclineoftheir
speciesandtoharmthehumanpopulationsdependentontheir
services;however,projectionsabouttheextentofsuchlossand
degradationordeclinearenotyetwellestablished.Climate
changeisprojectedtoleadtoincreasedprecipitationovermore
thanhalfofEarth’ssurface,andthiswillmakemorewateravail-
abletosocietyandecosystems.However,increasesinprecipita-
tionwillnotbeuniversal,andclimatechangewillalsocause
substantialdecreaseinprecipitationinotherareas.

Despitethebenefitsthatincreasedprecipitationmayprovide
tosomefreshwaterwetlands,theprojectedchangesinclimateare
likelytohavepronouncedharmfulimpactsonmanywetland
ecosystems.Specifically:

■Manycoastalwetlandswillchangeasaconsequenceofpro-
jectedsealevelrise,increasedstormandtidalsurges,changesin
stormintensityandfrequency,andsubsequentchangesinriver
flowregimesandsedimenttransport.Therewillbeadversecon-
sequencesforwetlandspecies,especiallythosethatcannotrelo-
catetosuitablehabitats,aswellasmigratoryspeciesthatrelyon
avarietyofwetlandtypesduringtheirlifecycle.

■Ofalltheworld’secosystems,coralreefsmaybethemost
vulnerabletotheeffectsofclimatechange.Manycoralreefs
haveundergonemajor,althoughoftenpartiallyreversible,

bleachingepisodeswhenlocalseasurfacetemperatureshave
increasedduringonemonthby0.5–1oCelsiusabovetheaverage
ofthehottestmonth.

■Globalclimatechangeimpactswilloftenexacerbateimpacts
ofotherdriversofdegradationofwetlands.Forexample,
decreasedprecipitationasaresultofclimatechangewillexacer-
bateproblemsassociatedwithalreadygrowingdemandsfor
water.Higherseasurfacetemperatureswillexacerbatethreatsto
coralreefsassociatedwithincreasedsedimentation.Inlimited
cases,however,globalclimatechangecouldlessenpressureon
somewetlands,particularlyinareaswhereprecipitationincreases.

■Specificadverseconsequencesofglobalclimatechange
includealreadyobservedchangesinthedistributionofcoastal
winteringshorebirdsinWesternEuropeassociatedwithrising
mid-wintertemperatures.Itisalsoanticipatedthatclimate
changewillleadtopopulationdeclinesinhigh-Arcticbreeding
waterbirdspeciesasaresultofhabitatlossandthatthedistribu-
tionofmanyfishspecieswillshifttowardthepoles,withcold-
waterfishbeingfurtherrestrictedintheirrange,andcool-and
warm-waterfishexpandinginrange(mediumcertainty).

■Theincidenceofvector-bornediseasessuchasmalariaand
dengueandofwaterbornediseasessuchascholeraisprojectedto
increaseinmanyregions(mediumtohighcertainty).

Thereareanumberofwidelyacceptedreasonswhymany
typesofwetlandssuchaslakes,marshes,mangroves,tidalflats,
andestuariescontinuetobelost,converted,ordegradedeven
thoughbenefitsgainedfrommaintainingthemoftenare
greaterthanthebenefitsassociatedwiththeirconversion:

■Theindividualswhobenefitmostfromtheconservationof
wetlandsareoftenlocalresidents,includingmanywhoarelikely
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tohavebeendisenfranchisedfromdecision-makingprocesses.
Decisionsconcerningthefateofwetlands,however,areoften
madethroughprocessesthatareunsympathetictolocalneedsor
thatlacktransparencyandaccountability.

■Decision-makersatmanylevelsareunawareoftheconnec-
tionbetweenwetlandconditionandtheprovisionofwetland
servicesandtheconsequentbenefitsforpeople.Inveryfew
instancesaredecisionsinformedbyestimatesofthetotaleco-
nomicvalueofboththemarketedandnonmarketedservices
providedbywetlands.

■Manyservicesdeliveredbywetlands(suchasfloodmitiga-
tion,climateregulation,groundwaterrecharge,andprevention
oferosion)arenotmarketedandaccruetosocietyatlargeat
localandglobalscales.Moredegradationofthese“public
goods”takesplacethanisinsociety’sinterests.Individuals
oftendonothaveincentivestomaintaintheservicesforthe
benefitofwidersociety.Further,whenanactionresultsinthe
degradationofaservicethatharmsotherindividuals,market
mechanismsdonotexist(nor,inmanycases,couldtheyexist)
toensurethattheseindividualsarecompensatedforthedam-
agestheysuffer.

■Theprivatebenefitsofwetlandconversionareoftenexagger-
atedbysubsidiessuchasthosethatencouragethedrainageof
wetlandsforagricultureorthelarge-scalereplacementofcoastal
wetlandsbyintensiveaquacultureorinfrastructure,includingfor
urban,industrial,andtourismdevelopment.

■Insomecases,thebenefitsofconversionexceedthoseof
maintainingthewetland,suchasinprimeagriculturalareas
oronthebordersofgrowingurbanareas.Asmoreandmore
wetlandsarelost,however,therelativevalueoftheconservation
oftheremainingwetlandsincreases,andthesesituationsbecome
increasinglyrare.

Scenarios for Wetlands
TheMAdevelopedfourscenariostoexploreplausiblefutures
forecosystemsandhumanwell-being.(SeeBox1.)The
scenariosexploredtwoglobaldevelopmentpaths—onein
whichtheworldbecomesincreasinglyglobalized(Global
OrchestrationandTechnoGarden)andtheotherinwhichit
becomesincreasinglyregionalized(AdaptingMosaicandOrder
fromStrength)—aswellastwodifferentapproachestoecosys-
temmanagement—oneinwhichactionsarereactiveandmost

Box 1.  MAScenarios

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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problemsareaddressedonlyaftertheybecomeobvious(Global
OrchestrationandOrderfromStrength)andtheotherinwhich
ecosystemmanagementisproactiveandpoliciesdeliberately
seektomaintainecosystemservicesforthelongterm(Techno-
GardenandAdaptingMosaic).

Thedegradationofwetlandsisexpectedtoincreasethrough
2050underthereactiveGlobalOrchestrationandOrderfrom
Strengthscenariosbuttoberelativelyunchangedin2050(after
initialincreasesintheearlypartofthecentury)underthepro-
activeTechnoGardenandAdaptingMosaicscenarios.Thedegra-
dationofwetlandsisexpectedtoincrease(seeFigure2),andthe

globalareaofwetlandsisexpectedtodecreasewithincreasesin
humanpopulation,particularlyincoastalzones,andwiththe
expansionofagriculturalland.Toward2050,thereisalong-
termincreaseofconversiontoagriculturallanduseinthesce-
narioswithreactiveecosystemmanagement.Fortheproactive
TechnoGardenandAdaptingMosaicscenarios,however,the
developmentoftechnologiesandskillsforagroecosystemman-
agementcouldleadtorestorationofwetlands.Furthermore,
toward2050climatechangebeginstohavesignificantimpacts
oncoastalwetlandssuchasestuaries,tidalflats,anddeltasasa
resultofsealevelrise.

Figure 2. PlausibleMainDirectDriversofChangeinWetlandAreaunderDifferentMAScenarios

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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Thedemandforprovisioningservices,suchasfood,fiber,
andwater,stronglyincreasesinallfourscenariosdueto
expectedgrowthinpopulationandeconomiesandchanging
consumptionpatterns(mediumtohighcertainty).Landuse
changeisexpectedtocontinuetobeamajordriverofchangesin
theprovisionofecosystemservicesupto2050(mediumtohigh
certainty).Adeteriorationoftheservicesprovidedbyfreshwater
resources—aquatichabitat,fishproduction,andwatersupplyfor
households,industry,andagriculture—isexpectedunderthetwo
scenariosthatadoptreactiveapproachestoenvironmentalprob-
lems(mediumcertainty).Alessseveredeclineisexpectedunder
theothertwoscenarios,whichproactivelyincreaseefficiencyin
resourceusethroughenvironmentalpoliciesandanemphasison
theapplicationoftechnologyforenvironmentalbenefits.After
2050,climatechangeanditsimpacts(suchassealevelrise)have
anincreasingeffectontheprovisionofecosystemservices
(mediumcertainty).

Thedemandforregulatingservicesprovidedbywetlands,
suchasdenitrificationandprotectionagainstfloodsand
storms,willincrease,whiletheprovisionoftheseservicesis
likelytodecrease.Theuseofnitrogenandotherfertilizersispro-
jectedtoincreaseinallscenarios,raisingthedemandfornutrient
removalbywetlands.Thereislikelytobeincreasedpressureon
wetlands,suchasmangrovesandfloodplains,tobufferthephysi-
calimpactsofextremeevents,suchassealevelriseandincreases
instormsurges.

Increasedlossofwetlandswillleadtoglobalextinctionsas
speciesnumbersapproachequilibriumwiththeremnanthab-
itat.Itislikelyundermostscenariosthatlarge,costly,andeven
irreversibleenvironmentalchangeswillbecomemorecommon
inthefutureunlessoffsetbyanticipatorymanagementthat
deliberatelymaintainstheresilienceofwetlands.However,time
lagsbetweenhabitatreductionandspeciesextinctionmaypro-
videanopportunityforhumanstoreversepastlossesandavoid
futureones.

Majorpolicydecisionsinthenext50–100yearswillhaveto
addresstrade-offsamongcurrentusesofwetlandresourcesand
betweencurrentandfutureuses.Particularlyimportanttrade-
offsinvolvethosebetweenagriculturalproductionandwater
quality,landuseandbiodiversity,wateruseandaquaticbiodi-
versity,andcurrentwateruseforirrigationandfutureagricul-
turalproduction.UnderalltheMAscenarios,resource
managementdecisionstendtogivehighestprioritytoincreasing
availabilityofprovisioningservices(suchasfoodsupplyand
wateruse),andthisoftenleadstoreductionsintheprovisionof
supporting,regulating,andculturalecosystemservices.

TheMAscenariosdiffersignificantlyintheirimplications
fortheroleoftheRamsarConventioninhelpingtoprotect
wetlands.Somestressestowetlandsarestrongerintheglobaliza-
tionscenarios,whileothersarestrongerintheregionalfragmen-
tationscenarios.UndertheAdaptingMosaicscenario,thefocus
onincreasingknowledgeofecosystemsthroughadaptiveman-
agementcouldleadtohighsuccessinwetlandprotection,espe-

ciallyiftheinternationalcooperationframeworkshelpto
empowerregionalmanagersandactasinformation-gathering
andnetworkingbasesforregionalandlocalmanagementproj-
ects.ThedifferentfuturesprojectedbytheMAscenariosimply
somewhatdifferentresponsibilitiesfortheRamsarConvention.
Inthemoreregionalizedscenarios,theConventionwouldlikely
needtocarryarelativelygreaterpartoftheburdenthanatpres-
entforsupportingactionsatlocalandregionalscales,whereas
theglobalizationscenarioswouldtendtoreinforceoramplify
currentRamsaractivities.

Responses
Aconceptualshiftamongpolicy-makersanddecision-makersis
requiredtoensurethatcross-sectoralapproachesthatincorpo-
ratetheprinciplesofconsultationandtransparency,address
trade-offs,andensurethelong-termfutureoftheservicespro-
videdandsupportedbywetlandsareadoptedandimplemented
effectively.Astheseapproachesplacegreateremphasisonthe
sustainableuseofwetlandsandtheirresources,theywillbetter
supportsustainabledevelopmentandimprovedhumanwell-
being.Rivers,lakes,marshes,mangroves,andotherwetlands
haveoftenplayedcentralrolesindevelopmentplans,butalltoo
oftentheseplanshavebeendevelopedbysinglesectorsandthe
resourceshavebeenusedinwaysthatledtounnecessaryharmto
othersectorsorthatsacrificedlong-termbenefitsforshort-term
gains.Forexample,rivershavebeendammedtoprovideirriga-
tionwater,butthesereservoirshavecreatedhealthproblems
associatedwithinfectiousdisease,whilemarshesdrainedto
reducemalariaremovedacriticalsourceoffoodforlocalcom-
munities.Aswetlandsbecomescarcerandasweunderstandthe
benefitsprovidedbytheentirearrayofecosystemservices,the
bestoptionswillincreasinglyinvolvemanagingwetlandsfora
broadarrayofservices.Thisinturnrequiresthemaintenanceof
theecologicalcharacterofthewetland—thegoalofthe“wise
use”conceptsadvocatedbytheRamsarConventionformore
than30years.

Manyoftheresponsesdesignedwithaprimaryfocusonwet-
landsandwaterresourceswillnotbesustainableorsufficient
unlessotherindirectanddirectdriversofchangeareaddressed.
Forexample,thesustainabilityofprotectedareasforwetlands
willbeseverelythreatenedbyhuman-causedclimatechange.
Similarly,themanagementofecosystemservicescannotbesus-
tainablegloballyifthegrowthinconsumptionofservicescontin-
uesunabated.Responsesalsoneedtoaddresstheconditionsthat
determinetheeffectivenessanddegreeofimplementationofthe
wetland-focusedactions.

Inparticular,changesininstitutionalandenvironmentalgov-
ernanceframeworksareoftenrequiredtocreatetheseconditions.
Manyofourinstitutionswerenotdesignedtotakeintoaccount
thethreatsassociatedwiththelossanddegradationofecosystem
services;norweretheywelldesignedtodealwiththemanage-
mentofcommonpoolresources,acharacteristicofmanyecosys-
temservices.Issuesofownershipandaccesstoresources,the
righttoparticipateindecision-making,andtheregulationof
particulartypesofresourceuseordischargeofwastescan
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stronglyinfluencethesustainabilityofecosystemmanagement
andarefundamentaldeterminantsofwhowinsandwholoses
fromchangesinecosystems.Corruption,amajorobstacleto
effectivemanagementofecosystems,alsostemsfromweaksys-
temsofregulationandaccountability.

Considerationofthetrade-offsamongdifferentwetlandeco-
systemservicesandtheneedforcooperationacrosssectorswill
becriticalindesigningactionsinsupportoftheMillennium
DevelopmentGoals.(SeeFigure3.)Forexample,itisnot
uncommonforstrategiesaimingtoincreasefoodproductionand

 Figure 3.   IndicativeTrade-offsInvolvedinApproachestoAchievetheMDGs(DerivedfromC7,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. 
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reducepovertytoproposetheconversionofmarshestoagricul-
ture,conversionofmangrovestoaquaculture,andsignificant
increasesintheuseoffertilizerstoincreasecropproduction.This
approach,however,willreducehabitatarea(andhencethemag-
nitudeofservicesprovidedbytheoriginalhabitat),increasethe
inputofwaterpollutants,removethenaturalwaterfilteringser-
viceprovidedbywetlands,andremoveecosystemservicespro-
videdbymangroves,suchastimberandcharcoalsupplyandfish
habitat,onwhichthepoorinparticularrely.Thiswillmakethe
developmentgoalofimprovedwaterandsanitationmorediffi-
culttoachieveandmayinfactincreasepovertyforsomegroups.
Incontrast,adevelopmentstrategythataimstosafeguardthe
fullrangeofbenefitsprovidedbywetlandsmightbetterachieve
thesetofdevelopmentgoalswhileminimizingfutureharmto
thewetlands.

TheMAconceptualframeworkforecosystemsandhuman
well-beingprovidesavaluableframeworkforthedeliveryofthe
RamsarConvention’sconceptof“wiseuse”ofwetlands.Figure
4illustrateswhereinterventionsusingeachoftheRamsarWise
UseHandbookscanbeappliedintheframework.Inthecontext
ofwetlandecosystemmanagement,responseswillinvolveacom-
binationofapproachesthatmayoperateatlocalormicro,
regional,national,orinternationallevel(oracombinationof
these)andatvarioustimescales.

Economicvaluationcanprovideapowerfultoolforplacing
wetlandsontheagendasofconservationanddevelopmentdeci-
sion-makers.Theconceptoftotaleconomicvaluehasnow
becomeoneofthemostwidelyusedframeworksforidentifying
andquantifyingthecontributionofecosystemservicestohuman
well-being.Lookingatthetotaleconomicvalueofawetland
essentiallyinvolvesconsideringitsfullrangeofcharacteristicsas

anintegratedsystem—itsresourcestocksorassets,flowsofenvi-
ronmentalservices,andtheattributesoftheecosystemasa
whole.Suchinformationenableswetlandstobeconsideredas
economicallyproductivesystems,alongsideotherpossibleuses
ofland,resources,andfunds.Itprovidesananalyticalbasisfor
consideringtrade-offsandmakingmanagementdecisionsthat
bettersupportpublicwelfareandaspirations.Awiderangeof
methodsthatmovebeyondtheuseofdirectmarketpricesare
availableandareincreasinglyusedforvaluingwetlands.These
includeapproachesthatelicitpreferencesdirectly(suchas
throughcontingentvaluationmethods)aswellasthosethatuse
indirectmethodstoinferpreferencesfromactionstopurchase
relatedservices(forexample,throughproductionfunctionsand
replacementcosts).

Theeffectivemanagementofinlandwetlandsandwater
resourceswillrequireimprovedarrangementsforriver(orlake
oraquifer)basin-scalemanagementandintegratedcoastalzone
management.Actionstakenupstreamorupcurrentcanhave
profoundimpactsonwetlandresourcesdownstreamordown
current.RegionalapproachessuchasIRBMandICZMare
examplesof“ecosystemapproaches.”Ecosystemapproacheshave
beendevelopedasanoverallstrategyforintegratedenvironmen-
talmanagementpromotingconservationandsustainableusein
anequitableway.Theyfocusonmanagingenvironmental
resourcesandhumanneedsacrosslandscapesandarearesponse
tothetendencytomanageecosystemsforasinglegoodorser-
vice,bytryingtobalancetrade-offstobothhumanwell-being
andecosystemservices.

Anecosystemapproachtowaterresourcesmanagementisrec-
ognizedasakeystrategyformeetingtheobjectivesofpoverty
alleviation.Todate,however,feweffortsatimplementingIRBM
haveactuallysucceededinachievingsocial,economic,andenvi-
ronmentalobjectivessimultaneously.Oneofthekeylessons
emergingfromICZMexperiencesisthatmoreintegrationperse
doesnotguaranteebetteroutcomes.Adoptinganincremental
approach—focusingonafewissuesinitiallyandthengradually
addressingadditionalonesasthecapacityincreases—isoften
morefeasibleandeffective.Inaddition,theseapproachescan
onlysucceedifappropriateinstitutionalandgovernancearrange-
mentsareinplaceand,inparticular,iftheauthorityand
resourcesofthemanagementmechanismsareconsistentwith
theirresponsibilities.

Forinternationaltransboundarywetlands,includingriver
systems,lakes,andaquifers,sovereigntyisanimportantissue,
makingitmorechallengingtoestablishabasin-scaleorganiza-
tionsupportedbyappropriategovernancearrangements.
Alternativessuchasintergovernmentalagreementsthatmandate
developmentofmanagementarrangementsatthebasinscale
mayneedtobeexplored.Animportanttoolforpublicinvolve-
mentisthedevelopmentofaprocessfortransboundaryenvi-
ronmentalimpactassessment.

Akeyapproachforensuringthefutureofwetlandsandtheir
servicesistomaintainthequantityandqualityofthenatural
waterregimesonwhichtheydepend,includingthefrequency
andtimingofflows.Avarietyofmethodsandtoolsareavailable



EcosystemsandHumanWell-being:WetlandsandWater S y n t h e s i s 13

Figure 4.  PlaceswithintheMAConceptualFrameworkWhereInterventions
UsingEachRamsarWiseUseHandbookCanBeApplied
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bothforassessingthe“environmentalflow”requirementsofwet-
landsandforimplementing,atabasinscale,therangeofwater
allocationstomeetpolicyandplanningrequirementsthatbal-
anceecosystemmaintenancewithpublicwell-beingandeco-
nomicdevelopment.Thesemethodsandtoolsprovideameans
toaddressthetrade-offsforwaterallocationbetweendifferent
ecosystemservices.Theycanalsoensurethatsufficientwateris
allocatedtomeetmultipleobjectivesagreedtobythewider
stakeholdercommunity.

Wetlandrestorationisabroadresponsecategorytorecover
ecosystemsthathavebeendegradedordestroyed.Aprimary
goalofwetlandrecoveryprojectsistorestoreandenhancewet-
landbenefitsbyre-establishingnaturalecologicalprocesses.
Somewetlandfunctionscanbemimickedwithengineeredstruc-
tures,butengineeredmethodstypicallydonotprovidethemaxi-
mumecologicalbenefit.Restorationhasbecomecontroversialin
partbecauseoftheuncertaintyaboutwhatsetofactionsleadsto
theestablishmentofadesiredcombinationofwetlandstructure
andfunction.Createdwetlandsrarelyperformthesamefunc-
tionsorhousethesamebiodiversityastheoriginalsite,andfor
thisreasontheyareunlikelytostructurallyandfunctionally
completelyreplacedestroyedwetlands.Thekeytosuccessisthe
settingofwell-statedgoalsthatformpartofabroadercompre-
hensiveandrigorousprocessforplanning,developing,imple-
menting,andevaluatingtherestorationprojectsandadoptingan
adaptivemanagementapproach.

Systemsofprotectedareasareanotherimportantcategory
ofresponseininternational,regional,sub-regional,and
nationalframeworks.Aregionalorlandscapeapproachisneces-
saryespeciallyforaquaticsystems,whicharenoteasily“fenced”
fromsurroundingareas.Protectedareanetworksatalllevels,
includingthedesignationandmanagementofRamsarsites,play
animportantrole,giventhefactthatindividualsitesareoften
functionallyinterconnectedbyreasonofsharedhydrology,
migratoryspecies,andsoon.

Althoughinformationabouttheconsequencesofclimate
changeonspecificwetlandtypesandriverbasinsislacking,it
isgenerallyunderstoodthatremovingtheexistingpressureson
wetlandsandimprovingtheirresilienceisthemosteffective
methodofcopingwiththeadverseeffectsofclimatechange.
Sealevelrise,coralbleaching,andchangesinhydrologyandthe
temperatureofwaterbodieswillleadtoareductioninthegoods
andservicesprovidedbywetlands.Further,effortstorespondto
climatechangemayhaveequallynegativeandcompounding
effectsonfreshwaterandcoastalzoneecosystems.Information
abouttheconsequencesofclimatechangeonspecificwetland
typesandriverbasinsissorelyneededtoallowwaterresource
andwetlandsmanagerstointegratechangesinclimateintotheir
planningandmanagementefforts.Conserving,maintaining,or
rehabilitatingwetlandecosystemscanbeaviableelementtoan
overallclimatechangemitigationstrategy.

Greatercoordinationofactionsamongmultilateralenviron-
mentalagreementswouldresultinmore-effectiveimplementa-
tion.TheRamsarConventionhasbeenpromotingcooperation
andcoordinationwithothertreatiestoachieveitsobjectives.For
instance,theRamsarandWorldHeritageConventionshave
cooperatedtoidentifyandstrengthenconservationofsitesof
internationalimportancethatareofmutualinterestandbenefit.
Furthermore,cooperationbetweentheRamsarConventionand
theConventiononMigratorySpecieshasbeenineffectsince
1997intermsofjointconservationaction;datacollection,stor-
age,andanalysis;institutionalcooperation;andnewagreements
onmigratoryspecies.TheRamsarConventionisimplementing
itsthirdjointworkplanwiththeConventiononBiological
Diversity,coveringtheperiod2002–06.

Responsesaddressingdirectandindirectdriversandseeking
toestablishconditionsthatwouldbeparticularlyimportantfor
biodiversityandecosystemservicesincludethefollowing:

■Eliminationofsubsidiesthatpromoteexcessiveuseofecosystem
services(and,wherepossible,transferofthesesubsidiestopayments
fornonmarketedecosystemservices).Subsidiespaidtotheagricul-
turalsectorsofOECDcountriesbetween2001and2003aver-
agedover$324billionannually,oronethirdtheglobalvalueof
agriculturalproductsin2000.Asignificantproportionofthis
totalinvolvedproductionsubsidiesthatledtooverproduction,
reducedtheprofitabilityofagricultureindevelopingcountries,
andpromotedoveruseoffertilizersandpesticides.Manycoun-
triesoutsidetheOECDalsohaveinappropriateinputandpro-
ductionsubsidies.Thesesubsidiescouldinsteadbedirectedto
paymentstofarmerstoproducenonmarketedecosystemservices
throughthemaintenanceofforestcoverorwetlandsortoprotect
biodiversity,therebyhelpingtoestablisheconomicincentivesto
providethesepublicgoods.Similarproblemsarecreatedbyfish-
erysubsidies,whichamountedtoapproximately$6.2billionin
OECDcountriesin2002,orabout20%ofthegrossvalueof
production.Wateruseisalsooftensubsidized—forexample,by
publicwatersupplysystemsthatdonotchargeconsumersforthe
costofthewatersupplyinfrastructureandmaintenanceor,asis
oftenthecasewithgroundwaterpumping,indirectlythrough
energysubsidies.

