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About this report 

The Ecosystem Services (ES) program within Alberta Environment and Water (AEW) 
has been advancing the use of an ES approach within the Department and Government 
of Alberta since 2007.  The Ecosystem Services approach Pilot on Wetlands (ES pilot) is 
part of the department’s 10-year ES road map; its completion and results are considered 
a progression in understanding and applying an ES approach to support decision 
making.   
 
Important to note for the reader, the combined complexity of ecosystems and 
interactions with people, including the functions, services and benefits they provide, is a 
challenging new arena for science.  The work of this pilot team and the results 
presented are a step forward in building an understanding and knowledge of ES 
and using an ES approach; however we caution the reader that there is more work 
to be done, both in Alberta and globally to strengthen the meaning and use of ES 
approach results.  Therefore, there are limitations in the information presented.  The 
results need to be considered advancements in ES knowledge in Alberta, but considered 
‘pilot results’ with caveats.  Based upon advice and experience of international experts it 
is understood that the work to assess ES within a strong policy context, and using 
knowledge from multiple disciplines, is leading edge, and attempts were made to ensure 
the pilot and results presented are credible, legitimate and policy relevant.  Globally, 
there are no international standards, methods or processes for conducting an ES 
assessment.   
 
The report is laid out in five sections and includes an Executive Summary.  The 
Executive Summary provides a high-level overview of the pilot context, a summary of the 
assessment results, links to pilot objectives and key conclusions and recommended next 
steps for an ES approach in Alberta.  Section 1 provides an introduction to ES and an 
approach used to frame the ES Pilot.  Section 2 provides context for the case study area 
where the pilot was deployed, and the issue that the pilot focused on.  Section 3 
contains the results from the assessment.  Section 4 provides the key findings related to 
the issue identified, and assesses the results against the outcome and objectives of the 
pilot.  It also summarizes a number of other learnings’ from the pilot implementation 
process.  Section 5 provides conclusions.  It also provides potential recommendations 
and next steps to be considered for the Alberta Environment ES program and ES road 
map. 
 
There are a number of complementary deliverables prepared for the ES pilot.  Other 
reports include: an ES approach Report that focuses on methods and process, a Project 
Evaluation Report, a Summary Report for Decision makers and a Summary Report for a 
general audience.  In addition there are a number of technical reports including: reports 
for various components of the biophysical assessment, a socio-economic report and the 
socio-cultural report.  As such, a detailed overview of the methods used is not included 
in this report.  The combined deliverables for the ES pilot together provide all the key 
elements for understanding the results, the methods, project evaluation and the 
learning’s from the Ecosystem Services Approach Pilot on Wetlands that can support 
future work on ES in Alberta and internationally.   
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Executive Summary 
 
Ecosystem services (‘ES’) are the benefits that nature provides to people.  Some ES 
benefits, such as crops, are familiar and tangible; however, other ES, such as water 
filtration and carbon storage, are hard to observe and are underestimated or 
unaddressed in decision making.  Ecosystems provide innumerable services that are 
underrepresented or absent in most economic development decisions; however, these 
services contribute to development objectives (e.g., scenic quality of the land) and to 
realizing quality of life goals.  Identifying and understanding many of the services from 
wetlands can provide more information to decision makers, which may help to prevent 
unintended consequences from development decisions.   
 
Wetlands, and the regulatory approvals process for residential subdivision development 
in southern Alberta, were the focus for the ES pilot.  Wetlands are an integral component 
of Alberta’s diverse landscapes and provide a wide variety of ES.  For example, if 
managed properly, wetlands can provide water filtration and groundwater recharge, 
contribute to flood prevention, and provide habitat for numerous species of interest to 
naturalists and hunters alike.  Many wetlands also have important socio-cultural value 
because they provide recreational, heritage and scientific/educational opportunities.  As 
improvements are made in describing and valuing the benefits of ES, decision makers 
can better understand how their decisions might change (positively or negatively) the 
condition, quality and/or quantity of ES that could have an impact the well-being and 
quality of life of Albertans, and the businesses that operate in the province.    
 
The outcome for the pilot was established as the following: “the development and 
operationalization of an ES approach to provide a tool to enhance decision making”.  
The ES approach developed for the Alberta context provides a framework to help 
identify and quantify - qualitatively, quantitatively and monetarily - the benefits provided 
by wetland ecosystems.  In addition to the outcome, two objectives were established by 
the project steering committee, with a third captured from the ES pilot project charter:   

 Test and demonstrate how an ES approach can be used to support decision making 
by explicitly demonstrating the trade-offs between development and ES benefits 
provided by wetlands;  

 Support wetland management in the province by providing additional information to 
support potential compensation decisions related to land-use development; and 

 Identify information and capacity gaps for ES assessment to support future ES work.   

Meeting these objectives involved conducting various assessments on wetland ES to 
address gaps identified by wetland approval managers at Alberta Environment, the City 
of Calgary and Rocky View County (a.k.a., the ‘decision makers’) in their application of 
the wetland approvals process and the wetland mitigation hierarchy (which includes 
compensation).  The decision makers helped the ES pilot team to identify, frame and 
prioritize key gaps in the wetlands approval process to focus the pilot assessment work.  
The following represent the refined gaps that were used to design the project: 
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1. There is insufficient evidence to support avoidance, minimization and 
compensation decisions on wetlands.   

2. There is insufficient consideration of cumulative effects and long-term 
consequences of decision making. 

3. There is limited ability to communicate the ‘values’ of wetlands. 

The pilot focused on an area covering 274 square kilometres encompassing an eastern 
portion of the City of Calgary, an area of Rocky View County and the Town of 
Chestermere.  The area was chosen because of the large number of wetlands and 
current land use pressures where residential development is having an impact on the ES 
that are supplied by the landscape.   
 
The case study area features (6,400+) wetlands ranging in size from less than 0.1 
hectare to over 10 hectares.  However, while the number of wetlands has increased 18 
per cent since 1962, wetland area has decreased by 24 per cent.  This translates into a 
total loss of 7.7 square kilometres of wetlands between 1962 and 2005.  Nested in 
the South Saskatchewan Region, historic landscape change in the region and the case 
study area has been primarily driven by population growth and agricultural expansion.  
More recently, urban expansion has led to new changes on the landscape, including an 
increased percentage of impervious surfaces, stormwater pond creation and new micro-
climactic conditions.  
 
Through a series of working sessions, the ES pilot chose three ES as being the top 
priority for greater understanding: water storage/supply, flood control and water 
purification/quality.  These ES were chosen for in-depth assessment along with 
carbon storage, which was included because carbon storage opportunities feature 
importantly as part of the provincial Climate Change Strategy and related regulations.  
Additional ES (e.g., pollination, cultural ES) were described and investigated in terms of 
their contributions to local society, but their condition (e.g., quality, quantity and 
distribution) was not assessed in detail across the entire study area. 
 
The ES pilot engaged a broad selection of stakeholders, including ES beneficiaries, in 
the pilot.  They identified cultural ES as high priorities for management in survey 
responses and workshop discussions.  In particular, aesthetic enjoyment and science 
and education opportunities were identified as ‘high value’ benefits provided by 
wetlands.  Biodiversity was also identified by multiple stakeholders as being of high 
importance, however, biodiversity is considered to be a necessary underlying condition 
for the production of ES but not an ES itself. 
 
The information generated by the ES pilot provides a baseline of knowledge about 
wetland ES in the study area that decision makers can apply in wetland approvals 
decisions.  Highlights from the assessment results include: 

 ES benefits are context specific, as they relate as much to how the environment is 
used and valued as to how services are produced by ecological processes.  There 
are a number of beneficiaries of different ES at different scales. 

 The total water storage capacity of all wetlands in the study area was estimated to be 
36.3 million cubic metres.  This represents a volume of water greater than the 
combined total storage capacity of the Glenmore Reservoir and Lake Chestermere.   
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 In the fall of 2007 and 2009, seasonal and dry annual conditions resulted in an 
estimated total wetland volume of 14.3 million cubic metres or 39.4 percent of total 
water storage capacity. 

 An analysis of water storage capacity by Stewart & Kantrud (S&K) wetland class 
showed that because there is a large number of wetlands that are Class I or II, their 
contribution to water storage on the landscape is substantial, even if individually they 
hold less water than Class III-V wetlands. 

 The estimated total storage capacity lost due to wetland drainage between 1965 
and the present is 9.2 million cubic metres.  This represents a 20 per cent 
decrease in available water storage capacity in the study area. 

 All wetlands in the case study area contribute to flood control.  There were no clear 
trends found for flood control values across either S&K or size classes, suggesting 
that high or low flood control depends more on landscape context than on 
class or size of wetlands.   

 The cost of replacing natural wetlands with built infrastructure was estimated from 
the total area of engineered wetlands that would be required to provide the same 
flood control services that are currently supplied by natural wetlands.  A 
replacement cost of all wetlands was estimated at about $338 million.  This 
corresponds to an estimated $2 million per year in economic losses when the 
historic rate of wetland area loss is applied. 

 The estimated cost of restoring all wetlands on the landscape would be $43 million.  
This corresponds to an estimated $257,250 per year in restoration costs if the 
historic rate of wetland loss is applied (0.6 per cent between 1960’s and 2005).   

 The majority (87 per cent) of wetland complexes within Shepard Slough have a 
medium to high capacity to purify water, estimated using a water purification 
model. 

 The estimated loss of soil organic carbon between 1962 and 2005 is 44,144 
Milligram (Mg) (89 Mg hectares-1).  This is equivalent to an emission of 161,832 
Tonnes of Carbon Dioxide equivalent (CO2 e). 

 Applying the provincially relevant Alberta Tech Fund value of $15 /tonne of Carbon 
Dioxide equivalent, the economic value of carbon storage in the case study area would 
amount to $16.7 million. 

 Recreation survey results showed the potential value for recreation from wetlands in 
the study area to be approximately $4,390,000 per year.  This result is based on an 
estimate of 114,685 wetland visitors each year, each spending $38.28 for a day trip. 

 Results of a hedonic pricing valuation identified a clear relationship between property 
value and distance/adjacency to wetlands.  If the property is adjacent to a wetland, 
the value of the house increases by $4,390 - $5,136. 
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The results from the assessment allowed the ES pilot to address the gaps in the wetland 
approvals process.  For example, the pilot identified that many of the ES provided by 
wetlands are currently excluded in current requirements for municipal Biophysical Impact 
Assessments and Wetland Impact Assessments and as such, multiple ES are absent 
from decision making.  In addition, wetlands provide multiple ES simultaneously, which 
is important when considering avoidance or compensation options for wetlands.  
Importantly, the ES pilot demonstrated that although a wetland is degraded, it could be 
high functioning and provide a number of ES and benefits.  This information could inform 
trade-offs and also help to highlight ‘hot spot’ areas to avoid in the planning process.   
 
A rapid assessment site-level tool tested in the pilot provided immediate benefits for the 
wetland approval process.  It offers a tool for decision makers, complementary to the 
pilot’s ES approach, to develop information about the ES provided by individual 
wetlands.  It can provide objective information on the values and functions of small and 
temporary wetlands that are often dismissed as unimportant when compared to large 
and visually appealing wetlands with permanent open water zones.  The tool, Wetland 
Ecosystem Services Protocol for the United States (WESPUS), requires modification for 
the Alberta-context, however it provides an opportunity to shape the process of 
avoidance, mitigation and compensation in a manner that may better reflect public 
values associated with wetlands.  If a wetland approval writer does not select avoidance 
or minimization, approval writers could use this tool to determine appropriate 
compensation and restoration requirements.   
 
The ES pilot allowed the decision makers to explore information on the cumulative 
effects of wetland loss and potential consequences of long term decision making.  For 
example, the loss of wetlands in the case study area over the past 50 years has led to a 
substantial cumulative loss of multiple ES including flood control, water purification/ 
filtration and water storage.  In particular, areas that have historically seen large losses 
in water storage are more likely to also experience changes in soil moisture, micro-
climate, flood control and other ES because water storage is fundamental to the delivery 
of other ES benefits.   
 
An important contribution of the ES pilot was the ability to demonstrate multiple ‘values’ 
of wetlands in the case study area.  For example, the results demonstrated that all 
classes of wetlands in the case study area contribute benefits, regardless of size and 
magnitude of current degradation.  Even small wetlands provide essential services such 
as water purification and flood control, sometimes in conjunction with adjacent and 
connected wetlands.  To complement typical aquatic environment and hydrology 
information used by decision makers, the pilot incorporated socio-cultural information on 
how people value different ES in the study area.  Information about local people’s 
perceptions of why wetlands are important can directly inform wetland approval 
decisions, as this is new information about the value of wetlands to society.  Studies 
conducted for the pilot demonstrate that even the most abstract cultural benefits (e.g., 
heritage benefits) are consistently rated as of ‘high’ or ‘medium’ importance to people. 
 
The pilot demonstrated that an ES approach can provide a systematic way to assess ES 
benefits and impacts, and explore the trade-offs associated with development decisions 
that incorporate more than typical environmental and/or economic information.  Given 
the novelty of the assessments activities, a number of recommendations have emerged 
to further advance the ES road map: 
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 There is a strong need to examine how the local and regional assessment tools 
applied can be streamlined to improve efficiency and cost effectiveness.  Many 
assessment activities occurred in isolation, and while the pilot team made efforts to 
integrate activities and align results, it is recognized that the pilot fell short of the 
intention to conduct a holistic and integrated ES assessment.  Improved integration 
during the design phase can improve project delivery, communications and the final 
products, which can reduce costs. 

 The data, information and resources needed to complete ES assessments, 
particularly the biophysical assessment, was significant.  It will be important to 
assess what scale and level of importance a policy or plan is to warrant the monetary 
and staff costs of doing an ES assessment.   

 The uptake of WESPUS is a ‘low hanging fruit’ to integrate ES into the wetland 
approvals process and other Government of Alberta activities as other ES 
assessment methodologies mature.  With thirty-years of testing and refinement 
already, the WESPUS approach requires minor modifications for the Alberta context.  
Given the popularity of WESPUS, it will be essential to build on the momentum 
generated in this pilot.   

 
The concept of ES is still in its infancy, but has been recognized globally as a useful tool 
for communicating the value of sustainable landscape management to support 
development and the long-term well-being of people.  Ecosystem Services are becoming 
increasingly important for governments and business leaders to address in decision 
making.  The Government of Alberta took a leadership role in advancing the ES road 
map and completing a pilot project to explore the incorporation of ES into an actual 
policy gap identified by municipal and government wetland approvals writers.  This 
report represents the Integrated Results from the ES assessments and provides key 
findings and uses for the information generated. The ES pilot reports make up the 
platform from which to move forward on a number of opportunities to further improve 
understanding of ES, build capacity to assess ES, and provide more complete 
information to decision makers to improve the outcomes of their decisions. 
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1.0 Introduction  
 
 
1.1 Overview of the Ecosystem Services Pilot 

 
Ecosystem services (ES) are the benefits that nature provides to people.  Ecosystem 
services provide innumerable services that are underestimated in most economic 
development decisions; however, these services contribute to development objectives 
(e.g., scenic quality of the land) and to realizing quality of life goals.  For example, the 
flood control service of wetlands can help to protect homes, infrastructure and 
communities during extreme weather events. 
 
The Ecosystem Services Approach Pilot on Wetlands (ES pilot) was initiated in 2010 as 
one of the short-term and medium-term goals of Alberta Environment and Water’s Road 
Map for Ecosystem Services in Alberta1.  The road map articulates a strategy for 
integrating ES into Alberta Environment and Water’s (AEW) governance, policy and 
programs (Text Box 1): The ES pilot contributed to the short-term goals of enhanced 
appreciation and understanding of ES in policy, planning and decision making. 
 
The ES pilot focused on assessing the 
benefits that people acquire from 
wetlands in a qualitative, quantifiable and 
comparable way.  The ES pilot was 
conducted in an area encompassing the 
east part of the City of Calgary, Rocky 
View County and the Town of 
Chestermere, where residential sub-
division development is having an impact 
on the ES that are supplied by the 
landscape. 
 
The ES pilot, and the concept of ES, 
supports other important work in Alberta, 
including the Land-use Framework and 
regional plans, the interim provincial 
wetland policy (Government of Alberta, 
1993), Rocky View County 
(www.rockeyview.ca) and the City of 
Calgary (www.calgary.ca) polices on 
wetlands and riparian areas, and the 
Institute for Agriculture, Forestry and the 
Environment’s (IAFE) work on ES and 
innovation in the forestry and agriculture 
sectors (Kennedy, 2010). 

The scope of the ES pilot was determined in the fall of 2010 through discussions with 
wetland experts, regional government staff and biological/ecological/economic experts 
from AEW, other ministries and other institutions.  The outcome for the pilot was 

                                                 
1 For information on the AENV Ecosystem Services Road Map, please contact AENV at Gillian.kerr@gov.ab.ca. 

Textbox 1 – AEW’s ES Road Map sets out the 
goals and path forward to support integration and 
adoption of the ecosystem services approach.  
Adopting an ecosystem services approach will 
support and enable AEW’s work on cumulative 
effects management, policy development, 
planning, and decision making. 

Short term goal (now-1 yr): An enhanced 
appreciation and understanding of an ES 
approach to supporting policy, planning, and 
decision making is identified and supported by all 
levels of relevant management in AEW. 

Medium term goal (now-3yrs): The importance of 
ES is better understood and the department has 
increased its capacity for quantitative 
measurement of ES on the landscape to support 
policy, planning, and decision making within 
AEW. 

Long term goal (3-7yrs): A strong qualitative and 
quantitative capacity exists within the department 
to enable the ecosystem services approach to be 
common practice within AEW’s policy, planning, 
and decision making processes. 
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established as the following: “the development and operationalization of an ES approach 
to provide a tool to enhance decision making”.  The pilot charter originally had five 
objectives but these were modified as an understanding of the pilot needs and 
constraints progressed.  In addition to the outcome noted above, the Steering 
Committee agreed to the following objectives:   

 Test and demonstrate how an ES approach can be used to support decision making 
by explicitly demonstrating the trade-offs between development and ES benefits 
provided by wetlands; and 
 

 Support wetland management in the province by providing additional information to 
support potential compensation decisions related to land-use development. 

 
Additionally the ES pilot team deemed it important to also identify information and 
capacity gaps for ES assessment to support future ES work, and as such, this third 
objective was also established.   

Meeting these objectives involved developing biophysical, socio-cultural and economic 
information on wetland ES to address gaps identified by wetland approval managers at 
AEW, City of Calgary and Rocky View County (a.k.a. the ‘decision makers’) in their 
application of the wetland approvals process and the wetland mitigation hierarchy (which 
includes compensation).   

1.1 Considering ES in wetland management 
 

Wetlands are an integral component of Alberta’s diverse landscapes and provide a wide 
variety of ES.  For example, if managed properly, wetlands can provide water filtration 
and groundwater recharge, contribute to flood prevention and provide habitat for 
numerous species of interest to naturalists and hunters alike (Water for Life, 2008).  
Also, many wetlands have important socio-cultural value because they provide 
recreational, heritage and scientific/educational opportunities.  Some benefits, such as 
crops, are familiar and tangible; however, other ES, such as water filtration and carbon 
storage, are hard to observe and are underestimated or unaddressed in decision 
making.  Identifying many of the services from wetlands can provide more information to 
decision makers which may help to prevent unintended consequences from 
development decisions (WRI, 2008).   
 
The ES pilot was focused on prairie pothole wetlands in an area of southern Alberta.  
These wetlands are under considerable pressure from population growth and land-use 
development such as urban expansion, agricultural drainage, natural resource extraction 
and road construction.  Approximately 65 per cent of slough/marsh wetlands in the 
settled areas of Alberta have been significantly altered or have disappeared.  Of this 
area, the estimated annual loss of wetlands is 0.3 per cent to 0.5 per cent2 (Turner et.al., 
1987; Watmough et.al., 2002).   
 
