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•What is a wetland

•Loss and degradation of wetlands

•What inventory has been done

•What is inventory

•Framework for inventory 



Wetland definition - Ramsar Convention on Wetlands

“Areas of marsh, fen, peatland or water, either natural 
or artificial, permanent or temporary, with water that isor 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.”



High altitude wetlands - streams, 
ponds lakes marshes peats karstponds, lakes, marshes, peats, karst 
systems, incl melt water channels 
from glaciers.

IWMI



Lowland wetlands – many water 
regimes – seasonal and annual -
vegetation types and – swamps, 
marshes, lakes, rivers, waterholes

IWMI



Wetlands in dry lands –
fresh and saline; some 
more often dry than wetmore often dry than wet

IWMI



Coastal wetlands - diverse 
mangrove and tidal marsh –mangrove and tidal marsh –
subject to tidal and freshwater 
flooding

IWMI



Reef systems – coral 
or limestone; inshore 
and off-shore

IWMI





More than 50% of marshes swamps smallMore than 50% of marshes, swamps, small 
lakes in parts of Europe, North America, 
Australia & New ZealandAustralia & New Zealand

Increased pressure in Asia, Africa and southern 
America, and small islands

W tl d / i i f t d li thWetlands/rivers are in faster decline than 
rainforests and savanna grasslands





Living Planet Index Living Planet Index –– freshwater ecosystems freshwater ecosystems 
i id d lii id d liin rapid declinein rapid decline

IWMI



Condition of freshwater species

Red List for birds in 
different ecosystems

Number of threatened 
Living planet 
index

amphibians
index

Freshwater 
ecosystems



Waterbirds – 20% extinct or threatened

Mammals – 30% decline (dolphins, manatees, 
porpoises)p p )

Fish (freshwater) – 20% threatened or extinct

Amphibians – 30% threatened (not all are aquatic)

Turtles – 50% threatenedTurtles 50% threatened

Crocodiles – 45% threatened



Invasive species Coastal development

Water regulationg

Fire regimes

Over harvesting Climate changeg g

Irrigationg

Agriculture
Pollution



Global scenario for wetlands – increased  pressures 
and further loss and degradationand further loss and degradation

Millennium Ecosystem 
Assessment 2005



Impressive basic coverage –Impressive basic coverage –
continental scale wetland 
inventory

Distribution of major wetlands -
known and mapped

Known occurrence of most major 
wetland species – plants and 
vertebrates – limited population 
d tdata

Information available about main 
management problems on some management problems on some 
sites



Common problems with wetland inventory 
have been identified and discussed

Wetlands not well defined or different definitions 

have been identified and discussed

Different classifications have been used

Inaccurate data often not checked when re usedInaccurate data – often not checked when re-used

Poorly recorded data – where is the original data?

Incomplete information

Programs too ambitious and not completedPrograms too ambitious and not completed

Inadequate publication & distribution of information

Lack of standardised methods



Not possible to make reliable estimates of the extent of wetlands, 
globally or regionally – many countries do not have a wetland 
inventory

Good example of wetland inventory processes exist - the MedWetGood example of wetland inventory processes exist the MedWet
program

Many inventories only provide an inaccurate estimate  of the 
extent of wetland area or conditionextent of wetland area or condition 

On the whole, wetland inventory was incomplete and difficult  to 
undertake

Despite these problems an estimate of global wetland area was 
compiled – based on national data – it was an under-estimate 
and much higher than previous estimates g p



Formal resolution on wetland inventory in 1999y

Recognised that the wetland information base was globally and 
regionally uneven, inaccurate, outdated, absent, or misplaced 

Requested a framework and manual for planning wetland q p g
inventory to provide standardised and consistent approaches

All countries should complete national wetland inventoriesAll countries should complete national wetland inventories

Existing methods for wetland inventory and data management s g e ods o we d ve o y d d ge e
needed to be reviewed and new ones developed

Greater use should be made of remote sensing and GIS



Global database and map developed in 2004 from 
multiple data sources

Provided estimates of wetland area different to those 
in the Ramsar global review 



Finlayson et Finlayson et LehnerLehner & Doll & Doll 
al. 1999al. 1999 20042004

AfricaAfrica 123123 131131
AsiaAsia 204204 286286
EuropeEurope 258258 2626pp
South AmericaSouth America 415415 159159
North AmericaNorth America 242242 287287North AmericaNorth America 242242 287287

OceaniaOceania 3636 2828
T t lT t l 12781278 917917Total Total 12781278 917917



What is inventory?