Althoughremovalofperversesubsidieswillproducenetbene-
fits,itwillnotbewithoutcosts.Someofthepeoplebenefiting
fromproductionsubsidies(througheitherthelowpricesof
productsthatresultfromthesubsidiesorasdirectrecipientsof
subsidies)arepoorandwouldbeharmedbytheirremoval.Com-
pensatorymechanismsmaybeneededforthesegroups.More-
over,removalofagriculturalsubsidieswithintheOECDwould
needtobeaccompaniedbyactionsdesignedtominimizeadverse
impactsonecosystemservicesindevelopingcountries.

■Sustainableintensificationofagriculture.Theexpansionof
agriculturewillcontinuetobeamajordriverofwetlandloss.
Inregionswhereagriculturalexpansionremainsalargethreat
towetlands,thedevelopment,assessment,anddiffusionof
technologiesthatcouldincreasetheproductionoffoodper
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unitareasustainably,withoutharmfultrade-offsrelatedto
excessiveconsumptionofwateroruseofnutrientsorpesti-
cides,wouldlessenpressureonwetlandssignificantly.Inmany
cases,appropriatetechnologiesalreadyexistthatcouldbe
appliedmorewidely,butcountrieslackthefinancialresources
andinstitutionalcapabilitiestogainandusethesetechnologies.

■Slowingandadaptingtoclimatechange.Bytheendofthe
century,climatechangeanditsimpactsmaybethedominant
directdriverofchangeofecosystemservicesglobally.Harmto
ecosystemswillgrowwithbothincreasingratesofchangeincli-
mateandincreasingabsoluteamountsofchange.Someecosys-
temservicesinsomeregionsmayinitiallybenefitfromincreases
intemperatureorprecipitationexpectedunderclimatescenarios,
butthebalanceofevidenceindicatesthattherewillbeasignifi-
cantnetharmfulimpactonecosystemservicesworldwideif
globalmeansurfacetemperatureincreasesmorethan2oCelsius
abovepreindustriallevelsorfasterthan0.2oCelsiusperdecade
(mediumcertainty).Giventheinertiaintheclimatesystem,
actionstofacilitatetheadaptationofbiodiversityandecosystems
toclimatechangewillbenecessarytomitigatenegativeimpacts.
Thesemayincludethedevelopmentofecologicalcorridorsor
networks.

■Slowingtheglobalgrowthinnutrientloadingevenwhile
increasingfertilizerapplicationinregionswherecropyieldsare
constrainedbythelackoffertilizers,suchaspartsofsub-Saharan
Africa.Technologiesalreadyexistforreducingnutrientpollution
atreasonablecosts,butnewpoliciesareneededforthesetoolsto
beappliedonasufficientscaletoslowandultimatelyreversethe
increaseinnutrientloading.

■Correctionofmarketfailuresandinternalizationofenviron-
mentalexternalitiesthatleadtothedegradationofecosystem
services.Becausemanyecosystemservicesarenottradedin
markets,marketsfailtoprovideappropriatesignalsthatmight
otherwisecontributetotheefficientallocationandsustainable
useoftheservices.Inaddition,manyoftheharmfultrade-offs
andcostsassociatedwiththemanagementofoneecosystem
servicearebornebyothersandsoarenotweighedinsectoral

decisionsregardingthemanagementofthatservice.Incountries
withsupportiveinstitutionsinplace,market-basedtoolscould
bemoreeffectivelyappliedtocorrectsomemarketfailuresand
internalizeexternalities,particularlywithrespecttoprovisioning
ecosystemservices.

■Economicinterventions,includingpaymentsforservicesand
markets,thathavelongexistedforresourcessuchaswaterthat,in
manycontexts,havelongbeentradedgoods.Atthesametime,
water,andthewetlandsitsupports,hastypicallybeenunderval-
uedandconsequentlyunderpriced,leadingtotheinefficient
andineffectivemanagementofwaterforpeopleandecosystems.
Recenteffortshaveaimedatexploringthepotentialofwater
marketsasatoolforreallocationofwatertomeetecosystem
needsaswellasthetraditionalgoalofimprovingresourceeffi-
ciencyfortheprovisionofwatertoirrigation,hydropower,and
drinkingwatersupplies.

■Increasedtransparencyandaccountabilityofgovernmentand
private-sectorperformanceindecisionsthataffectwetlands,including
greaterinvolvementofconcernedstakeholdersindecision-making.
Laws,policies,institutions,andmarketsthathavebeenshaped
throughpublicparticipationindecision-makingaremorelikely
tobeeffectiveandperceivedasjust.Stakeholderparticipation
alsocontributestothedecision-makingprocessbecauseitallows
forabetterunderstandingofimpactsandvulnerability,thedis-
tributionofcostsandbenefitsassociatedwithtrade-offs,andthe
identificationofabroaderrangeofresponseoptionsthatare
availableinaspecificcontext.Stakeholderinvolvementand
transparencyofdecision-makingcanincreaseaccountability
andreducecorruption.Recognitionoftheimportanceofpublic
participationandequityindecision-makingisgrowing,and
nationalpoliciesareincreasinglybeingusedtosupportstake-
holderparticipation.Increasingparticipationatrelevantlevels
supportstheconceptofsubsidiarity—assigningrolesand
responsibilitiesatthemanagementlevelclosesttowherethey
willhaveeffect.
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ThisreporthasbeenpreparedtoprovideContractingParties
totheConventiononWetlands(Ramsar,Iran,1971)and

allthoseconcernedwiththemanagementofwetlandsandwater
resourceswithasynthesisofthefindingsoftheMillennium
EcosystemAssessment.(SeeBox1.1.)

The Millennium Ecosystem Assessment
TheMillenniumEcosystemAssessmentwasafour-yearinterna-
tionalprocess(2001–05)designedtomeettheneedsofdecision-
makersforinformationonthelinksbetweenecosystemchange
andhumanwell-being.Itfocusedonhowchangesinecosystems
andecosystemserviceshaveaffectedhumanwell-being,howeco-
systemchangesmayaffectpeopleinfuturedecades,andwhat
typesofresponsescanbeadoptedatlocal,national,regional,or
globalscalestoimproveecosystemmanagementandthereby
contributetohumanwell-being.Italsoconsideredtheextentof
ourcurrentknowledgeandinformationandhowwellthiscan
assistinaddressingtheambitiousandinnovativefocusadopted.

TheimportanceofandinterestintheMAwasillustratedby
itslaunchinJune2001bySecretary-GeneralKofiAnnanandby
thesupportofferedtoitbyContractingPartiestotheRamsar
ConventionaswellastheConventiononBiologicalDiversity,
theU.N.ConventiontoCombatDesertification,andtheCon-
ventiononMigratorySpecies.PartiestotheseConventions
requestedtheMAtoprovidescientificinformationthatcould
assistintheimplementationoftheseimportantinternational
treaties.TheMAalsoaddressedtheneedsofotherstakeholders,
includingtheprivatesector,civilsociety,andindigenouspeoples’
organizations.

TheMAwasconductedthroughfourWorkingGroups:Con-
ditionandTrends,Scenarios,Responses,andSub-globalAssess-
ments.Atotalof1,360leadingscientistsfrom95nationscarried
outtheassessmentunderthedirectionofaBoardthatincluded
representativesofthefourinternationalconventions,fiveUnited
Nationsagencies,internationalscientificorganizations,andlead-
ersfromtheprivatesector,NGOs,andindigenousgroups.

   
Wetlands and Water: 

Ecosystems and  
Human Well-being

1.Introduction

Box 1.1.  TheConventiononWetlands

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
TheRamsarConventionhasbeeninvolvedinthedevelopment
andimplementationoftheMA.PartiestotheConventionatits
8thConferenceofthePartiesinNovember2002welcomedand
endorsedtheMAasaninitiativeofsignificantrelevancetothe
Convention.RepresentativesoftheConvention(includingthose

fromContractingParties,theScientificandTechnicalReview
Panel,theStandingCommittee,andtheSecretariat)havebeen
closelyinvolvedthroughouttheworkoftheassessmentinguid-
ingitsdevelopment,design,andimplementationandinthe
developmentoftheMA’sconceptualframework.(SeeFigure
1.1.)TheSTRPhasinparticularacceptedtheprinciplesthat

Figure 1.1.  TheConceptualFrameworkoftheMillenniumEcosystemAssessment
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supportthisframeworkandthroughaseriesofiterativework-
shopsandpresentationslinkedittothekeyConventionconcepts
ofwiseuseandmaintenanceoftheecologicalcharacterofwet-
lands.(SeeBox1.2.)

Thefocusofthisreportisontheneedsexpressedbythe
RamsarConventionasauserofthefindingsoftheMA.These
needswereexpressedasasetofkeyquestionspreparedbythe
STRPearlyinthedesignoftheMA.Subsequently,theSynthesis
Teamreviewedtheseinlightofthefurtherdevelopmentofthe
ConventionandthedecisionsofitsPartiesmadeatRamsar
COP8,inparticularthoseconcerningtheroleoftheConvention
inwetlandsandwaterissuesandthoseaddressingthedirectdriv-
ersofchangetowetlandecosystems,suchaswaterresourceman-
agementandagriculture.

InformationinthisreportisderivedfromtheMAreportsas
wellasfromEcosystemsandHumanWell-being,whichin2003set
outtheMA’sconceptualframeworkandtheapproachand
methodadoptedfortheassessment.Itisnotedthatnotallwet-
landtypesconsideredbytheRamsarConventionwereassessed
tothesamedegreeintheMAreports,asindividualMAreports
adopteddifferentemphasesandbalancesbetweenaplethoraof
importantissues.

BasedonthematerialprovidedintheMAreports,thissynthe-
sisoutlinesarangeofoptionsforrespondingto,andaddressing,
themanyandincreasingdirectandindirectpressuresonwetland
ecosystems.Italsopresentsadvicetodecision-makersonthe
trade-offsinvolvedinthemanagementofwetlandecosystems
thatwillinevitablyoccurinthequestforsustainabledevelop-
ment,alongwiththeimplicationsofthesetrade-offs.Italso
noteswherefurtherinformationwouldbeusefulforongoing
assessmentsandmanagement.

Scope and Coverage of Wetlands
ThefullrangeofwetlandtypesconsideredbytheRamsarCon-
ventioniscoveredinthissynthesis.Thisincludesinlandwater
systems,coastalsystemstoadepthatlowtidenotexceeding6
meters(butnotdeepoceans),human-madewetlands,andboth
surfaceandsubterranean(karstandcave)systems.Allinland
aquatichabitats—whetherfresh,brackish,orsaline,andinclud-
ingrivers,greatlakes,andinlandseas—areconsidered.Coastal
wetlandsincludefresh,brackish,andsalinehabitats(suchas
lagoons,estuaries,mangroves,seagrassbeds,mudflats,and
coralreefs).(Seewww.ramsar.orgforfurtherinformationon
thedefinitionofwetlandsandthehabitattypologyacceptedby
theConvention.)Asthereisnoclearboundarybetweeninland
andcoastalsystems,thisparticulardelineationisindicativeonly
andisnotstrictlyapplied,especiallywheretherearestrong

interactionsbetweenthebiodiversity,services,andpressuresthat
affectinter-connectedaquatichabitats.

Therelationshipbetweenthebiogeographicrealmsusedinthe
MAtoreportonsomeaspectsofbiodiversityandtheregionaliza-
tionusedbytheRamsarConvention,aswellasthenumberof
wetlandswithineachRamsarregionlistedasinternationally
important,ispresentedinBox1.3.

Box 1.2.   TheMAConceptualFramework
andDefinitionsinRelationtothe
RamsarConvention

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.  BiogeographicRealmsandtheRamsarConvention’sRegionalizationScheme

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.    WetlandsListedasInternationallyImportant(RamsarSites)inRamsarRegionsand
CommonlyAcceptedGlobalTerrestrialBiogeographicRealms

Neotropical
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Extent and Distribution of Wetland Habitats

Theglobalextentofwetlandsisestimatedtobeinexcessof
1,280millionhectares,butitiswellestablishedthatthisis

aclearunderestimate(C20.3.1).Estimatesoftheglobalextent
ofwetlandsdiffersignificantlyamongdifferentstudiesandare
highlydependentonthedefinitionofwetlandsusedandonthe
methodsfordelineatingwetlands.

The1999GlobalReviewofWetlandResourcesandPrioritiesfor
WetlandInventoryestimatedwetlandsextentfrom
nationalinventoriesasapproximately1,280mil-
lionhectares,whichisconsiderablyhigherthan
previousestimatesderivedfromremotelysensed
information.Thisestimateincludesinlandand
coastalwetlands(includinglakes,rivers,and
marshes),near-shoremarineareas(toadepthof6
metersbelowlowtide),andhuman-madewet-
landssuchasreservoirsandricepaddies,andit
wasderivedfrommultipleinformationsources.
Nevertheless,theGRoWIfigureisstillconsidered
anunderestimate,especiallyfortheNeotropics
andforcertainwetlandtypes(suchasintermit-
tentlyfloodedinlandwetlands,peatlands,artifi-
cialwetlands,seagrasses,andcoastalflats)where
datawereincompleteornotreadilyaccessible.
Thesegapsneedtobeaddressedbeforetheextent
ofglobalwetlands(inland,coastal,andhuman-
made)canbeestablishedwithahighdegreeofconfidence.

Table2.1presentsthetwobestavailableestimatesofwetlands
extent:theGRoWIassessmentandtheWWF/KasselUniversity
GlobalLakesandWetlandsDatabase.

Mappingexerciseshavebeenundertakenforwetlands,butthe
levelofdetailvariesfromregiontoregion.Themostrecent
globalmap(seeFigure2.1),witha1-minuteresolution,waspro-
ducedbycombiningvariousdigitalmapsanddatasources,butit
stillsuffersfromtheproblemsofdefinitionandscale.

Globalinformationonpeatlands,lakes,dams,majorrivers,
andricefieldshasbeencompiledbutisvariableorlackingfor
manyotherinlandwetlandsandhuman-madewetlands
(C20.3.1).Peatlandsoccurinatleast173countriesworldwide,
withatotalareaestimatedasapproximately400millionhectares,
thevastmajorityofwhichareinCanada(37%)andRussia
(30%).Thereareseveralpublishedinventoriesofrivers,listing
themajorriversystemswiththeirdrainagearea,length,andflow
volume,butagainthereisconsiderablevariabilitybetweenesti-
matesduetothemethodanddefinitionsused.Informationon
riverflowvolumeanddischarge,forexample,variesconsiderably
dependingonthewaterbalancemodelappliedandthedifferent

timeperiodsorlocationsforthemeasurementofdischarge.Res-
ervoirsarealsowidespread;thenumberofdamsintheworldhas
increasedfrom5,000in1950tomorethan45,000atpresent.
Theystorewaterfor30–40%ofirrigatedlandandareusedto
generate19%ofglobalelectricitysupplies.Theareaofricefields
hasbeenestimatedatabout130millionhectares,ofwhich
almost90%iscultivatedinAsia.Informationonotherhuman-
madewetlandsisvariableandevenlackingformanytypes.

Informationontheestimated5–15millionlakesacrossthe
globeisalsohighlyvariableanddispersed(C20.3.1).Ahigh
proportionoflargelakes—definedasthosewithasurfacearea
over500squarekilometers—arefoundinRussiaandNorth
America,especiallyCanada,whereglacialscouringcreatedmany
depressionsinwhichlakeshaveformed.Tectonicbelts,suchas
theRiftValleyinEastAfricaandtheLakeBaikalregioninSibe-
ria,arethesitesofsomeofthelargestandmost“ancient”lakes.
Lakeshavebeenmappedreasonablywell,althoughissuesofscale
alsooccur,withsmallerlakesbeingmoredifficulttomap.But
thereisnosinglerepositoryofcomprehensivelakeinformation,
whichmakesassessmentofthesewaterbodiesdifficultandtime-
consuming.Someofthelargestlakesaresaline,withthelargest
byfarbeingtheCaspianSea(422,000squarekilometers).Many
salinelakesoccuronallcontinentsandonmanyislands;given
theirimpermanence,itisdifficulttoderiveaccuratevaluesfor
thenumberworldwide.

2.DistributionofWetlandsandTheirSpecies

Table 2.1.    EstimatesofGlobalWetlandAreabyRamsar
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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Informationonthedistributionofcoastalwetlandssuchas
estuaries,mangroveforests,coralreefs,andseagrassbedshas
beencompiledbutisvariableorlackingforothercoastalwet-
landtypes(suchasrockyintertidalhabitatsandintertidalmud-
flats)(C19.2.1).Thediversityofcoastalhabitattypesand
biologicalcommunitiesissignificant,andthelinkagesbetween
habitatsareextremelystrong,asistheextentofinter-connectivity
withterrestrialsystemsandhumansettlementsandinfrastructure.
Worldwide,therearesome1,200majorestuaries(dischargesof
10cubicmeterspersecond),withatotalareaofapproximately50
millionhectares.Thedistributionoftheworld’smajorestuaries,
mangroves,coralreefs,andseagrassesisshowninFigure2.2on
pages23and24.

Mangroveforestsarefoundinbothtropicalandsub-tropical
areas,withglobalcoverestimatedat16–18millionhectares
andwiththemajorityfoundinAsia.Reefsoccurasbarrierreefs,

atolls,fringingreefs,orpatchreefs;manyislandsinthePacific
andIndianOceansandintheCaribbeanSeahaveextensivereefs
withacombinationofthesetypes.Tropicalseagrassbedsor
meadowsoccurbothinassociationwithcoralreefsandremoved
fromthem,particularlyinshallow,protectedcoastalareassuchas
FloridaBayintheUnitedStates,SharkBayandtheGulfofCar-
pentariainAustralia,andothergeomorphologicallysimilarloca-
tions.Seagrassisalsopervasive(andecologicallyimportant)in
temperatecoastalareassuchastheBalticSeas.


Condition and Trends of Wetland Habitats 
Morethan50%ofspecifictypesofwetlandsinpartsofNorth
America,Europe,Australia,andNewZealandwereconverted
duringthetwentiethcentury(mediumtohighcertainty).
Extrapolationofthisestimatetowidergeographicareasorto
otherwetlandtypes,ashasbeendoneinsomestudies,isspecu-
lativeonly(C20.3,C20.4).InNorthAmerica,theestimates
refertoinlandwaterandcoastalmarshesandemergentestuarine

Figure 2.1.DistributionofLargeLakes,Reservoirs,andWetlandsBasedonDataintheGlobalLakes
andWetlandsDatabase(C20.1)
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Figure 2.2.DistributionofMajorEstuaries,Mangroves,CoralReefs,andSeagrasses(C19.2.1)

r
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Figure 2.2.DistributionofMajorEstuaries,Mangroves,CoralReefs,andSeagrasses(C19.2.1)(continued)
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wetlands(seeBox2.1);theestimatesinEuropeincludethelossof
peatlands;estimatesinNorthernAustraliaareoffreshwater
marshes;estimatesinNewZealandareofinlandandcoastal
marshes.Thereisinsufficientinformationavailableontheextent
ofallwetlandtypesbeingconsideredinthisreport—suchas
inlandwetlandsthatareseasonallyorintermittentlyflooded,and
somecoastalwetlands—todocumenttheextentofwetlandloss
globally.Althoughtheaccuracyofthisfigurehasnotbeenestab-
lishedduetoanabsenceofreliabledata,itiswellestablishedthat
muchofthelossofwetlandshasoccurredinthenortherntemper-
atezoneduringthefirsthalfofthetwentiethcentury(C20.3.1).

Thelossanddegradationofinlandwetlandshavebeen
reportedinmanypartsoftheworld,buttherearefewreliable
estimatesoftheactualextentofthisloss.Theinformationavail-
ableonthedistributionofinlandwatersisonthewholebetterfor
NorthAmericathanformanyotherareas(C20.3.1).Sincethe
1950s,manytropicalandsub-tropicalwetlands,suchasswamp
forests,haveincreasinglybeenlostordegraded(C20.4.1).

Aglobalassessmentof227majorriverbasinsshowedthat
37%werestronglyaffectedbyfragmentationandalteredflows,
23%moderatelyaffected,and40%unaffected(C20.4.2).Abso-
lutemeasuresoftheconditionofwetlandsarehardtodevelop,
giventhelackofbaselineinformation.However,proxyindica-

tors,suchasthedegreeoffragmentationofrivers,canbeusedto
inferthelikelyconditionofatleastsomewetlands.Damsplaya
majorroleinfragmentingandmodifyingaquatichabitats,trans-
forminglotic(runningwater)ecosystemsintolentic(standing
water)andsemi-lenticecosystems,alteringtheflowofmatter
andenergy,andestablishingbarrierstomigratoryspeciesmove-
ment.Theglobalassessmentofriverbasinsfoundthatmostsys-
temswithpartsoftheirbasinsinaridareasorwithinternal
drainagesystemswerestronglyaffected;onlythetundraregions
ofNorthAmericaandRussiaandthesmallercoastalbasinsin
AfricaandLatinAmericahadremaininglargefree-flowingrivers.
WhilesomedamsintheUnitedStates(268outof80,000)are
beingdecommissioned,thedemandanduntappedpotentialfor
thesestructuresisstillhighinthedevelopingworld,particularly
inAsia(C7.3.2).Asof2004,anestimated1,500damswere
underconstruction,withmanymoreplanned,particularlyin
developingcountries.(SeeTable2.2.)

Itiswellestablishedthatcoastalecosystemssuchasman-
groves,coralreefs,tidalflats,andestuariesareexperiencing
degradationandloss(C19.2,C19.4).

Mangroves:Estimatesofthelossofmangrovesfromcountries
withavailablemultiyeardata(representing54%oftotalman-
groveareaatpresent)showthat35%ofmangroveforestshave
disappearedinthelasttwodecades.Insomecountries,large
areasofmangrovehavebeenlosttodeforestation;inthePhilip-
pines,forinstance,210,500hectaresofmangrove—40%ofthe
country’stotalmangrovecover—werelosttoaquaculturefrom
1918to1988.By1993,only123,000hectaresofmangroves
wereleft,equivalenttoalossof70%in70years.Restorationof
mangroveshasbeenattempted,butthishasnotkeptpacewith
wholesaledestructioninmostareas.

Coralreefs:Recentestimatesindicatethatapproximately
20%ofcoralreefshavebeenlost,withanadditional20%having
beendegradedinthelastseveraldecadesofthetwentiethcen-
tury,throughimpactssuchassiltationanddestructivefishing
practices.Estuariesandcoralreefsarethemostthreatenedofall
coastalecosystems,preciselybecauseimpactsarebothdirect

Table 2.2.    BasinsMostThreatenedbyFuture
LargeDams(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.    LossofWetlandsintheConterminous
UnitedStates(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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(originatingfromactivitywithintheecosystem),andindirect
(originatinginwatershedsandinlandareas).Thecoralreefsof
theCaribbeanSeaandpartsofSoutheastAsiahavesufferedthe
mostandarestillunderthreatfromongoingcoastaldevelop-
ment,pollution,anddestructivefishingpractices(C19.2.1).

Tidalflatsandestuaries:Othercoastalwetlands,suchastidal
flatsandestuaries,havealsobeenwidelydegradedandlost.
AlongtheYellowSeacoast,around37%ofhabitatinintertidal
areasinChinahasbeendestroyedsince1950;SouthKoreahas
destroyedapproximately43%ofhabitatinintertidalareassince
1918(C19.2.1).Therehasbeenasubstantiallossofestuaries
andassociatedwetlandsglobally;inCalifornia,forexample,less
than10%ofnaturalcoastalwetlandsremain,whileinthe
UnitedStatesmoregenerally,morethanhalfoforiginalestuarine
andwetlandareashavebeensubstantiallyaltered(C19.2.1).

Otherhabitats:Broadregionalandglobalestimatesoflossesof
otherhabitatsarenotavailable,butmajorlossesofseagrasshabi-
tathavebeenreportedfortheMediterranean,FloridaBay,and
partsofAustralia;seagrasslossesareexpectedtoaccelerate,espe-
ciallyinSoutheastAsiaandtheCaribbean,aseutrophication
increases,algalgrazersareoverfished,andcoastaldevelopment
increases(C19.2.1).


Wetland-dependent Species
Althoughlimitedinglobalextentwhencomparedwithmarine
andterrestrialecosystems,manyfreshwaterwetlandsarerela-
tivelyspecies-richandsupportadisproportionatelylargenum-
berofspeciesofcertainfaunaltaxonomicgroups(established
butincomplete)(C20.3.2).Whileterrestrialandmarineecosys-
temshavealargerpercentageofknownspecies,therelativespe-
ciesrichnessoffreshwaterecosystemsishigher.(SeeTable2.3.)

Thereareabout100,000describedfreshwateranimalspecies
worldwide;halfoftheseareinsectsandsome20,000areverte-
brates.Some40%ofknownspeciesoffishinhabitinlandwaters
(morethan10,000speciesoutof25,000speciesglobally).Itis
anticipatedthatthenumberofaquaticanimalswillbefarhigher
thancurrentestimatesgivenalackofinformationaboutsome
taxa—forexample,about200newspeciesoffreshwaterfishare
describedeveryyear.