Wetland loss has been particularly acute in the Calgary municipal area due to 
residential, commercial and industrial development that often entails draining and filling 
in wetlands.  It is estimated that Calgary many have lost as much as 90 per cent of its 
wetlands since pre-settlement times (Calgary State of the Environment Report, 2006).  
                                                 
2 An annual rate of wetland loss in the case study area was not available.   
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Climate change in the Canadian prairies, particularly increasing temperatures and 
decreasing precipitation, also represents a threat to wetlands which includes the 
potential to exacerbate dry conditions and reduce the amount of water stored on the 
landscape (Sauchyn et al., 2007).  Understanding how diverse pressures on wetlands 
impact their ability to provide ES is important for informing trade-offs in development 
decisions. 
 
When wetlands are altered, drained or degraded a cost can be incurred by society if ES 
that were previously provided at no cost by wetlands may need to be replaced by built 
infrastructure such as stormwater ponds.  Examples of costs3 include:  

 increased water treatment costs; 

 increased illness and health care costs stemming from water contamination; 

 irrigation water shortages; 

 increased stormwater infrastructure costs, including construction, operations, 
maintenance and monitoring;   

 threats to biodiversity, which is the foundation for many ES; 

 increased carbon emissions from the wetlands to the atmosphere contributing to 
climate change;  

 increased insurance costs due to flooding; 

 decreased property value due to degraded aesthetic qualities; 

 decreased recreational opportunities; and 

 decreased revenues from tourism activities associated with healthy ecosystems, and 
aesthetic and spiritual value losses. 

 
These costs are not systematically accounted for in development decisions because 
they are not known or not part of decision-making processes.  There can be also 
considerable time lag between the impact of a development decision and the effects to 
the function of wetland ecosystems, making such incorporation into decision making 
difficult.  In the case study area, these types of costs are not currently addressed in the 
residential development approval regulatory process.   
 
Building ES considerations into development approvals, land-use plans and 
compensation requirements can lead to increased human well-being, including 
enhanced economic benefits, and can contribute to risk management (WRI, 2008).  The 
lack of incorporation of ES into land management and regulatory approvals decisions 
could lead to risks to the well-being of individuals, communities and the economy in 
Alberta. 
 
Key ecosystem service management opportunities for Alberta lie first in building greater 
knowledge and understanding of ES, and the connections and dependencies between 
ES and wetlands and surrounding land use.  Other opportunities include maintaining, 
restoring and/or enhancing the ES that people value and depend on to improve long-
term human well-being, and support sustainable and successful development.   

                                                 
3 This list is illustrative and does not represent the costs associated with wetland loss, alterations or degradation in the 
pilot’s case study area  
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Text Box 2 - Bundles of ES produced by Wetlands 

Natural wetlands produce ‘bundles’ of ecosystem services (ES), or in other words, many 
interrelated ES that benefit humans in a multitude of ways.  Different ‘bundles’ of ES are 
obtained based on particular options and land-use choice pursued.  The graphic below 
shows that when undisturbed wetland ecosystems are replaced by less diverse, engineered 
systems such as storm water retention ponds for residential development, the capacity of 
many services can be diminished.  However, it is possible to manage for specific land 
development objectives such as subdivision development while minimizing losses of other 
ES; bundles of ES provide more benefits for a greater diversity of stakeholders.   

Note: images provided are illustrative only. 

 

Development can encourage the maintenance or improvement of ES (e.g., avoidance of 
Environmentally Significant Areas, preserving adequate buffer zones around wetlands, 
etc.) providing opportunities for improving human well-being at the same time as 
increasing environmental sustainability.  For example, building boardwalks around a 
wetland improves access to the wetland, increasing the potential for recreation, 
educational and aesthetic benefits, but may adversely impact other ES.  Managing 
natural and constructed wetlands according to best ecological practices can maximize 
bundles of ES, such as flood control, water filtration and aesthetic and recreation values 
that are underpinned by high levels of biodiversity (MA, 2005) (see Text Box 2).   
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Text box 3 – Cumulative Effects and Cumulative Effects Management (CEM) 

Within Alberta, Cumulative Effects Management has become an environmental management 
priority through the Alberta Land Stewardship Act and the business plan priorities of AENV 
and other departments. 

Cumulative Effects is defined as “the combined effects of past, present and reasonably 
foreseeable land-use activities, over time, on the environment.” (Land-use Framework, 
2009).  Sometimes this will occur over time, for example, when new development starts up in 
an area that already has environmental impacts from previous activities.  Cumulative effects 
also occur when multiple activities take place across an area and lead to synergistic and 
sometimes rapid impacts on the environment.  Wetland loss is a prime example of 
cumulative impact on ES as the issue is driven by the loss of many small basins which, 
cumulatively, equate to a large cumulative effect. 

Cumulative effects management aims to set environmental objectives in consideration of 
their social, economic and environmental consequences and to manage activities, through a 
process of continuous improvement, in order to achieve those objectives.  It is not an add-on 
to Alberta’s current management system, but an evolution of that entire system. 

The Ecosystem Services methodological approach can support cumulative effects 
management by providing: 

 qualitative and quantitative methods to determine cultural and economic benefits derived 
from the environment in a place-based context; 

 integrated information on the biophysical, economic and cultural dimensions of 
environmental resources to support trade-off discussions in decision making, policy and 
planning; and 

 science and social-science-based evidence of society’s benefits and dependence on ES 
for human well-being (e.g., clean water, fresh air, and food).   

1.2 Context of the ES Pilot 
 
The ES pilot was launched to contribute to the ES road map, and build on the ES 
experience, information and knowledge developed through the regional planning 
initiatives conducted for southern Alberta in the past few years4.  Regional planning has 
provided opportunities for the Government of Alberta to include the concept of ES into 
decision making.   
 
At a strategic level for government, one of the key uses of the ES pilot is to contribute 
new tools and information to support Alberta’s shift to Cumulative Effects Management 
(CEM) (see Text Box 3 below). 

To provide the scope of the project, two early deliverables were produced: 1) a report on 
the current wetland approval process in southern Alberta; and 2) a case study report to 
select the geographic area.  These two deliverables provide the ES pilot with focus; it 

                                                 
4
 Regional planning for southern Alberta has involved two key initiatives:  first, the Southern Alberta Landscapes (SAL) 

was launched in 2002 as a cross-Ministry, inter-governmental, strategic planning initiative to examine sustainable 
development issues in southern Alberta; and  second, with the approval of the Alberta Land-use Framework, the South 
Saskatchewan Regional Plan was undertaken to develop outcomes for the region to help with planning and development 
goals while maintaining valued landscapes. 
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was designed to inform a specified policy aspect - the current wetland approval process 
for residential subdivision development - in the selected case study area; however, the 
results and lessons learned can be used to inform broader provincial development.   
 
The various planning and policies regarding residential subdivision development are 
summarized here: 
 
 Wetland management on private land in Alberta is guided by the Wetland 

Management in the Settled Areas of Alberta: An Interim Policy (1993); 

 Applications for residential subdivision development that propose impacts to 
wetlands require provincial (under the Water Act) and municipal (under the Municipal 
Government Act) approvals5;. 

 Proponents submit a Wetland Impact Assessment (WIA) or a Biophysical Impact 
Assessment (BIA) to the required municipality detailing potential impacts any 
environmentally significant features for potential protection under other regulatory 
requirements (e.g., Species at Risk Act); 

 If the municipality approves the application, proponents apply to AEW under the 
Water Act6; and 

 Wetland approval writers at AEW review the application (limited to the aquatic 
environment and hydrology), and apply the Provincial Wetland Restoration and 
Compensation Guide to determine how the mitigation hierarchy7 will be applied, 
including compensation requirements. 

 
The current process and various requirements of development proponents do not 
incorporate information about ES functions, benefits or value to local beneficiaries.  This 
was identified as an opportunity to pilot an ES approach to enhance decision making.  
While the description above is the current process, the Government of Alberta is working 
on a new wetland policy and it is expected that some of the ES pilot work will inform the 
development of this new policy.   
 
Through research and engagement it became apparent that, currently, there were two 
key areas of improvement in the regulatory process above that could benefit from ES 
information: 
 
 Many benefits that wetlands provide to humans are not accounted for in the wetland 

approval process for residential sub-division development.  While residential 
developers may consider the flood control benefits of wetlands, other benefits like 
carbon storage and habitat for pollinators are omitted.  In addition, development 
applications are reviewed individually.  The result is development approval decisions 
made without understanding of individual and cumulative ES benefits that are being 
improved, degraded or lost as a result of residential development; and 

 

                                                 
5 Each municipality has its own requirements for wetland approvals prior to submission to AENV wetland approval writers.  
The ES Pilot only focused on the process relevant for the City of Calgary and the MD of Rocky View.   
6 If the wetland is on public land, the development application will require authorization under the Public Lands Act.  For 
the purposes of the ES Pilot, the Public Lands Act was not considered.   
7 The Mitigation hierarchy describes the approval decision process of avoidance, minimization or compensation when 
assessing an application that will impact a wetland.   
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 While guidelines, protocols and the Alberta Water Act allow for discretion in making 
decisions about wetland mitigation (i.e., avoidance, minimization and compensation 
by development proponents), there is a perceived culture of developers requesting 
compensation options rather than investing in alternative development options.  
Wetland approval writers require more information to better equip them to ensure the 
application of the mitigation hierarchy maintains local assets and ES.   

 
Building upon the above areas of improvement, the wetland approvals decision makers 
helped the ES pilot team to identify, frame and prioritize key gaps in the wetlands 
approval process to which the pilot was to focus its assessment work.  The following 
represent the refined gaps that were used to design the project: 

1. There is insufficient evidence to support avoidance, minimization and 
compensation decisions on wetlands.   

2. There is insufficient consideration of cumulative effects and long-term 
consequences of decision making. There is limited ability to communicate the 
‘values’ of wetlands. 

Based upon the steps of an ES approach designed for the purposes of this pilot project 
(Figure 1), and in order to establish what information was required to address the three 
gaps, the pilot team developed questions to guide the assessment activities (Text Box 
4).   

1.3 An ES Approach for Alberta 

A key objective of the ES pilot (see Section 1.1) was to test and demonstrate how to 
operationalize an ES approach for Alberta based on existing research and available 
methods from other organizations and jurisdictions.  The ES approach developed for the 
Alberta context (Figure 1) provides a framework to help identify and quantify - 
qualitatively, quantitatively and monetarily - the benefits provided by wetland 

Text Box 4 – ES Approach questions addressed in this report  

 What ecosystem services are produced by wetlands in the case study area? 

 What benefits accrue to local and regional people from wetland ecosystem services? 

 What trends can be observed about the condition of wetland ecosystem services over the 
past several decades? 

 What characteristics of wetlands are critical for function and service delivery? (e.g., 
proximity to other wetlands, adequate riparian buffers, etc.) 

 What are the potential impacts to the entire case study area resulting from the cumulative 
draining of wetlands for residential subdivision development?  

 Where are the ‘priority’ (i.e., high function and high value score) wetlands identified through 
site-specific assessment? 

 What questions and/or additional information can the wetland approval writers inquire from 
development proponents to understand the potential losses and benefits to ES resulting 
from the subdivision development? 

 What data, capacity and information gaps were identified? 
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ecosystems, with the goal of improving decision making.  As improvements are made in 
describing and valuing the benefits of ES, decision makers can better understand how 
their decisions might change (positively or negatively) the condition, quality and/or 
quantity of ES that could impact the well-being and quality of life of Albertans, and the 
businesses that operate in the province. 

 

Based upon the most current and 
renowned expertise at the time, the 
ES pilot attempted to follow process 
guidelines provided in two ecosystem 
service references: Ecosystem 
Services and Human Well-Being: a 
manual for assessment practitioners 
(Ash et al., 2010) and Ecosystem 
Services: a guide for decision makers 
(WRI, 2008).  These references 
provide individuals and organizations 
with information on how to conduct ES 
assessments, and ensure the 
consideration of “both the ecosystem 
from which the services are derived 
and also the people who depend on 
and are affected by changes in the 
supply of services” are integrated (Ash 
et al., 2010).  Alberta’s experience in 
ES work was further drawn upon to 
develop methods for use in the pilot including results from the Southern Alberta 
Landscapes project and the South Saskatchewan Regional Plan process (Kerr, 
2010). 
 
Emphasis was placed on developing processes and products considered to be 
scientifically credible, relevant to key decision makers and legitimate in the eyes 
of stakeholders.  A Steering Committee was established to ensure project outcomes 
and objectives were accomplished, and to provide guidance and oversight to the 
process and deliverables.  Using a consensus-based approach, the Steering Committee 
was composed of target decision makers and other stakeholders representing 
government, industry, non-profit and academic communities.  In addition, a Review 
Panel was established to contribute to the delivery of the ES approach, provide 
contextual information about Alberta and ES and enhance project credibility by reviewing 
deliverables.   
 
Information was developed from a variety of different data sources (e.g., satellite 
imagery, government databases, experiential knowledge, internet sources, etc.), as well 
as from reports and peer-reviewed scientific literature.  The pilot involved multiple 
scales: both site-level and remote assessments undertaken at the scale of the whole 
study area.  The pilot attempted to create uniformity across data applied but recognize 
that there were inconsistencies and gaps in the data available.  As such, limitations to 
the assessment results are noted and additional questions identified throughout the 
process are highlighted.   
 

Figure 1: Ecosystem Services Pilot - ES Approach 
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2.0 Understanding the Context for a Place-based ES 
Assessment: Results of Research on the Case 
Study Area, Drivers of Change and Stakeholder 
priorities  

 
2.1 Description of the Case Study Area 
 
The case study area covers approximately 274 square kilometres, encompassing parts 
of the City of Calgary and Rocky View County and the Town of Chestermere (Figure 2).  
This area was chosen for the ES pilot because of the large number of wetlands in the 
area, current pressure from residential sub-division development and the existence of 
data to support spatial analysis of ES.  The study area is primarily agricultural (~57 per 
cent), with increasing settled areas (~17 per cent) and industrial areas (~10 per cent).   
 

Figure 2: Case study area - wetland ecosystems in Rocky View County and East Calgary 
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Text Box 5 - Wetland Classification Systems 

Wetlands can vary greatly and classification systems that compare wetlands using standard 
sets of metrics help communicate the characteristics of individual wetlands.  This information 
is important for understanding regional wetland ecology and for developing approaches to 
wetland management.  For example, decision-makers may be interested in learning whether 
different classes of wetlands provide different ecosystem services, and whether decisions 
regarding different classes of wetlands can be made based on an understanding of what ES 
are provided by each class. Currently, the province of Alberta uses two main wetland 
classification systems: the Steward and Kantrud (S&K) System and the Canadian Wetland 
Classification System. 

The Steward and Kantrud Classification (S&K) system is used to classify wetlands in the 
glaciated prairie region (including the ES Pilot case study area).  Stewart and Kantrud found 
that the use of prairie ponds and lakes by waterfowl is strongly influenced by water 
permanence, depth, chemistry and land use.       

The Canadian Wetland Classification System is based on a hierarchal system, which 
includes the class of the wetland, wetland form and wetland type.  The five wetland classes 
are differentiated by their development characteristics and the environment in which they 
exist.  The five classes are: bog, fen, marsh, swamp, and shallow water.  Wetlands that 
accumulate peat (partially-decomposed organic matter) are called peatlands.  The Canadian 
Wetland Classification is used across Canada, which allows for comparison with most other 
wetlands, but is a less precise classification approach. 

AEW is currently developing a provincial wetland classification system to provide consistent 
assessment across the province.  This will be helpful for future ES assessments to ensure 
comparability between wetlands. 

The case study area is characterized by cultivated plains, and slopes from the northwest 
to the northeast resulting in drainage towards the Bow River at the south end of the 
boundary (AECOM, 2011).  In its natural condition, most of the area is a “non-
contributing area” or a basin with no surface outlet to the Bow River.  The low-lying 
topography of the areas leads to the accumulation of water during the wet season and 
the creation of wetlands over time (AECOM, 2011).   
 
According to 2005 data, there are over 6,400 wetlands in the case study area, ranging in 
size from less than 0.1 hectare to over 10 hectares.  Approximately 11 per cent, or 24.5 
square kilometres, of the landscape is covered by many clusters of wetlands and Class I 
though VI wetlands, based on the Stewart and Kantrud (S&K) classification system.  A 
key limitation identified by the pilot is the lack of a complete wetland inventory for the 
entire case study area.  The largest wetlands are found in the Shepard Slough Complex, 
located in the southern end of the study area.   
 
While the number of wetlands has increased since 18 per cent since 19628 (~5293 
wetlands Class 1 - VI), wetland coverage has been reduced by 24 per cent (Figure 3).  
This translates into a total loss of 7.7 square kilometres of wetlands between 1962 
and 2005.  There are a number of reasons why the area saw an increase in the number 
of wetlands, including mapping during different seasonal conditions, the use of different 
techniques and the ability to conduct field verification in the recent estimate, which was 
unavailable in the historical dataset.   

                                                 
8 Historic dates for wetland information is inconsistent throughout the report. A key data source was a wetland inventory 
prepared using multiple years of data from the early 1960’s. Consultants preparing reports used different temporal points 
for their assessments, however there are no implications for the results data.  



 

Figure 3: Change in wetlands from 1962 - 2005 



2.2 What is Driving Change in Wetlands in Rocky View County and East 
Calgary? 

 
The ES pilot study area is nested within the South Saskatchewan Region.  Historic 
landscape change in this 
region has been primarily 
driven by population 
growth and agricultural 
expansion (SSRP Profile, 
2009).  For example, 
according to research in 
South Saskatchewan 
Region Planning (SSRP) 
documents, over a million 
hectares of prairie-
parkland wetlands were 
drained and converted to 
agricultural use in the past 
century.  In addition, 
between 1970 and 1990, 
approximately 2.4 wetland 
basins per square 
kilometer were lost in the 
region for agricultural land 
use (SSRP Profile, 2009).   
 
Wetland margins, which 
provide even richer wildlife 
habitat than the wetlands 
themselves, have shrank 
or disappeared in the 
South Saskatchewan 
Region.  This typically 
results in a loss of wildlife 
habitat and can produce detrimental effects on water and soil quality.  It can also lead to 
changes in hydrological systems.  Wetland removal, tile drainage, irrigation and drainage 
canals, engineered inlets and outlets to wetlands and alteration of wetlands have also 
resulted in changes to the hydrological system in the region (SSRP Profile, 2009).   
 
More recently, urban expansion has led to new changes on the landscape, including 
increased percentage of impervious surfaces, stormwater pond creation and new micro-
climactic conditions (Figure 4)9.  Population growth, particularly in the Calgary area, has 
led to expanded development in the area.  Rural and agricultural lands are increasingly 
under pressure from rural residential development, while tracts of agricultural land have 
been converted to facilitate the geographic expansion of Calgary.  The conversion of 
native landscapes over time has affected biodiversity in the SSRP; it is now home to the 
largest number of species at risk in Alberta (e.g., Piping Plovers in the sub-basin) (SSRP 
Profile, 2009). The Calgary region has experienced significant economic and population 

                                                 
9 The land use changes in the map below include agriculture (cropland, grasslands and pastures) and urban land use 
(roads, buildings and pavement). 

Figure 4: Change in urban land use in case study area 
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growth over the past decade, and that growth has extended eastward into Rocky View 
County.  With a population of more than one million people, the city of Calgary is the 
fourth largest city in Canada.  Its population has grown rapidly over the past decade, by 
approximately 20,000 persons per year on average.  Residents are attracted to 
opportunities created by the city’s diverse economic base and the province’s strong GDP 
growth (estimated at 3.9 per cent in 2012) which has been fuelled by a thriving energy 
sector (CED, 2010; RBC, 2011).   
 
The majority of Rocky View County’s population growth has derived from net in-
migration to the municipality rather than natural growth, and more than two-thirds of 
Rocky View's adults are employed outside of the municipality.  The County’s population 
over the period 1971 to 2006 grew from 10,400 to almost 34,200, an annualized growth 
rate of 3.5 per cent. 
 