InventoryInventory
Collect information to describe

the wetland - provide a basisyy p
for assessment and monitoring

AssessmentAssessment
Identify the value, status of 
and threats to the wetland -AssessmentAssessment and threats to the wetland  

provide a basis for monitoring

i ii i
Collect information for

t b d h thMonitoringMonitoring management based on hypotheses
derived from assessment



Integrated multiIntegrated multi--scalar wetland analysesscalar wetland analyses

INVENTORY MONITORINGASSESSMENT

Broad BroadBroadBroad
scale

Broad
scale

Broad
scale

Site specificSite specificSite-specificSite-specific

Undertake assessment and monitoring at same scale as information

Site-specific - more detailed data Site-specific - more detailed data

Undertake assessment and monitoring at same scale as information
was collected in the inventory – scale is important



River basinGeology, climate
ecoregion, land use 

River basin

River sub-basin
Location, altitude

climate, Area, hydrology
vegetation

River sub-basin

Wetland complexPhysical, physico-chemical,
biological, ecosystem services

Wetland complex

Wetland habitatEcological, land use, threats,
management, monitoring, administration

Wetland habitat

Core data fields Core data fields –– database with GIS interfacedatabase with GIS interfaceMore detailMore detail More detailMore detail



9. Establish time schedule
d t t f

1. State the purpose and
objective

5. Establish a core or
minimum data set

and extent of resources

10. Assess the feasibility
d t ff ti

2. Review knowledge
and information base

6. Establish a habitat
classification

11. Establish a reporting
d

and cost effectiveness

7. Choose an appropriate
method

procedure
3. Review existing
inventory methods

12. Establish a review

8. Establish a data
management system

4. Determine the scale
and resolution

and evaluation process

13. Plan a pilot study



Ecological character is now defined by theEcological character is now defined by the
Ramsar Convention on Wetlands as:

the combination of the ecological 
components, processes and (ecosystem)

i th t h t i th tl dservices that characterize the wetland

Changed in 2005 to include ecosystem 
services as part of the character, not justservices as part of the character, not just 
dependent on the character



Ecological character is the combination of theEcological character is the combination of the ecological componentsecological componentsEcological character is the combination of the Ecological character is the combination of the ecological componentsecological components
and and processesprocesses which maintain the wetland and its which maintain the wetland and its ecosystem services ecosystem services 

BiologicalBiological

ChemicalChemical Regulating CulturalCultural

ProvisioningProvisioning

PhysicalPhysical
Regulating CulturalCultural

SupportingSupporting

Wetland EcologicalWetland Ecological Wetland EcosystemWetland EcologicalWetland Ecological
Components and ProcessesComponents and Processes

Wetland Ecosystem
Services



Ecological character is the combination of the Ecological character is the combination of the ecological components,ecological components,
dd t it i th tth t h t ih t i th tl dth tl dprocessesprocesses and and ecosystem services ecosystem services that that characterisecharacterise the wetlandthe wetland

BiologicalBiological

ChemicalChemical Regulating CulturalCultural

ProvisioningProvisioning

PhysicalPhysical SupportingSupporting

Ecological ComponentsEcological Components
and Processesand Processes Ecosystem Services





Provides a baseline against which change is assessedProvides a baseline against which change is assessed, 
including against the criteria used for listing as 

internationally important.internationally important.