Levelsofendemismareparticularlyhighininlandwetlands
(C20.3.2).Asriverandlakecatchmentsactasphysicalbarriers

forthedispersionofsometaxonomicgroups,suchasfish,mol-
lusks,andmacro-crustacea,theycanexhibithighlevelsofende-
mism.Thisisparticularlyevidentinancientlakes,suchasthe
GreatEastAfricanLakes(includingTanganyika,Malawi,and
Victoria)orLakeBaikalinSiberia,thathavebeenisolatedfrom
otherwaterbodiesformillionsofyears.LakeBaikalhas78%
endemismamongitsgastropodfauna,andLakeVictoriahas
morethan300speciesofendemiccichlidfish.Dragonfliesand
damselflies(Odonata)alsohavehighlevelsofendemism;for
example,111Odonataspecies(64%ofthefauna)inMadagascar
areofconservationconcernbecauseofhighdiversityandende-
mism.Subterraneanwetlandsareincreasinglyrecognizedtohave
highspeciesendemism—forexample,thekarstsystemsinSlove-
niaareknowntoharborabout800endemicanimaltaxa.

Coastalwetlands,suchasmangroves,coralreefs,estuaries,and
seagrass,containsomeofthemostproductivecommunitiesin
theworld(C19.2.1).Coralreefsoccurmainlyinrelativelynutri-
ent-poorwatersofthetropics,yetbecausenutrientcyclingis
veryefficientonreefsandcomplexpredator-preyinteractions
maintaindiversity,productivityishigh.Coralreefsalsoexhibit
highlevelsofendemism.Intropicalsystems,theIndonesian
archipelagoseemstobean“epicenter”fortheevolutionof
marinediversity;forcoralgeneraandspecies,thelevelofdiver-
sitydecreaseswestward,thenrisesintheRedSeaandAfrica
beforedecreasingagain,withlowestdiversityfoundintheCarib-
bean.Therearesimilarpatternsforothertaxa.Oneofthemost
importantprocessesinestuariesisthemixingofnutrientsfrom
upstreamaswellasfromtidalsources,makingestuariesoneof
themostfertilecoastalenvironments.Seagrassishighlyproduc-
tiveandanimportantsourceoffoodformanyspeciesofcoastal
organismsinbothtropicalandtemperateregions.

Condition and Trends in  
Wetland-dependent Species
Thereisincreasingevidenceofarapidandcontinuingwide-
spreaddeclineinmanypopulationsofwetland-dependentspe-
cies(C20.3.2).Dataonthestatusandpopulationtrendsof
speciesinsomeinlandwetland-dependentgroups,including
mollusks,amphibians,fish,waterbirds,andsomewater-depen-
dentmammals,havebeencompiledandshowcleardeclines.An
overallindexofthetrendinvertebratespeciespopulationshas

Table 2.3.  RelativeSpeciesRichnessofFreshwater,Marine,andTerrestrialEcosystems
(ratiobetweenspeciesrichnessandhabitatextent)

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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alsobeendevelopedandshowsacontinuousandrapiddeclinein
freshwatervertebratepopulationssince1970—amarkedlymore
drasticdeclinethanforterrestrialormarinespecies(mediumcer-
tainty).(SeeBox2.2.)Thispatternisalsofoundataregional
scale,atleastforregionswithenoughdatatoassesstrends.For
instance,theprojectedaveragefutureextinctionrateforNorth
Americanfreshwaterfaunahasbeenestimatedataboutfivetimes
greaterthanforterrestrialfaunaandthreetimesgreaterthanfor
coastalandmarinemammals.Similarinformationdoesnotyet
existforcoastalwetlandspecies.

Eveninthecaseofmorepoorlyknownwetlandfauna,such
asinvertebrates,existingassessmentsshowthatspeciesinthese
groupsaresignificantlythreatenedwithextinction(C20.3.2).
Forexample,theIUCNRedListreportsthatsome275speciesof
freshwatercrustaceaand420freshwatermollusksareglobally
threatened,althoughnocomprehensiveglobalassessmenthas
beenmadeofallthespeciesinthesegroups.IntheUnitedStates,
oneofthefewcountriestocomprehensivelyassessfreshwater
mollusksandcrustaceans,50%ofknowncrayfishspeciesand
twothirdsoffreshwatermollusksareatriskofextinction,andat
leastonein10freshwatermollusksarelikelytohavealready
goneextinct.

Withtheexceptionofdragonfliesanddamselflies(Odonata),
theconservationstatusofotheraquaticinvertebrates,including
insects,hasnotbeencomprehensivelyassessedbecausethere
arepresentlyinsufficientdata(C20.3.2).Arecentreviewofthe
globalthreatstatusofdragonfliesanddamselfliesin22regions
coveringmostoftheworld(exceptpartsofAsia)foundrelatively
highlevelsofthreat.Forexample,inAustralia4speciesarecur-
rentlylistedasgloballythreatenedbut25areconsideredtobein
criticalcondition,withanother30%ofspeciesbeingdata-defi-
cient.InNorthAmerica,6%(25species)areconsideredtobeof
conservationconcern.IntheNeotropics,25speciesarealready
consideredgloballythreatenedandafurther45areconsideredof
highconservationpriority,withmanyothersdata-deficient.In
mostareasassessed,habitatlossanddegradationofwetlands
(andforests)wereconsideredthemajordriversofdeclinesin
Odonatespecies,oftenassociatedwithoverabstractionandpollu-
tionofwateraswellastheimpactsofalieninvasivespecies.

Althoughthestatusoffreshwaterfishspecieshasnotbeen
assessed,itisestimatedthatmorethan20%oftheworld’s
10,000describedfreshwaterfishspecieshavebecomethreat-
ened,endangered,orlistedasextinctinthelastfewdecades
(C20.3.2).Inthe20countriesforwhichassessmentsaremost
complete,anaverageof17%offreshwaterfishspeciesareglob-
allythreatened.Inaddition,afewwell-documentedcasesshow
clearlythislevelofthreat.Themostwidelyknownistheappar-
entdisappearanceofupto123haplochrominecichlidsinLake
Victoria,althoughtaxonomicquestionsremainaproblemin
accuratelyassessingthisgroupoffish.InEurope(includingthe
formerSovietUnion),thereare67threatenedspeciesoffreshwa-
terfish,includingsturgeons,barbs,andothercyprinids.Ofthe
645ray-finnedfisheslistedasthreatenedintheIUCNRedList,
122arefoundintheUnitedStatesand85inMexico,partially
reflectingthehighlevelofknowledgeinthesetwocountries.

Box 2.2. TheLivingPlanetIndex(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.   TrendsinFreshwater,Marine,and
TerrestrialLivingPlanetIndices,
1970–2000
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Nearlyonethird(1,856species)oftheworld’samphibian
speciesarethreatenedwithextinction,alargeportionofwhich
(964species)arefreshwater-dependent(C20.3.2).(Bycompari-
son,just12%ofallbirdspeciesand23%ofallmammalspecies
arethreatened.)Inaddition,atleast43%ofallamphibianspe-
ciesaredeclininginpopulation,indicatingthatthenumberof
threatenedspeciescanbeexpectedtoriseinthefuture.Incon-
trast,lessthan1%ofspeciesshowpopulationincreases.Species
dependentonflowingwaterhaveamuchhigherlikelihoodof
beingthreatenedthanthoseinstillwater.(SeeFigure2.3.)Basins
withthehighestnumberofthreatenedfreshwaterspecies—
between13and98species—includetheAmazon,Yangtze,
Niger,Paraná,Mekong,RedandPearl(China),Krishna(India),
andBalsasandUsumacinta(CentralAmerica).Therateof
declineintheconservationstatusoffreshwateramphibiansis
fargreaterthanthatofterrestrialspecies.Asamphibiansare

excellentindicatorsofthequalityoftheoverallenvironment,
thisunderpinsthenotionofthecurrentdecliningconditionof
freshwaterhabitatsaroundtheworld.

Largeproportionsofthosegroupsofreptilesthathavebeen
assessed,notablyfreshwaterandmarineturtles,areglobally
threatened(C19.2.2,C20.3.2).Forexample,atleast100of
around200speciesoffreshwaterturtleshavebeenassessedas
globallythreatened.Thenumberofcriticallyendangeredfresh-
waterturtlesmorethandoubledfrom1996to2000.Morethan
75%offreshwaterturtlespeciesinAsiaarelistedintheIUCN
RedListasgloballythreatened,including18thatarecritically
endangered,withonebeingextinct.All7speciesofmarinetur-
tles,manyofwhichusecoastalwetlandsforfeedingandbreed-
ing,arelistedintheIUCNRedList—globally,3arecritically
endangered,3areendangered,andthestatusoftheAustralian
flatbackremainsunknownduetoinsufficientinformation.Of
the23speciesofcrocodilians,whichinhabitarangeofwetlands
includingmarshes,swamps,rivers,lagoons,andestuaries,4are
criticallyendangered,3endangered,and3vulnerable.Theother
speciesareatlowerriskofextinctionbutaredepletedorextir-
patedlocallyinsomeareas.Thereislittleinformationonthe
conservationstatusofaquaticandsemi-aquaticsnakes,butsev-
eralarelistedasvulnerable.

Itiswellestablishedthatmanywetland-dependentbirdspe-
ciesaregloballythreatened,andtheirstatuscontinuestodete-
rioratefasterthanthatofbirdspeciesinotherhabitats
(C19.2.2,C20.3.2).Birdspeciesthatareecologicallydependent
oncoastalandinlandwetlands,particularlymigratorywater-
birds,arewellstudiedcomparedwithothertaxa,particularlyin
NorthAmericaandWesternEurope.Ofthe964birdspecies
(excludingalbatrossesandpetrels)thatarepredominantlywet-
land-dependent,203areextinctorgloballythreatened(21%of
total),withhigherpercentagesofspeciesdependentoncoastal
systemsbeinggloballythreatenedthanarethosedependentonly
oninlandwetlands.(SeeFigure2.4.)

Informationonthenetchangeovertimetotheoverallthreat
statusoftheworld’sbirdsisalsoavailableandreflectedintheRed
Listindex.(SeeFigure2.5.)Thestatusofgloballythreatened
birdsdependentonfreshwaterwetlands,andevenmoresothat
ofcoastalseabirds,hasdeterioratedfastersince1988thanthe
statusofbirdsdependentonother(terrestrial)ecosystems.
WhiletheRedListindicesfocusonthreatenedspeciesanddonot
considerpopulationtrendsofnon-threatenedspecies,theydo
provideameasureofprogressinattenuatingspeciesloss.Atthe
sametime,becauseallknownbirdspecieshavebeenassessed
usingthesamecriteria,potentialregionalorgroupbiasislim-
ited.Notwithstandingthis,othermeasuresofthestatusand
trendsofwaterbirdsforvariousregionsshowasimilarpattern
(suchastheU.S.BreedingBirdSurveyandtrendsinEuropean
waterbirdpopulationsfromWetlandsInternational),withcom-
monspeciesincreasingwhilepopulationsofmorerestrictedand
specializedgroupsaredeclining.

Figure 2.3.NumberofThreatenedand
Non-threatenedWetland-dependent
AmphibianSpecies,byMajorHabitat
Type(C20.3.2)
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Basedontheanalysisofthetrendsinbiogeographicpopula-
tionsof33waterbirdfamilies,41%areindeclineandmore
inlandandcoastalwaterbirdpopulationsaredecreasingthan
increasing,especiallyinOceaniaandtheNeotropics.InEurope
andNorthAmerica,theindicesshowedthatwaterbirdpopula-
tionsareinamorehealthystate,buteveninEurope39%of
populationsaredecreasing.Thefamiliesmostaffectedbythese
populationdeclinesincludedarters,with71%indecline,divers
with67%,skimmerswith60%,storkswith59%,railsandjaca-
naswith50%each,ibisandspoonbillswith48%,andcranes
with47%.Onlygulls,flamingos,andcormorantsappeartohave
arelativelyhealthypopulationstatus(C20.3.2).Asimilarpicture
emergesforAfrica-Eurasia,althoughthestatusofsomefamilies
inthisregionisworsethantheirglobalstatus.

Ahighproportionofwetland-dependentmammalsthat
havebeenassessedaregloballythreatened,butformanyspe-
ciesthereareinsufficientdataforassessmentpurposes(C19.2,
C20.3.2).Overonethird(37%)ofthefreshwater-dependent
speciesthatwereassessedbyIUCNaregloballythreatened.
Theseincludegroupssuchasmanatees,riverdolphins,and

porpoises,inwhichallspeciesassessedarelistedbyIUCNas
threatened.Otherfreshwatermammalsthathavebeenassessed
andcategorizedasgloballythreatenedincludefreshwaterseals,
freshwaterotters,watershrewsinMalaysiaandIndonesia,otter
shrewsinAfrica,desmans,Madagascartenrecs,marshmongooses
andottercivets,thepigmyhippopotamus,andthefreshwater-
dependentPereDavid’sdeer,whichhasbeensuccessfullyreintro-
ducedinthewild(C20.3.2).Coastalwetland-dependent
mammalsalsoshowhighlevelsofthreat;almostaquarterofall
seals,sealions,andwalrusesarelistedbyIUCNasthreatened,
andworldwideestimatedmortalitiesacrossallcetaceanspecies
adduptoseveralhundredthousandseveryyear(C19.2.2).



Figure 2.4.GloballyThreatenedWaterbirds,
IncludingSeabirds,inDifferent
ThreatCategories.
Eachwaterbirdfamilyisallocatedasdepending
eitheroninlandwetlands,oninlandand
coastal/marinewetlands,oroncoastal/marine
wetlands(C20.3.2)

Figure 2.5.IUCNREDLISTIndicesforBirdsin
DifferentEcosystems(C20.3.2)
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3.WetlandServices

Diversity and Value of Wetland Services

Wetlandecosystemsprovideadiversityofservicesvitalfor
humanwell-beingandpovertyalleviation(C19,C20).

(SeeTable3.1.)Itiswellestablishedthatprovisioningservices
fromwetlands,suchasfood(notablyfish)andfiberareessential
forhumanwell-being.Supportingandregulatingservices(such
asnutrientcycling)arecriticaltosustainingvitalecosystemfunc-
tionsthatdelivermanybenefitstopeople.Thedeliveryoffresh
waterisaparticularlyimportantservicebothdirectlyandindi-
rectly.Inaddition,wetlandshavesignificantaesthetic,educa-
tional,cultural,andspiritualvaluesandprovideinvaluable
opportunitiesforrecreationandtourism.

Theprincipalsupplyofrenewablefreshwaterforhumanuse
comesfromanarrayofinlandwetlands,includinglakes,rivers,
swamps,andshallowgroundwateraquifers(C7.2.1).The
renewableresourcebaseexpressedaslong-termmeanrunoffhas
beenestimatedtofallbetween33,500and47,000cubickilome-
tersperyear.Byoneestimate,onethirdofglobalrenewable
watersupplyisaccessibletohumans,whentakingintoaccount
bothitsphysicalproximitytopopulationanditsvariationover
time,suchaswhenfloodwavespassuncapturedontheirwayto
theocean.Inlandwatersandmountainsprovidewatertotwo
thirdsofglobalpopulationanddrylandstoonethird.Inland
wetlandsserve12timesasmanypeopledownstreamthrough
rivercorridorsastheydothroughlocallyderivedrunoff.

Groundwater,oftenrechargedthroughwetlands,playsan
importantroleinwatersupply,providingdrinkingwatertoan
estimated1.5–3billionpeople(C7.2.1).Italsoservesasthe
sourcewaterfor40%ofindustrialuseand20%ofirrigation.
Despiteitsimportance,sustainableuseofgroundwaterhas
oftennotbeensufficientlysupportedthroughappropriate
pricingandmanagementaction.

Anotherimportantwatersupplyisrepresentedbythewide-
spreadconstructionofartificialimpoundmentsthatstabilize
riverflow.Today,approximately45,000largedams(morethan
15metersinheightormorethan5metershighandholding3
millioncubicmeters)andpossibly800,000smallerdamshave
beenbuiltformunicipal,industrial,hydropower,agricultural,
andrecreationalwatersupplyandforfloodcontrol.Recentesti-
matesplacethevolumeofwatertrappedbehind(documented)
damsat6,000–7,000cubickilometers.

Fishandfisheryproductsareparticularlyimportantecosys-
temservicesderivedfrominlandwaters(C20.2.5).Inlandfish-
eriesareofspecialimportanceindevelopingcountriesastheyare
sometimestheprimarysourceofanimalproteinforruralcom-
munities.Forexample,peopleinCambodiaobtainabout60–
80%oftheirtotalanimalproteinfromthefisheryinTonleSap
andassociatedfloodplains;inMalawi,70–75%ofthetotalani-
malproteinforbothurbanandrurallow-incomefamiliescomes
frominlandfisheries.Alargeproportionoftherecordedinland
fisheriescatchcomesfromdevelopingcountries,andtheactual
catchisthoughttobeseveraltimestheofficial2001figureof8.7
milliontons,asmuchoftheinlandcatchisunder-reported.An
estimated2milliontonsoffishandotheraquaticanimalsare
consumedannuallyinthelowerMekongBasinalone,with1.5
milliontonsoriginatingfromnaturalwetlandsand240,000tons
fromreservoirs;thetotalvalueofthecatchisabout$1.2billion.
InAfrica,fishingandharvestingofaquaticplantsfromthelarge
floodplainsandswampsassociatedwithmajorlakesaresignifi-
cantsourcesofsubsistenceandincomeforlocalcommunities.

Coastalwetlandssuchasestuaries,marshes,mangroves,and
coralreefsdelivermanyservicesforpeople(C19.3.2).Theyare
especiallyimportantforprovidingfood(capturefisheriesin
coastalwatersaloneaccountfor$34billioninyieldsannually
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Table 3.1.   RelativeMagnitude(perUnitArea)ofEcosystemServicesDerivedfromDifferentTypesof
WetlandEcosystems(DerivedfromC19Table19.2,C20Table20.1)

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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 • • • • • ? ? 
 • • • • • •  ? • 

  •  •  • •  •  •    
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 •  •     •
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Table 3.1.   RelativeMagnitude(perUnitArea)ofEcosystemServicesDerivedfromDifferentTypesof
WetlandEcosystems(DerivedfromC19Table19.2,C20Table20.1)(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  

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   
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Table 3.1.   RelativeMagnitude(perUnitArea)ofEcosystemServicesDerivedfromDifferentTypesof
WetlandEcosystems(DerivedfromC19Table19.2,C20Table20.1)(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 (continued)  

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)).Manyestuaries,intertidalflats,beaches,dunes,and
coralreefsalsohavespiritual,aesthetic,andrecreationalvalues.
Mostcoastalwetlandsplayaroleindeliveringsupportingservices
aswell,suchasnutrientcyclingandsoilformation.Coastalareas,
includingcoastalwetlands,coastalriverfloodplains,andcoastal
vegetation,allplayanimportantroleinreducingtheimpactsof
floodwatersproducedbycoastalstormevents(C16.1.1).

Wetlandsprovideanimportantservicebytreatinganddetox-
ifyingavarietyofwasteproducts(C15.7.5).Waterflowing
throughawetlandareamaybeconsiderablycleaneruponitsexit
fromthewetland.Somewetlandshavebeenfoundtoreducethe
concentrationofnitratebymorethan80%.Someartificially
constructedwetlandshavebeendevelopedspecificallytotreat
nitrogen-richsewageeffluents.Metalsandmanyorganiccom-
poundsmaybeadsorbedtothesediments(thatis,accumulated
ontheirsurface)inthewetlands.Therelativelyslowpassageof
waterthroughwetlandsprovidestimeforpathogenstolosetheir
viabilityorbeconsumedbyotherorganismsintheecosystem.
However,wetlandscanbecome“hotspots”ofcontamination—
wastescanbuilduptoconcentrationshighenoughtohavedetri-
mentaleffectsonwetlandfunctions.Unfortunately,thethreshold
betweenwhereloadingsaretoleratedandwheretheywilldo
damagetowetlandsisnoteasilydetermined.

Wetlandsareimportanttourismdestinationsbecauseoftheir
aestheticvalueandthehighdiversityoftheanimalandplant
lifetheycontain(C19.2,C19.3.2,C20.2.6).Insomelocations,
tourismplaysamajorpartinsupportingruraleconomies,
althoughthereareoftengreatdisparitiesbetweenaccesstoand
involvementinsuchactivities.Recreationalfishingcangenerate
considerableincome:some35–45millionpeopletakepartin
recreationalfishing(inlandandsaltwater)intheUnitedStates,
spendingatotalof$24–37billioneachyearontheirhobby.
Reefssupporthighdiversitythatinturnsupportsathrivingand
valuablerecreationaldivingindustry.Forexample,muchofthe
economicvalueofcoralreefs—withnetbenefitsestimatedat
nearly$30billioneachyear—isgeneratedfromnature-based
tourismanddiving.Thedemandfromtouristsforbiologically
richsitestovisitincreasesthevalueofintrinsicallylinkedhabi-
tats,suchasmangrovesandseagrassbeds.Temperatebays,semi-
enclosedseas,andestuariescangeneratetourismrevenuesof
similarordersofmagnitude.Thenegativeeffectsofrecreation
andtourismareparticularlynoticeablewhentheyintroduce
inequitiesanddonotsupportanddeveloplocaleconomies,and
especiallywheretheresourcesthatsupporttherecreationand
tourismaredegraded.

Wetlandsplayanimportantroleintheregulationofglobal
climatebysequesteringandreleasingsignificantamountsof
carbon(C20.2.4).Inlandwatersystemsplaytwocriticalbut
contrastingrolesinmitigatingtheeffectsofclimatechange:the
regulationofgreenhousegases(especiallycarbondioxide)and
thephysicalbufferingofclimatechangeimpacts.Inlandwater
systemshavebeenidentifiedassignificantstorehouses(sinks)of
carbonaswellassourcesofcarbondioxide(forinstance,boreal
peatlands),asnetsourcesofcarbonsequestrationinsediments,
andastransportersofcarbontothesea.Althoughcoveringonly
anestimated3–4%oftheworld’slandarea,peatlandsareesti-
matedtohold540gigatonsofcarbon,representingabout1.5%
ofthetotalestimatedglobalcarbonstorageandabout25–30%
ofthatcontainedinterrestrialvegetationandsoils.Inlandwaters
alsocontributetotheregulationoflocalclimate.

Wetlandsprovidemanynonmarketedandmarketedbenefits
topeople,andthetotaleconomicvalueofunconvertedwet-
landsisoftengreaterthanthatofconvertedwetlands(medium
certainty)(C19.3.2,C20.2).Therearemanyexamplesofthe
economicvalueofintactwetlandsexceedingthatofconvertedor
otherwisealteredwetlands.(SeeBox3.1.)Estimatesforthe
globaleconomicimportanceofwetlandsarehighlyvariable,with
anuppervalueof$15trillion.Figuressuchasthesearestrongly
disputedonmethodologicalgroundsbymanyeconomists,who
pointtolimitationsinthemethodsandurgecarefulconsider-
ationoftheassumptionsmade.Regardlessoftheongoingdebate

Box 3.1.   TwoExamplesoftheCostsandBenefitsof
RetainingorConvertingNaturalCoastal
andInlandWetlands(C5Box5.2)

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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aboutthemeansofcalculatingtheeconomicvalueofwetlands,it
isnowwellestablishedthattheyarevaluableanddelivermany
servicesforpeople.Thisdoesnotmeanthatconversionofwet-
landsisnevereconomicallyjustified,butitillustratesthefact
thatmanyoftheeconomicandsocialbenefitsofwetlandshave
notbeentakenintoaccountbydecision-makers.

Thedecliningconditionofwetlandshasplacedtheirecosys-
temservicesandthepeoplewhodependonthematincreasing
risk(C7.2,C7.4,C8.3,SG7).Humansnowwithdrawabout3,600
cubickilometersofwaterayearfrominlandwetlands—asubstan-
tialfractionoftheavailableglobalcontinentalrunoff(C7.2).
Globalfreshwaterusehasbeenincreasingatabout20%perdecade
from1960to2000andisestimatedtocontinuetoincreaseby
10%by2010.Inriverbasinsinaridorpopulousregions,therate
ofwaterusecanbemuchhigher.Inaddition,suppliesoffresh
waterinmanypartsoftheworldcontinuetobepolluted.Pollu-
tionofinlandwetlandsbyinorganicnitrogenhasdoubledglobally
since1960andhasincreasedmorethantenfoldinmanyindustri-
alizedpartsoftheworld.Manypollutantsarelong-livedand
canbetransformedintocompoundswhosebehaviors,synergistic
interactions,andimpactsareforthemostpartunknown.Asa
consequenceofpollution,thecapacityofmanywetlandsto
providecleanandreliablesourcesofwaterhasbeenreduced.

Waterscarcityanddecliningaccesstofreshwaterisaglob-
allysignificantandacceleratingproblemfor1–2billionpeople
worldwide,leadingtoreductionsinfoodproduction,human
health,andeconomicdevelopment(C7.2).Withpopulation
growthandtheoverexploitationandcontaminationofwater
resources,thegapbetweenavailablewaterandwaterdemandis
increasinginmanypartsoftheworld.Scarcityofwaterwill
affectallbusinesseseitherdirectlyorindirectly,justasincreases
inthepriceofpetroleumaffectthestateoftheglobaleconomy
(BusinessandIndustrySynthesis).Governmentswillbecalledon
toallocatesuppliesandadjudicatewaterrights.