Accompanied with population growth is the increased pressure for residential 
development.  The fastest growing residential development type in the South 
Saskatchewan Region is rural residential development.  Given its low dwelling density, 
this type of residential development exerts a large footprint on the land base.  Rural 
residential development occurs predominantly along the Highway 2 corridor and around 
urban centers.  Between 2000 and 2006, 87 per cent of the municipality’s population 
increase occurred outside of the designated hamlets, and within acreage subdivisions.  
The most growth occurred between 1980 and 2002, especially around the margins of 
Calgary, in areas including Rocky View County (SSRP Profile, 2009).   
 
The expansion of human settlement, particularly the establishment of structures, such as 
housing and roads, impacts wildlife movement corridors and increases the interaction 
between wildlife and humans.  Rural residential development can also result in the 
spread of invasive weeds, increase air and water pollution and cause landscape 
alterations that impede natural ecological processes such as water flow and fire.  With 
increased settlement, the demands for tourism, recreation and amenity resources will 
also continue to increase, as will demands for natural resource development. 
 
The trend of urbanization in the South Saskatchewan Region shows no signs of abating, 
as Alberta’s economy continues to attract new residents from other parts of Canada and 
internationally.  It is estimated that the region’s population will expand by two million 
people by 2076; of this total, 1.6 million are expected to settle in the Calgary 
metropolitan area (City of Calgary, 2011).  Consequently, urban areas may be under 
pressure to further expand in order to accommodate larger populations and approve 
associated residential and commercial development which could produce increasing 
pressures on the current wetland inventory in the region.   
 
 
2.3 Wetland Ecosystem Services in the Case Study Area 
 
Despite continuing losses of wetlands in this region of Alberta, there is a growing 
recognition that wetlands provide a range of ES that are beneficial to society.  This 
contribution has been recognized by local municipalities either as explicit policy 
objectives or as part of land-use planning processes.  For example, the City of Calgary 
developed a Wetland Conservation Plan that explicitly recognized wetlands as providers 
of water quality and supply, flood attenuation, erosion control and a variety of socio-
cultural benefits (Calgary Conservation Plan, 2004). 
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An early finding of the ES pilot was that ecosystem service benefits are context 
specific, as they relate as much to how the environment is used and valued as to how 
services are produced by ecological processes.  Therefore, it is recognized that the 
study site and results derived from the assessment are not representative of all wetlands 
or wetland types in Alberta or elsewhere.   
 
The ES pilot conducted a workshop and consulted with decision makers, local people 
that benefit from ES and other stakeholders in order to identify ES that are important in 
the study area.  There are numerous ES to assess, and the pilot conducted activities to 
narrow the focus allows for the identification and assessment of context-specific ES, as 
well as information that resonates with local people and groups.  For example, water 
storage was identified as an important ES, however the production of genetic materials 
was not and as such it was not assessed.   
 
Table 1 presents the ES identified as important for the pilot study to focus on, along with 
a list of people or groups that benefit from the services identified by workshop 
participants and other advisors to the pilot. 
 
Table 1.  List of ES, definitions, and examples of beneficiaries  

Ecosystem 
Service 

ES Pilot Definition 

Beneficiary 
Group in the 
Case Study 
Area 

Sub-Group  

Agriculture Livestock, Crops 
Water supply 
and storage 

Storage and retention of water in 
wetlands for domestic, industrial and 
municipal water use 

Residential 
dwellings 

Home owners, 
Developers, 
Municipalities 

        

Carbon 
storage 

The stock of organic carbon stored in 
soils for Class 3, 4 and 5 wetlands.  
Note: Class 1 and 2 were not included 
due to methodology limitation. 

Albertans  Not applicable 

        

Flood control 
The timing and magnitude of runoff and 
flooding can be strongly influenced by 
changes in wetlands   

Residential 
dwellings 

Home owners, 
Developers, 
Municipalities 

        
Agriculture Livestock, Crops 

Municipalities/ 
Government 

Rocky View County, 
Calgary, Alberta 
government 

Water 
filtration/ 
purification 

Role ecosystems play in the filtration 
and decomposition of organic wastes 
and pollutants in water; assimilation 
and detoxification of compounds 
through soil and subsoil.   residential  

Municipalities, Home 
owners, Citizens 

        

Pollination The fertilization of floral plants Agriculture 
Farmers, Buyers/ 
Grocery stores 

        
Agriculture  Farmers 

Soil 
Formation 

Process by which organic material is 
decomposed to form soil. residential  

Municipalities, Home 
Owners, Citizens 

        
Recreation 
Groups 

Birders/ Botanists/ 
Hiking Recreation 

and tourism 

Providing opportunities for recreational 
activities.  Including: eco-tourism, sport 
fishing and other outdoor activities Tourism  Local/ Provincial/ Other 
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Ecosystem 
Services 

ES Pilot Definition 

Beneficiary 
Group in the 
Case Study 
Area 

Sub-Group 

First Nations First Nation groups 

Heritage 
The value that individuals place on 
knowing that a resource exists, even if 
they never use that resource 

Settlers, 
Citizens 

Historic associations/ 
societies, Sense of 
place 

        

Education 
Groups 

Schools/ Government 
Outreach/ ENGO 
Outreach 

Science and 
educational 
value 

Ecosystems and their components and 
processes provide the basis for both 
formal and informal education in many 
societies Science 

Schools/ universities/ 
Research groups 

        
Agriculture Farmers 

Food/ crops 
That portion of gross primary 
production extractable as food for 
human and/or cattle production Public Buyers/ Grocery stores 

        

Aesthetic 
Beauty and enjoyment provided by 
landscapes with wetlands 

Citizens 
Local, Recreation and 
Tourism groups  

        

Erosion 
control 

Retention of soil within an ecosystem.  
Role ecosystems play in retaining and 
replenishing soils. 

Residential 
Home owners, 
Developers, 
Municipalities 

 
There are a number of beneficiaries of the ES that are produced by wetlands in the case 
study area.  Beneficiaries can occur at different scales.  For instance, residential home 
owners benefit at the local scale from flood control of a wetland or small wetland 
complex10; however flood control produced by wetlands across the entire case study 
area can have benefits outside the area to stakeholders such as the City of Calgary and 
Rocky View County that have to manage flooding within their jurisdictions, or to 
communities further downstream.  In addition, benefits accrue to the provincial 
government in terms of reduced flood mitigation and compensation costs when flood 
control is provided free by wetlands. 
 
Through a series of working sessions, the ES pilot’s ‘decision makers’ (i.e., wetland 
approval writers) chose three ES as being the top priority for greater understanding: 
water storage/supply, flood control and water purification/quality.  These three ES 
were chosen for in-depth assessment along with carbon storage, which was included 
as it is an important part of the provincial Climate Change Strategy and related 
regulations.  Other ES (e.g., pollination) were described and investigated in terms of 
their contributions to local society, but their condition (e.g., quality, quantity and 
distribution) was not assessed in detail across the entire study area. 
 
A broader selection of stakeholders, including ES beneficiaries, identified cultural ES 
as high priorities for management in survey responses and workshop discussions. A 
specific goal of one workshop with stakeholders was to understand perspectives on 
cultural ES, which are challenging to assess.  Stakeholders were asked to rank the 
twelve ES included in the ES pilot in terms of their importance to individual stakeholders, 

                                                 
10 A wetland complex refers to two or more separated wetlands related by biological or hydrological functions.  Using 
satellite-based radar images permits the identification of wetland complexes based on hydrological connections, however, 
wetland complexes are more commonly identified using distance thresholds (e.g., wetlands within a 50-meter buffer could 
be considered a wetland complex). 
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Text Box 5 - Is Biodiversity an Ecosystem Service? 

An ES Approach used an “utilitarian” concept of nature, in which biodiversity is understood to 
be a necessary condition for the production of ecosystem services, but not an ecosystem 
service itself (Ash et al., 2010).  Biodiversity underpins the supply of ES such as seed 
dispersal, pollination, pest and disease control, and carbon storage.  Therefore, changes in 
biodiversity will affect the quality and quantity of ES available to humans.  In addition, the 
intrinsic value some people place on biodiversity can be captured under the cultural 
ecosystem service called "ethical values".   
 
Within Alberta, the Department of Sustainable Resource Development (SRD) manages 
biodiversity for the province.  SRD has been leading the development of a draft Biodiversity 
Strategy.      Once this strategy is released there will be opportunity to further define the 
relationship between ES and biodiversity for the Government of Alberta. 

of their importance to the stakeholder group that each individual represented, and of 
their perceived importance to society as a whole (Table 2). 
 
Table 2: Rank order of benefits from ES organized by their perceived importance to the 
individuals, their stakeholder group, and to society. One is the highest ranking and 
twelve is the lowest ranking. 
 

 
The results from the stakeholder dialogue confirmed assumptions about the perceived 
value of some ES, such as flood control and water purification, that are highly important 
across the three categories.  The results also show that a number of the less obvious or 
harder to measure ES such as aesthetic and recreational benefits are important across 
the three groups as well.  Biodiversity was also considered to be highly important to 
most stakeholders, however biodiversity is considered to be a necessary condition for 
the provision of ES, but not an ES itself (see Text Box 5). 
 
 

 

Individuals Stakeholder Society

Group
Water filtration/purification 1 3 1

Aesthetic (beauty and enjoyment) 2 6 8

Water quantity regulation 3 1 1

Flood control 4 2 3

Science and Educational Value 5 8 10

Recreation and tourism 6 5 5

Erosion control 7 4 4

Pollination 8 11 5

Food Crops 9 7 10

Soil formation 10 10 7

Carbon storage 11 12 8

Traditional Use 12 9 12
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3.0 Ecosystem Service Assessment Results 
 
In order to better understand and communicate the complex concept that is ‘ecosystem 
services’, the ES pilot developed a conceptual map of the relationship between 
ecosystem assets (e.g., wetlands), ecological functions, services and benefits (see Roy 
Haines-Young and Marion Potschin (2010) for more information on the ‘ecosystem 
cascades’ concept).  Using the example of water storage and supply, Figure 5 shows 
how natural assets lead to ES and provides examples of the specific benefits that people 
obtain from this service.  Wetlands are assets on a landscape, and incorporate many 
ecological functions, such as water infiltration and regulation of hydrological cycles and 
micro-climates.  A resulting ES is water storage, and people might benefit from this 
service by having a reliable source of water for drinking or watering livestock, by 
swimming or recreating in water bodies downstream from the wetland, by living close to 
a beautiful wetland and appreciating the aquatic species that the wetland supports.   
 
An ES ‘cascade’ diagram was developed for each ES in order to identify indicators to be 
used in their assessment.  Because data was not available to assess every component 
of the system (a common experience in ES assessment work according to experts), ES 
were assessed using one or several indicators that might represent the asset, the 
function, the service or benefits.  In a more comprehensive ES assessment, the more 
indicators that can be used to understand the entire ES cascade across time and space, 
the more informative the results will be to decision makers.  In addition, the beneficiaries 
and benefits for each ES are ideally identified and quantified in order to understand who 
relies on which ES and thus how decisions affecting ES will affect people.  Due to the 
limitations of undertaking a pilot project, this report gathered partial information on the 
ES cascades and on the beneficiaries of each ES.  We hope that these results will 
provide information that will be useful to decision makers and also present ideas for the 
types of information that can be developed from the ES perspective.  For each ES, we 
identify questions that we could not answer due to project limitations that could provide 
important insight into wetland management in the study area. 
 
The first four ES presented in this section – water supply/storage, flood control, water 
quality and carbon storage – were assessed for the ES pilot at the scale of the entire 
study area.  Project constraints required collaboration with three consultant teams to 
conduct the assessments.  This allowed for experimentation with a range of approaches, 
however, comparability between each ES was then limited11.  For each of the four ES, 
we provide a description of the ES, brief assessment methods, the condition and 
historical trends of the ES, the relationship between the ES and human well-being, and 
outstanding questions for further exploration.  Full methods for the assessment of these 
four ES are provided in separate technical reports written by consultant teams. 
Additional ES produced by wetlands in the study area were assessed using available 
information that was less representative of the entire study area.  They include 
food/crops, pollination, erosion control and soil formation, and several cultural ES.   
 

                                                 
11 Similar datasets were used by all consultant teams, however, because their methods and needs differed 
and there was not enough time within the pilot to integrate their findings, results are reported for slightly 
different time periods (e.g., 1962 for carbon sequestration vs. 1965 for water storage and flood control), and 
similar types of results differ slightly across ES (e.g., percentage loss of wetlands across time). 
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In addition to the ES selected for the ES pilot, 21 wetland sites were assessed 
individually, using an ES rapid assessment tool called WESPUS12.  The results of these 
site assessments, conducted both to test the tool and to assess a sample of different 
types of wetlands at the local scale, are presented at the end of this section.   

                                                 
12 The Wetland Ecosystem Services Protocol for the United States (WESPUS) is a rapid assessment tool developed to 
evaluate the function and value of wetland ecosystem services (Adamus, 2011).   

Figure 5.  Ecosystem Services Cascade showing Natural Assets, Ecological Functions, Ecosystem Services and 
Benefits related to Water Storage and Supply.  Examples of indicators are listed on right of diagram (not a 
complete list).  The ES Pilot assessed indicators highlighted in red.   
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3.1 ES: Water Supply/Storage 
 
3.1.1 Description of water supply/storage ES 
 
Freshwater supply is of primary importance to people around the world for drinking 
water, domestic, agricultural and industrial use, for recreation, and to support other ES 
that require reliable supplies of water for their existence.  Global freshwater use 
expanded by an estimated 10 per cent from 2000 to 2010, reflecting population growth, 
economic development and changes in water-use efficiency.  This trend is projected to 
continue, leading to water shortages in many parts of the world.  Water supply is an 
issue of concern in Southern Alberta because of rapid population and economic growth, 
uncertain effects of climate change, a continuing decline in water quality, high per capita 
use of water and a finite supply of water from the Bow and Elbow Rivers (City of 
Calgary, 2007).  In the study area, all water licenses have been allocated and new 
development must secure water licenses that are pre-existing (Alberta Environment, 
2006).  Future development may be constrained by water supply, which has led the City 
of Calgary to promote a variety of approaches to increase water-use efficiency and the 
conservation of water resources on the landscape.   
 
Water storage in wetlands is influenced by the number of wetlands on the landscape, the 
types of wetlands and the connectivity within wetland complexes.  Therefore, the 
removal of one wetland may have impacts to water storage at the scale of the wetland 
complex or landscape.  Wetlands can also be connected to surface waters that are the 
primary supplies of water for human consumption and may be important for groundwater 
recharge.  In the study area, water stored in wetlands has the potential to be used 
directly or indirectly as an input into agriculture for crops or livestock watering, industrial 
source water, recreational pursuits or other purposes that benefit people.  While most of 
the wetlands in the study area are not connected to groundwater due to a shale and clay 
soil barrier (Domestic Water Well Assessment, 2007), there are a few areas where 
groundwater recharge occurs, although it is not known whether there are domestic wells 
in these areas (AECOM, 2011).  The amount of water stored in wetlands, and what this 
water contributes to human well-being, are important questions for landscape managers 
and not well understood in the study area. 
 
Water storage in wetlands is crucially important for the production of other wetland ES 
and is interrelated to a number of wetlands services.  With no water storage, there is no 
wetland, and diminished stores of water can lead to rapid losses of other wetland ES.  
Water storage guarantees sufficient moisture for the development of wetland soils and 
vegetation, which in turn supports many other wetland ES (Gilbert et al., 2006; Mitsch 
and Gosselink, 2000).  The storage of water is also strongly linked to the service of flood 
mitigation.   
 
3.1.2 Method of assessment of water supply/storage 
 
All wetlands in the study area were assessed for water storage functions.  Two steps 
were used to determine total water storage capacity of each wetland:  
 
1. existing water volume in wetland was calculated using the equation Volume(cubic 

metres)= 2850 X Area1.22 (Manitoba Conservation et al., 2000); and 
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2. additional wetland water storage capacity was calculated (i.e., the total capacity of 
the wetland when full using the mean elevation of the boundary of the wetland and 
subtracting the maximum water level).   

 
The water storage capacities of individual wetlands were calculated by applying one 
metre (1m) grid LiDAR data in combination with a rating curve.  The LiDAR data set was 
acquired during very dry periods in late fall (between 2007 and 2009), which results in a 
conservative estimate of water storage capacity.   
 
A landcover dataset was created for the ES pilot using data from Ducks Unlimited 
Canada (DUC), the Calgary-Rocky View County Intermunicipal Development Plan (IDP) 
and Geobase land cover classification, all from a period between 2005 and 2008.  
Watersheds were delineated using LiDAR and WHITEBOXTM remote sensing methods in 
addition to previous delineations (e.g., City of Calgary’s ‘storm subcatchments’).   
 
The relationship between water supply/storage and human well-being was investigated 
in terms of the following: 

 water uses identified in the case study area (e.g., watering of livestock); 

 the relationship between this ES and other ES as identified in scientific literature; and 

 the potential relationships between this ES and benefits for people in the area as 
identified in literature and reports.   

Further questions that would be useful to answer in order to better understand how this 
ES contributes to the economy and well-being of people in the study area are presented 
in section 3.1.5. 
 
3.1.3 Condition and trends of water supply/storage 
 
The total water storage capacity of all wetlands in the study area was estimated to be 
36.3 million cubic metres.  This represents a volume of water greater than the 
combined total storage capacity of the Glenmore Reservoir and Lake Chestermere.  
Water storage capacities of individual wetlands are shown in Figure 6.  Much of the total 
water storage service capacity of wetlands is only realized in the spring, as water 
storage drops considerably over the summer as well as during dry years.  Water storage 
capacity is strongly linked to flood control services (see Section 3.2), as wetlands hold 
high levels of water in the spring that would otherwise flood the landscape.  In the fall of 
2007 and 2009, when the LiDAR data using for assessing water storage was collected, 
seasonal and dry annual conditions resulted in an estimated total wetland volume of 
14.3 million cubic metres or 39.4 per cent of total water storage capacity. 
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Figure 6.  Volume of water currently held in individual wetlands. 
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Water storage capacities of wetlands were also analyzed according to wetland sizes and 
the S&K classification.  Table 3 shows that most water storage in the study area occurs 
in a few very large (>10 hectares) wetlands.  Although the vast majority of wetlands in 
the study area are very small (<0.1 hectares), total storage capacity of this size class is 
only 3.2 per cent of the total amount.  Wetlands between 0.1 and 1.0 hectares account 
for over eight per cent of the total, which is higher than the combined total of all wetlands 
between two and five hectares, and is almost as high as the total of those wetlands 
between five and 10 hectares.   
 
From a cumulative effects management (CEM) perspective, small wetlands in the case 
study area perform an important water storage service when viewed together as a 
whole, and likely are very important to the hydrology and provision of wetland ES in the 
study area.  However, it remains to be determined exactly how these small wetlands 
benefit people in the area and how important they are to the maintenance of hydrological 
regimes on the landscape.  Similarly, an analysis of water storage capacity by S&K 
wetland class showed that because there are such a large number of wetlands that are 
Class I or II, their contribution to water storage on the landscape is substantial, even if 
individually they hold less water. 

 
 
 

 
 
Water storage capacity in wetlands was found to have decreased since 1965 due to 
wetland drainage.  This change was calculated using a drained wetland inventory 
assembled by DUC, which attempts to control results for climate variability.  Water 
storage capacity in 1965 was calculated as 45.5 million cubic metres.  The estimated 
total storage capacity lost due to wetland drainage between 1965 and the present 
is 9.2 million cubic metres.  This represents a 20 per cent decrease in available water 
storage capacity in the study area.  With continued development as a goal for both 
Rocky View County and Calgary, a continued decreasing trend can be predicted if 
planning and approval decisions remain unchanged.  Figure 7 presents where wetlands 
have been lost across the study area due to wetland drainage.   
 
Losses in wetland water storage during this period were concentrated in the central part 
of case study area, although major changes were also observed on the western margins 
of the study area, where new City of Calgary subdivisions have been built.  Figure 8 
shows changes in water storage capacity by sub-watershed.  Areas of historical 
losses in water storage capacity on the landscape include:  
 
 Wetlands that historically occurred in the City of Calgary, but are no longer present in 

Table 3.  Water storage capacity by wetland size class 
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the southwest corner of the study area;  
 The large wetland that once occurred along the Shepard Ditch immediately south of 

the large Shepard Slough complex in Rocky View County, which appears to have 
been drained during Shepard Ditch upgrades within the trend analysis period; 

 A large wetland within the Town of Chestermere; 
 Several wetlands along the 84th St. industrial corridor north of Shepard; and 
 Several wetlands east of the Hamlet of Janet on the east side of the Janet Slough 

complex. 
 