An inventory effort is required to describe the 
ecological character

A ff ti it i i i d tAn effective monitoring program is required to 
determine if any change has occurred and whether 

this is outside the range of natural variabilitythis is outside the range of natural variability



1. State the purpose and objective1. State the purpose and objective

Make a clear statement about the reason(s) for doing
the inventory  and why the information is required, 

th b i f h i th d ti l las the basis for choosing a method, spatial scale 
and minimum data set..



Wetland inventory has multiple purposes:y p p p
:
• identify priority sites for conservation and management

• listing wetlands of national or international importance

• describing the occurrence of wetland species

• describing the extent of natural resources such as peat, g p ,
fish or water and providing information for management

• establishing a baseline for measuring change in the• establishing a baseline for measuring change in the 
ecological character of wetlands

• promoting awareness of the value of wetlands



2. Review the knowledge and information base2. Review the knowledge and information base

Review the published and unpublished literature and Review the published and unpublished literature and 
determine the extent of knowledge and informationdetermine the extent of knowledge and information

available for wetlands in the region being considered.available for wetlands in the region being considered.

Be aware that a lot of information may occur in waterBe aware that a lot of information may occur in water
management, fisheries or agricultural reports.management, fisheries or agricultural reports.



3. Review existing inventory methods3. Review existing inventory methods

Review available methods and seek expert technicalReview available methods and seek expert technical
advice to ensure that the methods used can advice to ensure that the methods used can 

supply the required information and thatsupply the required information and that
suitable data management processes are establishedsuitable data management processes are established.



4. Determine the scale and resolution4. Determine the scale and resolution

Determine the scale and resolution that will
enable the purpose and objective to be achieved. 

The scale is inseparable from the objective and
method used for the inventory.y

It is related to the size of the geographic region and
the accuracy neededthe accuracy needed.





Major differences in data on wetland extent  - detail 
related to mapping scale northern Australiarelated to mapping scale – northern Australia



Less variable the smaller the geographic area –
Kakadu National Park, northern AustraliaKakadu National Park, northern Australia



River basinGeology, climate
ecoregion, land use 

River basin

River sub-basin
Location, altitude

climate, Area, hydrology
vegetation

River sub-basin

Wetland complexPhysical, physico-chemical,
biological, ecosystem services

Wetland complex

Wetland habitatEcological, land use, threats,
management, monitoring, administration

Wetland habitat

Core data fields Core data fields –– database with GIS interfacedatabase with GIS interfaceMore detailMore detail More detailMore detail



The Asian WetlandThe Asian Wetland 
Inventory adopted 
a large river basin 
approach with four 
scales for mapping 

d d t ll tiand data collection

1 500 000 t 1 1 000 000 l f j i b i•1: 500 000 to 1:1 000 000 scale maps for major river basins

•1:250 000 to 1: 500 000 scale maps for sub-basins and coastal sub-regions

•1:100 000 to 1:250 000 scale maps for wetland complexesp p

•1:10 000 to 1:50 000 scale maps for wetland habitats





HydroSHEDS is available at 
htt // ld ildlif / ihttp://www.worldwildlife.org/science
/projects/freshwater/item1991.html



5 Establish a core or minimum data set5. Establish a core or minimum data set

Identify the core, or minimum, data set 
sufficient to describe the location and size of the

wetland(s) and any special features. 

This can be complemented by additional information
on factors affecting the ecological character of the

wetland(s) and other management issues if requiredwetland(s) and other management issues, if required..



Th d t b di id d i t t tThe core data can be divided into two components -
biophysical and major management features of the wetland.

The decision on whether to undertake an inventory based
only on core biophysical data or to also include data ony p y
management features will be based on individual needs.

The Asian Wetland Inventory has adopted 4 data layers to
correspond with the 4 scales  that are used. 

Different data is collected at each scale. 