The Synergistic Role of Wetlands  
and the Global Water (Hydrological) Cycle
Bothinlandandcoastalwetlandshaveasignificantinfluence
onthewater(hydrological)cycleandhencethesupplyofwater
forpeopleandthemanyusestheymakeofit,includingforirri-
gation,energy,andtransport.Thewatercycleisthemovementof
waterbetweenallpartsofEarthinitsdifferentforms(vapor,liq-
uid,andsolid)andthroughoutthebroaderbiophysicalenviron-
ment(atmospheric,marine,terrestrial,aquatic,andsubterranean).
(SeeFigure3.1.)Waterresources,viawateritself,arelinkedtoall
aspectsofthisbroaderenvironment.Twocomponentsofthewater

Figure 3.1.   InterrelationshipsAmongEnvironmentalComponentsofGlobalWaterCycle,Including
Cyclingof“GreenWater”and“BlueWater”(DerivedfromC7Box7.1)
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cyclearegenerallyrecognized:“bluewater”isallwaterthatiscon-
trolledbyphysicalprocesses,includingevaporation,and“green
water”iswaterthatisinfluencedbybiologicalprocessessuchas
evapotranspirationbyvegetation.

Theglobalwatercycleplaysafundamentalroleinsupport-
ingbothinlandandcoastalwetlands,whileatthesametime
wetlandshaveasignificantinfluenceonthewatercycleitself
(C7.2,C19.2.3,C20.2.1).Wetlandscaneitherincreaseor
decreaseparticularcomponentsofthewatercycle.Theinterrela-
tionshipbetweenwetlandsandthewatercycleextendswellinto
thecoastalzone,withcoastalwetlandsbeinginfluencedbythe
inflowoffreshwaterfromcatchmentsaswellasbythetidesand
othercoastal/oceanicfactorsthatinturninfluencethefresh-
wateraspectsofthewatercycle.Althoughthereisinsufficient
informationonwetlandhydrologytofullymeettheneedsof
decision-makers,thereisaprogressivedeclineininvestmentsto
generatenewhydrologicaldataorenhancethequalityofexisting
informationatglobal,national,andlocallevels,particularlyin
developingcountries(C7.1.2).

Itiswellestablishedthatinlandwetlandsprovideawide
arrayofhydrologicalservices,butthenatureandvalueof
theseisnotconsistent,andmanyarenotwellunderstood
(C20.2.1).Thereareseverallong-standinggeneralizations
aboutthehydrologicalservicesperformedbywetlands,notably
thattheyreducefloods(C16.2.1),promotegroundwater
recharge,andregulateriverflows,specificallytheaugmentation
oflowflows(forinstance,wetlandsactasspongesthatsoakup
waterduringwetperiodsandreleaseitduringdryones).While
therearenumerousexamplesofwetlands,notablyfloodplains,
wherethisdoesoccur,thereisincreasingevidencethatsuch
generalizationsarenotapplicableforallhydrologicalcontexts
orwetlandtypes.Indeed,therearemanyinstanceswherethe
oppositeoccurs:wherewetlandsreducelowflows,increase
floods,oractasabarriertogroundwaterrecharge.Thisvaria-
tionisnotunexpectedgiventhewiderangeofwetlands—from
entirelygroundwater-fedspringstolargeinlandriverflood-
plains.Whendividedintohydrologicallysimilartypes,how-
ever,servicesdotendtowardgreaterconsistencyforsome
wetlandtypes.(SeeBox3.2.)

Maintenanceofthekeyhydrologicalservicesperformedby
wetlandsenablesthemtocontinuetodeliverawiderangeof
criticalandimportantregulatoryandprovisioningecological
servicestohumans(C20.2).Historically,itiswellestablished
thatthemaintenance,protection,andevenrestorationofwet-
landshaveoftenbeenencouragedbecauseofthemanifold
hydrologicalservicestheyperform.However,whilesomeofthese
hydrologicalservices,suchaswaterstorage,floodattenuation,
andtheaugmentationofdry-seasonflows,arelikelytobeseenas
favorableforhumanwell-being,othersthatareessentialtomain-
tainwetlandecologicalcharacter(suchasfloodingandevapora-
tionfromwetlandvegetation)maycomplicatewater
managementeffortsaimedatbalancingdifferingneedsbetween
cities,navigation,agriculture,andwetlands.

Maintainingthehydrologicalregimeofawetlandanditsnat-
uralvariabilityisnecessarytomaintaintheecologicalcharacter-
isticsofthewetland,includingitsbiodiversity(highcertainty)
(derivedfromC19.2,C20.2).(SeeTable3.2.)Hydrological
regimeandtopographyaregenerallythemostimportantdetermi-
nantsoftheestablishmentandmaintenanceofspecifictypesof
wetlandandwetlandprocesses,creatingtheuniquephysicochem-
icalconditionsthatmakewetlandsdifferentfrombothdeepwater
aquaticsystemsandwell-drainedterrestrialsystems.Hydrological
conditionsaffectnumerousabioticfactors,includingnutrient
availability,soilanerobiosis,andsalinityinbothcoastaland
inlandwetlands,whichinturndeterminethebiotathatestablish
inawetland.Thesebioticcomponentscanalterthehydrology
andotherphysicochemicalfeaturesofthewetland.

Wetlandssuchasfloodplains,lakes,andreservoirshelpto
attenuatefloods.Floodattenuationpotentialcanbeestimated
bythe“residencetime”ofwaterinrivers,lakes,reservoirs,and
soils.Residencetimeisdefinedasthetimetakenforwaterfalling
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asprecipitationtopassthroughasystem:thelongertheresi-
dencetime,thelargerthebufferingcapacitytoattenuatepeak
floodevents.Largerrivers(suchastheCongoandtheAmazon)
haveagreaterattenuationcapacitythansmallerrivers.Nearly2
billionpeopleliveinareaswitharesidencetimeofoneyearor
lessandarethusinareasofhighfloodriskwithlowattenuation
potential.MostofthesepeopleliveinnorthernSouthAmerica,
highlypopulatedregionsofnorthernIndiaandSoutheastAsia,
CentralEurope,andthesouthwestcoastofAfrica.Largeand
extremefloodeventshavehighcostsbothintermsofhumanlife
andexpenditureonmitigationandrecoverymeasures(C16.2.2).

However,floodsalsoplayanimportantroleinmaintainingthe
productivityofwetlands(andagricultureinfloodplains),since
theytransportdissolvedorsuspendedsedimentsandnutrientsto
thefloodplains.Thepresenceofanaturalfloodregimethuscon-
tributestothelivelihoodsofmillionsofpeople,particularly
thosewhodependonfloodplainsforflood-recessionagriculture
andpasturageandforfishproduction(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. HydrologicalServicesofWetlands
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Table 3.2.   ExamplesofHydrological-EcologicalRelationshipsatDifferentRiverFlowsThatSupport
EcologicalCharacterofWetlandsandTheirServices(DerivedfromC19.2,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

Thedegradationandlossofinlandwetlandsandspecieshas
beendrivenbyinfrastructuredevelopment(suchasdams,

dikes,andlevees),landconversion,waterwithdrawals,pollu-
tion,overharvesting,andtheintroductionofinvasivealienspe-
cies.Globalclimatechangeandnutrientloadingareprojected
tobecomeincreasinglyimportantdriversinthenext50years
(C7,C19,C20,R9,R13).Theanalysispresentedinthischapter
focusesprimarilyondirectdriversasillustratedinFigure4.1.

Increasedhumanuseoffreshwaterhasreducedtheamount
availabletomaintaintheecologicalcharacterofmanyinland
watersystems(C7.3,C20.4.2,C22.5.2,R7.4).Throughout
theworld,theconstructionofdamsandotherinfrastructure
andthewithdrawalofwaterforuseinagriculture,industry,
andhouseholdshaschangedflowregimes,changedthetrans-
portofsedimentsandnutrients,modifiedhabitat,anddis-
ruptedmigrationroutesofaquaticbiotasuchassalmon.The
amountofwaterimpoundedbehinddamsquadrupledsince

4.DriversofLossandChangetoWetlandEcosystems

Figure 4.1.  PictorialRepresentationofSomeDirectDriversofChangeinInlandandCoastalWetlands

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,andthreetosixtimesasmuchwaterisheldinreservoirs
asinnaturalrivers.

Asaresultofconsumptiveuseandinterbasintransfers,several
oftheworld’slargestrivers(includingtheNile,Yellow,andColo-
rado)havebeentransformedintoseasonally(andinsomecases
entirely)non-dischargingriverchannelsintheirlowerreaches.
Onethirdofallriversforwhichcontemporaryandpredisturbed
dischargescouldbecomparedshowedsubstantialdeclinesin
dischargestotheocean.Long-termtrendanalysis(>25years)of
145majorworldriversindicatedthatdischargehaddeclinedin
morethanonefifth(C7.2.4).Aswaterflowstomanywetlands
havedeclined,sohavesedimentflows.Deliveryofecologically
importantnutrientsisalsoimpededbyfreshwaterdiversionin
watersheds,affectingnotonlycoastalecologybutalsomarine
fisheriesyields.Further,thesechangeshavealsoalteredtheflow
velocityinrivers,transformingsometolargelakes,suchas
KaribaLake(southernAfrica);havecreatedachainofconnected
deepreservoirs,suchasthosealongtheVolgaRiver(Russia);
haveresultedinchannelization,suchasthatalongtheMissis-
sippiandMissouriRivers(UnitedStates);orhavesignificantly
reducedflowstofloodplainsanddownstreamhabitats,including
deltassuchastheIndus(Pakistan)(C20.4.2).

Themorethan45,000existinglargedamsandadditional
plannedfacilitiesgeneratebothpositiveandnegativeoutcomes
forhumans(C20.4.2).Positiveeffectsonhumanwell-being
includeflowstabilizationforirrigationforfoodproduction,
domesticwatersupply,floodcontrol,andgenerationofhydroelec-
tricity.Negativeeffectsinclude,amongothers,lossofeconomic
livelihoods,fragmentationanddestructionofhabitats,lossofspe-
cies,healthissuesassociatedwithstagnantwater,andlossofsedi-
mentsandnutrientsdestinedforthecoastalzone.Inter-basin
transfers,particularlylargetransfersbetweenmajorriversystems,
willbeparticularlyharmfultodownstreamecosystemsinthe
sourcecatchments.InIndiaandChina,forexample,transferproj-
ectscostinghundredsofbillionsofdollarsareproposed(R7.4).

Conversion(clearingortransformation)ordrainageforagri-
culturaldevelopmenthasbeentheprincipalcauseofinland
wetlandlossworldwide(highcertainty)(C20.4.1).By1985,an
estimated56−65%ofavailableinlandandcoastalmarsheshad
beendrainedforintensiveagricultureinEuropeandNorth
America,27%inAsia,6%inSouthAmerica,and2%inAfrica.
Intensificationofagriculturehasalsoincreasedpressureon
inlandwaterecosystemsduetoincreasedwaterwithdrawalsfor
irrigationandnutrientandpesticideleakagefromcultivated
lands.Intensificationalsogenerallyreducesbiodiversitywithin
agriculturallandscapesandrequireshigherenergyinputsinthe
formofmechanizationandtheproductionofchemicalfertilizers
(C19.5.2,C20.4.1).Inthemajorityofcases,thepeoplemost
affectedbyreducedwatersupplies,increasedpollution,andloss
ofbiodiversityarethepoor,whodependonfreshwaterresources
notonlyfordrinkingwaterbutalsoforfoodandincome.

TheAralSearepresentsoneofthemostextremecasesin
whichwaterforirrigatedagriculturehascausedsevereandirre-
versibleenvironmentaldegradationofaninlandwatersystem.
(SeeBox4.1andFigure4.2.)Similarly,LakeChadshrankover
35yearsfromabout2.5millionhectaresinsurfaceareatoonly
onetwentieththatsizeattheendofthetwentiethcenturyasa

Box 4.1.TheAralSea:ADegradedInlandSea
(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. 
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consequenceofnaturalandhuman-inducedeffects,withthesub-
sequentlossofmanyspeciesandecosystemservices(C20.4.1).
TheMesopotamianmarshlandsinIraqoriginallycovered1.5–2
millionhectaresbutweredevastatedinrecentdecadesbymassive
drainageanddamconstructionalongtheTigrisandEuphrates
Rivers.Inaddition,intheearly1990smassivedrainageschemes
wereusedtodivertlargevolumesofwaterfromthesemarshlands
(C20.4.2).

Waterfromlakesthatexperiencealgalbloomsismoreexpen-
sivetopurifyfordrinkingorotherindustrialuses(S7.3.2).
Eutrophicationcanreduceoreliminatefishpopulations.Possibly
themoststrikinglossinservicesisthelossofmanyofthecul-
turalservicesprovidedbylakes.Foulodorsofrottingalgae,
slime-coveredlakes,andtoxicchemicalsproducedbysomeblue-
greenalgaeduringbloomskeeppeoplefromswimming,boating,
andotherwiseenjoyingtheaestheticvalueoflakes.

Thegreatestthreattocoastalwetlandsisdevelopment-
relatedconversionofcoastalecosystems,leadingtolarge-scale
lossesofhabitatsandservices(C19).Otherdirectdriversaffect-
ingcoastalwetlandsincludediversionoffreshwaterflows,
nitrogenloading,overharvesting,siltation,changesinwater
temperature,andspeciesinvasions.Theprimaryindirectdriv-
ersofchangehavebeenthegrowthofhumanpopulationsin
coastalareascoupledwithgrowingeconomicactivity.Nearly
halfoftheworld’smajorcitiesarelocatedwithin50kilometers
ofthecoast,andcoastalpopulationdensitiesare2.6times
largerthanthedensityofinlandareas.Thispopulationpressure
leadstoconversionofcoastalwetlandsasaresultofurbanand

Figure 4.2.  DeclineinSizeoftheAralSeasince1957(C20.4.1)
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suburbanexpansion.Inaddition,mangroveshavebeenwidely
convertedtoaquaculture.Asnotedearlier,incountriesforwhich
sufficientdataareavailablenearly35%ofmangroveshavebeen
convertedinthelasttwodecades.Giventheextensivechangesin
landuseandcoverthathaveoccurredinmanycoastalareas,itis
unlikelythatmanyoftheobservedchangesinhabitatandspecies
losswillbereadilyreversed.

Otherimportantdriversofchangeincoastalwetlandsinclude:
■Freshwaterdiversionfromestuarieshasmeantsignificant

lossesinthedeliveryofwaterandsedimenttonurseryareasand
fishinggroundsinthecoastalzone(highcertainty)andtoflood-
plains,affectingthelivelihoodofmillionsofpeoplewhodepend
onthesecoastalareasandfloodplainsforflood-recessionagricul-
tureandpasturageandforfishproductionandcapturefisheries
(C19.2.1).Worldwide,althoughhumanactivitieshaveincreased
sedimentflowsinriversbyabout20%,reservoirsandwater

diversionspreventabout30%ofsedimentsfromreachingthe
oceans,resultinginanetreductionofsedimentdeliverytoestu-
ariesofroughly10%.

■Thefluxofreactive(biologicallyavailable)nitrogentothe
coastsandoceansincreasedby80%from1860to1990,with
resultingeutrophicationthathasharmedcoastalfisheries
andcontributestocoralreefregimeshiftsthatareeffectively
irreversible(R9).

■Seagrassecosystemsaredamagedbyawiderangeofhuman
impacts,includingdredgingandanchoringinseagrassmeadows,
coastaldevelopment,eutrophication,hyper-salinizationresulting
fromreductioninfreshwaterinflows,siltation,habitatconver-
sionforthepurposesofalgaefarming,andclimatechange.
MajorlossesofseagrasshabitathavebeenreportedintheMedi-
terranean,FloridaBay,andAustralia,andcurrentlossesare
expectedtoaccelerate,especiallyinSoutheastAsiaandtheCarib-
bean(C19.2.1.5).

■Coralreefshavebeendegradedthroughdirecthuman
actions(overfishing,coralmining)andindirectlythroughwater
pollution,sedimentation,andclimatechange(C19.2).Many
coralreefshaveundergonemajor,althoughoftenpartiallyrevers-
ible,bleachingepisodeswhenlocalseasurfacetemperatureshave
increasedduringonemonthby0.5–1oCelsiusabovetheaverage
ofthehottestmonth.

■Disruptionandfragmentationofcoastalwetlandsimpor-
tantasmigrationrouteshaveendangeredmanyspeciesand
resultedinthelossofothers.Forexample,thedeclineofcertain
long-distanceEastAtlanticflywaywaterbirdpopulations(while
otherpopulationsonthesameflywayarestableorincreasing)
hasbeenattributedtotheirhighdependenceondeteriorating
criticallyimportantspringstagingareas,notablytheinterna-
tionalWaddenSea,thatarebeingaffectedbycommercialshell
fisheries(C19.2.2).

■Estuarinesystemsareamongthemostinvadedecosystemsin
theworld,withintroducedspeciescausingmajorecological
changes.Forexample,SanFranciscoBayinCaliforniahasover
210invasivespecies,withonenewspeciesestablishedevery14
weeksbetween1961and1995,broughtinbyballastwaterof
largeshipsoroccurringasaresultoffishingactivities.Theeco-
logicalconsequencesoftheinvasionsincludehabitatlossand
alteration,alteredwaterflowandfoodwebs,thecreationof
novelandunnaturalhabitatssubsequentlycolonizedbyother
invasivealienspecies,abnormallyeffectivefiltrationofthewater
column,hybridizationwithnativespecies,highlydestructive
predators,andintroductionsofpathogensanddisease(C19.2.1).

Humanpressuresonrapidlydiminishingareasofcoastal
resourcesareincreasinglycompromisingmanyoftheecosystem
servicescrucialtothewell-beingofcoastaleconomiesandpeo-
ples(C19.1).Coastalfishinghasdepletedstocksoffinfish,crus-
taceans,andmollusksinallregions,reducingfoodsupplyand
incomesanddisruptingcoastalandmarinefoodwebs.Large-
scalecoastalfisheriesdeprivecoastalcommunitiesofsubsistence
andarecausingincreasingconflicts,especiallyinAsiaandAfrica.
Aquacultureproductionincoastalareascontinuestogrowin
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responsetoincreasingindustrial-countrymarketdemand,result-
inginhabitatloss,overexploitationoffisheriesforfishmeal,and
pollution.Thealterationandconversionofcoastalwetlandshas
increasedthevulnerabilityofcoastalandshorelineregionsto
stormdamageanderosion(C19).Mangroves,coralreefs,and
dunesystemsserveasbuffers,diminishingtheimpactofstorms,
hurricanes,floods,andwavesandtherebycontributingtothe
well-beingofcoastalcommunitiesinboththedevelopingand
theindustrialworld.

Thelossofmangrovesiscausedbyaquaculturedevelopment,
deforestationforfirewoodandotherlanduses,andfreshwater
diversion(C19.2).InAsia,morethanhalfofthelossofman-
groveshasbeenduetoincreasedaquaculture(38%forshrimp
and14%fish),aboutaquarterhasbeenduetodeforestation,
andanother11%duetoupstreamfreshwaterdiversion.InLatin
America,mangrovedestructionhasoccurredasaconsequenceof
expansionofagricultureandcattle-raising,thecuttingoffire-
woodandbuildingmaterials,andtheestablishmentofshrimp
aquaculture.

Overthepastfourdecades,excessivenutrientloadinghas
emergedasoneofthemostimportantdirectdriversofecosys-
temchangeininlandandcoastalwetlands.Humanactivities
havenowroughlydoubledtherateofcreationofreactivenitro-
genonthelandsurfacesofEarth(R9.2).Thefluxofreactive
nitrogentotheoceansincreasedbynearly80%from1860to
1990,fromroughly27teragrams(1012grams)ofnitrogenper
yearto48teragramsin1990(R9).(Thischangeisnotuniform
overEarth,however,andwhilesomeregionssuchasLabrador
andHudson’sBayinCanadahaveseenlittleifanychange,the
fluxesfrommoredevelopedregionssuchasthenortheastern
UnitedStates,thewatershedsoftheNorthSeainEurope,and
theYellowRiverbasininChinahaveincreasedten-tofifteen-
fold.)Excessivenitrogenloadingcancausealgalblooms,
decreaseddrinkingwater,eutrophicationoffreshwaterecosys-
tems(aprocesswherebyexcessiveplantgrowthdepletesoxygen
inthewater),andhypoxiaincoastalwetlands(substantialdeple-
tionofoxygen,resultingindie-offsofsupportfishandother
aquaticanimals).

Phosphorusapplicationshaveincreasedthreefoldsince1960,
withasteadyincreaseuntil1990,followedbylevelingoffata
levelapproximatelyequaltoapplicationsinthe1980s.These
changesaremirroredbyphosphorusaccumulationinsoils,
whichmaintainhighlevelsofphosphorusrunoffthatcancause
eutrophicationoffreshwatersandcoastalwaters.Potentialcon-
sequencesincludeeutrophicationoffreshwaterecosystemsand
hypoxiaincoastalwetlands.

Whiletheintroductionofnutrientsintoecosystemscanhave
bothbeneficialeffects(suchasincreasedcropproductivity)and
adverseeffects(suchaseutrophicationofinlandandcoastal
waters),thebeneficialeffectswilleventuallyreachaplateauas
morenutrientsareadded(thatis,additionalinputswillnotlead
tofurtherincreasesincropyield),whiletheharmfuleffectswill
continuetogrow.

Globalclimatechangeisexpectedtoexacerbatethelossand
degradationofmanywetlandsandthelossordeclineoftheir
speciesandtoharmthehumanpopulationsdependentontheir
services;however,projectionsabouttheextentofsuchlossand
degradationordeclinearenotyetwellestablished(C19.4.1,
C20.4.6,R13).Climatechangeisprojectedtoleadtoincreased
precipitationovermorethanhalfofEarth’ssurface,andthiswill
makemorewateravailabletosocietyandecosystems.However,
increasesinprecipitationwillnotbeuniversal,andclimatechange
willalsocausesubstantialdecreaseinprecipitationinotherareas.
Despitethebenefitsofincreasedprecipitationforsomefreshwater
wetlands,theclimatechangesprojectedbytheIntergovernmental
PanelonClimateChangearelikelytohavepronouncedharmful
impactsonmanywetlandecosystems.Specifically:

■Manycoastalwetlandswillchangeasaconsequenceofpro-
jectedsealevelrise,increasedstormandtidalsurges,changesin
stormintensityandfrequency,andsubsequentchangesinriver
flowregimesandsedimenttransport.Therewillbeadversecon-
sequencesforwetlandspecies,especiallythosethatcannotrelo-
catetosuitablehabitats,aswellasmigratoryspeciesthatrelyon
avarietyofwetlandtypesthroughouttheirlifecycle.

■Ofalltheworld’secosystems,coralreefsmaybethemost
vulnerabletotheeffectsofclimatechange.Coralreefsandatolls
willbesignificantlyaffectedbyprojectedfuturesealevelrise,
warmingoceans,andchangesinstormfrequencyandintensity
(highcertainty).Althoughprojectedincreasesincarbondioxide
andtemperatureoverthenext50yearsexceedtheconditions
underwhichcoralreefshaveflourishedoverthepasthalf-million
years,theextentoftheimpactoncoralreefsisuncertain,since
somespeciesshowfargreatertolerancetoclimatechangeand
coralbleachingthanothers.

■Globalclimatechangeimpactswilloftenexacerbatethe
impactsofotherdriversofdegradationofwetlands.Forexample,
decreasedprecipitationasaresultofclimatechangewillexacer-
bateproblemsassociatedwithalreadygrowingdemandsfor
water.Higherseasurfacetemperatureswillexacerbatethreatsto
coralreefsassociatedwithincreasedsedimentation.Inlimited
cases,however,globalclimatechangecouldlessenpressureon
somewetlands,particularlyinareaswhereprecipitationincreases.

■Warmingcanalsoexacerbatetheproblemofeutrophication,
leadingtoalgalblooms,fishkills,anddeadzones.

■Specificadverseconsequencesofglobalclimatechange
includethealreadyobservedchangesinthedistributionof
coastalwinteringshorebirdsinWesternEuropeduetorising
mid-wintertemperatures.Itisalsoanticipatedthatclimate
changewillleadtopopulationdeclinesinhigh-Arcticbreeding
waterbirdspeciesasaresultofhabitatlossandthatthedistribu-
tionofmanyfishspecieswillshifttowardthepoles,withcold-
waterfishbeingfurtherrestrictedintheirrangeandcool-and
warm-waterfishexpandinginrange(mediumcertainty).
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■Theincidenceofvector-bornediseasessuchasmalariaand
dengueandofwaterbornediseasessuchascholeraisprojectedto
increaseinmanyregions(mediumtohighcertainty).