 

Figure 7.  Area of wetlands in 1965 vs. 2005 
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Figure 8.  Change in water storage by sub-watershed 
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3.1.4 Implications of changes in water supply/storage for human well-being 
 
There has been substantial change in the storage capacity of wetlands in the case study 
area due to historic losses of wetlands.  Water storage is a critical ES of wetlands 
because, as mentioned in section 3.1.1, without water there is no wetland.  The 
observed trend of decreasing water storage on the landscape, which is concentrated in 
certain areas and highly affected by increasing residential development, is likely to 
impact all the benefits provided by wetlands that are presented in this report (MA 
2005).  From a cumulative effects management perspective, the loss of water storage 
capacity due to the drainage of wetlands of all sizes is likely to add up to important 
cumulative losses of multiple ES.  Areas that have historically seen large losses in water 
storage are thus more likely to also experience changes in soil moisture, micro-climate, 
flood control and other ES (Gordon et al., 2009).  The ecological impacts of cumulative 
water storage loss have not been investigated for the study area. 
 
While direct human consumption of water from wetlands in the study area is uncommon, 
wetlands can provide water for domestic, commercial, industrial or agricultural uses.  
Information on specific water uses within the study area is limited, but suggests 
insignificant use of wetland water.  Six surface water removal licenses are currently held 
within the study area, three of which may benefit from having wetland complexes nearby 
that could contribute to water storage on the landscape.  There is no available data on 
whether humans may be benefitting from groundwater (e.g., through wells) in areas 
where wetlands may be contributing to groundwater recharge.  Ranchers are currently 
the most important consumers of water from wetlands (see Section 3.5.1 on links 
between agriculture and wetlands).  In the future, with declining supply and increasing 
demands for water, the availability of fresh water from wetlands may become more 
valuable to supporting human activities in the study area.   
 
Because water from wetlands is generally not consumed directly, it is the role that water 
storage plays in the support of other ES that is of primary importance for human well-
being.  Wetlands form an important part of landscape hydrological systems, and their 
role at the landscape scale needs to be better understood.  Studies have shown that 
wetlands work best to provide multiple ES if they are distributed on the landscape 
(Mitsch and Gosselink, 2000).  The position of a wetland on the landscape and its 
connectivity to other wetlands and water bodies will affect its importance to landscape 
hydrology.  Further research is needed to understand these connections in the study 
area. 
 
Engineered stormwater wetlands are often constructed to supplement or substitute for 
water storage in wetlands.  Stormwater ponds have the potential to provide a number of 
other ES, if they are managed ecologically according to best practices (Moore, T.L. and 
W.F. Hunt, 2011).  This rarely occurs, however, as engineered stormwater ponds are 
generally managed for flood control and water storage only, leading to poor water 
quality, basins that do not mimic natural wetland basins and negative impacts on 
landscape ecology (Forrest, 2010).  For example, stormwater ponds can attract aquatic 
species, but provide poor quality habitat for them due to water quality or other issues 
(EPA, 1999).  While stormwater ponds cannot supply the same bundles of ES that are 
provided by natural wetlands, constructing stormwater ponds according to best 
ecological practices could provide both water storage and an improved bundle of other 
ES.  Avoiding wetland loss or restoring natural wetlands can sometimes provide a 
greater bundle of ES at a lower cost (i.e., the cost and benefits of stormwater pond 
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construction must be compared to the cost of foregoing develop in the wetland area and 
the benefits from the natural wetland). 
 
3.1.5 Water storage and future research needs  
 
Wetland water storage in the study area has decreased by an estimated 20 per cent 
since the 1960s.  Accelerating drivers of change in the study area suggest that wetland 
water storage should be monitored in the future, as it is likely to continue on this trend.  
In addition, hardening of surfaces due to construction and development activities can 
affect the ability of the landscape to absorb or contain surface runoff.  Climate change is 
expected to change the frequency and magnitude of precipitation events in the future, 
with more intense storms predicted to occur at higher frequency than is currently the 
case (AECOM, 2011; Sauchyn et.al. 2007).  Climate change can also affect the amount 
of evaporation that occurs on the landscape.  All of these drivers of change will result in 
an uncertain impact on total wetland water storage on the landscape. 
 
Questions that remain about how trends in water storage in wetlands will affect human 
well-being in the study area include: 
 
 How does wetland water storage contribute to maintaining current hydrological 

cycles in the region and sustainable water supplies into the future? 

 How much of the water supply has been lost or gained over the past decades by 
agriculture, by transportation infrastructure and by residential developments? 

 Whether there are negative impacts to development, economic or other human 
activities in areas where wetlands have been lost? 

 Do tipping points exist in wetland water storage loss, where drying trends could 
result in the rapid and irreversible loss of other wetlands and wetland ES? 

 Is wetland water use likely to increase in the future under scenarios of water 
shortages? 

 How does the amount of water stored in a wetland relate to its ability to provide 
different ES? Is it simply the presence/absence of wetlands that is crucial rather than 
the amount of water stored? 

 Where is water storage in wetlands most needed to support sustainable human 
activities? 
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3.2 ES: Flood Control 
 

3.2.1 Description of flood control ecosystem service 
 
Flood control benefits individuals, communities, businesses and governments that must 
pay the costs of damages when flooding occurs.  Wetlands provide mechanisms for 
flood control by slowing down, absorbing and storing surface run-off (Adamus, 2011), 
and wetland alteration has direct effects on the incidence and magnitude of flood events 
(MA, 2005).  Although an isolated wetland may perform significant flood control function, 
effective control is more often the result of the combined effect of a series of wetlands 
within a particular catchment area (Verry and Boelter, 1978).   
 
Flood control potential can be estimated by the ‘residence time’ of reservoirs and soils, 
which is the time taken for water falling as precipitation to pass through a system; the 
longer the residence time, the larger the buffering capacity to attenuate peak flood 
events.  Clay soils, that are predominant the study area, contribute to longer residence 
times (MA, 2005). 
 
In the case study area, flooding has long been an issue, with flood incidents reported 
regularly over the past century.  In the past ten years, flood risk in this area is increasing 
in accordance with the growth in industrial and residential development; however, it is 
not consistent across the whole area (Jiang, 2011).  This is likely due to an increase in 
impervious surfaces from residential development, the removal of wetlands and climate 
change, although no studies have been conducted to establish causal effects. 
 
Isolated prairie potholes that are predominant in the study area typically form no surface 
connections to the stream network at average water levels, and thus can be effective at 
flood attenuation (Murkin, 1998; Brunet, 2011).  A prairie pothole will store water up to a 
certain threshold beyond which it will spill over to a down-gradient receiver (Leibowitz 
and Vining, 2003; Brunet, 2011).  The volume of storage available in prairie potholes 
isolated from the stream network depends on previous runoff and climatic conditions.  
Potholes are most effective in flood attenuation when they have a high capacity to store 
additional water, for example in early spring (McAllister et al., 2000).  In addition, they 
are more or less valuable for flood control depending on where they are located on a 
landscape and within a watershed.  Therefore, although water storage functions as 
described in Section 3.1 are also directly related to flood control, flood control 
assessment requires a more detailed consideration of the landscape context of 
wetlands, for example if they are situated higher or lower in the watershed. 
 
3.2.2 Method of assessment of flood control 
 
Flood control was assessed using a modeling approach based on the Industrial 
Heartland GIS model developed by Cobbaert et al.  (2011) shown below.  Several 
modifications and improvements were made to account for study area characteristics 
and to be able to estimate peak flow (cubic metres per second) reductions.  In order to 
estimate flood control, values for water storage capacity (H1, cubic metres), area of 
impervious surfaces (H2,  per cent), wetland catchment size to wetland ratio (H3), 
amount of upslope wetlands (H4,  per cent), wetland position in watersheds (H5a, 
quartiles) and subwatersheds (H5b, quartiles), connections to surface waters through 
natural or artificial drainage systems (H6, presence-absence outflow), and subsurface 
storage potential (H7, score out of 4 based on vulnerability maps) were calculated for 
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each wetland in the study area.  Values for each of these variables were combined to 
estimate flood control, using the following equation: 

 
3.2.3 Condition and trends in flood control 
 
Figure 9 shows the flood control values for each wetland within the case study area.  A 
large cluster of wetlands near the north boundary of the area was found to have very 
high capacity to control flood events.  Other ‘hotspots’ for flood control occurred east of 
Chestermere and in the north half of the Belvedere Area Structure Plan area within the 
City of Calgary.  Other wetlands with high flood control values were dispersed 
throughout the study area.  All wetlands were found to have the potential to provide 
some measure of flood control, but to differing degrees.  It is noteworthy that many 
wetlands exhibit very different scores for different flood control predictor variables (H1 
through H7).  For example, the large wetlands in the central Shepard Slough complex 
have large storage capacities (H1), but low scores for many other predictor variables. 
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Figure 9. Present flood control values 
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Flood control values were analyzed by wetland size class and by S&K wetland class.  
There were no clear trends found for flood control values across either S&K classes or 
size classes, suggesting that high or low flood control depends more on landscape 
context than on size or class of wetlands.  For example, many medium and small 
wetlands that occur at high landscape positions provide considerable flood control 
benefits.  This can be interpreted from a cumulative effects management perspective as 
many small wetlands in strategic landscape positions adding up to a large physical 
quantity of flood peak desynchronization and reduced peak flows in terms of cubic 
metres per second at catchment outlets. 
 
There is currently no information on how wetlands in the study area have changed over 
the past several decades in their ability to provide flood control.  A trend analysis of flood 
control over time was not feasible within the time limitations of the pilot project.  
However, it can be noted that where wetlands have disappeared (see results of water 
storage assessment, Figure 8), flood control benefits have been lost. 
 
3.2.4 Implications of changes in flood control for human well-being 
 
The model results for flood control in the study area identified the flood control potential 
of each wetland on the landscape; however, they do not indicate whether people are 
currently benefitting from wetland flood control services.  Further work is needed to 
identify where people, infrastructure or businesses are most at risk from flooding and 
which wetlands currently provide the most flood control benefits. 
 
We do know that there are multiple beneficiaries of flood control at local to regional 
scales.  Localized flooding has been identified as an issue within the study area itself, 
and anecdotal sources of information indicate that flooding has been a problem in the 
area for at least 100 years.  The 2001 Shepard Plan (City of Calgary and Rocky View 
County 2001) noted that: 
 
 Drainage and flooding are issues in the area;  

 The Hamlet of Shepard is located in an area with a high water table, a history of 
flooding, and water quality problems;  

 Stakeholders are interested in how the Shepard Plan could address ditch grading, 
flooding, flood protection, high moisture problems, high water tables, and water 
wells; and  

 Stakeholders are concerned about road drainage, particularly culverts that are 
clogged and in poor locations, and water that remains “trapped in ditches”. 

 
At the regional scale, the development of the Shepard Ditch towards full capacity means 
that the once ‘non-contributing’ case study area will eventually discharge 25-29 cubic 
metres per second into the Bow River, of which 54 per cent will originate from 
stormwater within the study area (AECOM 2011).  This represents an increase of eight 
per cent of the flow in the Bow River.  Increased peak discharge rates may have impacts 
on downstream landowners due to increased flooding and erosion of property, including 
buildings, land, crop, hay and pasture.  The drainage of additional wetlands in the study 
area would result in a further increased discharge rate. 
 
Flood control is an ES that residential development both depends on and impacts.  In 
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many cases, wetland drainage and development can cause hydrological changes and 
local flooding that were not present prior to development.  Rocky View County identified 
the study area as one of the potential flood risk areas and requires that developers are 
aware of risks and produce the appropriate stormwater management plans to attempt to 
mitigate some of the risks.  Stormwater management systems are typically built to 
mitigate these impacts, but there can be significant costs in the design, building and 
maintenance.  For example, to enable continued development within the study area 
while avoiding flooding and drainage problems that occurred in the past, the City of 
Calgary built the Shepard Stormwater Diversion project at a cost of approximately $60-
70 million.  The total cost of future stormwater servicing for planned infrastructure in the 
study area is $270 million (AECOM, 2011).  In addition, development proponents need 
approvals to ensure that pre-development and post development flows are equivalent 
and permitted (zero discharge rate), and the county regulates remediation and 
engineered wetland standards, classification of wetlands and compensation 
requirements, and illegal pumping and filling (Jiang, 2011).  Regulatory processes are 
also costly for both developers and government. 
 
The cost of replacing natural wetlands with built infrastructure was investigated by the 
ES pilot to determine the total economic benefits provided by wetlands in the study area.  
This type of analysis provides an idea of how much society is willing to pay for flood 
control services.  The economic benefits of wetland flood control were evaluated based 
on data available from the Shepard Constructed Wetland.  This 230-hectare constructed 
wetland receives stormwater runoff from a catchment area of nearly 6,000 hectares, and 
is designed to manage and treat stormwater before eventual discharge to the Bow River.  
It has a maximum storage volume of nearly 7,000,000 cubic metres and is capable of 
storing approximately 27,000 cubic metres/hectare for 72 days (AECOM, 2011).  The 
total cost of the project was $58 million, or about $252,000 per hectare13.   
 
Per hectare water retention capacity of this constructed wetland was applied to the 
results of the pilot flood control and water storage assessments to estimate the total area 
of engineered wetlands that would be required to provide the same flood control services 
that are currently supplied by natural wetlands.  Multiplying the per-hectare value from 
Shepard Constructed Wetland to the estimated 1,339 hectares of wetlands yielded a 
replacement cost of about $338 million.  This corresponds to an estimated $2 million 
per year in economic losses if the historic rate of wetland loss is applied (0.6 per cent 
between 1960 and 2005).   
 
Wetland restoration costs are considerably less than the cost of constructing artificial 
wetlands of the same size (Tracy Scott, 2011).  Based on the historic data on wetland 
restoration cost from DUC (2005-2011), the average restoration cost of impacted 
wetlands is $23,284 per hectare.  If applied to the pilot results for water storage and 
flood control potential, the estimated cost of restoring all wetlands on the landscape 
would be $43 million.  This corresponds to an estimated $257,250 per year in 
restoration costs if the historic rate of wetland loss is applied (0.6 per cent between 
1960 and 2005).   
 
Another way to look at the benefits provided by wetland flood control is to examine 
damages incurred by flood events.  As a large proportion (57 per cent) of the case study 
area is agricultural, flood risk is a major concern.  From 2000 to 2010, total insurance 

                                                 
13The land acquisition cost is assumed to be included in the total cost. 
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payments to agricultural operations amounted to $385,715 for loss due to flood damage, 
including $191,991 for the unseeded loss in the spring as a result of too much moisture 
and $193,724 for flooded loss in the fall during harvest (Rob Cruickshank, 2011).  Data 
on insurance payments for flood damage in residential areas was not available. 
 
3.2.5 Flood control and future research needs 
 
Flood control is very important to the well-being of communities in the study area, and 
the risk of flooding is understood for a number of reasons: 

 municipalities have observed and communicated this trend;  

 investment in flood control infrastructure is continuing; and 

 further development means an increase in impervious surfaces that in turn increases 
flooding potential.   

 
Wetlands of all sizes contribute to flood control, and it is likely that connected wetland 
complexes and wetlands in strategic areas of the case study are of critical importance to 
the provision of this ES and could contribute to flood control in areas with new residential 
developments.  In calculating the trade-offs between development that incorporates 
natural wetlands and development that replaces wetlands with flood control 
infrastructure, it is important for decision makers to take into account the multiple ES 
provided by natural wetlands vs. infrastructure that provides only the single service of 
flood control.   
 
Because no assessment of how wetland flood control has changed over the past several 
decades was conducted, we could not quantify the impacts on flood control from 
changes in the number and distribution of wetlands on the landscape.  Further 
hydrological modeling would inform decisions on how critical individual wetlands or 
wetland complexes are to flood control in particular areas of the landscape (e.g., 
upstream wetlands), and where areas of high risk for flooding are located.  Further 
modeling would also increase understanding of the impacts that flooding has on the 
quality and flow of the Bow River, which ultimately can impact aquatic ecosystems, 
human health and lead to higher costs of water treatment.  AEW’s Wet Areas Mapping 
(WAM) Initiative will also aid in planning for development that minimizes impacts on 
water resources. 
 
From a cumulative effects perspective, our findings show that many small wetlands act 
in conjunction to contribute to a large physical quantity of flood peak desynchronization 
and reduced peak flows.  Monitoring of flood events and how they are mitigated by 
wetlands would improve understanding of how wetlands contribute to flood protection.  
Currently, there is no monitoring of flood events in the study area and responses to flood 
events have been organized on an incident-to-incident basis (Jiang, 2011).   
 
Questions that remain about how trends in flood control by wetlands will affect human 
well-being in the study area include: 
 
 What areas are at the greatest risk from flooding? 



Ecosystems Services Approach Pilot for Wetlands – Final Version October 2011 42

 What are the risks and costs to developers and government associated with 
removing individual wetlands that provide flood control in conjunction with other 
wetlands and wetland complexes? 

 Can we locate and quantify the potential impacts of a sub-division development 
project on local and regional flood control capacity? 

 What wetland components (i.e. vegetation surrounding wetlands, position of wetland, 
etc.) are the most important to manage for flood control? 

 How do the costs and benefits of engineered flood control infrastructure compare to 
the opportunity cost associated with maintaining wetlands on the landscape and the 
multiple benefits provided by wetlands? Is there an optimal middle-ground that 
minimizes trade-offs associated with development, flood control and the provision of 
bundles of ES? 

 

 
3.3 ES: Water Quality/Purification 
 
3.3.1 Description of water purification ecosystem service 
 
Wetlands purify water, and people benefit from this ES through the provision of cleaner 
water for drinking, for recreation, and to support beautiful and biodiverse wetlands to visit 
and observe.  Purification occurs when water infiltrates soils where pollutants are 
removed by adsorption to soil particles and/or absorption by living organisms in the soil 
or water.  Wetland water purification is a function of the rate of water movement through 
the system and the integrity of purification processes related to the affinity of substrates 
to adsorb or absorb contaminants in the water.   
 
The assessment of wetland purification for the ES pilot focused on the removal of 
sediments and nutrients (i.e., nitrogen and phosphorus) from the water supply, as these 
are the most important pollutants in the study area.   
 
There are three zones around a wetland that contribute to water purification: the 
emergent zone, wet meadow zone and riparian upland zone.  The most important part of 
a wetland in the context of water purification is the riparian area immediately adjacent to 
it.  In many landscapes a riparian area of adequate width can be very effective at 
reducing nutrient, pollutant and sediment loads before they reach the wetland itself.  As 
a result, removal or alteration of riparian areas (e.g., wet meadow zone, riparian shrub 
and forest zones) reduces the ability of wetlands (as well as streams and rivers) to purify 
water.  The species composition and biodiversity within riparian zones plays an 
important role in the sediment and nutrient retention potential of the wetland.  Many 
studies exist demonstrating the purification potential of different species (e.g., Picard et 
al., 2005; Zedler, 2000). 
 
Many changes have occurred in the drainage of the study area over the past century, 
raising concerns about water quality impacts to the Bow River, which now receives water 
from the study area through the Shepard Ditch.  Increased stormwater flows into 
Chestermere Lake have decreased the water quality of the lake, to the concern of local 
residents that use the lake for recreation and enjoy its beauty (AECOM 2005).  
Agricultural practices have also added nutrients to the soils and water for over a century.  
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Apart from a water quality measurement station at Chestermere Lake, there are no other 
monitoring stations that can provide water quality indicators regarding the impact of 
agriculture, infrastructure and residential development within the study area.  From water 
quality monitoring stations on the Bow River, we do know that the City of Calgary and 
abutting lands have a significant negative impact on the water quality of the Bow River, 
leading to seven fold increases in total phosphorus and total nitrogen and doubling of 
chlorophyll – a and turbidity levels (Figure 10). 
 