Site name (official name of site and catchment)Site name (official name of site and catchment)

A d b d ( i d i ti d l )A d b d ( i d i ti d l )Area and boundary (size and variation, range and average values)Area and boundary (size and variation, range and average values)

Location (projection system, map coordinates, map centroid, elevation)Location (projection system, map coordinates, map centroid, elevation)

Geomorphic setting (within the landscape, biogeographical region)Geomorphic setting (within the landscape, biogeographical region) and and 
general description (shape, crossgeneral description (shape, cross--section and plan view)section and plan view)

Climate Climate –– zone and major featureszone and major features

Soil (structure and colour)Soil (structure and colour)( )( )

Biota (vegetation zones, animal populations, rare/endangered species)Biota (vegetation zones, animal populations, rare/endangered species)

Water regime (depth, periodicity, flooding, source of water, groundwater)Water regime (depth, periodicity, flooding, source of water, groundwater)

Water chemistry (salinity, pH, colour, transparency, nutrients)Water chemistry (salinity, pH, colour, transparency, nutrients)



5c. Core data 5c. Core data -- managerial featuresmanagerial features

Landuse in the wetland and river basin

Pressures on the wetland and river basin

Land tenure and administrative authority for the wetland

Conservation and management status of the wetlandConservation and management status of the wetland
including legal instruments and social-cultural traditions that

affect management

Ecosystem goods and services derived from the wetland

Management plans and monitoring programs in place



6 Establish a habitat classification6 Establish a habitat classification6. Establish a habitat classification6. Establish a habitat classification

Ch h bit t l ifi ti th t it thCh h bit t l ifi ti th t it thChoose a habitat classification that suits theChoose a habitat classification that suits the
purpose of the inventory.purpose of the inventory.

It is unlikely that a single classification wouldIt is unlikely that a single classification would
be accepted for all purposes.be accepted for all purposes.

A classification can be developed from the coreA classification can be developed from the core
biophysical data biophysical data - hydrology, geomorphology,

t ti t lit ( t i t li it )vegetation cover, water quality (nutrients, salinity…)



7. Choose an appropriate method7. Choose an appropriate method

Choose a method that is appropriate forChoose a method that is appropriate for
a specific inventory based on an assessmenta specific inventory based on an assessment
of the advantages and disadvantages andof the advantages and disadvantages andof the advantages and disadvantages, and of the advantages and disadvantages, and 

costs and benefits of the alternatives.costs and benefits of the alternatives.



7a. Comparison of methods7a. Comparison of methods

II
Inventory methods

• Mediterranean (MedWet) inventory
• US national wetland inventory

• Ugandan national wetland program
• Asian wetland inventory

Hi l tl d i t• Himalayan wetland inventory



Types of satellite data applicable for wetland mapping 
at different scalesat different scales

ICIMOD - A manual for an inventory of Greater Himalayan wetlands



Define the issue or baseline data required

Ask if remote sensing technology is needed?Ask if remote sensing technology is needed?

Assess the characteristics of wetland issue
within the scope of a remote sensing approach

Select sensorDetermine trade-offs

Determine ground data
required



Wetland delineation

Where is the boundary of the wetland?

Wetland delineation

Based on multiple features – sometimes obvious, but at other
times not. Times series and ground data may be needed.times not. Times series and ground data may be needed.

Vegetation, soils and land features, and the water regime are
generally used to establish the boundary.

R t i i t t d i t t dRemote sensing using automated or semi-automated
methods is increasingly being used. These can be reasonably
accurate, but there is still no replacement for good groundp g g
knowledge based on training and experience.





Extent of flooding – where 
does the “wetland” end and 
the “land” start?the “land” start?



Wetlands are defined as lands transitional between 
terrestrial and aquatic systems where the water table is 
usually at or near the surface or the land is covered by 
shallow watershallow water. 

For purposes of this classification wetlands must have one 
or more of the following three attributes: (1) at least 
periodically, the land supports predominantly 
hydrophytes, (2) the substrate is predominantly y p y , ( ) p y
undrained hydric soil, and (3) the substrate is non-soil and 
is saturated with water or covered by shallow water at 
some time during the growing season of each yearsome time during the growing season of each year.