Thereisestablishedbutincompleteevidencethatchanges
beingmadeinecosystemsareincreasingthelikelihoodofnon-
linearandpotentiallyabruptchangesinecosystems,with
importantconsequencesforhumanwell-being(S.SDM).This
islikelytobethecaseasmuchforwetlandsasforotherecosys-
tems.Thesenonlinearchangesaresometimesabrupt;theycan
alsobelargeinmagnitudeanddifficult,expensive,orimpossible
toreverse.Capabilitiesforpredictingsomenonlinearchangesare
improving,butformostecosystemsandformostpotentialnon-
linearchanges,sciencecannotpredictthethresholdsatwhichthe
changewillbeencountered(C6.2,S13.4).Asanexample,oncea
thresholdofnutrientloadingisachieved,changesinfreshwater
andcoastalecosystemscanbeabruptandextensive,creating
harmfulalgalblooms(includingbloomsoftoxicspecies)and
sometimesleadingtotheformationofoxygen-depletedzones,
killingallanimallife(S13.4).

Theincreasedlikelihoodofthesenonlinearchangesstems
fromthelossofbiodiversityandgrowingpressuresfrommultiple
directdriversofecosystemchange.Thelossofspeciesand
geneticdiversitydecreasestheresilienceofecosystems,whichis
theirabilitytomaintainparticularecosystemservicesascondi-
tionschange.Inaddition,growingpressuresfromdriverssuchas
overharvesting,climatechange,invasivespecies,andnutrient
loadingpushecosystemstowardthresholdsthattheymightoth-
erwisenotencounter.Onceanecosystemhasundergoneanon-
linearchange,recoverytotheoriginalstatemaytakedecadesor
centuriesandmaysometimesbeimpossible.

Wetland-dependent Species
Whilehabitatlossistheprimarycauseofextinctionoffresh-
waterspecies,theintroductionofnon-nativeinvasivespeciesis
thesecondmostimportantcauseofdecline(C20.4.3).World-
wide,twothirdsofthefreshwaterspeciesintroducedintothe
tropicsandmorethan50%ofthoseintroducedtotemperate
regionshaveestablishedself-sustainingpopulations.Thespread
ofinvasivealienspeciesisaglobalphenomenonthatisincreasing
withthespreadofaquaculture,shipping,andglobalcommerce;
examplesincludethepan-tropicalweedssalviniaandwaterhya-
cinththatoriginatedinSouthAmericabutthatarenowwidely
distributedacrossthetropics.Thecanetoad,bullfrog,European
domesticpig,carp,andzebramusselareexamplesofanimalsthat
havebecomeestablishedoutsideoftheirnativerangeandhave
disruptedtheinlandwatersystemstheyinvaded.

Modificationstowaterregimeshavedrasticallyaffectedthe
migrationpatternsofbirdsandfishandthecompositionof
riparianzones,openedupaccesstoinvasivealienspecies,and
contributedtoanoveralllossoffreshwaterbiodiversityand
inlandfisheryresources(C20.4.2).Inmanyinstances,thecon-
structionofreservoirshasresultedinthedisappearanceoffish
speciesadaptedtoriversystemsandtheproliferationofspecies
adaptedtolakes,manyofwhichwerenon-native.Indirect
impactsofflowalteration,suchasthereductionoffloodsand
lossoflateralconnectionsonfloodplains,arealsoimportant.
Examplesincludethedeclineofthesturgeonandthecaviar
industryinriverssuchastheVolga(Russia)andthesharpdecline
ofMormyridae(anelephant-nosedfishfamilyofOsteoglossi-
formes)inLakesKainjiandVolta(bothinWestAfrica),afterthe
inundationoftheirpreferredhabitatsasaresultofdams.Introp-
icalAsia,changeinfloodingpatternsduetorivermodification
hasaffectedriverineandwetland-dependentmammalpopula-
tions,suchasthemarshlanddeerandtheAsianrhinoinThai-
land,India,andChina,anddiadromousfishstocks,suchasthe
sturgeoninChina;similarcaseshavebeenreportedforNorth
andSouthAmerica.

Habitatlossanddegradationarebyfarthegreatestthreatto
amphibiansatpresent,affectingover70%ofspecies,butnewly
recognizedfungaldiseasesareseriouslyaffectinganincreasing
numberofspecies(mediumcertainty)(C20.3.2).Almostfour
timesasmanywetland-dependentamphibianspeciesareaffected
byhabitatlossanddegradationasbythenextmostcommon
threat,pollution.Althoughdiseaseappearstobearelativelyless
significantthreatforamphibians,newlyrecognizedfungaldis-
easesareaffectinganincreasingnumberofspecies;forthose
affected,diseasecancausesuddenanddramaticpopulation
declines,resultinginveryrapidextinction.Incomparison,
althoughhabitatlossanddegradationaffectamuchgreaternum-
berofspecies,therateatwhichaspeciesdeclinesisusuallymuch
slower.Perhapsmostdisturbingisthatmanyspeciesaredeclin-
ingforunknownreasons,complicatingeffortstodesignand
implementeffectiveconservationstrategies.

Landusechangeandhabitatloss,alongwiththedeteriora-
tionanddegradationofbothbreedingandnonbreedingwet-
landhabitats,arewidelyrecognizedasbeingthemajorcauses
ofthewidespreadpatternofdecliningwaterbirdpopulations
andspecies(highcertainty)(C19.2.2,C20.4).Inseveralregions,
agriculturalintensification,sometimescoupledwithincreasing
severityanddurationofdroughts,seemstobethemajordriver.
Formigrantwaterbirdssuchasshorebirds(waders),andespe-
ciallythosethatarelong-distanceArctic-breedingmigrants,dete-
riorationofcriticallyimportantcoastalspringstagingareas(such
astheinternationalWaddenSea,theDelawareBayintheUnited
States,andtheYellowRiverDeltainChina)arestronglyimpli-
catedinpopulationdeclines.Maintainingtheecologicalcharac-
terofsuchstagingareasisincreasinglyrecognizedasvitalfor
survivalofArctic-breedingspecies,yetmanysuchcoastalareas
remainunderthreat.
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Human-relatedimpacts—particularlyhabitatdestruction,
directharvestofadultsandeggs,internationaltrade,bycatch,
andpollution—areseriouslythreateningthesurvivalofmarine
turtles(C19.2.2).Greenturtlepopulationsareparticularlyat
riskintheIndo-Pacific,primarilyduetohighlevelsofdirected
takeofadults,juveniles,andeggs.Leatherbackturtlepopulations
areespeciallyatriskintheEasternPacific;conservativeestimates
arethatlong-lineandgill-netfisherieswereresponsibleforthe
mortalityofatleast1,500femaleleatherbacksperyearinthe
Pacificduringthe1990s.Inmanypartsoftheworld,however,
directharvest—asoccursforthehawksbill—andincidentalcap-
tureofmarineturtlesininshorefisheriesrepresentagreater
sourceofmortalitythanbycatchinlonglinefisheries.Inaddition
tomortalitiesexperiencedatsea,habitatlossanddestructionof
nestingbeachesandimportantforaginggroundshavecontrib-
utedtomarineturtlepopulationdeclines.Pollutionhasalsobeen
linkedtoincreasedincidenceoffibropapillomadisease,which
killshundredsofturtlesannually.

Theeffectsofclimatechangeonwetlandtaxaaregenerally
consideredtobeadditivetotheimpactsofdirectdriverssuch
ashabitatdegradation(mediumcertainty)(C19.2.2).Changes
innonbreedingdistributionofcoastalwinteringshorebirdsin
WesternEuropehavebeenattributedtorisingmid-wintertem-
peratures.SeabirdbreedingfailuresintheNorthSeain2004
havebeenlinkedtoanorthwardshiftinplanktondistribution
drivenbyrisingseatemperatures.Theclimatehaswarmedmore
quicklyinportionsoftheArctic(particularlyinthewestern
NorthAmericanArcticandcentralSiberia)andAntarctic
(especiallytheAntarcticpeninsular)thaninanyotherregion
onEarth.

Asaconsequenceofregionalwarming,ecosystemservices
andhumanwell-beinginpolarregionshavealreadybeensub-
stantiallyaffected(highcertainty)(C25).Warming-induced
thawofpermafrostiswidespreadinArcticwetlands,causing
thresholdchangesinecosystemservices,includingsubsistence
resourcesandclimatefeedbacks(energyandtracegasfluxes),
andsupportforindustrialandresidentialinfrastructure.
Changesinpolarbiodiversityareaffectingtheresourceson
whichArcticpeopledependfortheirlivelihoods.Important
changesincludeincreasedshrubdominanceinArcticwetlands,
whichcontributestosummerwarmingtrendsandaltersforage
availabletocaribou;changesininsectabundancethatalterfood
availabilitytowetlandbirds;increasedabundanceofsnowgeese
thataredegradingArcticwetlands;andovergrazingbydomestic
reindeerinpartsofFennoscandiaandRussia.Forwaterbirds,
itisprojectedthatreductioninareasofArctictundrabreeding
habitatwillcontributetopopulationdeclinesinhigh-Arctic
breedingspecies(C19.2.2).

Economic Drivers of Loss and Change
Economic-basedinformationdeficiencies,marketdistortions,
andperversesubsidiescontributetothelossofmanywetlands.
Broaderandinterrelatedeconomicdriversofchangearecrucial
considerationswhenassessingresponsestodirectdriversof
changeatbothsite-basedandregionalscales.(SeeBox4.2.)
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There are a number of broad and interre-
lated economic reasons why wetlands and 
other ecosystems continue to be lost and 
degraded even though benefits gained from 
maintaining them often are greater than the 
benefits associated with their conversion.
■In some cases, the benefits of conversion 
exceed that of the maintenance of the wet-
land, 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 situ-
ations should become increasingly rare.
■The individuals who benefit most from the 
conservation of wetlands are often local resi-
dents, and these individuals have often been 
disenfranchised from decision-making pro-
cesses. Decisions concerning wetlands 
are often made through processes that are 
unsympathetic to local needs or that lack 
transparency and accountability.
■There is a lack of awareness of the connec-
tion between ecosystem services provided by 
natural systems and the impacts on humans. 
As a system degrades, so do the ecosys-
tem services on which humans depend. While 
not widely evaluated or recognized or used 
in decision-making, it has been shown that 

even when only a few ecosystem services are 
considered, their loss upon conversion often 
outweighs any gains in marketed benefits. 
Although this is an understandable reflection 
of substantial technical difficulties in under-
taking some evaluations, future work needs 
to focus on comparing delivery of multiple 
services across a range of competing land 
uses if it is to better inform policy decisions. 
Decision-making, however, is not independent 
of existing governance structure.
■Many services delivered by wetlands are 
not marketed (such as flood mitigation, cli-
mate regulation, groundwater recharge, and 
prevention of erosion) and accrue to society 
at large at local and global scales. More deg-
radation of these “public goods” takes place 
than is in society’s interests because no one 
person has an incentive to pay to maintain 
the service, and when an action results in the 
degradation of a service that harms other 
individuals, no market mechanism exists (nor, 
in many cases, could it exist) to ensure that 
the individuals harmed are compensated for 
the damages they suffer. Hence, conserv-
ing relatively intact habitats will often require 
compensatory mechanisms to mitigate the 
impact of private, local benefits foregone, 
especially in developing countries. The devel-

opment of market instruments that capture at 
a private level the social and global values of 
relatively undisturbed ecosystems—for exam-
ple, through carbon or biodiversity credits or 
through premium pricing for sustainably har-
vested wild-caught fish or timber—is a crucial 
step toward sustainability. 
■Finally, the private benefits of conversion 
are often exaggerated by perverse subsidies. 
The drainage of wetlands for agriculture in 
Canada, as for many other wetlands across 
the United States and Europe, has been 
driven by private benefits arising from govern-
ment tax incentives and subsidies. While over 
the short term these programs may be ratio-
nal with respect to public or private policy 
objectives, over the longer term many result 
in both economic inefficiency and the ero-
sion of natural services. Globally, the subset 
of subsidies that are both economically and 
ecologically perverse totals between $950 
billion and $1,950 billion each year (depend-
ing on whether the hidden subsidies of exter-
nal costs are also factored in). Identifying 
and then working to remove these distortions 
would simultaneously reduce rates of habitat 
loss, free up public funds for investing in sus-
tainable resource use, and save money. 

Box 4.2. InformationDeficiencies,Distortions,andPerverseSubsidies(C20.4)
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5.HumanWell-being

Thelossanddegradationofwetlandecosystemservices
harmsthehealthandwell-beingofindividualsandlocal

communitiesanddiminishesdevelopmentprospectsforall
nations(C19.6,C20.6).Theservicesprovidedbywetlandsare
vitalforhumanwell-beingandpovertyalleviation.Thesustain-
ableuseand,wherenecessary,restorationofwetlandecosystem
servicescanoftenhelppeoplemeetbasicneedsforwater,food,
shelter,andgoodhealth.Thisisparticularlytrueindryland
regions.(SeeBox5.1.)Asthehumanpopulationhasgrownand
urbanizationhasincreased,moreandmorepeoplerelyonwet-
landservicessuchascleanwaterorfisheriesbeingdeliveredto
themfromsomedistanceawaythoughtradenetworksorthe
developmentofinfrastructureforwatertransport.Inbothrural
andurbanareas,thepoorarelikelytosuffermostwhenthe
availabilityandqualityofwaterandfoodarereduced,whether
duetofailuresininfrastructureandtradenetworksortothe
demiseofwetlands.

Degradationandlosshavereducedthecapacityofwetlandsto
providesufficientamountsandqualityofwater(C7.3,C7.4,
C19.2,C20.4).Itiswellestablishedthatmaintenanceofanade-
quateflowofgood-qualitywaterisneededtomaintainthehealth
ofinlandwatersystems,aswellasestuariesanddeltas.Thereverse
isalsotrue:healthyinlandwatersystemsgenerateandmaintain
adequateflowsofgood-qualitywater(C20.6).Waterengineering
tofacilitateusebyhumanshasfragmentedaquatichabitats,inter-
feredwithmigrationpatternsofeconomicallyimportantfisheries,
pollutedreceivingwaters,andinterferedwiththecapacityof
inlandwaterecosystemstoprovidereliable,high-qualitysources
ofwater(C7.3).Thedegradationofinlandwatersystemsreduces
thepotentialofthesesystemstomitigatetheeffectsofpollutants
throughdetoxificationandwasteprocessingandresultsinan
overallreductioninhumanwell-being(C20.6).

Theprovisionofecosystemservicesbycoastalsystemscanbe
highlydependentontheconditionofcoastalfreshwaterwet-
lands(C19.2.1).Waterqualityinriversystemsplaysacrucial
roleinthesustainabilityofcoastalaquatichabitats,foodwebs,
andcommercialfisheriesthatserveasamajorproteinsourcefor
humans.Thedeclineoftraditionalfisheries(duetocommercial
exploitationofcoastalfisheriesanddamagetoinlandwatereco-
systemsduetowaterextractionanddiversion)canhavesevere
negativenutritionalconsequencesforpoorartisanalfishers
(C8.5,C19.2.3).Waterqualitydegradationisusuallymost
severeinareaswherewaterisscarce,suchasarid,semiarid,and
drysubhumidregions,duetothereducedcapacityforwaste
dilution(C20.4).

Inland Wetlands
Thelossanddegradationofinlandwatersandfloodplainshas
reducedtheirnaturalabilitytobufferoramelioratetheimpacts
offloods;thisthreatensthesecurityofindividualsandentire
communities(C6.5.2,C16.4.2,C20.4.2,C20.6).Forestedripar-
ianwetlandsadjacenttotheMississippiRiverintheUnited

Box 5.1.   WetlandsinDrylands:ImpactofChanges
inWetlandServicesonHumanWell-being
(DerivedfromC22.5.2)

Wetlands such as marshes and rivers that are found in drylands are 
particularly important for well-being due to the scarcity of water in 
these regions. The supply of water from these wetlands is essen-
tial for food production. Other key services delivered by wetlands in 
drylands include: 

■nutrient cycling and primary production of water bodies; 
■soil formation away from wetlands; 
■provision of aquatic animals and plants as food;
■drinking water for people and for livestock using terrestrial  
forage; 
■wild food plants and cultivated crops produced by lands  
surrounding water bodies and often affected by seasonal water 
receding and flooding; 
■provision of fuelwood from the highly productive wetland 
edges; 
■biochemicals from both aquatic and terrestrial species; 
■climate regulation through evaporative cooling; 
■water purification, especially by marshes; 
■support of biodiversity, including species that spend most of 
the time away from the dryland wetlands but for which these wet-
lands are critical for their survival, such as migratory birds; and 
■cultural services—recreational, spiritual, and religious. 
The large-scale appropriation of river, lake, and marsh water for 

dryland irrigation by diversion canals and dams along with marsh 
reclamation for dryland agricultural development, directly expressed 
in wetland shrinkage, leads to the degradation or loss of most of 
the services provided by wetlands in drylands. It also diminishes 
services provided by other ecosystems, since dams and reduced 
river flow diminish sediment load and decrease nutrient output to 
downstream water bodies. 
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Stateshadthecapacitytostoreabout60daysofriverdischarge.
Withtheremovalofthewetlandsthroughcanalization,con-
structionoflevees,anddraining,theremainingwetlandshavea
storagecapacityoflessthan12daysdischarge—an80%reduc-
tioninfloodstoragecapacity.Theextensivelossofthesewet-
landswasanimportantfactorcontributingtotheseverityand
damageofthe1993floodintheMississippiBasin(C16.1.1).
ThemajorityoflargefloodshaveoccurredinAsiaduringthelast
fewdecades,butfewcountrieshavebeenfreeofdamagingfloods
(C16.2.2).InBangladesh,theinundationofmorethanhalfof
thecountryisnotuncommon—abouttwothirdsofthecountry
wasinundatedinthe1998flood.ThefloodsinCentralEurope
inAugust2002causeddamagetotalingnearly15billioneuros.
Floods(anddroughts)typicallyaffectthepoorestpeoplemost
severely,astheyoftenliveinvulnerableareasandhavefewfinan-
cialresourcesforavoidance,mitigation,oradaptation(C20.6).

Coastal Wetlands
Resourceoverexploitationandcoastaldegradationhaveunder-
minedsubsistenceuseofcoastalecosystems,harminglocal
communitiesaswellasnationaleconomies(C19.6).For
instance,theneteconomicbenefitfromcoralreefs—including
fisheries,coastalprotection,tourism,andbiodiversityvalues,
whicharecurrentlyworthsome$30billionannually—willbe
diminishedfromever-acceleratingcoastaldegradation.Many
coastalcommunities,especiallyinpoorerdevelopingcountries,
aretrappedinaviciouscycleofpoverty,resourcedepletion,and
furtherimpoverishment.Thisphenomenonisnotuniqueto
communitiesdependentoncoralreefs,butitisnoteworthythat
oncecoralreefsaredestroyed,restorationisextremelydifficult,
andcostsbroughtaboutbylossofservicessuchascoastalprotec-
tioncontinuetobeincurredforlongperiods.

Evenwhenpeoplearemadeawareoftheimportanceof
coastalecosystems,theystillmaynotbeabletostopthekinds
ofactivitiesthatdestroyordegradetheseareasunlessalterna-
tiveresourcesorlivelihoodsaremadeavailabletothem
(C19.6).Forinstance,boatbuildersofthecoastalandisland
communitiesofEastAfricahavelittlechoicebuttoremoveman-
grovefromkeynurseryhabitats,whichactuallysupportthevery
fisheriesonwhichtheirboat-buildingindustryisbased.Few
alternativematerialsforboatsexistexceptwhenconservation
projectshaveexpresslybuiltinalternativesandtrainingonhow
tousethem.Inareasinwhichresourceextractionismoving
beyondecologicallysustainablelimitsorinwhichtheremovalof
theresourcecausesmajorphysicalchangestothehabitat,the
searchforalternativesisparticularlycrucial.

Wetlands and Human Health
Thecontinueddegradationofwetlands,andmorespecifically
thecontinueddeclineinwaterquantityandquality,willresult
infurtherimpoverishmentofhumanhealth(highcertainty),
especiallyforvulnerablepeopleindevelopingcountries,where
technologicalfixesandalternativesarenotasreadilyavailable
(C7,C20.6,R16).Theburdenofdiseasefrominadequatewater,
sanitation,andhygienetotals1.7milliondeathsandresultsinthe
lossofatleast54millionhealthylifeyearsannually.Some1.1bil-
lionpeoplelackaccesstocleandrinkingwater,andmorethan2.6
billionlackaccesstosanitation(C7.ES).Globally,theeconomic
costofthepollutionofcoastalwatersisestimatedtobe$16bil-
lionannually,mainlyduetohumanhealthimpacts(C19.3.1).

Althoughlargelyeliminatedinwealthiernations,water-
relateddiseasesareamongthemostcommoncausesofillness
anddeath,affectingmainlythepoorindevelopingcountries
(C20.6).Humanhealthiscloselylinkedtosafedrinkingwater
andsanitation;degradedandpollutedinlandwatersarevery
likelytoleadtohumanillnessanddeath(C7.4.5,C20.6).
Water-relateddiseasesthatareexacerbatedbythedegradationof
inlandwatersincludethosecausedbytheingestionofwatercon-
taminatedbyhumanoranimalfecesorurinecontainingpatho-
genicbacteriaorviruses,includingcholera,typhoid,amoebic
andbacillarydysentery,andotherdiarrhealdiseases;diseases
passedonbyintermediatehostssuchasaquaticsnailsorinsects
thatbreedinaquaticecosystems,includingdracunculiasis,schis-
tosomiasis,andotherhelminthes,aswellasdengue,filariasis,
malaria,onchocerciasis,trypanosomiasis,andyellowfever;and
diseasesthatoccurwhenthereisinsufficientcleanwaterfor
washingandbasichygieneorwhenthereiscontactwithcontam-
inatedwater,includingscabies,trachoma,typhusandflea,and
liceandtick-bornediseases.

Largedamconstructionhasbeenassociatedwithoutbreaks
ofseveraldifferentdiseases(C14.2.1,C14Box14.1),and
smalldamsarelikelytohaveanequalorgreaterimpacton
humanhealthbecausethereisusuallyahighdegreeofwater
contactwithpeopleandanimals.Intensetransmissionofdis-
easessuchasschistosomiasis,onchocerciasis,malaria,lymphatic
filariasis,anddracunculosisisassociatedwithsmalldamsin
manyAfricancountries,includingCameroon,Kenya,Ghana,
Mali,Rwanda,andZambia(C14.2.1).Tropicalriceirrigation
systemshavealsobeenlinkedtovector-bornediseasessuchas
malariaandJapaneseencephalitis.

Somewaterbornepollutants(chemicalandmicrobiological)
haveamajoreffectonhumanhealth;somechemicalpollutants
accumulateinthefoodchaintothepointwheretheyharm
people(C20.6).Manycountriesnowexperienceproblemswith
elevatedlevelsofnitratesingroundwaterfromthelarge-scaleuse
oforganicandinorganicfertilizers.Excessnitrateindrinking
waterhasbeenlinkedtomethemoglobinanemiaininfants,the
so-calledbluebabysyndrome.Arsenicosis,theeffectofarsenic
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poisoningwhendrinkingarsenic-richwateroveralongperiod,is
alsoknownandisaparticularlysevereprobleminBangladesh
andWesternBengal,wheresome35–77millioninhabitantsare
exposedtoexcessivelyhighlevelsinwaterdrawnfromwells.On
thewhole,though,itisstilldifficulttoquantifythecumulative
effectsoflong-termexposuretoavarietyofchemicals.

Pollutionputscoastalinhabitantsatgreatrisk—directlyby
affectinghumanhealthandindirectlybydegradingthe
resourcebaseonwhichmanypeopledepend.Poorsanitation
affectsnotonlyslumdwellersbutothersaswell(C19.6).South
Asianwatersarehighlypolluted,partlyasaresultofthe825mil-
lionpeoplewholackbasicsanitationservices.Pathogensare
spreadmorequicklyandreachgreaternumbersofpeoplein
coastalecosystemsthathavebecomedegraded(C14.2.1).
Chronicexposuretoheavymetalsandotherbioaccumulating
pollutantsmaynotcausedeathinlargenumbersofpeople,but
thecumulativeeffectcanleadtoreproductivefailureandsignifi-
cantlydecreasedwell-being.Foodsecurityisalsogreatlycompro-
misedindegradedcoastalecosystems.Inaddition,evidence
existsfromwildlifestudiesthathumansareatriskfromanum-

berofchemicalsthatmimicorblockthenaturalfunctioningof
hormones,interferingwithnaturalbodyprocesses,including
normalsexualdevelopment(C20.5.6).

Whilepreservationofecosystemscansometimespreventthe
emergenceorspreadofdisease,trade-offsdosometimesexist
betweenthemaintenanceofundisturbedecosystemsandrisks
ofhumandisease(C14.1.3).Malariacontrolefforts,forexam-
ple,whichreliedheavilyontheinsecticideDDTandthedrain-
ingofmarshes,causedenormousdamagetowetlandandother
ecosystemsbutdidoftenreducetheprevalenceofthedisease.
Suchtrade-offsalsohaveanimportanttemporalaspect.For
example,drainingwetlandscanreducemosquitobreedingsites
forimmediatebenefit,butthewetlandservicesoffilteringwater,
detoxifyingwastes,orprovidingspecieshabitatwillbelost.
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6.ScenariosfortheFutureofWetlands

TheMAexplorestheconsequencesforecosystemservicesand
humanwell-beingoffourplausiblefuturestotheyear2050.