The total contribution of wetlands to water quality within the study area is unknown.  In 
areas that have been highly developed resulting in increased urban run-off, individual 
wetlands may not be able to absorb high levels of pollutants and risk becoming polluted 
stormwater ponds.  Constructed wetland complexes are being used to supplement water 
purification in the study area.  For example, the Stormwater Diversion Project diverts 
stormwater from parts of the City of Calgary away from Chestermere Lake into a 
constructed wetland complex.  These constructed wetlands will ultimately treat more 
than 50 per cent of the stormwater from Calgary’s east industrial parks as well as 
subdivisions to the north (AECOM, 2011). 
 
 

 
 
Figure 10.  Time series of water quality at government water quality monitoring stations at an upstream 
(Bow River at Cochrane - AB05BH0010) and downstream (Bow River below Carseland Dam - 
AB05BM0010) location to the study area.  Data points reflect annual median of approximately 12 water 
quality measurements taken at monthly intervals.  Downstream Total Phosphorus values are approximately 
seven times the upstream value.   
 
3.3.2 Method of assessment of water purification 
 
The assessment of water purification in this pilot project focused on the potential of 
wetlands to remove sediments and nutrients (i.e., nitrogen and phosphorus) from a 
water supply.  The Wetland Purification Score, calculated for all wetland complexes in 
the study area, is based on an index derived from eight14 metrics that describe water 
purification potential: 

 Wetland area; total area of wetlands within a wetland complex (WP1, hectares) 

                                                 
14 A more advanced, and potentially accurate, model was also developed using 39 metrics, however, the data was not 
available within the timeframe of the pilot assessment.  The more advanced model includes metrics for riparian 
vegetation, soil composition, surrounding land cover, surrounding land use, groundwater vulnerability, and many more. 
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 Pollutant sources; percentage of wetland contributing area that is under urban 
land use (WP2) 

 Pollutant removal opportunity; index of wetland area to wetland contributing area 
ratio, percentage disturbed land, and wetlands upslope of wetland complex 
(WP3) 

 Pollutant transport potential; mean slope of wetland’s contributing area (WP4) 

 Potential significance of purification; distance from wetland complex to 
stream/river (WP5) 

 Recharge potential; position of wetland complex in catchment (WP6) 
 
The metrics were determined using satellite imagery (LANDSAT TM), climate data 
(LANDSAT TM), a digital elevation model (LiDAR), zonal statistics in ArcGIS and LiDAR 
data collected in the Fall (2007-2009).  Wetland inventories were completed for 1990, 
2000 and 2010 using LANDSAT TM, choosing periods with similar climate conditions15.   
 
The Wetland Purification Score (WPS) was determined using the following formula: 
 

 
 
 
 
3.3.3 Condition and trends in water purification 
 
The majority (87 per cent) of wetland complexes within Shepard Slough have a 
medium to high wetland purification score (0.4 to 0.7 out of 1.0) (Figure 11).  No 
wetland falls in the highest category (WPS = 1.0) or in the lowest categories (WPS = 0.1, 
0.2).  Wetland purification scores generally follow a similar trend throughout the time 
series with scores typically in the medium to high range of values.   

Figure 12 shows the change in wetland purification scores of wetland complexes 
throughout the trend period.  Those wetlands that show a reduction in WPS (indicated in 
orange) are likely the result of removal of wetlands following urbanization.  In 2010, there 
is a general shift towards higher wetland purification scores.  The increase in 
wetland purification scores for 2010 is either due to an increase in wetland area (more 
wetlands were captured in the 2010 satellite-based wetland inventory used in the model) 
or in the purification value to humans resulting from an increase in urban land use in the 
study area.  In the model used, as wetlands become scarcer, remaining wetlands 
become more valuable for their services.  This is a function of the model set up that 
measures the ES in its capacity to provide benefits to humans, and not only reflects the 

                                                 
15 For future ecosystem service assessments, it is recommended that a combination of LiDAR, Landsat/SPOT, and SAR 
imagery are used to map wetlands (both inundated (open water) and saturated areas), and determine their spatial and 
temporal dynamics over changing climatic conditions and response to human activities.  This was not possible for the ES 
Pilot. 
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ecological capacity of a given wetland to purify water.   

It is important to note that while it is true that scarcity makes remaining wetlands more 
valuable to humans, the capacity of remaining wetlands to compensate for the loss of 
the other wetlands is limited.  Wetlands can perform important water purification services 
until they are overloaded with pollutants and their function is reduced. 

 

 

There are a number of limitations to discussion regarding this particular model.  
Observing trends in wetlands is challenging as results will differ depending on the 
season that data is collected and underlying climate trends.  The Landsat inventory 
applied defines only the inundated (open water) zone of wetlands within the study area, 
and does not include the saturated zones that play an important role in water purification 
through nutrient uptake and absorption.  Both the inundated and saturated zones 
provide different functions in terms of water purification.  For example, inundated areas 
are important for P removal whilst saturated areas are important for N removal.  This 
“complementary” role of inundated and saturated areas in water purification processes 
prevents definition of wetlands using inundated area alone from fully capturing the range 
of wetland function.  As a result, the Landsat inventory provides a conservative estimate 
of wetland size and abundance.  Notes on these and other challenges and 
recommendations for future ES work on water purification are provided in supplementary 
reports prepared for the pilot, as discussed in the About the Report section.   
 

Figure 11.  Wetland purification scores for wetlands in 1990, 2000 and 2010  
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Figure 12.  Changes in wetland purification potential from 1990 to 2010.  Orange circles represent a loss in water 
purification potential, while green circles represent a gain in water purification potential; the larger the circle, the 
larger the gain or loss.  For example, a circle corresponding to the legend size of 0.5 has experienced a 50% gain 
in water purification potential. 
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3.3.4 Implications of changes in water filtration/quality for human well-being 
 
The water purification model proposes that all the wetlands in the study area provide 
moderate water purification services.  However the model used does not provide 
information on whether particular areas or developments are currently benefiting from 
water purification and how wetlands impact water quality either in specific locations or at 
the landscape scale.  Better water quality monitoring, more complex models (such as the 
one suggested in the water purification technical report), and groundtruthing of models 
are needed to understand how people and communities in the study area benefit from 
wetland water purification.   
 
Scientific literature suggests that many wetlands distributed across a landscape together 
provide important water purification services at the watershed scale (Mitsch and 
Gosselink, 2000).  In many agricultural areas across the world, farmers have recently 
been encouraged to maintain wetlands on the landscape to absorb excess nutrients 
from agriculture and purify water for multiple beneficiaries.  In some landscapes, 
wetlands are the most cost-effective and sustainable providers of water purification 
services, especially when non-point pollution sources are a principal problem (Gustafson 
et al., 2000).  As residential development increases, more water purification services are 
needed.  Wetlands that are incorporated into developments can provide water 
purification services along with other ES.  However, research is needed to determine 
pollutant-loading thresholds and human and wetland density-related thresholds beyond 
which a wetland can no longer provide water purification or other ES (Mitsch and 
Gosselink, 2000). 
 
The economic benefits that wetlands provide depend on their geographic and social 
context.  Wetlands can provide economic benefits via avoided water treatment costs.  
The classic example of quantifying the benefits that humans get from natural water 
purification processes comes from New York, where the state opted to spend $1 billion 
to restore the Catskills watershed that provides and purifies New York City’s drinking 
water rather than to spend $8 billion on building a new treatment facility and paying 
annual operating expenses of $300 million (NYC DEP, 1993).   
 
Constructed wetlands are now used frequently for the treatment of contaminated or 
nutrient-enriched water.  In the study area, wetlands are being modified for nutrient 
management or replaced by water treatment plants and constructed wetlands and 
stormwater ponds.  Calculating the replacement cost of constructed or modified 
wetlands and water treatment in plants is a method for determining the value of water 
purification by wetlands to humans. 

For the economic assessment, the pilot estimated the cost of conventional water 
treatment, constructed wetlands and wetland restoration.  Initial construction costs of 
treatment wetlands are relatively low compared with traditional water treatment systems.  
Because wetlands require little maintenance, long-term costs are also quite low.  The 
cost of the constructed wetland is proportional to the number and sizes of treatment cells 
required, generally about 50 per cent to 90 per cent less than conventional treatment 
techniques (White, n.d.).  For the study area, the treatment costs of phosphorus and 
nitrogen (in terms of $/kilogram) were not available, nor were local data for how much 
phosphorus and nitrogen a typical wetland in the area can absorb (amounts depend on 
the particular type of wetland, its location and plant composition, and the chemical and 
physical characteristics of the soil).  The pilot used conservative estimates from a North 
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American database that have been used previously in the study area: 80.3 kilograms per 
hectare per year for phosphorus, and 547.5 kilograms per hectare per year for nitrogen.  
The cost of phosphorus treatment was estimated at $360 - $1764 per kilogram (Kadlec 
and Knight, 1996; AECOM, 2011).  The restoration costs of existing wetlands were 
estimated in the Section 3.2.4, totaling $257,250 per year if trends in wetland loss 
continue at the same rate as the past several decades.   

Table 4 provides the results of these estimations, showing that wetland restoration is the 
most cost-effective method of removing phosphorus from the landscape, but that 
constructed wetlands are still more cost-effective than conventional water treatment 
approaches.  It is important to note that natural and restored wetlands provide more ES 
than water purification, and these additional benefits should be included in cost-benefit 
studies for specific wetlands. 

Table 4. Type of water treatment option with associated cost to engineer versus cost of lost wetland 

Water Treatment Option Associated Cost ($) 
Annual Value Loss 
(Wetland loss=0.6 per cent) 

Wetland restoration $42,875,000 $257,250 

Constructed wetlands 
$70,824,600 - 
$347,040,540 

$424,948 - $2,082,243  

Conventional water treatment 
techniques 

$141,649,200 - 
$694,081,080 

$849,895 - $4,164,486 

 
 
3.3.5 Water purification and research needs 
 
The water quality assessment would have benefitted from better knowledge of current 
water quality in the study area.  The assessment evaluated how wetlands are 
contributing to water quality improvement, but without measured values showing trends 
in water quality over time in outflows into water bodies it is difficult to ground truth the 
results.  Because this area is now contributing to the Bow River, it may be important to 
determine what the impact of development in the area is on water quality, and how 
wetlands contribute to improving water quality before the water enters the Bow River. 
 
Human activities can degrade natural water purification by increasing the proportion of 
unfiltered water that bypasses the purification system to enter the water supply directly, 
by overloading the capacity of wetlands to purify water, and by removing purification 
processes from a wetland.  For example, soil compaction reduces the water infiltration 
capacity of soils, resulting in decreased infiltration whereby polluted water is then 
delivered directly to surface waters.  In the extreme case of impervious surfaces (e.g., 
roads, parking lots, highways, and buildings that are increasing in number within the 
study area), all of the water is conveyed quickly into receiving waters or city drains, 
instead of through soils and wetland complexes where they have an opportunity to be 
cleaned and purified before entering main water sources.  Removing or altering riparian 
zones around wetlands can reduce a wetlands ability to purify water.  Because these 
types of changes are occurring and will continue to occur within the study area, more 
research is needed into the relationship between anthropogenic changes, wetland 
capacity to purify water and water quality across the landscape.   
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Finally, our results show that removal of wetlands directly decreases water purification 
services on the landscape.  With every wetland removed, there is less capacity on the 
landscape to purify water.  The distribution of remaining wetlands and how wetlands are 
managed at the landscape scale will determine whether wetlands can continue to 
provide purification services that improve the well-being of people in the study area.  
More understanding is needed about thresholds related to the number and distribution of 
wetlands in this area and the capacity on the landscape to purify water (Mitsch and 
Gosselink, 2000).  Strengths and weaknesses in natural water purification need to be 
identified in order to address their management effectively. 
 
Questions that remain about how trends in water filtration by wetlands will affect human 
well-being in the study area include: 
 
 Where is it most useful to monitor water quality in order to inform decision making 

related to wetland development? What other landscape components need to be 
monitored (e.g.  vegetation buffers, etc.)? 

 What is the cumulative impact on wetland water purification capacity of historical and 
ongoing wetland loss? 

 Would an improved model for water quality, already developed for this project but not 
analyzed due to time constraints, provide more accurate and relevant information for 
decision makers? 

 What is the best model for managing water quality and other ES in the study area, 
including the management and restoration of natural wetlands, constructed wetlands, 
and water treatment (acknowledging that run-off in urban areas is often extremely 
polluted and can overload wetland purification capacity)? Can the above-mentioned 
model help to determine this? 

 What are the contributions to water quality of riparian areas, saturated areas, and 
other wetland features that are important to specific filtration/absorption functions in 
wetlands in the study area? Match a literature review to the wetland types and 
surrounding areas in study area. 

 Where do pollutants accumulate on the landscape? 

 

3.4 Carbon Storage 
 
3.4.1 Description of carbon storage ES 
 
Carbon storage is important to the well-being of the global population that benefits from 
this ES through regulation of climate.  Carbon storage plays a role in climate regulation 
by holding carbon in the ground or in living biomass that might otherwise be released 
into the atmosphere as a greenhouse gas.  Warming trends in the global climate are 
causing concerns in many places, as warmer climates have been linked to increased 
frequency and intensity of weather events, natural disasters, economic losses, and 
ecological changes that have resulted in losses to other important ES (IPCC, 2007).   
 
Although only one per cent of the Earth’s surface is covered by inland waters such as 
ponds, lakes, rivers, streams, and wetlands, these systems play a significant role in the 
global carbon cycle compared to terrestrial and marine systems (Battin et al., 2009).  
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Wetlands, which are the interface of aquatic and terrestrial environments, are particularly 
important in the global carbon cycle.  In North America, freshwater mineral soil wetlands 
account for 18 per cent or approximately 40 gigatonnes (Gt) of the wetland carbon pool 
(Bridgham et al., 2006), equivalent to 5-6 times the average annual amount of carbon 
emitted through the Bedard-Haughn et al., 2006).  Land cover change from wetland and 
surrounding grassland to highly developed urban areas entails a large loss of carbon 
storage, although the change differs depending on management choices during 
development. 
 
3.4.2 Method of assessment of carbon storage 
 
Carbon storage associated with S&K’s Class III (seasonal), Class IV (semi-permanent), 
and Class V (permanent) wetlands in the case study area was assessed.  Class I and II 
were omitted due to methodology and project limitations.   
 
In order to conduct the assessment, first the stock of carbon contained in existing 
wetlands within the case study area was estimated, and then the amount of carbon 
dioxide re-emitted to the atmosphere as a result of wetland loss between 1962 and 
2005.  In order to estimate carbon stocks, wetland inventories for two periods were 
constructed.  A current wetland inventory was derived from aerial photographs taken in 
the 2005 growing season.  An historic wetland inventory was derived from stereo 
photographs taken in June 1962 (2011) observed soil organic carbon concentrations 
(SOC) of 205 Mg C ha-1 in reference wetlands.   
 
To conservatively estimate the amount of carbon re-emitted back to the atmosphere as a 
result of wetland loss in the case study area (specific to class III - V wetlands) we 
applied an SOC loss of 89 Mg ha-1, as not all soil organic carbon is lost during drainage.  
This factor is taken from Badiou et al.  (2011) and was estimated from the differences in 
SOC concentration between intact wetlands (205 Mg SOC ha-1) and recently drained 
wetlands (116 Mg SOC ha-1). 
 
3.4.3 Condition and trends in carbon storage 
 
The carbon storage assessment estimated that there were approximately 1,980 hectares 
of Class 3-5 wetlands in 1962, and this decreased to 1,484 hectares in 2005, for a total 
change of 496 hectares across the study area.  This is equivalent to a 25 per cent loss 
in wetland area between 1962 and 2005 or approximately 0.6 per cent per year.   
 
A total wetland soil organic carbon pool in 1962 was estimated at 405,818 Milligrams 
and 304,276 Milligrams in 2005.  Soil organic carbon pools in both 1962 and 2005 were 
almost entirely from wetlands greater than 0.5 hectare in size.  The estimated loss of 
soil organic carbon between 1962 and 2005 is 44,144 M (89 Milligrams/ hectare-1).  
This is equivalent to an emission of 161,832 Tonnes of carbon dioxide equivalent.  
To put this figure in context, this amount is also equivalent to the annual greenhouse gas 
emissions of 31,732 passenger vehicles, or to the carbon sequestered by 4,149,538 tree 
seedlings grown for 10 years (EPA, 2011).   
 
The loss of soil organic carbon estimated here is likely very conservative.  In regions, 
such as the case study area, where wetlands were drained and either cropped or 
developed we would expect a larger loss of stored carbon in the soil relative to the 
average loss estimated from drained wetlands in grassland landscapes.   
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3.4.4 Implications of changes in carbon storage for human well-being 
 
Carbon storage is an ES that is recognized and consumed at the global scale, and the 
importance of carbon storage to local people is often unseen and therefore quite small.  
In some areas of the world, policy incentives are developed to manage carbon pools in 
ways that benefit local communities or individuals (i.e., government payments for ES). 
 
Climate change has been identified as the cause of higher intensity and higher 
frequency weather events, such as storms, droughts and floods (MA 2005; IPCC, 2007).  
Wetland draining decreases methane (CH4) emissions but increases carbon 
dioxide(CO2) and nitrous oxide (N2O) emissions.  While it is difficult to link local trends in 
climate or weather to changes in global carbon stocks, many countries and regions are 
developing incentives and regulations to control carbon emissions and maintain stored 
carbon stocks, recognizing the major impacts on economies and human health that 
climate change is already having.   
 
Alberta was the first jurisdiction in North America to enact legislation and regulations that 
require large emitters to reduce greenhouse gas emissions.  The Climate Change and 
Emissions Management Act and the Specified Gas Emitters Regulation (SGER) require 
facilities that emit more than 100,000 tonnes of greenhouse gases per year to reduce 
emissions intensity by 12 per cent annually.  Regulated entities have three compliance 
options: (i) actual reduction in Green House Gas (GHG) emissions intensity based on a 
facility baseline; (ii) purchase of Alberta-based emissions offset credits; or (iii) purchase 
of Climate Change and Emissions Management Fund (the ‘Tech Fund’) credits which 
are presently valued at C$15 per tonne.   

The economic value of carbon storage in the study area was estimated by multiplying 
the stock of carbon stored in the case study area with different values of carbon supplied 
by the Canadian Council of Parks, generated using different methods for economic 
valuation (see Table 5).  Given that there was such a wide variety of monetary value 
assigned to carbon, the value of carbon storage in the study area ranges from a low of 
$264,152 to a high of $49,528,500.  Alternatively, if we apply the more regionally 
relevant Alberta Tech Fund value of $15/tonne of carbon dioxide equivalent (CO2 e), the 
economic value of carbon storage in the case study area would amount to $16.7 million. 
 

Table 5.  Carbon storage economic methods and values  

Valuation Method Value of Carbon 
per tonne of 
carbon dioxide 
equivalent  (Cdn 
$) 

Value of Carbon Storage  

Alternative Cost $15 – 645 $1,981,140 - $85,189,020 

Quasi- Market Method $15 – 55 $1,981,140 - $7,264,180 

Replacement Cost Method $2 – 104 $264,152 - $13,735,904 

Substitute Cost Method   $8 – 375 $1,056,608 - $49,528,500 
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3.4.5 Carbon storage and research needs 

The carbon storage assessment provided a conservative estimate of this ES in the study 
area, as it only included Classes III-IV wetlands.  Carbon loss was also under-estimated 
as there was no average values available for the amount of carbon lost when wetlands 
in the area are converted to urban areas or cropland.  However, the number of wetlands 
in the study area and the resulting carbon stored by them shows that wetlands are 
important providers of this ES. 

Questions that remain about how trends in carbon storage by wetlands will affect human 
well-being in the study area include: 

 How do local people value carbon storage on their landscape? 

 How much carbon storage is provided in Class I and II wetlands? 

 How have trends in carbon storage changed in the past 10 years, compared to 
trends observed between 1962 and 2005? 