US Federal Geographic Data Committee



Rosenqvist et al 2007



Lake Chilwa, Malawi

2228 km2 – partly accessible

Ground survey, air photos 
d t llit iand satellite imagery



Lukanga wetland, 
ZambiaZambia

2500 km2 – inaccessible

Hand held air photos 
and satellite imagery





Changes inChanges in 
wetland 
vegetation due 
t d ht l kto drought – lack 
of water.

Geomorphology 
of the wetland is 
still evidentstill evident.

Delineation 
d ddepends on 
multiple criteria 
(or a lawyer with ( y
good shoes)





8 Establish a data management system8 Establish a data management system8. Establish a data management system8. Establish a data management system

Establish clear protocols for collecting, recordingp g, g
and storing data, including archiving, to enable the 

source of the data and its accuracy to be determined. 

Identify suitable rigorous and tested methods for all data
analysis and interpretation and document these.

Use a meta database to record information aboutUse a meta-database to record information about
the inventory and details of data ownership and access.





9 Establish a time schedule and extent9 Establish a time schedule and extent9. Establish a time schedule and extent 9. Establish a time schedule and extent 
of resourcesof resources

Establish a time schedule for planning the inventory, forEstablish a time schedule for planning the inventory, for
ll i i d i i h d fll i i d i i h d fcollecting, processing and interpreting the data, forcollecting, processing and interpreting the data, for

reporting the results, and for reviewing the program. reporting the results, and for reviewing the program. 

Establish the extent and reliability of the resources availableEstablish the extent and reliability of the resources available
and  make plans to  ensure that data is not lost. and  make plans to  ensure that data is not lost. 



10 Assess the feasibility and cost effectiveness10 Assess the feasibility and cost effectiveness10. Assess the feasibility and cost effectiveness10. Assess the feasibility and cost effectiveness

Assess whether or not the program, including reportingAssess whether or not the program, including reporting
of the results can be done within the management system of the results can be done within the management system 

and with the money available.and with the money available.

Determine if the costs of data acquisition and analysis areDetermine if the costs of data acquisition and analysis areDetermine if the costs of data acquisition and analysis areDetermine if the costs of data acquisition and analysis are
within budget and that the budget is available for the  within budget and that the budget is available for the  

program to be completed.program to be completed.program to be completed. program to be completed. 



principal purpose is to delineate/map the
wetlands taking in wetland habitats from thewetlands, taking in wetland habitats from the
intertidal zone to the inland, and to display this
on GIS-based maps

this would occur at four different scales with the
amount of detail dependent on the purpose of the
inventory and the size and importance of theinventory and the size and importance of the
wetland



11 Establish a reporting procedure11 Establish a reporting procedure11. Establish a reporting procedure11. Establish a reporting procedure

Establish procedures for interpreting and reporting all
results in a timely and cost effective mannerresults in a timely and cost effective manner.

The report should be succinct/concise and indicate 
h th t th bj ti h b hi d dwhether or not the objective has been achieved and 

contain recommendations for management action, 
including whether further data is required.g q



12. Establish a review and evaluation process12. Establish a review and evaluation process

Establish a formal and open review process to ensure the 
effectiveness of all procedures, including reporting, andeffectiveness of all procedures, including reporting, and 
supply information to adjust or even terminate the program.



13. Plan a pilot study13. Plan a pilot study3 a a p ot study3 a a p ot study

Test and fine-tune the method and specialistTest and fine tune the method and specialist
equipment being used. 

Assess the training needs for staff involvedAssess the training needs for staff involved.

Confirm the means of collating, collecting, entering, 
analysing, interpreting and reporting the data.

Check that any remote sensing data collection can beCheck that any remote sensing data collection can be
supported by ground-truthing.



Wise use of wetlands depends on 
having sufficient knowledge and av g su c e t ow edge a d
information – a well planned 
inventory can provide this e o y c p o e s
information.



ThankThank--youyou

You cannot solve the problem with the 
same kind of thinking that created the 
problem. Albert Einstein