Thesescenarios,developedbytheMAScenariosWorkingGroup,
areusedtoexplorearangeofcontextsunderwhichsustainable
developmentcouldbepursued,aswellasawiderangeof
approachesinsupportofsustainabledevelopmentor,inthecon-
textoftheRamsarConvention,thewiseuseofwetlands(S8).

Scenariosareplausibleandrelevantstoriesabouthowthefuture
mightunfold.Theyarenotforecasts,projections,predictions,or
recommendations.Rather,theyaredesignedtoexploretheimpli-
cationsofdifferentplausiblechangesindrivingforcesbasedon
currentknowledgeofunderlyingsocioecologicalprocesses(S2).

ThefourscenariosdevelopedbytheMAareGlobalOrchestra-
tion,OrderfromStrength,AdaptingMosaic,andTechnoGarden
(S8.1).(SeeBox6.1.)Statementsofcertaintyassociatedwith

findingsrelatedtotheMAscenariosareconditionalstatements;
theyrefertolevelsofcertaintyoruncertaintyintheparticular
projectionshouldthatscenarioanditsassociatedchangesin
driversunfold.Theydonotindicatethelikelihoodthatanypar-
ticularscenarioanditsassociatedprojectionwillcometopass.

Plausible Futures for Wetlands
Theareaofinlandwatermarshesisexpectedtodecreaseunder
theGlobalOrchestrationandOrderfromStrengthscenariosand
toremainrelativelyunchangedundertheTechnoGardenand
AdaptingMosaicscenarios(S14).(SeeFigure6.1.)InGlobal
Orchestration,wetlandareadecreasesbecauseoftheexpansionof
agriculturalland.OrderfromStrengthhasthelargestexpansionof
agriculturallandofthescenarios,whichposesthelargestriskto
theextentandecologicalcharacterofwetlands.AdaptingMosaic
alsohasalargeexpansionofagriculturallandandpopulation,
althoughnotaslargeasOrderfromStrength,butbecauseofpro-
activeapproachestolocalwatermanagement,wetlandlossis
mitigated.TechnoGardenhasthesmallestincreaseinpressureon
theenvironment,withlittlechangeintheextentofwetlands.
AlthoughpopulationincreasessubstantiallyinbothOrderfrom
StrengthandAdaptingMosaic,short-termwetlandlosscould
occurslowlyinthesetwoscenarios,fordifferentreasons.Ifwet-
landsaremoresensitive(thedottedlinesinFigure6.1),popula-
tionandinvasivespecieshavesubstantiallylargerimpacts.In
particular,inOrderfromStrengththeconversionofwetlandsto
otheruses,particularlyforinefficientproductionoffood,would
furtheracceleratethelossanddegradationofinlandwetlands.

Toward2050,however,differencesinlanduseandagricultural
technologyleadtoincreasingdifferencesinthetrendsoflossin
inlandwatermarshes.InbothOrderfromStrengthandGlobal
Orchestration,thereisalong-termincreaseofconversionto
agriculturallanduse.ForTechnoGardenandAdaptingMosaic,
however,thedevelopmentoftechnologiesandskillsforagroeco-
systemmanagementcouldinducerestorationofwetlands.Fur-
thermore,toward2050climatechangebeginstohavesignificant
impactsonwetlands.Thoughvariousscenariosofclimate
change(S9)donotshowasignificantchangeineffectiveprecip-
itation(thedifferencebetweenprecipitationandevapotranspira-
tion),itisexpectedthatsealevelriseleadstolossofcoastal
wetlands,suchasestuariesortidalflats,anddeltas.(SeeS8
Table8.10foramoredetailedconsiderationoftheimplications
forcoastalwetlands.)Climatechangeismostpronouncedin
GlobalOrchestration,OrderfromStrength,andAdaptingMosaic,
butisnotsostronginTechnoGarden,thuspermittingtheslowing
orevenreversalofwetlandlossinthefirst20yearsofthecentury.

Thedemandforprovisioningservices,suchasfood,fiber,
andwater,stronglyincreasesinallfourscenarios,dueto
expectedgrowthinpopulationandeconomiesandtochanging
consumptionpatterns(mediumtohighcertainty)(S9.4).Thisis
likelytobethecaseasmuchforwetlandsasforotherecosystems.

Box 6.1.   TheMAScenarios(basedonS.SDM
BoxS1andFigureS1)

The MA developed four scenarios to explore plausible futures for 
ecosystems and human wellbeing:

Global Orchestration: This scenario depicts a globally connected 
society that focuses on global trade and economic 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 it 
is assumed to have the lowest population in 2050. 

Order from Strength: This scenario represents a regionalized and 
fragmented world concerned with security and protection, empha-
sizing 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 popula-
tion growth is the highest. 

Adapting Mosaic: In this scenario, regional watershed-scale  
ecosystems are the focus of political and 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 popula-
tion in 2050 is nearly as high as in Order from Strength.

TechnoGarden: This scenario depicts a globally connected world 
relying strongly on environmentally sound technology, using highly 
managed, often engineered, ecosystems to deliver ecosystem ser-
vices, and taking a proactive approach to the management of eco-
systems in an effort to avoid problems. Economic growth is rela-
tively high and accelerates, while population in 2050 is in the mid-
range of the scenarios. 
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Figure 6.1.   PlausibleMainDirectDriversofChangeinWetlandsunderDifferentMAScenarios.
(S8.7.1.2,S8Fig8.5,S9)

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 effect of the driver on the degradation of wetlands is 
currently growing stronger. 
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Increasingdemandforprovisioningservicesleadstofurtherstress
ontheecosystemsthatprovidetheseservices(highcertainty).
Demandisdampenedsomewhatbyincreasingefficiencyinthe
useofresources.

Vastchangesareexpectedinworldfreshwaterresourcesand
henceintheecosystemservicesprovidedbyfreshwatersystems
(S9.4.5).Climatechangewillleadtoincreasedprecipitationover
morethanhalfofEarth’ssurfaceandthiswillmakemorewater
availabletosocietyandecosystems(mediumcertainty).However,
moreprecipitationisalsolikelytoincreasethefrequencyof
floodinginmanyareas(highcertainty).UnderGlobalOrchestra-
tionandOrderfromStrength,massiveincreasesinwaterwith-
drawalsareexpectedtoleadtoanincreaseinuntreated
wastewaterdischargesindevelopingcountries,causingadeterio-
rationoffreshwaterquality.Climatechangeleadstoboth
increasinganddecliningriverrunoff,dependingontheregion.

Thecombinationofhugeincreasesinwaterwithdrawals,
decreasingwaterquality,anddecreasingrunoffinsomeareas
leadstoanintensificationofwaterstressoverwideareas
(S14.2.2).Adeteriorationoftheservicesprovidedbyfreshwater
resources—aquatichabitat,fishproduction,andwatersupply
forhouseholds,industry,andagriculture—isexpectedunderthe
twoscenariosthatadoptreactiveapproachestoenvironmental

problems(GlobalOrchestrationandOrderfromStrength)
(mediumcertainty).Alessseveredeclineisexpectedunderthe
othertwoscenarios,whichproactivelyattempttoavoidenviron-
mentalproblems.

UndertheMAscenarios,wateravailabilityisprojectedto
decreasein30%oftheworld’srivers.Thisislargelytheresultof
climatechangeand,toalesserextent,increasingwaterwithdraw-
alsbyhumans.Forthe110modeledriverbasinsthataredrying,
thebasin-specificpercentageoffishspecieslikelytofaceextinc-
tionrangesfromabout1%to60%for2050andfrom1%to
65%by2100(lowcertainty).Riversthatareforecasttolosefish
speciesareconcentratedinpoortropicalandsub-tropicalcoun-
tries,wheretheneedsforhumanadaptationaremostlikelyto
exceedgovernmentalandsocietalcapacitytocope.Thelossof
fishdiversityislikelytobeanunderestimate,sincemanyofthe
riversandlakesaffectedalsoareprojectedtoexperienceincreased
temperatures,eutrophication,acidification,andincreasedinva-
sionsbynon-nativespecies.In70%oftheworld’srivers,water
availabilitywillincrease.Thiswillraisethepotentialforproduc-
tionoffishesadaptedtohigherflowhabitats,whichwouldlikely
benon-indigenousspecies(lowcertainty)(S10.3.2).Noquantita-
tivemodelsexistthatallowestimationofanyadditionalconse-
quencesofincreaseddischargeonbiodiversity.

After2050,climatechangeanditsimpacts(suchassea
levelrise)haveanincreasingeffectontheprovisionofecosys-
temservices(mediumcertainty)(S9.3.4).UnderthefourMA
scenarios,globaltemperatureisprojectedtoincreasesignifi-
cantly:1.5–2.0oCelsiusabovepre-industriallevelsin2050,and
2.0–3.5oCelsiusin2100,dependingonthescenarioandusing
medianestimatesforclimatechangesensitivity.Globalaverage
precipitationisprojectedtoincrease(mediumcertainty),but
someareaswillbecomemorearidwhileotherswillbecome
moister.Climatechangewilldirectlyalterecosystemservices,
forexample,bycausingchangesintheproductivityandgrow-
ingzonesofcultivatedandnoncultivatedvegetation.Climate
changealsoaltersthefrequencyofextremeevents,withassoci-
atedriskstoecosystemservices.Finally,itwillindirectlyaffect
ecosystemservicesinmanyways,suchasbycausingsealevelto
rise,whichthreatensmangrovesandothervegetationthatnow
protectshorelines.

Landusechangeisexpectedtocontinuetobeamajordriver
ofchangesintheprovisionofecosystemservicesupto2050
(mediumtohighcertainty).TheOrderfromStrengthscenariohas
thegreatestlandusechanges,withlargeincreasesonbothcrop
andgrazingareas.Thetwoproactivescenarios—TechnoGarden
andAdaptingMosaic—arethemostland-conservingscenarios
becauseofincreasinglyefficientagriculturalproduction,lower
meatconsumption,andlowerpopulationincreases.Existingwet-
landsandtheservicestheyprovide(suchaswaterpurification)
arefacedwithincreasingriskinsomeareasduetoreducedrunoff
orintensifiedlanduseinallscenarios.
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Habitatlossinterrestrialecosystemsisprojectedtoleadtoa
declineinthelocaldiversityofnativespeciesandtheecosystem
servicestheyprovideinallfourscenarios(verycertain)(S10).
Thisislikelytobethecaseforwetlandsystemsasmuchasany
othersystems.Habitatlosswilleventuallyleadtoglobalextinc-
tionsasspeciesapproachequilibriumwiththeremnanthabitat.
Althoughthereishighcertaintythatthiswillhappeneventually,
thetimetoequilibriumisveryuncertain,especiallygivencontin-
uedhabitatlossthroughtime.Timelagsbetweenhabitatreduc-
tionandextinctionprovideanopportunitytodeployaggressive
restorationpracticesthatmayrescuethosespeciesthatotherwise
maybeheadingtowardextinction.

Excessivenutrientloadingisexpectedtobecomeagrowing
threattorivers,lakes,marshes,coastalzones,andcoralreefs.
Humansnowproducemorereactive(biologicallyavailable)
nitrogenthanisproducedbyallnaturalpathwayscombined,and
someprojectionssuggestthatthismayincreasebyroughlyafur-
thertwothirdsby2050.ThreeoutoffourMAscenariosproject
thattheglobalfluxofnitrogentocoastalecosystemswillincrease
byafurther10–20%by2030(mediumcertainty),withalmostall
oftheincreaseoccurringindevelopingcountries.

Trade-offs among Wetland  
Ecosystem Services 
InallfourMAscenarios,actionstakentoincreasethesupplyof
provisioningecosystemservicessuchasfoodandwaterresultin
reductionsinthesupplyofsupporting,regulating,andcultural
services(S12).Suchtrade-offshavefar-reachingconsequences
formaintainingecosystemfunctioninginthelongterm.Scenar-
iosinwhichlong-termconsequencesoftrade-offsarenotconsid-
eredexhibitthelargestriskofdeclinesinsupportingand
regulatingservices(suchasclimatechangeandbiodiversityloss).
Thoseinwhichaproactiveapproachtoecosystemmanagement
istakenviaflexibleecosystemgovernancemechanismsandlearn-
ingortechnologicalinnovationsaremorelikelytosustaineco-
systemservicesinthefuture.

Majorpolicydecisionsinthenext50–100yearswillhaveto
addressmanytrade-offsbetweenagriculturalproductionand
waterquality,landuseandbiodiversity,wateruseandaquatic
biodiversity,andcurrentwateruseforirrigationandfuture
agriculturalproduction—indeed,betweenallcurrentand
futureusesofnonrenewablewetlandresources(S12).These
trade-offsappearconsistentlythroughoutallfourscenarios.In
2050,thetrade-offsamongwetlandservicesareprojectedtobe
moreintensethanatpresent.Stronginverserelationshipsexist
betweenfoodandwaterandbetweenfoodandbiodiversity(both
terrestrial,throughlandconversion,andaquatic,throughflow
reductionandpollution).Useoffertilizerstoimproveagricul-
turalproductionleadstoeutrophicationoffreshwaterandestu-
ariesandtodeclinesinservices(suchasfood,recreation,fresh
water,andbiodiversity)providedbylakesandestuaries.There

aresubstantialpossibilitiesformitigatingthesetrade-offsthrough
developmentsinagriculturaltechnology,integratedagroecologi-
calsystems,agriculturalresearchandtraining,andmarket
reforms.Therearepossibilitiesformitigatingtrade-offsthrough
landmanagementthatismorebiodiversity-friendlyandthrough
integratedwatermanagement.

Someofthemostimportantchangesinwetlandservicesthat
mayoccurinthefuturewillresultfromlargeecological
changesthataredifficultorimpossibletopredictandthatmay
bedifficult,impossible,orexpensivetoreverse.Slowlossesof
resilienceinanecosystemcansetthestageforlargeorabrupt
changesthatmayoccurafterathresholdisreachedorafteran
ecosystemissubjectedtoarandomeventsuchasaclimatefluc-
tuation(establishedbutincomplete)(S3,S5).Forexample,the
incrementalbuildupofphosphorusinsoilsgraduallyincreases
thevulnerabilityoflakesandreservoirstorunoffeventsthattrig-
geroxygendepletion,toxicalgaeblooms,andfishkills.Cumula-
tiveeffectsofoverfishingandnutrientrunoffmakecoralreefs
susceptibletoseveredeteriorationtriggeredbystorms,invasive
species,ordisease.Theprospectoflargeunexpectedshiftscanbe
addressedbypoliciesthathedge(forinstance,bydiversifyingthe
servicesusedinaparticularregion),choosingreversibleactions,
monitoringtodetectimpendingchangesinecosystems,and
adjustingflexiblyasnewknowledgeofecosystemchange
becomesavailable.

Implications of the Scenarios  
for Action (S14.ES)
Eachscenarioyieldsadifferentpackageofgains,losses,and
vulnerabilitiestocomponentsofhumanwell-beingindifferent
regionsandpopulations(S.SDM).Actionsthatfocuson
improvingthelivesofthepoorbyreducingbarrierstointerna-
tionalflowsofgoods,services,andcapitaltendtoleadtothe
mostimprovementinhealthandsocialrelationsforthecurrently
mostdisadvantagedpeople.Buthumanvulnerabilitytoecologi-
calsurprisesishigh.Globallyintegratedapproachesthatfocuson
technologyandpropertyrightsforecosystemservicesgenerally
improvehumanwell-beingintermsofhealth,security,social
relations,andmaterialneeds.Ifthesametechnologiesareused
globally,however,localculturecanbelostorundervalued.High
levelsoftradeleadtomorerapidspreadofemergentdiseases,
somewhatreducingthegainsinhealthinallareas.Locally
focused,learning-basedapproachesleadtothelargestimprove-
mentsinsocialrelations.
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Proactiveoranticipatorymanagementofecosystemsisgen-
erallyadvantageousintheMAscenarios,butitisparticularly
beneficialunderconditionsofchangingornovelconditions
(S.SDM).Ecologicalsurprisesareinevitablebecauseofthecom-
plexityoftheinteractionsandbecauseoflimitationsincurrent
understandingofthedynamicpropertiesofecosystems.Cur-
rentlywellunderstoodphenomenathatweresurprisesofthepast
centuryincludetheabilityofpeststoevolveresistancetobio-
cides,thecontributiontodesertificationofcertaintypesofland
use,biomagnificationoftoxins,andtheincreaseinvulnerability
ofecosystemstoeutrophicationandunwantedspeciesdueto
removalofpredators.Whilewedonotknowwhichsurpriseslie
aheadinthenext50years,wecanbecertainthattherewillbe
some.Ingeneral,proactiveactiontomanagesystemssustainably
andtobuildresilienceintosystemswillbeadvantageous,partic-
ularlywhenconditionsarechangingrapidly,whensurprise
eventsarelikely,orwhenuncertaintyishigh.Thisapproachis
beneficiallargelybecausetherestorationofecosystemsorecosys-
temservicesfollowingtheirdegradationorcollapseisgenerally
morecostlyandtime-consumingthanpreventingdegradation,if
thatispossibleatall.

Prospects for the Ramsar Convention  
across the Scenarios 
UnderallfourMAscenarios,therelevanceoftheRamsarCon-
ventionisclearaspressuresonwetlandsandwaterresources
increase.However,twobasiccontrastsexploredintheMAsce-
narios—globalversusregionalworldsandproactiveversusantici-
patoryenvironmentalmanagement—havesomewhatdifferent
implicationsforthefutureroleoftheConvention.

Thenatureandmagnitudeoffuturestressonwetlandsand
theprospectsforhelpingprotectthemundertheRamsarCon-
ventionarediverseacrossthescenarios:somestressesarestron-
gerintheglobalizationscenarios;othersarestrongerinthe
regionalfragmentationscenarios.Approachesfocusedonlearn-
ingaboutecosystemscouldleadtohighsuccessinwetlandpro-
tection,especiallyiftheinternationalcooperationframeworks
canshifttheirfocustoregionalmanagersandcanactasaninfor-
mationgatheringandnetworkingbaseforlocalmanagement
projects(S14.ES).Mostexistinginternationalprotectionmecha-
nismsaredesignedforsuccessingloballyconnectedworldsand
mightneedtobereformedinresponsetoweakenedglobalinsti-
tutionsinlocallyorienteddevelopmentpaths.Greaterpressure
foragriculturallandandmassiveincreasesinwaterwithdrawals
poselargerthreatsofwetlanddrainageandconversioninthe

regionallyfragmentedscenarios(AdaptingMosaicandOrderfrom
Strength)thandothesignificantbutsmallerlandandwater
stressesinthehigh-growthglobalizedworlds.

Themotivationforandtheperceivedbenefitsofincluding
wetlandsintheListofWetlandsofInternationalImportance
aregreaterinafutureinwhichcountrieshavearichwebof
economic,cultural,andenvironmentallinkages,suchasthe
AdaptingMosaicscenario(S14.3.3).Stronglyconnected,policy-
orientedscenariossuchasGlobalOrchestrationmayprovideben-
efitsofimprovedcoordinationfortraditionalinternational
agreementsamongnations.However,thereactiveapproachto
managementoftheGlobalOrchestrationscenariolowerstheabil-
ityofconventionstotrulyprotectwetlandsbecauseoflower
interestinecosystemfunctionandmanagement.Inadynamic,
innovation-orientedfuture(suchasexistsinTechnoGarden),the
RamsarConventionmightusefullyemphasizetechnicalassis-
tanceprojects,whereasafree-market-andtrade-orientedworld
suchasGlobalOrchestrationismorelikelytoencouragetheuse
offinancialmechanismsandeconomicinstruments.

Whiletheincreaseinpressureoninlandwatermarshesisrela-
tivelymodestinAdaptingMosaic,theroleoftheRamsarCon-
ventioninhelpingtoprotectorcounterbalancetherisksismuch
differentthanintheglobalizationscenarios.(SeeFigure6.2.)In
regionalizedscenarios,Ramsarmightbemosteffectiveasan
informationgathering,synthesizing,andnetworkingorganiza-
tionforforgingwetlandprotectionagreementsamongregions.
TheclearworstcasefortheeffectivenessoftheConventionisthe
OrderfromStrengthworld,inwhichthemultipleseverethreatsto
wetlands—highpopulationgrowth,slowtechnologicaldevelop-
ment,andnegligenceoftheenvironment—arecombinedwith
weakenedglobalinstitutions.

Fundingtosupportregionalinitiativesforimplementation
throughtheRamsarConventionismorelikelyinthefuturesin
whichcountriesareinterconnected(S14.3.3).Communication,
education,andpublicawarenessaremorelikelytobeableto
contributetowetlandconservationintheenvironmentallyori-
entedscenarios(TechnoGardenandAdaptingMosaic),although
GlobalOrchestrationalsooffersgoodchances.Intheglobalization
scenarios,thehighlevelofaffluenceandtheincreasingleisure
timeofpeoplearelikelytogiveanunprecedentedrisetoeco-
tourism,andthisinitselfcouldprovideaverystrongeconomic
motivationtopursuethewiseuseofwetlands.Ecotourismalso
supportsthevalueoflistingwetlandsofinternationalimportance
asanimplementationmechanism,becausealistedwetlandcould
beanobvioussourceforguidebooksandtourismoperatorsin
selectingdestinations.

Themoredecentralizedscenarios,whileputtinglessweight
onglobalactions,mayresultinexistingtreatiescarryinga
greaterburdenthanatpresent(S14).InOrderfromStrengthand
AdaptingMosaic,theconstraints,opportunities,andtrendsthat
continuetoberelevantatgloballevelmayfindtheirmain
expressionthroughafewinternationalcooperationframeworks
suchasRamsareventhoughtheemphasisofsociopoliticalsys-
temsismoreregional.Thoseresponsibleforimplementingthe
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Figure 6.2.   SummaryofKeyStressesandProspectsforSuccessofResponsesundertheFourMA
ScenariosforContractingPartiestotheRamsarConvention(S14.3.3)

conventionmayneedtofindinnovativemethods,including
exchangingexperience,definingbaselinesformonitoringoverall
change,andadvisingonbestpracticablelegalstandards.

Themixofactorsresponsibleforimplementingagreements
suchastheRamsarConventiondiffersamongthescenarios
(S14).InTechnoGarden,thereisagreaterrolefortheprivatesec-
tor.InAdaptingMosaic,agreaterroledevelopsforNGOs,civil
society,andthelocalprivatesector.By2050,theremayalsobea
largeroleforinternationalorglobalgroupsthatworktocoordi-

natetheknowledgeoflocalandregionalmanagementgroups.In
boththesescenarios,implementationbecomestoagreaterdegree
amatterofpublic-privatepartnership.However,oneconse-
quenceisthatthechallengeofassessingperformanceandeffec-
tivenessofthetreaty,accountingforandcorrectingdeficiencies,
becomesmorecomplex.
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Byresponseswemeantherangeofhumanactions,including
policies,strategies,andinterventions,toaddressspecific

issues,needs,opportunities,orproblems(RWG).Inthecontext
ofecosystemmanagement,responsesmayinvolvegovernance,
institutional,legal,technical,economic,orbehavioralchanges
andmayoperateatlocalormicro,regional,national,orinterna-
tionallevel(oracombinationofthese)andatvarioustimescales.

Strategic Objectives for Responses 
Aprioritywhenmakingdecisionsthatdirectlyorindirectly
influencewetlandsistoensurethatthedecisionsareinformed
byconsiderationofthefullrangeofbenefitsandvaluespro-
videdbydifferentwetlandecosystemservices.Historically,deci-
sionsconcerningwetlandmanagementhavefavoredeither
wetlandconversionormanagementforasingleecosystemservice
suchaswatersupplyorfoodproduction.Aswetlandsbecome
scarcerandasweunderstandthebenefitsprovidedbytheentire
arrayofecosystemservices,thebestoptionswillincreasingly
involvemanagingwetlandsforabroadarrayofservices.Thisin
turnrequiresthemaintenanceofthewetlandecologicalcharac-
ter—theecosystemcomponentsandprocessesthatunderpinthe
deliveryofecosystemservices—whichisthegoalofthe“wiseuse
ofwetlandsandtheirresources”advocatedbytheRamsarCon-
vention(C20.5).TheclosematchbetweentheRamsarwiseuse
objectiveandtheMAconceptualframework,inthecontextof
responseoptions,isillustratedbytheroleplayedbythe“Wise
UseHandbook”guidelinesinRamsar’s“toolkit”foraddressing
differentcomponentsoftheframework.(SeeBox7.1.)

Akeyapproachforsafeguardingtheecologicalcharacteristo
maintainthequantityandqualityofthewateronwhichwet-
landsdepend.Avarietyofmethodsandtoolsareavailablefor
assessing“environmentalflow”requirementsandforimplement-
ingallocationsofwatertomeettheserequirements.Inthisway,
maintenanceofthewetlandissystematicallyaddressedalongside
theallocationofwatertomeetotherobjectives,suchasirrigation
anddrinkingwatersupply,withfullconsiderationofthetrade-
offsinvolved.