 
3.5 Additional Ecosystem services provided by wetland landscapes 
 
The ES team recognized that it could not comprehensively assess all the ES of wetlands 
in the case study area within the scope of a pilot project.  There was significant interest 
in assessing other ES to the extent possible to create awareness and begin to 
understand the role that wetlands play in producing multiple ES.  This section provides 
primarily qualitative information on the production of additional ES, with additional results 
from a ranking survey and economic valuation studies.  The information provided in this 
section is thus less representative of the entire study area than the previous four ES. 
 
3.5.2 Crops/food 
 
Food is an ES that humans consume directly. Food is usually produced with a lot of 
input from humans (e.g. fertilizer, machinery, etc.), but the provision of food relies on a 
productive environment with sufficient moisture, suitable soils, pest control and other ES 
and ecological functions.  Very little food is produced in/by wetlands; however there are 
several connections between wetlands on a landscape and crop and livestock 
production.  Water moves on the landscape between wetlands and adjacent upland 
soils, which increases the amount of soil moisture available for crop production (Cows 
and Fish, n.d.; Schroeder and Bauer, 1984; Gilbert et al., 2006).  Wetlands also provide 
a source of water for livestock, for both grazing and hay production.  According to Cows 
and Fish, “vegetation around wetlands can be four to five times as productive as the 
surrounding uplands”.  Wetlands provide a source of irrigation water for crops and 
maintain a high water table that provides other agricultural benefits such as better soil 
moisture (Cows and Fish, n.d.). 
 
Aside from urban areas within the Town of Chestermere and several development nodes 
within Rocky View County, the study area is characterized by agricultural operations of 
either crop generation or ranching (AECOM, 2011).  Barley is the predominant crop 
cover in the area (Dunn, 2011).  Ephemeral and temporary wetlands are often cultivated 
for crop production.  The enhanced soil moisture within these wetlands can enhance 
crop yields, particularly in dry years.  Subsurface storage of water is a crucial 
determinant of crop yields the following growing season (Schroeder and Bauer, 1984).  
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Hay production within wetlands is also common, particularly in the low prairie and wet 
meadow zones of all wetland types. However, it is also often the case that excessive 
moisture in spring as well as wetland soils high in clay may actually reduce crop yields in 
cultivated wetlands.   
 
Ranchers have been identified as the most common users of wetland water in the study 
area.  A large proportion of cattle may drink from wetlands, including dugouts.  The 
average density of cattle in the study area is 1.66 per hectare across 69,635 hectares of 
land that can support cattle, resulting in a total of 8,825 cattle.  The total water 
requirement for cattle was estimated to be 132,377 cubic metres /year.  This volume 
represents about 0.37 per cent of the total water capacity of wetlands in the study area 
and about 0.94 per cent of dry season water availability.  It is unknown what proportion 
of cattle water requirements is met by wetlands vs. other sources (groundwater, 
streams). 
 
Further study is needed to determine how wetlands and wetland complexes influence 
hydrology across the whole study area, and how this might impact agricultural practices.  
Short-term policies that are implemented to enhance food production can lead to 
unintended consequences for wetland ecosystems, which may produce water quality 
and availability risks in the long term (MA, 2005).  Loss of wetlands can impact soil 
moisture and lead to declining agricultural productivity in the case study area. 
 
3.5.3 Pollination 
 
Pollination is a regulating ES that underpins the successful production of some 
provisioning ES, such as fruit and nuts crops. Pollinators are species that carry pollen to 
enable plant reproduction and agricultural production (NRC, 2007).   Bee-pollinated 
forage and hay crops, such as alfalfa and clover, are also used to feed animals that 
supply meat and dairy products (NRC, 2007).  In addition to harvestable crops, about 
three quarters of the more than 240,000 species of the world’s flowering plants rely on 
pollinators (NRC, 2007), making pollination an ES that underpins many cultural ES that 
are related to aesthetic values, recreation, and science.  Bees are the dominant taxon 
providing crop pollination services, but birds, bats, moths, flies and other insects can 
also be important (Kumar, 2011).   
 
Bees enable the production of an estimated 90 commercially grown crops, some of 
which are grown in the study area.  In 1998, the value of honeybees as pollinators for 
Canadian crops was assessed to be $782 million (Canadian Honey Council, 2001).  In 
Southern Alberta, the cultivation of canola seeds, which requires pollinators, is an 
important agricultural activity.  In the study area, canola and other oil seeds are the 
second largest agricultural activity by land use after the cultivation of cereal crops (SLC 
Agricultural Data, 2006).  A large amount of pollination occurs with the aid of commercial 
bee colonies, but a portion of crops are pollinated by native species.  In 2008, there were 
80,000 bee colonies under contract for the purpose of pollination in southern Alberta 
(Canadian Honey Council, 2009).   
 
Pollination is important to the resilience of all ecosystems, and native pollinator species 
require natural/semi-natural habitats for nesting (e.g., in tree cavities) and floral 
resources not found within crop fields (Kumar, 2011).  Research indicates decay in 
pollinator richness and native pollinator visitation rates with distance to natural or semi-
natural habitats from agricultural areas (Kumar 2011).  Because of increasing costs 
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”More than 300 million acres out of our 400-odd 
million acres of farm fields are now eroding 
faster than soil is being formed.  That means 
destruction of the land if erosion is not 
controlled…  Here in a nutshell, so to speak, we 
have the underlying hazard of civilization.  By 
clearing and cultivating sloping lands—for most 
of our lands are more or less sloping—we 
expose soils to accelerated erosion by water or 
by wind and sometimes by both water and 
wind.” (Lowdermilk, 1953, p.  27). 

associated with managed pollinator species from commercial crops (i.e., higher 
pollinator rental fees) (NRC, 2007) and the sudden declines in commercial bee 
populations, agricultural systems that maintain native pollinator species may be more 
resilient in the long term.  Wetlands and wetland-adjacent grasslands provide suitable 
habitat for native pollinator species. 
 
3.5.4 Soil formation, Erosion Control and Sediment Retention 
 
Soil-related ES including, soil formation, erosion control and sediment retention, are 
crucial for supporting many land uses and land covers, water quality and for producing 
critical provisioning services such as crops.  Soil formation refers to the process of soil 
creation from such processes as weathering rocks and the accumulation of organic 
material.  As noted in Jared Diamond’s famous “Collapse” the destruction of soil has led 
to the demise of several nations and civilizations (Diamond, 2006).   
 
The soils within the case study area directly benefit humans through provision of 
agriculture commodities.  These soils are amongst the best available for crop and forage 
production in Alberta (AARD, 2001), with soil horizons that have evolved over past 
millennia.  The soils in the case study are Black Chernozemic and are found in 16 per 
cent of the agricultural land on the prairies (AC, 2000).   
 
Erosion control and sediment retention 
were ranked among the six most 
important ES in southern Alberta (2007 
Ecosystem Goods and Services 
Assessment - Southern Alberta Phase 2 
Report: Conceptual Linkages and Initial 
Assessment (Phase II, Version II)).  In 
the study area, there is a pattern of land 
use change from agricultural to urban, as 
rich agricultural soils are converted into 
urban landscapes. In North America the 
soil conversion record over the past 300 years is unprecedented in the global history of 
land development due to technology and population growth.   
  
Wetlands play a role in producing highly productive soils. In the case study area, as is 
typical of the prairie pothole region, there are many depressional storage areas on the 
landscape – some are wetlands and some are small natural undulations in the 
landscape.  These depressional areas provide erosion control and sediment retention 
capacity.  Wetlands act as settling areas and prevent sediment from reaching 
waterways.  Indentations on landscapes are important for infiltration, which means water 
is kept in place versus moving overland with sediments in tow. 
 
The riparian zone/ wetland margin is of particular importance for erosion control and 
sediment retention, linking these ES strongly with the service of water filtration/quality 
that is assessed earlier in the report.  In Alberta, the importance of keeping cows out of 
riparian zones to prevent erosion and control sediments has been recognized.  Erosion 
control and sediment retention also occur within stormwater ponds, although flooding 
events can flush sediment into neighbouring water bodies without obstruction, as there is 
little vegetation around the concrete infrastructure of these ponds.  In addition, 
constructed wetlands are often contaminated due to their location in urban areas and the 
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lack of flushing.  Once they are full, a maintenance plan is needed in order to deal with 
sediment accumulation.   
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3.5.5 Cultural ES: Science and Education, Tourism, Heritage Values, Aesthetic 
Benefits 

 
Cultural services are described as the “nonmaterial benefits obtained from ecosystems” 
(WRI, 2008) where services and related benefits are, for the most part, contingent on 
various human activities or experiences occurring in a particular setting.  As noted earlier 
in the report, the provision of different ES are often interconnected, and many cultural 
ES are provided simultaneously (e.g. recreation and aesthetic appreciation around a 
wetland) as well as relying on other types of ES (e.g. both recreation and aesthetic 
appreciation rely might rely on good water quality).  More information on cultural ES can 
be found in the Socio-Cultural Technical Report. 
 
The results of a socio-cultural survey completed for the ES pilot showed that people in 
the study area have both biocentric and anthropocentric views about wetlands. Across 
the survey sample (n=160), some of the biocentric (or nature-centered) statements 
included: 
  

“Wetlands are sacred places” 
“Wetlands give us a sense of peace and well-being” 
“It is important to maintain wetlands for future generations.” 

  
Statements that appeared to be anthropocentric (or human-centered) included: 
  

“Wetlands should exist mainly to serve human needs” 
”The primary function of wetlands should be to provide products and services 
that are useful to humans”“ 
“Wetlands that are not useful are a waste of our natural resources.” 

 
It was clear from survey results that cultural ties to certain natural features on a 
landscape can be powerful and lead to long-term emotional connections with a place 
(Kellert, 2004).  These benefits can have powerful impacts on a person’s well-being and 
therefore can be an important factor to consider in decision-making. 
 
This section provides an overview of cultural services provided by wetlands in the study 
area. It should be noted that in the literature the use of cultural ES, benefits and values 
are sometimes used interchangeably, which can cause confusion.  The ES team 
recognizes that more work needs to be done on clarifying how cultural ES should be 
understood and assessed as the ES program goes forward. The ES of focus for the 
cultural section include tourism and recreation, education and science, heritage and 
aesthetic.   
 
3.5.5.1 Tourism & Recreation  
 
Tourism and recreation refers to the opportunities provided by wetlands and surrounding 
landscapes for outdoor recreation and related activities for local people and visitors from 
a distance.  Some recreational activities are quite active, like hiking or biking in wetland 
landscapes.  Dozens of provincial and local nature clubs conduct recreation-related 
activities (e.g. birding, hiking) within wetlands and other natural areas; these groups 
include Nature Alberta, Nature Calgary and the Calgary Bird Banding Society. Wildlife 
viewing is an important recreational activity in wetlands that has witnessed increasing 
participation locally and across North America in recent years.  Hiking, photography and 
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wildlife viewing may often be undertaken in groups, on trips that can extend across large 
distances, access permitting.   
 
The pilot completed an economic valuation study of bird watching in the study area.  The 
case study area is recognized as a significant birding area where thousands of migratory 
birds stop over during their annual flights.  Many Nature Calgary birding members visit 
this area regularly, although development is leading to fewer birding opportunities (City 
of Calgary, 2011).   
 
Recognizing the importance of wetlands and birding opportunities, the City of Calgary 
developed Ralph Klein Park (RKP), a constructed wetland complex for recreation, 
education and tourism (Hart, 2011).  Ralph Klein Park is a 30.35-hectare Calgary 
regional park featuring an engineered wetland that uses natural vegetation to treat 
stormwater before it is discharged into the Bow River.  RKP was not fully operational at 
the time of this study and therefore the collection of economic data was incomplete.  
Information from other studies and reports were used to establish the base assumptions 
guiding the economic valuation. 
 
The economic valuation study estimated the number of people partaking in wetland 
recreation trips for birding and the recreation value of specific wetlands associated with 
Ralph Klein Park (RKP) for birding. Data was collected from on-site surveys of visitors to 
RKP and Inglewood Bird Sanctuary (IBS) to input into two economic models – Gravity 
Model and Travel Cost Model (please see Economic Technical report for more detail). 
The Gravity Model (Saunders et al., 1981) was used to estimate the potential number of 
birding participants from the city of Calgary and the Travel Cost Model is an established 
stated preference value estimation method used widely in recreation value studies 
(Ward and Beal, 2000). 
 
From these models, a potential value for recreation in the case study area was 
estimated at $4,390,000 per year.  This result is based on an estimated 114,685 visitors 
to RKP each year, and per person spending of $38.28 for a day trip.  Once RKP is fully 
operational and awareness of the recreational opportunities increases, the number of 
visitors could increase.  In addition, the only recreation activity included in the economic 
modelling was birding.  The choice of excluding walking and other scenic viewing as 
recreational activities results in an undervaluation the benefits from RKP/case study 
area. 
 
These results, as a first step, show that recreational opportunities from birding in the 
case study area has a potential value that warrants attention when planning and 
approving wetland applications. 
 
3.5.5.2 Education and Research  
 
Wetlands and surrounding areas provide settings for learning about nature, ecology, 
land stewardship, conservation and other subjects. Scientists can conduct research and 
experiments in these settings.  Respondents to a socio-cultural survey on wetlands 
conveyed that wetlands were important places because they can provide learning 
opportunities.  Some respondents stated that they brought their children to wetlands, to 
learn about birds, mammals, and plants, whereas other respondents stated that there 
needed to be more educational and research activities in wetlands, in order to continue 
to learn about the biological functions of these places. 
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Nature related groups that frequent the case study area are focused on missions and 
objectives such as:  
 
 “Encouraging the appreciation, observation, study, conservation and protection of all 

components of the natural world” 

 “To provide publications and educational opportunities”; and  

 “To promote the collection of natural history observations for statistical and 
educational purposes” (Nature Calgary, n.d.).   

 
An economic analysis of the perceived value of wetlands to education and science 
focused on Ralph Klein Park (RKP).  RKP is an important new nature area for providing 
educational and interpretive programs about wetlands to visitors and serves as a 
scientific benchmark for research into natural processes and human-derived ecological 
change related to wetlands. 
 
Since it’s opening to the public in 2011, RKP has received visits from individuals, 
schools, and also professionals from other jurisdictions to educate themselves on 
building similar parks (e.g. Boston, US) (Thompson, 2011b).  The school visits data 
provided by the City of Calgary indicate that in the school year of 2011- 2012, 19 schools 
scheduled visits to RKP (McColl, 2011).  An estimated 10,550 students are expected to 
visit the park in 2012 to participate in education programs (RKP Staff, 2011).  The 
distances traveled from schools to the Park (straight-line distance on the map) range 
from 5,046 meters to 26,635 meters with an average of 17,077 meters.  Most of the 
schools are located in the City of Calgary but there is also one from DeWinton and one 
from Town of Chestermere.  The cost of bussing a school to and from RKP is about 
$200 (McColl, 2011). 
 
3.5.5.3 Heritage  
 
Heritage services are the opportunities and experiences related to traditional, historical, 
spiritual and religious understanding and uses of a place.  These services refer to the 
‘place-based’ benefits derived from beliefs, activities and experiences, such as stated 
‘sense of place’, ‘sense of belonging’, and ‘sense of self/identify’.  For example, a 
heritage ES could be learning about cultural traditions, such as sweetgrass harvesting.   
 
The stakeholders participating in a pilot workshop indicated that there was a sense of 
peace and wellbeing, as well as a sense of belonging and identity derived from the 
landscape in the study area.  The landscape was also reported to be potentially inspiring 
to people.  Activities undertaken for recreational and educational purposes, including 
hunting and artistic activities can also have correlations to heritage services.  Further 
work is needed to better understand how wetlands across the study area contribute 
heritage ES to local people and to all Albertans. 
 
3.5.5.4 Aesthetics 
 
Aesthetic services refer to opportunities and experiences relating to the beauty of nature 
and its appreciation or enjoyment.  The benefits that people derive from wetlands include 



Ecosystems Services Approach Pilot for Wetlands – Final Version October 2011 59

opportunities for photography and artwork undertaken on the landscape, as well as a 
general appreciation of the landscape, surface waters and wildlife.  Many people gain 
these benefits along with educational and recreational activities including hiking, hunting 
and wildlife viewing.   
 
The pilot project specifically examined one aspect of an aesthetic service, the amenity 
value of wetlands associated with housing prices.  Urban developments are increasingly 
incorporating wetland features into their landscape planning for two main reasons - 
amenity and aesthetics, and stormwater management.  The importance of leaving 
natural areas in communities has been quantified previously.  For example, Foley (2007) 
found that residents in Bridlewood Creek (a community in Southwest Calgary) were 
willing to pay more to live close to the local community wetland.   
 
The ES pilot used a hedonic pricing analysis to determine how housing prices are 
affected by proximity to wetlands. Hedonic pricing analysis uses housing prices and 
distances to wetlands to determine the economic benefits from wetland proximity.  
Two residential developments were chosen for this assessment: McKenzie Towne and 
Copperfield, located in the southeast urban fringes of Calgary (Figure 13).  

 

 
Figure 13. Study Communities: McKenzie Towne and Copperfield 

 
In McKenzie Town there is clear relationship between property value and 
distance/adjacency to wetlands.  If the property is adjacent to a wetland, the value of the 
house increases by $5,136 over the mean house value in the development.  Decreasing 
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distance to the nearest wetland is directly related to increasing house values.  For every 
additional 10 metres closer to a wetland, house values increase by $271.  
 
For Copperfield, if the property is adjacent to a wetland, the value of the house increases 
by $4,390 over the mean house value in the development.  However, the impact of 
wetlands on housing price in terms of distance is not so straightforward.  One possible 
explanation is that Copperfield has a dense distribution of wetlands, with four wetlands in 
the neighborhood.  With most of properties (82 per cent) located within the distance of 
200-450 metres from wetlands, there is lack of variability to demonstrate marginal values 
in the model.   
 
For McKenzie Towne, it’s reasonable to make the assumption that beyond a certain 
distance (for example, the 700 metre distance from wetlands to the farthest houses), 
house values may no longer be affected by the presence of wetlands.  Based on this 
assumption, and holding all the other house features equal to their sample means, the 
total house values would decrease by $2 million if all the sales properties (390 
properties) currently located within 700 metres of wetlands were relocated beyond 700 
metres from wetlands.  This represents 1.4 per cent decrease in house values.  The 
value decrease becomes $12 million if all existing properties (2120 properties) within 
the 700 metres were moved out.  This represents 1.5 per cent decrease in house values. 
 
One limitation to hedonic price method is that it measures a subset of total benefits 
wetlands provide.  In this study hedonic analysis measured only the amenity value of 
proximity to wetlands perceived by owner-occupied, single-family residence purchasers.  
Wetlands provide other benefits such as water quality improvement, groundwater 
recharge and recreation.  The value of these benefits may not be fully perceived by 
residents, or the benefits provided are public goods.  In the case of public goods, only 
part of the benefits will accrue to property owners, thus, hedonic property valuation is a 
subset of total value provided by wetlands. 
 
 
3.6 Individual Wetland Site Assessments of Wetland Ecosystem Services 
 
3.6.2 Introduction to WESPUS 
 
The Wetland Ecosystem Services Protocol for the United States (WESPUS) was 
identified by Alberta Environment and Water as a tool with the potential to help 
address identified gaps in the current regulatory context surrounding wetlands.  
WESPUS is a rapid assessment site-level tool that scores a wetland’s ability to provide 
multiple ES and scores the relative value of these ES to nearby populations. The 
purpose of the WESPUS component of the pilot study was to identify the potential 
applicability of WESPUS for assessing ES from wetlands in Alberta, and to provide a 
site-level assessment of ES in study area wetlands.  Other objectives included the 
identification of potential limitations and required changes to the WESPUS protocol that 
would need to be made prior to more widespread application of such a method in the 
province. 
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WESPUS is intended for all of temperate North America and models over 16 ecosystem 
functions, including, among others: 
 water storage and delay; 
 sediment retention; 
 phosphorus retention; 
 nitrate removal; 
 carbon sequestration; 
 aquatic invertebrate habitat; 
 amphibian and reptile habitat; 

 waterbird feeding and nesting 
habitats; 

 songbird, raptor, and mammal 
habitat; 

 pollinator habitat; and 
 native plant diversity. 