Determining Objectives for  
Wetland Condition
Stakeholderparticipationatallstagesofplanninganddevelop-
mentprocesses,combinedwiththeuseofscenarios,canassist
decision-makingconcerningwetlands,particularlywhencon-
sideringtheenvironmentalwaterrequirementsofwetlands
(C20.6,R7.2.3).Historically,manychangesinwetlandservices
havebeentheinadvertentresultofdecisionstakenforotherpur-
poses(R7.2).Forexample,dammingariveranddivertingwater
forirrigationpriortothedevelopmentofourcurrentunder-

standingoftheeffectsofreducedflowsonecosystemsdown-
streamwasineffectadecisiontonotsupplywatertosupport
otherservices.Thetrade-offsinvolvedinthesedecisionswerenot
transparent,giventhelimitedunderstandingabouttheimpacts
ofdifferentdriversonwetlandsandthelimitedknowledgeofthe
fullrangeofwetlandvalues.

Explicitdecisionsaboutobjectivesforwetlandsmanagement
andthedesiredfutureconditionofawetlandcanaidplanning
andmanagement(R.7.2.1).Anumberofplanningframeworks
andtoolscanbeusedforthispurpose,suchastheDownstream
ResponsetoImposedFlowTransformationframework.(SeeBox
7.2.)Thisframeworkdiffersfromothers,suchastheInstream
FlowIncrementalMethodology(UnitedStatesprimarily)and
CatchmentAbstractionManagementStrategies(UnitedKing-
dom),initsexplicitconsiderationofthesocioeconomicimplica-
tionsofdifferentscenarios.Baselineinformationonthelocation
andconditionofwetlandsandwaterresources,throughstan-
dardizedformsofinventoryandassessment,isakeypartofthe
platformforsettingobjectivesandimplementingresponses.
Whilehavingcomprehensiveinformationisdesirable,itsabsence
shouldnotbeanimpedimenttotakingaction.Themosteffec-
tiveapproachistoseekabalancebetweenavailabledataand
expertjudgment.

Governance and Institutional Responses 
Goodgovernanceandinstitutions,andthepoliticalandlegal
mandatestheyprovide,underpinthesuccessfulimplementa-
tionofallresponseoptions(R7.2).Scaleissuesneedtobedealt
withingovernanceandinstitutionalresponsesinordertodealin
themosteffectivewaywiththedriversaffectingwetlandsand
water.Stronggovernancearrangementsandinstitutionsfavoring
ecosystemconservationandsustainableusearerequiredatmulti-
plelevelsandacrossdifferentsectors.Thesuccessorfailureof
responsesdependsgreatlyontheinstitutionalsettinginwhich
theresponsesareundertaken,andresponsesaremorelikelyto
failifadequateresourcesforaspectssuchasmonitoring,evalua-
tion,andenforcementarenotprovided.

Nationalandinternationalpolicyandlegislationareapri-
marycomponentofgovernanceandinstitutions(R7).Thishas
alsobeenemphasizedundertheRamsarConventionandsup-
portedbyspecificguidanceinthe“WiseUseHandbooks”series.
TherecentlyadoptedWaterFrameworkDirectiveoftheEuro-
peanUnionisapioneeringexampleofalegalframeworkatthe
regionallevelforbasin-scalemanagementandothermeasures.

Recognitionoftheimportanceofpublicparticipationand
equityindecision-makingisgrowing,andnationalpolicies
areincreasinglybeingusedtosupportstakeholderparticipa-
tion(R7.2.3).Thedegradationoffreshwaterandotherecosys-
temserviceshasgenerallyhadadisproportionateimpacton
sectorsofsocietythatareexcludedfromparticipationinthe
decision-makingprocess.Increasingparticipationatrelevant
levelssupportstheconceptofsubsidiarity—assigningrolesand

7.ResponsesfortheWiseUseofWetlands
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Box 7.1.  TheMA’sConceptualFrameworkandtheRamsarWiseUseConcept(C20.6)

The MA conceptual framework for ecosystems and human well-being provides a valuable framework for delivery of the Ramsar Convention’s con-
cept of the “wise use of all wetlands.”  In the MA construct, “wise use” equates to the maintenance and delivery of ecosystem services to human 
well-being and poverty reduction through maintenance of the ecological character of wetlands. 

The Figure illustrates where interventions using each of the Ramsar Wise Use Handbooks can be applied in the MA conceptual framework. Many 
of the current Ramsar guidelines concern interventions that apply directly to ecosystems and their processes. Others—such as those concerning 
river basin management, water allocations and management for maintaining wetland ecosystem functions, and impact assessment—form inter-
ventions addressing aspects of the direct drivers of change to ecosystems. Only two sets of Ramsar guidelines—on national wetland policies and 
on reviewing legislative and institutional frameworks—deal wholly with indirect drivers of change. Some guidelines—such as those on international 
cooperation, on global action for peatlands, on communications, education, and public awareness, and on the Convention’s original “wise use” 
guidelines—include strategies and interventions that apply to several parts of the MA conceptual framework. The Figure also demonstrates that 
there are only a small number of levels in the framework for which Ramsar Wise Use Handbooks do not provide at least some guidance.  
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responsibilitiesatthemanagementlevelclosesttowheretheywill
haveeffect.Participationallowsforabetterunderstandingofthe
impactsofresponses,thedistributionofcostsandbenefitsassoci-
atedwithtrade-offs,andtheidentificationofabroaderrangeof
responseoptions.Tobeeffective,however,thisdependsonaccess
topolicy-makinganddecision-makingprocessesandontranspar-
ency,information,andawareness.Theseinturnfacilitateaccount-
ability,dueredressandaccesstojustice,andoverallbetter
confidencethatthesystemisservingthepublicinterestasawhole.

Theeffectivemanagementofinlandwetlandsandwater
resourceswillrequireimprovedarrangementsforriver(orlake
oraquifer)basin–scalemanagementandintegratedcoastalzone
management.Theeffectivemanagementofwetlandsandwater
resourcesrequiresnotonlyintersectoralcoordinationbutalso
coordinationacrossdifferentjurisdictions.Actionstaken
upstreamorupcurrentcanhaveprofoundimpactsonwetland
resourcesdownstreamordowncurrent.Thisinturnrequiresthe
useofintegratedriverbasinorcoastalzonemanagement(C20.6,
R15.5.3,R15.5.4).Theseintegratedregionalapproachesto
waterresourcesmanagementarerecognizedalsoaskeystrategy
tocontributetotheobjectivesofpovertyalleviation.Todate,
however,feweffortsatimplementingIRBMhaveactuallysuc-
ceededinachievingsocial,economic,andenvironmentalobjec-
tivessimultaneously(R15.5.4).(SeeBox7.3.)Oneofthekey
lessonsemergingfromICZMexperiencesisthatmoreintegra-
tionpersedoesnotguaranteebetteroutcomes.Adoptingan

incrementalapproach—focusingonafewissuesinitiallyand
thengraduallyaddressingadditionalonesascapacityincreases—
isoftenmorefeasibleandeffective.Inaddition,theseapproaches
canonlysucceedifappropriateinstitutionalandgovernance
arrangementsareinplaceand,inparticular,iftheauthorityand
resourcesofthemanagementmechanismareconsistentwith
theirresponsibilities.

Overthepast20yearstherehasbeenasignificantexpansion
ininternationalagreements,programs,andinstitutionsper-
tainingtowateranddriversofwetlandchange,suchasinvasive
alienspecies.TheseincludethemultilateralConventiononBio-
logicalDiversity,theRamsarConventiononWetlands,andthe
InternationalConventionontheControlandManagementof
Ships’BallastWaterandSediments(R7.2).Whilethesehave
contributedtobroaderawarenessofthedriversofwetland
change,especiallywater-relatedissues,thereisalsoageneral
acknowledgementthatawidegapexistsbetweenformalpolicies
andactualpractices.Theeffectivenessofmultilateralandbilat-
eralenvironmentalagreementsvariesaccordingtothenatureof
theenvironmentalproblemandseveralotherfactors.Factorsthat
supporttheeffectiveimplementationofandcompliancewith
treatiesincludethepoliticalwilltoimplementresponsesrequired
tomeettheobjectivesoftheagreement;areportingmechanism,
preferablyatanationallevelandstandardizedbetweenContract-
ingParties;sufficienthumanresourcestomonitorcompliance;
monitoringbycivilsociety;theavailabilityoffinancialresources;
theestablishmentofsanctions;andimplementationatthe
nationallevel(R5.2.8).

TheRamsarConventionprovidesamodestlevelofassistance
forwetlandconservationinitiativesindevelopingcountriesor
countrieswitheconomiesintransition.Mosttreatieshavea
reportingsystemandpublishdataonparties’follow-upofdeci-
sions;thesedataareoftenincomplete,however.TheRamsar
Conventionisanexampleofanagreementthatrequiresatangi-
blecommitmentfromparties:thedesignationofsitesasinterna-
tionallyimportantwetlandsbasedonagreedcriteria.

Greatercoordinationofactionsbetweenagreementswould
resultinmore-effectiveimplementation(R5.2.8).Thishasbeen
highlightedinmanycontexts:inaddition,theMAscenarios
demonstratethefundamentalinterdependencebetweenactivities
concerningenergy,climatechange,biodiversity,wetlands,desert-
ification,food,agriculture,health,trade,andeconomyandcon-
sequentlytheneedforrelevantinternationalagreementstowork
together.TheRamsarConventionhasbeensuccessfulinachiev-
ingthis,withformalcooperationarrangementsinoperation
with,amongothers,theWorldHeritageConvention,theCon-
ventiononMigratorySpecies,andtheConventiononBiological
Diversity.Furtheropportunitiesexistforcollaborationbetween
bilateralandnon-bindingtreatiesinplacebetweensomecoun-
tries,aswellasfortakingabroaderviewandestablishinglinks
withtreatiesthatatfirstsightmaynotbeseenasdealingwith
biodiversityissues.ExamplesincludetheWorldTradeOrganiza-

Box 7.2.  TheDRIFTFramework(R7.2)

The Downstream Response to Imposed Flow Transformation frame-
work is an interactive and holistic approach for advising on environ-
mental flows for rivers targeted for water-management activities. It 
uses experienced scientists from a range of biophysical disciplines, 
and where there are subsistence users of the river, it engages a 
number of socioeconomic disciplines. It produces a set of flow-
related scenarios that describe a modified flow regime, the result-
ing condition of the river or species, the effect on water resource 
availability for off-stream users, and the social and economic costs 
and benefits. The process involves one or more multidisciplinary 
workshops attended by a range of affected stakeholders to develop 
agreed biophysical and socioeconomic scenarios. 

The development of scenarios requires an assessment of bio-
physical, social, and economic data and may draw on results from 
other predictive models that assess the responses of specific 
biota to flow (such as the Physical Habitat Simulation Model). DRIFT 
should run in parallel with two other exercises: a macroeconomic 
assessment of the wider implications of each scenario and a Public 
Participation Process whereby people other than subsistence users 
can contribute to finding the best solution.
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tion’sAgreementonSanitaryandPhytosanitaryMeasuresand
theInternationalConventionontheControlandManagement
ofShips’BallastWaterandSediments,whichaddressesthe
spreadofinvasivealienspecies.

Theecosystemapproach,asarticulatedbytheConvention
onBiologicalDiversityandtheRamsarConvention,hasbeen
developedasanoverallstrategyforintegratedenvironmental
managementpromotingconservationandsustainableusein
anequitableway(R15.3.3).Theapproachhasimportance
beyondtraditionalcommodityandamenityconsiderations.It
focusesonmanagingenvironmentalresourcesandhumanneeds
acrosslandscapesandisaresponsetothetendencyofmanaging
ecosystemsforasinglegoodorservices,tryingtobalancetrade-
offstobothhumanwell-beingandecosystemservices.Theeco-
systemapproachhasbeenappliedtohealthissues,recognizing
theinextricablelinkbetweenhumansandtheirbiophysical,
social,andeconomicenvironmentsaswellasthelinkto
groundwatermanagement.

Systemsofprotectedareasareanotherimportantcategoryof
responseininternational,regional,sub-regional,andnational
frameworks(R5.2.1).Siteselection,adequaterepresentation,
andmanagementareamongthekeyissuesdeterminingtheeffec-
tivenessofprotectedareanetworks.Especiallyforaquaticsys-
tems,whicharenoteasily“fenced”fromsurroundingareas,a
regionalorlandscapeapproachisnecessary.Protectedareanet-
worksatalllevels,includingthedesignationofWetlandsof
InternationalImportanceundertheRamsarConvention,playan
importantrole,giventhefactthatindividualsitesareoftenfunc-
tionallyinterconnectedbyreasonofsharedhydrology,migratory
species,andsoon.

Area-basedtargetsareofteninappropriateforriverinesys-
tems,whichareinherentlylinearinnature(R5.2.1).Size-based
targetsforriverinesystemsmaybeexpressedinlength,or
upstreamcatchmentscanbesubdividedintosmalldrainage

A variety of factors influence the success 
of river basin management organizations. In 
principle, these arrangements should pro-
mote effective management of wetland sys-
tems since they align with hydrologically 
defined geographical units (R7.2). River 
basin organizations vary from those with the 
authority to plan, promote, and enforce their 
plans to those with principally an advisory 
role. Such institutions have existed in various 
forms across the world for at least 50 years; 
long-established though not always effective 
examples include the Chesapeake Bay Pro-
gram in the United States, the Laguna Lake 
Development Authority in the Philippines, and 
the International Commission for the Rhine.

Where river basin organizations have suc-
ceeded, the success has often been based 
on their ability to deliver common aims of 
jurisdictions (such as coordinated water man-
agement to supply irrigation) and to support 
common cultural values. A further factor con-
tributing to success is a specific mandate 
with defined achievable measures for imple-
menting basin-wide goals, such as the “cap” 
placed on water diversions implemented and 
monitored through the Murray-Darling Basin 
Commission in Australia.

The effectiveness of basin-level organiza-
tions will depend on the kinds of development 
paths made possible by water allocation deci-

sions, the acceptability of the resulting dis-
tribution of costs and benefits among stake-
holders (whether these help to achieve objec-
tives of poverty alleviation), and the mainte-
nance or restoration of at least those eco-
system processes that support the provision 
of desired services (R7.2.4). RBOs are con-
strained or enabled primarily by the extent 
to which all the relevant stakeholders par-
ticipate, are able to agree on objectives and 
management plans, and cooperate in their 
implementation. 

For international transboundary wetlands, 
including river systems, lakes, and aquifers, 
sovereignty is an important issue, making it 
more challenging to establish a basin-scale 
organization supported by appropriate gover-
nance arrangements (R7.2.4). For example, 
riparian states in the Nile River basin have 
historically experienced political discord and 
mistrust, making the task of cooperatively 
managing the basin difficult despite institu-
tional and nongovernmental provision for pos-
itive initiatives. In a transboundary situation, 
the capacity to implement agreements and 
plans will depend on the level of commitment 
of individual countries to integrated river 
basin management and ecosystem manage-
ment and on whether the nations have mutual 
or complementary interests and relative bar-
gaining power.

The difficulty in establishing and main-
taining successful river basin organizations 
between nation states suggests that incen-
tives need to be stronger, including stress-
ing issues of mutual self-interest. Alterna-
tives such as intergovernmental agreements 
that mandate development of management 
arrangements at the basin scale may need 
to be explored. Tensions often exist between 
basin-wide interests and those at local 
scales. Sub-basin-level organizations (such as 
watershed councils, land care groups, and vil-
lage-level catchment committees) play impor-
tant roles in addressing problems that are dif-
ficult to detect or address at larger scales. In 
contrast, basin-scale actors tend to be rep-
resentatives of interested parties, which may 
include government agencies, NGOs, and 
associations of resource users. So far, there 
is little evidence of successful scaling up 
from village to basin levels. 

One challenge that is particularly pro-
nounced in transboundary water management 
is the strengthening of provisions for various 
aspects of public involvement, which includes 
access to information, public participation, 
and access to justice or legal recourse. An 
important tool for public involvement is the 
development of a process for transboundary 
environmental impact assessment (R7.2.4).

Box 7.3.  EffectivenessofRiverBasinOrganizations
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basinsthatconstituteselectionunitsandthereforearepolygonal.
Targetsforfreshwatersystemsinsomecasesareinappropriateas
aresultofattemptstoforcefreshwatersystemsintoterrestrially
basedplanningmodels.Ingeneral,farlessattentionhasbeen
giventoplanningforfreshwaterbiodiversitythanforterrestrial
andmarinebiodiversity.Mimickingasfaraspossiblethenatural
hydrologicalregimemaybeamongthemostimportantstrategies
forfreshwaterbiodiversityconservation.Thisstrategymayfit
awkwardlywithinaconservationframeworkbuiltexclusively
aroundprotectedareasunlesstheseareascanbecreatedtopro-
tecthydrologicalprocesses.

Wetlandrestorationisabroadresponsecategorythathas
becomecontroversialinpartbecauseoftheuncertaintyabout
whatisnecessarytocreateandrestorewetlands—thatis,
whatcombinationofprocessesleadstotheestablishmentofa
desiredcombinationofwetlandstructureandfunction
(R7.4.2).Wetlandrestorationapproachesarenumerousand
includeengineeringsolutionssuchasbackfillingcanalsandthe
removalofcontaminatedgroundwater,biologicalinterventions
includingcontrollingtheimpactofferalfishandreestablishing

wetlandplants,andhydrologicalmanagementtoincreasethe
effectiveinundationacrossfloodplainsandreintroductionofdry-
ingcycles.Theconclusionofnumerousstudiesisthatcreated
wetlandsrarelyperformthesamefunctionsorhousethesame
biodiversityastheoriginalsite.Forthisreason,itisunlikely
thatcreatedwetlandsaregoingtostructurallyandfunctionally
completelyreplacedestroyedwetlands.Thekeytosuccessisthe
settingofwell-statedgoalsthatformpartofabroadercompre-
hensiveandrigorousprocessforplanning,developing,imple-
menting,andevaluatingtherestorationprojectsandforadopting
anadaptivemanagementapproach.

Monitoring,aspartofanadaptivemanagementapproach,
iskeytodeterminingthesuccessofresponseoptions(R18.3).
Althoughindicatorsofbiophysicalresponseareavailableand
welldescribed,thoseformeasuringtheeffectivenessofgover-
nanceandinstitutionsareingeneralnotverythoroughlydevel-
oped.Monitoringneedstocoverarangeofspatialandtemporal
scales.Asanexample,where“environmentalwater”isstoredina
damandreleasedperiodically,therewillbeaneedforshort-term
investigativemonitoringtodeterminetheecosystemresponse
tothatparticularevent.Monitoringmayalsoneedtotakeplace
atanecosystemscaleandoveraperiodofadecadeormoreto
measurechangesintheconditionoftheentiresystem.Itis
widelyacceptedthatmuchmonitoring,evenwhenprescribedto
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measuretheeffectivenessofresponses,hastypicallybeenpoorly
designedandimplemented.Responsesaremorelikelytofailif
adequateresourcesformonitoring,evaluation,andenforcement
arenotprovided.Themostrobustmonitoringsystemshavehigh
levelsoftransparencyandprovisionforaccesstoinformationby
differentstakeholdergroups.

Economic Responses
Economicvaluationcanprovideapowerfultoolforplacing
wetlandsontheagendasofconservationanddevelopmentdeci-
sion-makers.Economicvaluationaimstoquantifythebenefits
(bothmarketedandnonmarketed)thatpeopleobtainfromwet-
landecosystemservices.Thismakesthemdirectlycomparable
withothersectorsoftheeconomywheninvestmentsare
appraised,activitiesareplanned,policiesareformulated,orland
andwaterresourceusedecisionsaremade.Moreimportant,it
enablesdecision-makersandthepublictoevaluatethefulleco-
nomiccostsandbenefitsofanyproposedchangeinawetland.A
betterunderstandingoftheeconomicvalueofwetlandsenables
themtobeconsideredaseconomicallyproductivesystems,
alongsideotherpossibleusesofland,resources,andfunds.

Theconceptoftotaleconomicvaluehasnowbecomeoneof
themostwidelyusedframeworksforidentifying,minimizing,
andquantifyingthecontributionofecosystemservicesto
humanwell-being(C2.3.3,CF6).Lookingatthetotaleconomic
valueofawetlandessentiallyinvolvesconsideringitsfullrangeof
characteristicsasanintegratedsystem—itsresourcestocksor
assets,theflowsofenvironmentalservices,andtheattributesof
theecosystemasawhole.Itcoversdirectandindirectvaluesand
optionandnon-usevalues.(SeeBox7.4.)

Awiderangeofmethodsthatmovebeyondtheuseofdirect
marketpricesareavailableandareincreasinglyusedforvaluing
wetlands(C2.3.3).Theseincludeapproachesthatelicitprefer-
encesdirectly(suchasthroughcontingentvaluationmethods)as
wellasthosethatuseindirectmethodstoinferpreferencesfrom
actionstopurchaserelatedservices(forexample,throughpro-
ductionfunctions,dose-responserelationships,travelcosts,
replacementcosts,ormitigativeoravertiveexpenditures).These
methods,andtheirapplicationtowetlandecosystems,aresum-
marizedinBox7.5.

Relativelysimple,low-cost,andeasy-to-implementtech-
niquesarenowavailabletovaluemanywetlandecosystemser-
vices(C2.3.3,C20.6).Valuationtechniquesareincreasinglybeing
usedtogeneratepracticalmanagementandpolicyinformation.
Theseadaptationsofeconomicconcepts,methods,andmodels
haveenabledwetlandvaluestobemuchmoreeasilyandaccu-
ratelyexpressed.Theamountofinformationontheeconomic
valueoftemperateandtropicalwetlandsisgrowing.Despitethe
advancesthathavebeenmadeincalculatingandexpressingthe
valueofwetlandservices,amajorchallengeremains:ensuringthat
theresultsarefedintodecision-makingprocessesandusedto
influenceconservationanddevelopmentagendas.

Economicinterventions,includingpaymentsforservicesand
markets,havelongexistedforresourcessuchaswaterthat,in
manycontexts,havelongbeentradedgoods.Atthesametime,
waterandthewetlandssupportedbywaterhavetypicallybeen
undervaluedandconsequentlyunderpriced,leadingtotheineffi-
cientandineffectivemanagementofwaterforpeopleandecosys-
tems(R7.3).Market-basedapproachesarenowbeingextended
tocovertheenvironmentalattributesandqualitiesofthesegoods
(suchasenvironmentalflowsandwaterquality),aswellasnew
goods(suchasgroundwater).Market-basedmechanismshave
demonstratedacapacitytochangethedistributionofwaterand
thequantityofpollutantsinriversystemsandalsoshowpromise
oflimitingorcompensatingmoredirectlandusechangesthat
resultin,forexample,wetlanddrainingorfilling.

Box 7.4. TheTotalEconomicValueofWetlands

Total economic value involves assessing four categories of ecosys-
tem services value:
■Direct use values are derived from ecosystem services that 
are used directly by humans. They include the value of consump-
tive uses such as harvesting of food products, timber for fuel or 
construction, medicinal products, and hunting of animals for con-
sumption as well as the value of non-consumptive uses such as 
the enjoyment of recreational and cultural amenities like wildlife 
and bird watching, water sports, and spiritual and social services 
that do not require harvesting of products. Direct use values corre-
spond broadly to the MA’s definition of provisioning and cultural ser-
vices. They are typically enjoyed by people located in the ecosys-
tem itself.
■Indirect use values are derived from ecosystem services that 
provide benefits outside the ecosystem itself. Examples include 
the natural water filtration function of wetlands, which often bene-
fits people far downstream; the storm protection function of coastal 
mangrove forests, which benefits coastal properties and infrastruc-
ture; and carbon sequestration, which benefits the entire global 
community by reducing climate change. This category of benefits 
corresponds broadly to the MA’s notion of regulating and support-
ing services.
■Option values are derived from preserving the option to use in 
the future services that may not be used at present, either by one-
self (option value) or by others or heirs (bequest value). Provision-
ing, regulating, and cultural services may all form part of option 
value to the extent that they are not used now but may be used in 
the future.
■Non-use values refer to the value people may place on knowing 
that a resource exists even if they never use that resource directly. 
This kind of value is usually known as existence value (or, some-
times, passive use value). This is one area of partial overlap with 
non-utilitarian sources of value. 
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Replacement costs: Even where wetland 
services have no market themselves, they 
often have alternatives or substitutes that 
can be bought and sold. These replacement 
costs can be used as a proxy for wetland 
resource and ecosystem values, although 
they usually represent only partial estimates 
or are underestimates.

In order to value the nonmarketed use 
of papyrus products by local households in 
Bushenyi District, Uganda, the price of sub-
stitute products was used. Annual house-
hold consumption of papyrus products was 
expressed in terms of equivalent market sub-
stitutes, including clay tiles instead of thatch, 
rubber floor coverings instead of mats, plas-
tic bowls instead of baskets, and purchased 
firewood instead of papyrus fuel. Replace-
ment costs were also used to value the bene-
fit of South Korea’s coastal wetlands in treat-
ing wastewaters and pollutants. Here, the 
costs of building and operating a waste treat-
ment facility were used as a proxy for the 
replacement cost of wetland services.

Effects on production: Other economic 
processes often rely on wetland resources 
as inputs or on the essential life support pro-
vided by wetland services. Where they have 
a market, it is possible to look at the contri-
bution of wetland goods and services to the 
output or income of these wider production 
and consumption opportunities in order to 
assess their value.

The benefit of the Hadejia-Nguru wetlands 
for groundwater recharge was valued using a 
production function approach. Wetland value 
was assessed by modeling the demand for 
water for household consumption and dry-
season irrigated agricultural production and 
by relating welfare changes to changes in 
groundwater levels. Similarly, the economic 
value of mangroves in Pagbilao, Philippines, 
was assessed by looking at their contribution 
to fisheries production. Sustainable harvests 
were calculated, and the impacts of man-
grove nutrient production on productivity were 
isolated in order to determine the role of man-
grove management in fisheries production.

Damage costs avoided: The reduction 
or loss of wetland goods and services fre-
quently incurs costs in terms of damage to 
or reduction of other economic activities. The 
damage costs that are avoided can be taken 
to represent the economic losses foregone 
by conserving wetlands.

Wetlands around the Tana River and Delta 
in Kenya provide important flood attenuation 
services for nearby infrastructure and sur-
rounding human settlements. These services 
were partially valued by modeling the impact 
of wetland loss on the frequency and sever-
ity of flooding and by assessing the costs of 
damage potentially avoided to roads, build-
ings, and other infrastructure.

Mitigative or avertive expenditures:  
It is almost always necessary to take action 
to mitigate or avert the negative effects of 
the loss of wetland goods and services so 
as to avoid economic damage. These costs 
can be used as indicators of the value of 
conserving wetlands in terms of expendi-
tures avoided.

Coastal marshes and mangroves play an 
important role in shoreline stabilization,  
erosion control, and flood and storm protec-
tion on Mahé Island in the Seychelles. The 
value associated with these functions was 
calculated by applying a preventive expen-
diture approach. In the absence of wetlands 
services it would be necessary to construct 
groynes and flood barriers to offset or  
mitigate coastal erosion and damage to  
infrastructure, the cost of which was used  
as a proxy for the value of coastal marsh  
and mangrove services.

Hedonic pricing: Hedonic methods  
look at the differentials in property prices  
and wages between locations and isolate  
the proportion of this difference that can  
be ascribed to the existence or quality of  
wetland goods and services. 

The amenity and landscape benefits of 
Bhoj wetland in the city of Bhopal, India, were 
valued using hedonic pricing methods. This 
compared house prices in different parts of 

the city and isolated the premium on property 
prices for houses in close proximity to the 
Upper and Lower Lakes.

Travel costs: Wetlands typically hold a 
high value as a recreational resource or des-
tination. Although in many cases no charge 
is made to view or enjoy natural ecosystems 
and species, people still spend time and 
money to reach wetlands. This expenditure—
on transport, food, equipment, accommoda-
tions, time, and so on—can be calculated, 
and a demand function can be constructed 
relating visitation rates to expenditures made. 
These travel costs reflect the value that peo-
ple place on the leisure, recreational, or tour-
ism aspects of wetlands.

The travel cost method was applied to 
gauge the recreational value of wildlife view-
ing in Lake Nakuru National Park, Kenya. 
This was done by giving a questionnaire to 
visitors regarding their origin, distance trav-
eled, income, and expenses. Demand curves 
were constructed using regression analysis 
to describe the relationship between travel 
costs and number of visits, and the individual 
and aggregate willingness to pay for wetland 
recreational services was estimated.

Contingent valuation: Even where wet-
land ecological services have no market 
price and no close replacements or sub-
stitutes, they frequently have a high value 
to people. Contingent valuation techniques 
infer the value that people place on wetland 
services by asking them their willingness  
to pay for them (or willingness to accept 
compensation for their loss) under the  
hypothetical scenario that they would be 
available for purchase.

Contingent valuation methods were used 
to assess the value of maintaining the Chao 
Phraya River in Thailand as a clean and well-
functioning environment. A survey was car-
ried out to gauge Bangkok residents’ willing-
ness to pay for such an environment through 
eliciting bids for various measures to improve 
instream river water quality and to minimize 
pollution loads entering the river.

Box 7.5. CommonlyUsedValuationTools,withExamplesoftheirApplication(C2,C7,C20,R7)
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Recenteffortshaveaimedatexploringthepotentialofwater
marketsasatoolforreallocationofwatertomeetecosystem
needsaswellasthetraditionalgoalofimprovingresourceeffi-
ciencyfortheprovisionofwatertoirrigation,hydropower,and
drinkingwatersupplies(R7.3.1).Marketsthathavetreated
watersolelyasaprivategoodandatradablecommoditycanhave
adversesocialandenvironmentalconsequences.Incontrast,too
muchemphasisonwaterasapublicandlocalresourcecanlimit
marketactivity,suchaswatertrading.Wheremarketsareusedto
reallocatewatertohigher-valueuses,itisnecessarytobeexplicit
aboutecosystemwaterrequirements(quantityandquality).
Appropriatemanagementarrangementsarenecessarytoguide
applicationofsuchwatertomeetdesiredobjectivesforecosys-
temconditionandfunctioning.Tomeetecosystemneeds,either
apurchasingprogramortheabilitytoreducewaterallocationsis
required,ideallyincombinationwiththeestablishmentofa
“cap”orupperlimit.(SeeBox7.6.)Aswellasillustratingamar-
ketapproach,thisprovidesanexampleoftheroleofregulation.
Theprovisionoffundsforwaterrecoveryfromexistingusers,
suchastheirrigationindustry,coupledwithefficiencymeasures
isseenasalessconfrontationalmechanismthanapureregula-
toryapproach.

Becausethebenefitstoimprovedstreamflowandfreshwater
ecosystemsareinherentlypublicgoods,theroleofgoodgover-
nanceandcompletepropertyrightsforwaterremainfunda-
mentalenablingconditionsforwell-functioningmarkets.
Whilethereisarolefortheuseofmarketstodevelopefficient
waterallocations,thereisalsoaroleforgovernmentstoregulate
inprovidingstableandappropriateinstitutionsforthesemarkets
tooperate(R7.3.2).Theprimarydistinctionbetweensystems
thatregulateandallocatewateristhedegreetowhichusershave
aprivaterighttotheuseandownershipofwater.

Paymentsforservicesderivedfromariverbasincansupport
themanagementofwetlandsorprotectcatchmentsthatpro-
videwetlandswithadequatequantitiesandqualitiesofwater,
andhencetheyactasanincentivetodealwithdriversofwet-
landchangesuchasalteredhydrology,pollution,andlanduse
change.Paymentarrangementsfortheseservicesessentiallycon-
sistofthenegotiationofarrangementsamongbuyersandsellers
oftheseservices.Theytakevariousforms,dependingonthe
natureoftheservice,thescaleofrelevantecosystemprocesses
thatsupportit,andthesocioeconomicandinstitutionalcontext.
Theserangefrominformal,community-basedinitiativesto
more-formalcontractsbetweenindividualpartiesandcomplex
arrangementsamongmultiplepartiesfacilitatedbyintermedi-
aryorganizations.Theymayalsoincludeamixofmarket-
based,regulatory,andpolicyincentivesthataremorelikelyto
becomenecessaryatlargerscales,whenthreatsarebeyondthe
responsecapacityofindividualcommunities.Theeffectiveness
ofpaymentarrangementswilllargelydependonstakeholder
willingnesstopayforthem(R7.3).

Selecting Responses
Selectionofresponsesneedstomakeexplicitthetrade-offs,
risks,uncertainty,andassumptionsinherentinanysuiteof
optionsandhencerequirestransparencyandaccountabilityin
decision-makingprocesses(R18,CF.SDM).Decision-makers
arefacedwithuncertaintyinchoosingamongresponses—
uncertaintiesinboththemethodofassessmentandtheout-
comesofaresponse.Theconsistenttreatmentofuncertaintyand
riskiscrucialtoassistwiththeclarityandutilityofboth.Aspart
ofanyassessmentprocess,itiscrucialtoestimatetheuncertainty
offindingsevenifadetailedquantitativeappraisalisunavailable.
Uncertaintymayariseduetothecomplexsystemswithinwhich
responsemeasuresforecosystemservicesareembedded.Three
maininformationdomainsareimportantforsuccessfully
choosingandimplementingresponseoptionsrelatedtowetlands
(seeBox7.7):biophysicalinformationabouttheecosystem
statusandprocesses;socioeconomicinformationaboutthesocial
contextinwhichandforwhichthedecisionwillbemade;and,
asanimportantsubsetofthelatter,informationaboutthe
values,norms,andinterestsofthekeystakeholdersshapingand
affectedbythedecision(R18).

ManyinterventionsbeingconsideredtoachieveMillennium
DevelopmentGoalssuchaspovertyreductionandhungeralle-
viationcouldleadtothelossanddegradationofwetlandsand

Box 7.6. TheMurray-DarlingBasinCap(R7.2)

In June 1993, an Australian Ministerial Council directed that a 
study be undertaken into the issue of altered flows and their 
consequences for the rivers of the Murray-Darling Basin. This 
led to an audit of water use, which confirmed increasing lev-
els of diversions and associated declines in river health. In 
response, the Council introduced an interim cap (an upper 
limit) on water diversions in the Basin in 1995. This was estab-
lished as a permanent cap on 1 July 1997. In agreeing to 
the implementation of the cap, the Council essentially made 
a decision about the balance between the social and eco-
nomic benefits derived from development of the Basin’s water 
resource and the water needs of the riverine ecosystem. 
Implementation of the cap is the responsibility of the member 
states to the Murray-Darling Basin initiative. Water Audit Moni-
toring Reports are prepared annually to ensure state water use 
is consistent with the cap, and an Independent Audit Group 
reviews progress on its implementation. 
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waterresourcesthatwouldbothharmprogresstowardother
goalsandultimatelyundermineprogresstowardallgoals
(C8.6).(SeeFigure7.1)Thegoalsofimprovedhumanwelfare,
improvedconservationandecosystemintegrity,improvedavail-
abilityofsafewaterforhumanuse,protectionoftheglobal
atmosphere,andsustainablefoodproductionarenotinherently
incompatible.However,thesimultaneouspursuitofthesedis-
tinctobjectivesonasectoralbasiswithreferencetoonegoal
anddisregardfortheotherswilllikelyexacerbatethedeteriora-
tionofwetlands.

Forexample,itisnotuncommonforstrategiesaimingto
increasefoodproductionandreducepovertytoproposethecon-
versionofmarshestoagriculture,conversionofmangrovesto
aquaculture,andsignificantincreasesintheuseoffertilizersto
increasecropproduction.Thisapproach,however,byincreasing
theinputofwaterpollutants,removingthenaturalwaterfilter-
ingserviceprovidedbywetlands,andremovingakeyecosystem

servicesprovidedbymangrovesthatthepoorrelyupon,suchas
timberandcharcoalsupplyandfishhabitat,couldmakethe
developmentgoalofimprovedwaterandsanitationmorediffi-
culttoachieveandmayinfactincreasepovertyforsomegroups
ofpeople.Incontrast,adevelopmentstrategythatfactorsinthe
fullrangeofbenefitsprovidedbywetlandsmightbetterachieve
thesetofdevelopmentgoalswithlittleornoharmtothewet-
lands.Goodgovernanceandcollaborationbetweeninstitutions
underpinsthesuccessfulimplementationofallresponseoptions
formaintainingorrestoringtheecologicalcharacterofwetlands
globally.Maintenanceoftheecologicalcharacterofwetlandswill
ensurethatexistingservicescontinuetobedelivered.

Amajorconceptualshiftamongpolicy-makersanddecision-
makersisrequiredtoensurethatcross-sectoralapproachesthat
incorporatetheprinciplesofconsultationandtransparency,
addresstrade-offs,andensurethelong-termfutureoftheser-
vicesprovidedandsupportedbywetlandsareadoptedand
implementedeffectively.Astheseapproachesplacegreater
emphasisonthesustainableuseofwetlandsandtheirresources,
theywillbettersupportsustainabledevelopmentandimproved
humanwell-being.Failuretoadoptcross-sectoralapproaches
willmeanthatanyshort-termgainsinhumanwell-beingresult-
ingfromcurrentdevelopmentpolicieswillnotbesustained.
Thewetlandsandservicesonwhichpeopledependwillcon-
tinuetoexistonlyifmanagementapproachesarechangedand
thecurrenttrendsinwetlandlossanddegradationarestopped
andreversed.

Manyoftheresponsesdesignedwithaprimaryfocusonwet-
landsandwaterresourceswillnotbesustainableorsufficient
unlessotherindirectanddirectdriversofchangeareaddressed
andenablingconditionsareestablished.Forexample,thesus-
tainabilityofprotectedareasforwetlandswillbeseverelythreat-
enedbyhuman-causedclimatechange.Similarly,the
managementofecosystemservicescannotbesustainableglobally
ifthegrowthinconsumptionofservicescontinuesunabated.
Responsesalsoneedtoaddresstheenablingconditionsthat
determinetheeffectivenessanddegreeofimplementationofthe
wetland-focusedactions.

Inparticular,changesininstitutionalandenvironmentalgov-
ernanceframeworksareoftenrequiredtocreatetheseenabling
conditions.Today’sinstitutionswerenotdesignedtotakeinto
accountthethreatsassociatedwiththelossandthedegradation
ofecosystemservices.Norweretheywelldesignedtodealwith
themanagementofcommonpoolresources,acharacteristicof
manyecosystemservices.Issuesofownershipandaccessto
resources,rightstoparticipationindecision-making,andregula-
tionofparticulartypesofresourceuseordischargeofwastescan
stronglyinfluencethesustainabilityofecosystemmanagement
andarefundamentaldeterminantsofwhowinsandwholoses
fromchangesinecosystems.Corruption,amajorobstacleto
effectivemanagementofecosystems,alsostemsfromweaksys-
temsofregulationandaccountability.

Box 7.7.   PromisingResponsesforSpecificSectors
ThatPotentiallyAffectWetlands(RWG)

Agriculture
■Removal of production subsidies that have adverse economic, 
social, and environmental effects.
■Investments in agricultural science and technology and natural 
resource management to support a new agricultural revolution to 
meet worldwide food needs.
■Use of response polices that recognize the role of women in 
the production and use of food and that are designed to empower 
women by providing knowledge and ensuring access to and control 
of resources necessary for food security.
■Application of a mix of regulatory and incentive- and market-based 
mechanisms to reduce overuse of nutrients.

Fisheries and Aquaculture
■Reduction of marine fishing capacity.
■Strict regulation of marine fisheries, especially with regards to 
fishing quotas.
■Establishment of appropriate regulatory systems to reduce the 
detrimental environmental impacts of aquaculture.

Water
■Payments for ecosystem services provided by watersheds.
■Improved allocation of rights to freshwater resources to align 
incentives with conservation needs.
■Increased transparency of information regarding water manage-
ment and improved representation of marginalized stakeholders.
■Development of water markets and water pricing.
■Increased emphasis on the use of the natural environment and 
nonstructural measures for flood control.
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 Figure 7.1.   IndicativeTrade-offsInvolvedinApproachestoAchievetheMDGs(DerivedfromC7,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. 
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Responsesthataddressdirectandindirectdriversandthat
seektoestablishenablingconditionsthatwouldbeparticularly
importantforbiodiversityandecosystemservicesincludethe
following:

■Eliminationofsubsidiesthatpromoteexcessiveuseofecosystem
services(and,wherepossible,transferofthesesubsidiestopayments
fornonmarketedecosystemservices).Subsidiespaidtotheagricul-
turalsectorsofOECDcountriesbetween2001and2003aver-
agedover$324billionannually,oronethirdtheglobalvalueof
agriculturalproductsin2000.Asignificantproportionofthis
totalinvolvedproductionsubsidiesthatledtooverproduction,
reducedtheprofitabilityofagricultureindevelopingcountries,
andpromotedoveruseoffertilizersandpesticides.Manycoun-
triesoutsidetheOECDalsohaveinappropriateinputandpro-
ductionsubsidies.Thesesubsidiescouldinsteadbedirectedto
paymentstofarmerstoproducenonmarketedecosystemservices
throughthemaintenanceofforestcoverorwetlandsorpayments
toprotectbiodiversityandtherebyhelptoestablisheconomic
incentivestoprovidethesepublicgoods.Similarproblemsare
createdbyfisherysubsidies,whichamountedtoapproximately
$6.2billioninOECDcountriesin2002,orabout20%ofthe
grossvalueofproduction.Wateruseisalsooftensubsidized,for
examplebypublicwatersupplysystemsthatdonotchargecon-
sumersforthecostofthewatersupplyinfrastructureandmain-
tenanceor,asisoftenthecasewithgroundwaterpumping,
indirectlythroughenergysubsidies.

Althoughremovalofperversesubsidieswillproducenetbene-
fits,itwillnotbewithoutcosts.Someofthepeoplebenefiting
fromproductionsubsidies(througheitherthelowpricesofprod-
uctsthatresultfromthesubsidiesorasdirectrecipientsofsubsi-
dies)arepoorandwouldbeharmedbytheirremoval.
Compensatorymechanismsmaybeneededforthesegroups.
Moreover,removalofagriculturalsubsidieswithintheOECD
wouldneedtobeaccompaniedbyactionsdesignedtominimize
adverseimpactsonecosystemservicesindevelopingcountries.
Butthebasicchallengeremainsthatthecurrenteconomicsystem
reliesfundamentallyoneconomicgrowththatdisregardsits
impactonnaturalresources.

■Sustainableintensificationofagriculture.Theexpansionof
agriculturewillcontinuetobeamajordriverofwetlandloss.In
regionswhereagriculturalexpansioncontinuestobealarge
threattowetlands,thedevelopment,assessment,anddiffusionof
technologiesthatcouldincreasetheproductionoffoodperunit
areasustainably,withoutharmfultrade-offsrelatedtoexcessive
consumptionofwateroruseofnutrientsorpesticides,would
significantlylessenpressureonwetlands.Inmanycases,appro-
priatetechnologiesalreadyexistthatcouldbeappliedmore
widely,butcountrieslackthefinancialresourcesandintuitional
capabilitiestogainandusethesetechnologies.

■Slowingandadaptingtoclimatechange.Bytheendofthecen-
tury,climatechangeanditsimpactsmaybethedominantdirect
driverofchangeofecosystemservicesglobally.Harmtoecosys-
temswillgrowwithbothincreasingratesofchangeinclimateand
increasingabsoluteamountsofchange.Someecosystemservices
insomeregionsmayinitiallybenefitfromincreasesintempera-
tureorprecipitationexpectedunderclimatescenarios,butthe
balanceofevidenceindicatesthattherewillbeasignificantnet
harmfulimpactonecosystemservicesworldwideifglobalmean
surfacetemperatureincreasemorethan2oCelsiusabovepreindus-
triallevelsorfasterthan0.2oCelsiusperdecade(mediumcer-
tainty).Giventheinertiaintheclimatesystem,actionsto
facilitatetheadaptationofbiodiversityandecosystemstoclimate
changewillbenecessarytomitigatenegativeimpacts.Thesemay
includethedevelopmentofecologicalcorridorsornetworks.

■Slowingtheglobalgrowthinnutrientloadingevenwhile
increasingfertilizerapplicationinregionswherecropyieldsarecon-
strainedbythelackoffertilizers,suchaspartsofsub-Saharan
Africa.Technologiesalreadyexistforthereductionofnutrient
pollutionatreasonablecosts,butnewpoliciesareneededfor
thesetoolstobeappliedonasufficientscaletoslowandulti-
matelyreversetheincreaseinnutrientloading.

■Correctionofmarketfailuresandinternalizationofenviron-
mentalexternalitiesthatleadtothedegradationofecosystemservices.
Becausemanyecosystemservicesarenottradedinmarkets,mar-
ketsfailtoprovideappropriatesignalsthatmightotherwisecon-
tributetotheefficientallocationandsustainableuseofthe
services.Inaddition,manyoftheharmfultrade-offsandcosts
associatedwiththemanagementofoneecosystemserviceare
bornebyothersandsoarenotweighedinsectoraldecisions
regardingthemanagementofthatservice.Incountrieswithsup-
portiveinstitutionsinplace,market-basedtoolscouldbemore
effectivelyappliedtocorrectsomemarketfailuresandinternalize
externalities,particularlywithrespecttoprovisioningecosystem
services.Variouseconomicinstrumentsormarket-based
approachesthatshowpromise,inadditiontothecreationofnew
marketsforecosystemservicesandpaymentsforecosystemser-
vicesnotedearlier,includetaxesoruserfeesforactivitieswith
“externalcosts,”establishmentofcap-and-tradesystemsfor
reductionofpollutants,andmechanismstoallowconsumerpref-
erencestobeexpressedthroughmarkets(throughcertification
schemes,forinstance).

■Increasedtransparencyandaccountabilityofgovernmentand
private-sectorperformanceindecisionsthataffectwetlands,includ-
ingthroughgreaterinvolvementofconcernedstakeholdersindeci-
sion-making.Laws,policies,institutions,andmarketsthathave
beenshapedthroughpublicparticipationindecision-makingare
morelikelytobeeffectiveandperceivedasjust.Stakeholderpar-
ticipationalsocontributestothedecision-makingprocess
becauseitprovidesabetterunderstandingofimpactsandvulner-
ability,thedistributionofcostsandbenefitsassociatedwith
trade-offs,andtheidentificationofabroaderrangeofresponse
optionsthatareavailableinaspecificcontext.Stakeholder
involvementandtransparencyofdecision-makingcanincrease
accountabilityandreducecorruption.



EcosystemsandHumanWell-being:WetlandsandWater S y n t h e s i s 67

Appendixes 

Appendix A
Abbreviations, Acronyms, and Figure Sources

Abbreviations and Acronyms
CBD–ConventiononBiologicalDiversity
COP–ConferenceoftheParties(oftreaties)
DRIFT–DownstreamResponsetoImposed
 FlowTransformation
GRoWI–GlobalReviewofWetland
 ResourcesandPrioritiesforWetland
 Inventory
ICZM–integratedcoastalzonemanagement
IRBM–integratedriverbasinmanagement
IUCN–WorldConservationUnion
MA–MillenniumEcosystemAssessment
MDG–MillenniumDevelopmentGoal
NGO–nongovernmentalorganization
OECD–OrganisationforEconomic
 Co-operationandDevelopment
RBO–riverbasinorganization
STRP–ScientificandTechnicalReview
 Panel(ofRamsar)
UNCCD–UnitedNationsConventionto
 CombatDesertification
UNEP–UnitedNationsEnvironment
 Programme
WWF–WorldWideFundforNature

Figure Sources
MostFiguresusedinthisreportwere
redrawnfromFiguresincludedinthe
technicalassessmentreportsinthechapters
referencedintheFigurecaptions.Prepara-
tionofseveralFiguresinvolvedadditional
informationasfollows:

Figure 3.1  
ThisFigurehasbeenadaptedwithpermis-
sionfromH.M.MacKay,P.J.Ashton,M.
Neal,andA.Weaver,TheWaterResearch
Commission’sInvestmentStrategyforthe
CrosscuttingDomain:WaterintheEnviron-
ment,WRCReportNumberKV148/04
(Pretoria,SouthAfrica:WaterResearch
Commission,2004).

Figure 4.1  
ThisFigurehasbeenadaptedwithpermis-
sionfromB.D.Ratner,DongThanhHa,
MamKosal,AyutNissapa,andSomphanh
Chanphengxay,UndervaluedandOver-
looked:SustainingRuralLivelihoodsthrough
BetterGovernanceofWetlands,Studiesand
ReviewSeries(Penang,Malaysia:World
FishCentre,2004).

Box 4.2  
TheinformationwasderivedfromChapter
20inMACurrentStateandTrendsand
supplementedwithinformationfrom
N.MeyersandJ.Kent,PerverseSubsidies
(Washington,DC:IslandPress,2001).
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Assessment Report Tables of Contents

Ecosystems and Human Well-being:  
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CF.1 IntroductionandConceptual
 Framework
CF.2 EcosystemsandTheirServices
CF.3 EcosystemsandHumanWell-being
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 andTheirServices
CF.5 DealingwithScale
CF.6 ConceptsofEcosystemValueand
 ValuationApproaches
CF.7 AnalyticalApproaches
CF.8 StrategicInterventions,Response
 Options,andDecision-making

Current State and Trends:  
Findings of the Condition and  
Trends Working Group 
SDM Summary
C.01 MAConceptualFramework
C.02 AnalyticalApproachesforAssessing
 EcosystemConditionsandHuman
 Well-being
C.03 DriversofChange(note:thisisa
 synopsisofScenariosChapter7)
C.04 Biodiversity
C.05 EcosystemConditionsandHuman
 Well-being
C.06 VulnerablePeoplesandPlaces
C.07 FreshWater
C.08 Food
C.09 Timber,Fuel,andFiber
C.10 NewProductsandIndustriesfrom
 Biodiversity
C.11 BiologicalRegulationof
 EcosystemServices
C.12 NutrientCycling
C.13 ClimateandAirQuality
C.14 HumanHealth:Ecosystem
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C.15 WasteProcessingandDetoxification
C.16 RegulationofNaturalHazards:
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C.28 Synthesis
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SDM Summary
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