 
WESPUS requires field visits to each site combined with desktop assessments to 
complete ratings for 140 criteria.  Outputs of the WESPUS Excel spreadsheet include a 
number representing the relative effectiveness of each function, as well as the relative 
benefits for humans associated with each ecosystem function.   
 
WESPUS output is divided into two categories – function and value.  Function scores 
determine the capacity of the wetland to perform specific functions that may be desirable 
to humans.  Value scores determine the relative benefits that humans actually get from 
specific functions.  As an example, a wetland may have a high score for water storage 
and delay, but may have a low score for the value of this function if there are no 
populations nearby to benefit from the wetland’s ability to control flooding. 
 
3.6.3 Assessment sites 
 
Figure 14 shows the location of the wetlands assessed using WESPUS.  A total of 22 
assessments were completed on 21 sites selected based on access, with the intention of 
assessing a variety of different wetland classes according to the S&K wetland 
classification system for prairie pothole wetlands. 
 
 
 



Ecosystems Services Approach Pilot for Wetlands – Final Version October 2011 62

 
Figure 14.  WESPUS assessment sites within study area 
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3.6.4 Results from WESPUS assessments 
 

Table 6 presents the scores for functions in each wetland assessed.  Table 7 presents 
the scores for values associated with each wetland for humans.  Below we summarize 
observations and important points related to the use of WESPUS as a tool for rapid 
assessment of ES in Alberta. 
 
 Results were analyzed to see whether scores are associated with wetland class.  It 

was found that mean values for each S&K class should be interpreted with caution, 
as the observed variability within each wetland class is relatively large, and the 
sample size within each class is very low.  It is recommended to complete more 
sample sites if the desired outcome is a “look-up” table for the functions and values 
of each particular S&K wetlands class.   

 The results match with the fact that all wetlands assessed are prairie pothole 
wetlands, bogs and fens might have to be assessed using further criteria. 

 Since this is a “rapid” assessment and all values generated are relative, there are no 
absolute values placed on the functions themselves (i.e., kilograms of carbon 
sequestered, cubic metres of water stored).  As a result, comparing values across 
different wetlands must be done with extreme caution.  For example, a value score of 
4 for wetland A and 2 for wetland B does not mean that wetland A has double the 
value of wetland B. 

 All wetlands in the region seem to perform fairly well for water quality and aquatic 
habitat support functions. 

 Apart from Class II wetlands, most wetlands in the study area provide high 
hydrologic functions related to water storage and delay.  The Class II wetlands, 
which are temporary in nature and have limited water storage capacities, would also 
be expected to have much lower overall hydrologic functions per wetland. 

 Wetlands in all S&K classes provide fairly high aquatic habitat support functions; this 
is consistent with the reputation of prairie pothole wetlands as the “duck factory of 
North America”, as well as research indicating that heterogeneity of wetland types is 
important for maintaining biodiversity (Weller 1978; Gilbert et al., 2006). 

 It is interesting to note that four of the seven Class V wetlands sampled have been 
constructed for compensation and it may be helpful to identify the differences in 
effectiveness and values based on their designated purpose. 

 



 

 

Table 6.  Grouped wetland functions and their relative effectiveness across sites. 

 
 

 
Table 7.  Grouped wetland functions and their relative values to humans across sites. 

 



 

 

WESPUS outputs can also be prepared in an illustrative format. Flower diagrams (Figure 
15) for the ecological indices, by site, and the other show both the function and the value 
of different ES for each site.  Every 'petal' on the flower represents the score for that 
particular ES (the longer the petal, the higher the score). 
 

Figure 15.  WESPUS output sample – flower diagrams 
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4.0 Discussion 
 
The ES pilot attempted to achieve three objectives, one of which involved assessing ES 
in the study area to help fill three identified gaps in the wetland approval process (see 
Section 1).  This section provides a discussion of how the assessment results presented 
in Section 3 inform these three information gaps, and more generally, how the pilot was 
able (or not) to achieve the three objectives and meet the overall pilot outcome.  Where 
relevant, this section also includes a number of learnings that contribute to an 
understanding of how to operationalize an ES approach in Alberta. 
 
The discussion is organized in the following sections:   
 
4.1 Support current wetland management by meeting the information needs of wetland 

approvals decision makers;  

(Focus on how the ES pilot informed the three information gaps identified by wetland 
approvals decision makers) 

4.2 Building an approach to support decision making by explicitly demonstrating the 
trade-offs between development and ES benefits provided by wetlands; and  

4.3 Identifying data and capacity gaps for assessing ES for future focus. 
 
The section concludes with a brief discussion of how the pilot achieved the overarching 
anticipated project outcome (4.4).   
 
 
4.1 Support current wetland management by meeting the information needs of 
wetland approvals decision makers 
 
Wetland approvals decision makers were involved in the assessment process from the 
initial stages of the pilot and provided continuous guidance on what information could 
assist them in making more informed wetland approvals decisions in the context of 
increasing development pressures.  Some of the information desired was straightforward 
to gather (e.g., what ES are important in the area, how many wetlands are there and 
their distribution), while some was beyond the scope of the ES pilot (e.g., consistent 
temporal and spatial quantitative data for all ES integrated on a single map).  In some 
cases, the ES pilot team lacked available data or capacity to provide complete answers.  
However, the information generated by the ES pilot provides a baseline of knowledge 
about wetland ES in the study area that decision makers can apply in wetland approvals 
decisions.   
 
In interviewing the three decision makers in October, 2011, there was consensus that 
the ES pilot met their expectations.  While each decision maker noted that the results 
have limitations, the results resonated with them by providing useful new information and 
meaningful data to use in their approvals processes.  One decision maker commented 
that (the ES approach) “is another useful tool in the tool box”.  This results report will 
inform a ‘Summary for Decision makers’ report that is intended to present the results and 
findings to specifically make it usable for their decision making processes.   
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In this section, we discuss how the ES assessment results contribute to the three 
prioritized information gaps in the wetland approvals process that were identified by 
decision makers.   
 

GAP 1: There is insufficient evidence to support avoidance, minimization and 
compensation decisions on wetlands.   

The ES pilot identified the ES that are most important to people living in the study area, 
expanding understanding of how wetlands benefit people in the study area.  Identifying 
the majority of ES provided by wetlands, and how they are valued by people can help 
decision makers identify priorities for avoidance, minimization and compensation 
decisions for individual wetlands and plan wetland management at larger landscape 
scales.  Decision makers remarked throughout the ES pilot process that new information 
about wetland ES armed them with a broader awareness and understanding of the 
functions, services and benefits wetlands provide to people.   
  
Many of the wetland functions, ES, benefits and values introduced in the ES pilot are 
missing in current municipal Biophysical Impact Assessment/Wetland Impact 
Assessments (BIA/ WIAs).  In the current process, generally, the more disturbed the 
wetland, the less value it has in has; however the ES pilot demonstrates that although a 
wetland is degraded, it could be high functioning and provide a number of ES and 
benefits.  This information could inform trade-offs and also help to highlight hot spot 
areas to avoid in the planning process.   
 
The ES pilot incorporated socio-cultural information on how people value different ES in 
the study area.  Information about local people’s perceptions of why wetlands are 
important can directly inform wetland approval decisions, as this is new information 
about the value of wetlands to society.  Studies conducted for the pilot demonstrate that 
even the most abstract cultural benefits (e.g., heritage benefits) are consistently rated as 
of ‘high’ or ‘medium’ importance to people.  In one ranking study, individuals ranked 
‘aesthetic’ benefits second only to water quality, exceeding the importance they 
assigned to flood control, water supply, recreational benefits and other benefits.  Thus, 
decisions about wetlands can consider conservation issues, the economic benefits 
associated with wetlands (e.g., avoided costs of flood mitigation), but also how societies 
value wetlands in a broader sense.   
 
The ES pilot drew attention to the fact that wetlands provide multiple ES simultaneously, 
which is important when considering avoidance or compensation options for wetlands.  
The benefits from natural wetlands generally far exceed the benefits provided by 
constructed wetlands when all ES are considered together, as constructed wetlands are 
often managed for only one or two functions (i.e., usually water storage and flood 
control).  The ES pilot included the multiple cultural ES provided by wetlands that are 
often not considered in decisions.  While the assessment identified multiple ES from 
wetlands, it did not provide a quantitative analysis of the multiple ES provided by 
wetlands across the study area and how they are jointly produced.  However, the site 
assessment tool WESPUS was tested by the ES pilot and does provide a way to 
examine the multiple ES provided by individual wetlands. 
 
While it is unclear whether the information on conditions and trends of ES developed in 
the ES pilot is sufficient or specific enough to directly inform wetland approval decisions, 
we expect that baseline information on multiple ES will be valuable for building 
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knowledge of ES in the study area.  The information developed by the ES pilot provides 
a better understanding of how ES are produced and how their condition has changed 
over time in the study area, and provides a platform from which to build further 
understanding of ES at local and regional scales.   
 
It is clear from ES pilot results that both regional and local scale understanding of ES is 
important for the management of wetlands.  For example, the provision of flood control 
and water purification services relies on wetlands acting together at the watershed scale.  
For these two ES, the position of a wetland on the landscape and its connection to other 
wetlands contributes to quality of function and delivery of services.  These findings 
suggest that regional wetland management and planning is crucial to maintaining or 
improving ES across the landscape, and as such, wetland approval writers should 
consider incorporating aspects of landscape level assessments in the approval process.  
Site-scale assessments alone will not be sufficient to inform effective management of 
these ES. 
 
The ES pilot tested a site assessment tool for ES called WESPUS, or the Wetland 
Ecosystem Services Protocol for the United States, that can help wetland approval 
decision makers develop information about the ES provided by individual wetlands.  
Decisions related to avoidance, mitigation and compensation for wetlands are generally 
made on a wetland-by-wetland basis.  WESPUS is a rapid assessment tool that scores 
multiple wetland functions and their value to human well-being.  It can also provide 
objective information on the values and functions of small and temporary wetlands that 
are often dismissed as unimportant when compared to large and visually appealing 
wetlands with permanent open water zones.  Class I and II wetlands, for example, may 
still have a relatively high capacity to perform water quality improvement services and 
support aquatic habitat. 
 
WESPUS provides a tool, similar to the pilot’s ES approach, to shape the process of 
avoidance, mitigation and compensation in a manner that may better reflect public 
values associated with wetlands.  If a wetland approval writer does not select avoidance 
or minimization, approval writers could use this tool to determine appropriate 
compensation and restoration requirements.  Using this ‘full cost accounting’ approach 
that considers multiple ES provided by wetlands could improve ecological and socio-
cultural outcomes of compensation and restoration decisions.  For example, current 
compensation decisions are based on area (i.e., an impact of one acre requires a 
replacement of three acres); whereas ES assessments can identify the function and 
benefits of the wetland that will be impacted, and decision makers can identify a 
restoration project that results in equivalent functions and benefits.  Understanding the 
functions and values associated with individual wetlands might also provide incentives to 
developers to incorporate the wetlands into the development setting.  In some cases this 
could produce additional economic benefits such as enhanced property values from 
enhanced scenic quality or reduced infrastructure costs (e.g., stormwater ponds).   
 
WESPUS is currently being evaluated for further application in Alberta as modifications 
are required to make it more contextually relevant.  It is anticipated that the tool could be 
applied at the site scale to understand the function and values of a wetland, but also at 
larger scales if a GIS-based regional version is developed.  A regional version of the 
model could be used to understand ES that are produced at the watershed scale (e.g., 
flood protection and water purification) and could be used to evaluate the cumulative 
impacts of landscape change on wetland ES.  A version of WESPUS that is tested and 
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refined for the Alberta context could allow for the reliable identification of wetlands that 
are crucial for the provision of individual or multiple ES considered to be highly valuable 
within a specific context. This tool would be important for identifying instances where 
wetland removal should be avoided. 
 
In addition to WESPUS, other methods from the ES pilot could be used to expand the 
current wetland approval process.  For example, wetland approval writers could initiate a 
trial to require ES assessments that include an analysis of ES beneficiaries to 
complement existing requirements for BIA/WIAs. This would allow for the consideration 
of all of the ES from wetlands and how they benefit different individuals, communities 
and businesses that would be affected by wetland approval decisions.  An analysis of 
ES and their links to beneficiaries could be required in the development proponents’ 
application and residential sub-division design, enabling win-win development – 
residential subdivisions that are designed in line with the values and needs of local 
people.  For example, if certain areas are highly valued for bird watching or aesthetic 
landscape qualities, development could be designed to complement these existing 
landscape uses. 
 
 
GAP 2: There is insufficient consideration of cumulative effects and long-term 
consequences of decision making. 

 
Historical trends assessed for the three of four16 ES examined show that the loss of 
wetlands over time has led to a substantial cumulative loss of all of these services.  The 
pilot decision makers stressed the importance of providing current information on the 
state of wetlands in the case study area, but also that trend analyses were important for 
understanding the implications of previous development decisions on wetlands and their 
ES and helping to link current decisions to long term consequences.  Figure 6 provides a 
snapshot of the changes in distribution and abundance of wetlands in the case study 
area, providing a simple tool to inform discussions on cumulative effects. 
 
Trend assessments in the ES pilot relied on wetland inventories created for different 
periods of time between the 1960s and 2010.  Simple models were applied to these 
inventories to estimate the potential of wetlands to provide different ES.  The resulting 
information will provide a baseline for understanding how wetland ES have been lost 
over time.  However, further work is needed to better understand the cumulative effects 
on ES of wetland removal, including more accurate and consistent wetland inventories 
for these and additional time periods, and the development and assessment of indicators 
to provide information about how changes in wetlands are actually impacting the benefits 
that people get from wetlands.  In other words, a more developed flood control 
assessment would provide information on where flood risk is increasing and why to 
complement the completed assessment of wetland potential to deliver flood control 
services.   
 
Developing and delivering a cumulative effects management system (CEMS) is one of 
AEW’s main priorities, and the ES pilot demonstrates that an ES assessment is an 
approach to informing about the cumulative effects (CE) of decisions on the landscape, 
which can inform CEMS outcomes and management decisions.  Stakeholder 

                                                 
16 Historical trend analysis was not possible for flood control due to data limitations. 
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engagement was used in the ES pilot to understand how ES are important to people in 
the case study area.  The discussion of historical changes in wetlands and how changes 
have affected the delivery of benefits from ES can help focus management plans on 
issues of relevance to local people.  Stakeholders were particularly interested in cultural 
ES, as well as hydrological ES such as flood control and water storage; however, ES 
provision is interrelated and management plans need to determine the functions and 
assets needed to provide multiple ES in a sustainable manner.  The development of 
‘cascade’ diagrams linking ecosystem assets, functions, services and benefits for each 
of the pilot ES will help to strategically identify the components of the landscape that 
need to be monitored and managed for long-term provision of ES that matter to people. 
 
An important assessment finding related to CE is that many ES are not produced by 
individual wetlands, but rather by wetland complexes, landscapes and watersheds.  For 
example, flood control and water purification are most effectively provided by many 
wetlands distributed across a landscape.  In addition, wetlands in some positions within 
a watershed can provide more effective flood control than wetlands in other positions.  
How ES are produced and at what scale are important considerations for understanding 
how changes in the ability of landscapes to produce ES can accumulate over time.   
 
Complementarily, socio-cultural research conducted within the ES pilot demonstrated 
that some benefits from wetlands are not provided by individual wetlands, but from 
several wetlands as components of a larger landscape.  Recreational services such as 
opportunities for hiking and viewing wildlife, and services associated with heritage and 
aesthetic qualities of landscapes, can be provided by a single wetland, but these 
services are more attractive when provided by complex landscapes that incorporate an 
abundance of wetlands of different types and sizes.  The long-term consequences for 
cultural benefits are greater than the loss of individual wetlands, and are not directly 
compensated for by another wetland restored or protected elsewhere.  Thus what we 
know of cultural benefits also suggests that impacts to benefits would be best 
considered in a context of cumulative and long-term consequences. 
 
The application of WESPUS as information to inform cumulative effects is unclear at this 
time.  Data from WESPUS site assessments can contribute to inventories of wetlands 
and the services they provide within a particular watershed.  However, the values 
generated by WESPUS are relative and not necessarily spatially explicit (e.g., total area 
of wetlands is not factored in to WESPUS).  This may lead to some ambiguity and 
criticism regarding whether WESPUS actually does address cumulative effects properly 
or not.  Applying WESPUS in the context of individual applications for wetland 
disturbance would improve cumulative effects management over time by moving 
towards greater maintenance of wetland functions and services as opposed to focusing 
on maintaining wetland acreage under a ‘no further loss’ policy.  Further research and 
investigation is required to determine how to make WESPUS compatible with a 
cumulative effects management system. 
 
The ES pilot is a first step towards building knowledge about ES in the study area and in 
Alberta, and provides initial understanding of how ES information might inform 
cumulative effects considerations.  Table 8 presents some specific learnings from our 
ES pilot results that are relevant to assessing and understanding cumulative effects 
related to ES.   
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Table 8: ES results and cumulative effects 

ES Relevance for cumulative effects Relevance for long-term management  

Water 
storage 

-Large number of small wetlands 
results in abundant water storage 
on landscape 

-Removal of small wetlands over time leads to an 
important loss of water storage on landscape   
-Water storage supports all other wetland ES 

Flood control 

-Flood control capacity provided by 
individual wetlands is determined as 
much by location of the wetland on 
landscape as by the size of wetland 

-Regional planning for development is needed to 
determine which wetlands are most crucial to flood 
control services 

Water 
purification 

-water purification occurs at the 
watershed scale, and a large 
number of distributed wetlands most 
effectively provide this ES 
-disturbance thresholds exist 
beyond which wetlands can no 
longer provide this ES 

-As more land use activity occurs, the filtering 
capacity of wetlands becomes more valuable to 
ensure connected water is of good quality for 
residential, agricultural and industrial use. 
-Conversely, as more land use activity occurs, 
wetlands can become overloaded and function less 
well as water purifiers 

Carbon 
storage 

-Wetlands of differing sizes and 
categories store carbon  

-As Alberta develops carbon protocols for the 
carbon offset system, the ability of wetlands of all 
sizes to store carbon will contribute to the provincial 
climate change goals 
-Incentives to manage for carbon storage are 
needed as the benefits are not always recognized 
at local scales 

Cultural ES 

-Wetlands and wetland complexes 
provide multiple cultural benefits 
that are highly values by 
stakeholders  

-Long term consequences for cultural benefits are 
greater than the loss of individual wetlands, and are 
not directly compensated for the creation of another 
wetland in another location 

 
 

GAP 3: There is limited ability to communicate the ‘values’ of wetlands. 
 
The ES pilot revealed the benefits associated with individual ES and the role that ES can 
play in contributing to quality of life for southern Albertans.  A request from the pilot 
decision makers was to demonstrate biophysical, economic and socio-cultural values 
associated with wetlands in order to inform trade-off decisions.  The ES pilot provided 
biophysical information on the value of wetlands of all sizes and in different positions 
within study area landscapes in relation to the provision of multiple ES.  Pilot results also 
provided monetary estimates of the economic value of wetlands in the study area in 
relation to the provision of multiple ES.  Socio-cultural assessment results showed that 
people place high value on multiple ES provided by wetlands.  Finally, the site 
assessment tool WESPUS quantified the benefits to humans of multiple ES that are 
provided by individual wetlands.  These results provide rich information to decision 
makers on the value of wetlands from multiple perspectives.  Many of the ES values that 
were determined were previously either not quantified or unrecognized in the current 
determination of ‘wetland values’ in the approvals decisions. 
 
ES pilot results demonstrated that all classes of wetlands in the case study of area 
contribute benefits, regardless of size and magnitude of current degradation.  Even small 
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wetlands provide essential services such as water purification and flood control, 
sometimes in conjunction with adjacent and connected wetlands.  WESPUS site 
assessments demonstrated that different types and sizes of wetlands provide multiple 
ES.  This means that the net benefits to humans from natural wetlands are higher than 
the benefits associated with constructed wetlands designed to provide a single service 
such as flood control.  With this information, decision makers can compare the benefits 
from engineered and ecological management solutions to ES degradation.  Stormwater 
retention ponds generally provide few services, whereas intact wetlands of all classes 
and sizes contribute multiple functions and benefits.  Where constructed wetlands are 
necessary, management for multiple ES could be a goal. 
 
WESPUS will be invaluable in assessing and communicating the value of individual 
wetlands.  A standardized protocol such as WESPUS allows for a quantifiable and 
objective approach to valuing the benefits of wetlands for individuals and communities.  
Further WESPUS assessments could be conducted to provide more defensible evidence 
of the value of leaving natural wetlands intact, or of engineering wetlands that mimic 
natural wetlands more closely.  For example, WESPUS can be used to evaluate the ES 
from engineered wetlands and compare the results to those from natural wetlands.  
Preliminary testing of WESPUS showed that the constructed wetlands that were 
assessed in the pilot had lower ES values than the natural wetlands that were assessed. 
 
The ES pilot provided an opportunity to test emerging valuation methodologies for 
economic values associated with ES.  One of the criticisms of some of the work in the 
environment sector is that it excludes or has not developed an appropriate mechanism 
to integrate economic and cultural information.  For instance, without knowledge of the 
value wetlands have to people and communities, there are few disincentives to keep 
landowners from draining or infilling rural wetlands.  While the economic valuation 
methods were limited by a lack of suitable or locally-specific data, the conservatively 
estimated dollar values estimated for ES are illustrative of the generally high economic 
contributions of wetlands.   
 
An important goal for future ES work will be to provide economic information on the 
specific contributions of wetlands to development projects.  For example, residential 
developments depend on flood control (no matter how it is provided) and can be more 
economically valuable if there are multiple cultural ES provided nearby.  Compelling 
information for wetland approval decisions would include estimates of cost-savings and 
other economic benefits provided by intact wetlands to subdivision developers.  For 
instance, it may be meaningful to developers to understand the values and benefit of the 
wetlands that may be lost with certain applications.  Understanding the costs of 
removing wetlands, the breadth of lost or degraded ES and the cost to engineer 
stormwater ponds may provide some motivation to look at the maintenance and potential 
enhancement of wetlands.  Municipalities in the study area are dealing with significant 
flood issues.  The Shepard Regional Drainage Plan is developing solutions that may be 
informed by the methods and information from the ES pilot from the Flood Control and 
Wet Areas Mapping results.   
 
Cultural services, such as aesthetic appreciation of the landscape and opportunities for 
recreation and education, were found to be highly important to stakeholders in the study 
area.  Cultural services are challenging to assess and ‘value’ and have not been 
systematically considered in wetland approval decisions.  Pilot results showed that study 
area residents are positive about the educational, recreational, heritage and aesthetic 
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services from wetlands, and that positive attitudes are similar across gender, age and 
occupational categories.  So although some cultural services are often non-material and 
even quite abstract, people still consider them important and comparable to services 
such as flood control and water purification.  These results show that cultural services 
may warrant increased consideration when planning for wetland management. 
 
Table 9 presents information gathered in workshops and from surveys on who benefits 
from wetland ES and how these ES are valued.   
 
Table 9 Beneficiaries and ES value examples 
Ecosystem 
Service 

Beneficiaries of ES Examples of value of ES 

Water storage 
Farmers, downstream 
groups, municipalities, 
agriculture 

Water consumed for stock watering, water 
supporting other ES that benefit people directly 

Flood control 
Home owners, farmers, 
industry, municipalities, 
developers 

Feeling of safety, reduction in insurance and 
municipal infrastructure costs, reduced 
investment risks 

Water 
purification 

Farmers, downstream 
groups  

Improved water quality for recreation, stock 
watering and crop application, reduced costs of 
water treatment 

Carbon 
storage 

Albertans, Canadians and 
Global Society 

Localized climate moderation, feeling of 
contributing to climate change issue, financial 
compensation for offsets 

Cultural ES 
Individuals, Cultural, 
science, and academic 
groups, non-residents 

Aesthetic appreciation, recreation, schools and 
individuals science and learning, hiking and 
wildlife viewing 

 
 
4.2 Building an approach to support decision making by explicitly demonstrating 
the trade-offs between development and ES benefits provided by wetlands 
 
The ES pilot was experimental and exploratory.  It provided new information and tested 
numerous approaches for assessing and understanding ES in Alberta. The pilot 
attempted to build understanding of the interdependencies that exist between 
development decisions and wetland ecosystems.   
 
As guided by Ash et al., (2010), “the three fundamental qualities of a sound assessment 
are relevance, credibility and legitimacy”.  These core values were developed through 
the participatory nature of the ES pilot.  It was highly collaborative, involving 
stakeholders from multiple provincial departments, Rocky View County, the City of 
Calgary and a variety of non-profit organizations, business and research institutions.   
 
Capacity building was also at the core of the pilot.  Working groups were developed and 
the dual stream of assessment activities and learning sessions were designed to build 
shared understanding of ES, the ES approach and potential assessment methodologies 
for achieving the project outcome and related objectives.   
 
The results of the pilot assessment and process demonstrate that meaningful ES 
information can be generated to support trade-off decisions and to expose ES benefits in 
the planning and approvals stages for wetlands.  Much more work is needed to develop 
methods and databases that can be used to analyze ES at different scales and answer 
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specific questions related to ES management.  However, target decision makers 
expressed that the results are useful for their decisions processes; from the WESPUS 
rapid assessment tool, to the quantitative findings on ES condition and trends, to the 
qualitative understanding of the importance of ES to local people and organizations.  
This provides evidence to support the value in further developing and operationalizing 
the ES approach for Alberta. 
 
The ES pilot described linkages between the ES provided by wetlands and their 
contribution to human well-being or quality of life.  Maintaining healthy ecosystems 
translates into more ‘free’ services to support Alberta’s competitive advantage, such as 
clean water, rich soil, fresh air and raw materials.  An ES approach connects 
development activities to their dependence on the environment, and explicitly tried to 
determine what economic activities a healthy environment can support, now and into the 
future.  This information benefited the pilot decision makers but also Steering Committee 
and Review Panel members, as well as additional stakeholders that were involved 
during various aspects of the project, further expanding the knowledge base in Alberta 
and across Canada.   
 
The ES approach can be operationalized for Alberta; however, there are a number of 
considerations for future applications and iterations of the approach.  While the Lessons 
Learned and Technical Report will provide more details to respond to Objective 2, the 
following are some key learnings from the Results Report to contribute to this objective: 
 
 Ecosystem service benefits are context specific, as they relate as much to how the 

environment is used and valued as to how services are produced by ecological 
processes.  Understanding and designing an ES approach for the place-based 
context for the issue is critical. 

 ES are produced at different scales, both temporal and geographic, and people 
benefit from ES at different scales.  This scale mismatch is important to consider so 
the ES approach can be designed at a scale that will be relevant to decision makers 
and ES beneficiaries. 

 Building credibility, legitimacy and policy relevance is necessary to ensure that 
results generated are useful and believable.  In this pilot, more than ES and issue 
experts were brought together to ensure that the ES approach was developed and 
carried out in a credible manner. 

 
Another area to be addressed in future work is around the role of biodiversity.  A number 
of team members and stakeholders were concerned that biodiversity appeared to be 
absent from the ES approach and results.  In discussions with international experts, it 
appears that there is no one accepted framework to bring ES and biodiversity together.  
For the purposes of the pilot, biodiversity underpins the supply of ES; however that was 
not acceptable to all members.  This also led to some disagreements on some of the 
benefits not listed, such as wildlife habitat.   
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4.3 Identifying data and capacity gaps for ES assessment 
 
The ES pilot forwarded understanding of the services that wetlands provide and how 
they contribute to the well-being of Albertans.  However, there is a lack of capacity in 
using and implementing the ES approach in Alberta and there are a number of 
knowledge and process gaps that were identified during the pilot.   
 
The capacity required to master the implementations of an ES approach is quite unique 
and rare.  There are few people globally who have undertaken ES assessments at the 
scale and scope undertaken in the pilot.  An interdisciplinary approach is required to 
contend with the complexity of ecosystems and how they interact with socio-economic 
systems.  Interdisciplinary work is extremely difficult due to a lack of shared language, 
and collaboration on ecosystem service work is particularly challenging due to this type 
of science being relatively new.  A consequence of this was that team members were 
often unsure about what information was needed, what to ask for and what level of 
uncertainty existed in the information that was collected or in results produced.  Outside 
experts were brought in as much as possible to help with these issues.   
 
Beyond understanding the questions to ask, much of the information and data that was 
recognized as necessary was often difficult or time intensive to obtain.  For instance, a 
data sharing agreement was needed to access reports from the City of Calgary, Rocky 
View County and Town of Chestermere projects.  This is an interesting issue as all the 
players collaborated very well together but systems and sharing agreements made the 
transfer of data difficult.  It was essential to have a GIS team member to help negotiate 
these data needs and to interpret what team members needed from the datasets. 
 
In future assessments, a completion inventory of data availability, supported by more 
active involvement between data owners to contribute suggestions for how the data can 
be incorporated is recommended.  A gap identified as the project was coming to a 
conclusion was the lack of incorporation of wet areas mapping.  Wet areas mapping 
(WAM) is a modeling technique used by Alberta Sustainable Resource Development 
primarily to assist Alberta's forest sector in ensuring the sustainability of these sensitive 
aquatic habitats that are threatened by the Mountain Pine Beetle.  The data informs the 
user about hydrological risks on landscapes by identifying areas which are wet and 
susceptible to soil disturbance. It was recommended that the WAM may provide a useful 
data layer for the ES pilot but it was not incorporated due to time constraints.  
 
Another gap in capacity was a lack of recognition of the time and resources required to 
complete the assessment.  The ES pilot was limited by a lack of access to people due to 
conflicting commitments, resource constraints and difficulty finding all the skills sets 
needed, particularly people with biophysical and socio-cultural expertise.  The time 
needed to complete each step in the ES approach was also underestimated, including 
all the activities required to conduct the various aspects of the biophysical, economic 
and socio-cultural teams.  Integration of the various assessment activities would have 
improved the final assessment compilation; the project team recognized this challenge 
through the process and attempted to conduct activities and joint working sessions to 
create alignment in the results.  Further improvement in this area is necessary. 
 
There is more work that can be done to improve understanding of ecosystem service 
science from ecological, economic and socio-cultural perspectives. The Evaluation 
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Report and Technical Reports for the Economic and Socio-cultural sub teams will 
provide a more comprehensive response for Objective Three. 

 
4.4 Meeting the Outcome 
 
The overarching desired outcome for the pilot was “the development and 
operationalization of the Alberta ES approach to provide a tool to enhance decision 
making.”   
 
The pilot was successful in taking the experience and learning from the early ES 
application for the SAL and SSRP and developing a more robust assessment process to 
develop ES results.  Building on the high level ES approach, the pilot team developed 
and applied a place-based assessment method on the current wetlands regulatory 
approvals process.  The results of the pilot have provided new information to fill in 
assessed information gaps for decision makers, enhancing their ability to make 
decisions.  Building on earlier ES work in the department, both qualitative and 
quantitative information developed by biophysical, socio-cultural and socio-economic 
assessment teams was developed. 
 
In looking at the operationalization of an ES approach it can be said that the pilot has 
provided a guide for how to conduct an ES approach.  Due to the novel nature of the 
work and issues of capacity and data availability, the process can be time intensive and 
expensive; therefore it would be wise to ensure that there are criteria when picking a 
next application.  It would need to be of a scale and priority to warrant the resource 
expense and/or would need to be part of an overall commitment to use an ES approach 
more widely.   
 
Overall the ES pilot made progress on the outcome; however hindsight helps us to 
understand that each application of an ES approach will be unique.  The best approach 
may not be to develop a prescriptive and step-based approach for replication in other 
contexts.  The geographic and decision contexts are key to determining what 
components of an ES approach will be most useful to apply.  The ES approach report 
will provide more information on how a well-defined, but flexible set of assessment 
activities could be the best way to operationalize an ES approach within AEW. 
 
The results and findings of the ES pilot provide both an opportunity to use the 
processes, methods and results to inform current wetlands approval decisions and 
opportunities to further develop capacity and understanding on how to do ES 
assessments and use the results to inform decision making.   
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5.0 Conclusions, Recommendations and Next Steps  
 
As discussed throughout this report, ES are the benefits that nature provides to people.  
Ecosystems provide a multitude of resources and benefits, and decision makers 
increasingly require more sophisticated information to effectively manage human 
impacts on the landscape; the incorporation of ES into development decisions can be an 
input towards this end.  The ES pilot focused on assessing the benefits that people get 
from wetlands in a quantifiable and comparable way to enhance the information currently 
used in wetland approvals decisions in southern Alberta.   
 
While Section 4 synthesized the results of the ES pilot and explored how well the project 
achieved objectives, this Section presents the ES pilot in the context of other provincial 
initiatives, offering a number of concise conclusions and recommendations categorized 
by themes that emerged during the pilot process.  These themes include: the AEW ES 
road map, cumulative effects management, the development of a wetland policy for 
Alberta, and the Land-use Framework and regional plans.  The section will end with 
some of the immediate and medium term ‘next steps’ for the ES program for Alberta 
Environment and Water and the Government of Alberta. 
 
5.1 ES Road Map 
 
The ES pilot was launched to contribute to the AEW ES road map, an initiative to 
support the integration and adoption of ES into department policies, programs and 
strategies.  The pilot contributes to the short term goal of the road map: enhanced 
appreciation and understanding of an ES approach to supporting policy, planning, and 
decision making is identified and supported by all levels of relevant management in 
AEW.  The pilot has not only enhanced awareness, but also built capacity in AEW and 
the Government of Alberta more broadly through the collaborative and engaging 
processes incorporated throughout the project.   
 
The ES pilot also contributed to the medium-term goal of the ES road map: the 
importance of ES is better understood and the department has increased its capacity for 
quantitative measurement of ES on the landscape to support policy, planning, and 
decision making within AEW.  The pilot demonstrated that an ES approach can provide 
a systematic way to assess ES benefits and impacts, and can be used to explore the 
trade-offs associated with development decisions.  The process, including routine 
‘lessons learned’ activities, also provided the opportunity to test and provide further 
refinements to the Alberta ES approach (see Figure 1), further contributing to longer 
term goals of the ES road map.   
 
Given the novelty of the assessment activities, a number of recommendations have 
emerged to further advance the ES road map: 
 
 There is a strong need to examine how the local and regional assessment tools 

applied can be streamlined to improve efficiency and cost effectiveness.  Many 
assessment activities occurred in isolation, and while the pilot team made efforts to 
integrate activities and align results, it is recognized that the pilot fell short of the 
intention to conduct a holistic and integrated ES assessment.  Improved integration 
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during the design phase can improve project delivery, communication and the final 
products, which can reduce costs. 

 The data, information and resources used to complete ES assessments, particularly 
the biophysical analyses, was significant (e.g., LiDAR data for the study area alone 
was approximately $18,000.0017).  It will be important to assess what scale and level 
of importance a policy or plan is to warrant the monetary and staff costs of 
conducting an ES assessment.  Additionally it is critical to assess the support for the 
ES approach and the level of technical capacity available for biophysical, economic, 
and socio-cultural analyses, as well as capacity for project evaluation, 
communication, GIS and project management.  Focusing on these important 
considerations will help to ensure that the ES approach builds on the highest 
government priorities, such as regional planning. 

 The uptake of WESPUS is a ‘low hanging fruit’ to integrate ES into the wetland 
approvals process and other Government of Alberta activities as other ES 
assessment methodologies mature.  With thirty years of testing and refinement 
already, the WESPUS approach requires minor modifications for the Alberta context.  
Given the popularity of WESPUS, it will be essential to build on the momentum 
generated in this pilot.  It is imperative that guidelines are developed on how 
WESPUS is to be carried out in Alberta, including the credible resources and 
combination of technical skills necessary to conduct the assessments.  The 
continued involvement of the WESPUS creator, Dr. Paul Adamus, combined with 
collaboration with other initiatives and researchers in the province will help address 
the recommended modifications and concerns raised to ensure that this useful tool is 
implemented effectively in the Alberta context in the near term.   

 
5.2 Cumulative Effects Management 
 

Cumulative effects and the CEMs designed for Alberta involve building broad and more 
holistic understanding of environmental impacts, thresholds and benefits from 
ecosystems to support a thriving economy.  An ES approach can support cumulative 
effects management by informing on the potential cumulative effects of development 
decisions, and providing, for example: 
 
 qualitative and quantitative methods to determine biophysical, cultural and economic 

benefits derived from ecosystems in a place-based context; 

 information to support trade-off discussions in decision making, policy and planning 
including the appreciation of risks and opportunities associated with development 
options; and 

 science- and social-science-based evidence of society’s benefits and dependence 
on critical ES for human well-being (e.g., clean water, fresh air, and food).   
 

An ES approach process and results can provide a broader range of values and benefits 
from wetlands, and this information is grounded in an assessment of what wetlands 
contribute to communities, to the region and to biodiversity and environmental functions.  

                                                 
17 The cost of conducting each of the 33 local ES assessments included in the Millennium Ecosystem 
Assessment ranged from a total of $10,000 to almost $1 million. Costs depend on the methods used, the 
number of experts engaged and the activities conducted (MA 2005). 
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In this context, cumulative effects also includes the multitude of benefits provided by 
development, and not solely the cumulative negative impacts.   
 
Importantly, the ES pilot work revealed that information assessed at a regional scale is 
just as important for supporting wetland decisions as site-scale information.  The ES pilot 
undertook 21 site assessments using WESPUS, but also assessed four ES across the 
entire study site.  The results of the regional-scale assessment showed that for some ES 
such as flood control, the position of a wetland within a larger landscape and how 
wetlands are connected on the landscape plays an important role in how the ES is 
produced and how effective it is.  These findings suggest that proper planning for 
regional wetland management is crucial to maintaining or improving ES across the 
landscape.   
 
One approach for developing relevant information to inform the wetland approvals 
process, especially with continued development, would be to perform regional 
assessments of ES on a regular basis (e.g., biannually), using the more advanced 
regional tools that were developed within the ES pilot, but not tested due to time 
constraints.  The results of the pilot provide a baseline level of information about the 
wetlands, including losses and resulting changes in ES in the area.  This information 
could be used in regional or sub-regional planning work on building thresholds.  This 
would also allow for the identification of areas on the landscape that have the most value 
for specific ES.  These regional assessments could also identify where people or 
development are most at risk from the impacts of ES loss.  This information could 
support regional and long-term planning related to wetlands.  Next, WESPUS site 
assessments could then be used to support decisions about specific wetlands during 
individual development applications, and wetland approvals decision makers can apply 
both the landscape-level and site-specific information to make informed decisions about 
the trade-offs associated with the proponents’ application.   
 

The discussion of cumulative effects and spatial issues is useful, but could be clarified 
somewhat from an economics perspective.  Benefit cost analysis sometimes includes 
cumulative effects type input as part of the assumptions of project/ policy, size and 
scope, but this could be applied with more consistency.  Decisions about the spatial 
extent of the analysis, the temporal dimension, and the underlying trends (economic 
growth, population growth, etc.) are all necessary for a thorough economic analysis.   

 
Finally, a key value of the ES pilot for CEMs in Alberta is the enhanced credibility 
realized by involving multiple stakeholders in the process – as active members or as 
supporters on the periphery.  The ES pilot involved numerous departments and 
organizations (e.g., municipalities, developers) that allowed for diverse perspectives, 
information and processes to be incorporated.  For CEMs, this type of participatory 
approach can enable the development of new policies, processes and other 
opportunities that incorporate cumulative effects into decision making.   
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5.3 Alberta’s Wetland Policy  
 
In the fall of 2010, the Minister of Environment publicly released a document, building on 
previous work of the Alberta Water Council, outlining the intent to develop a provincial 
wetland policy that set an outcome to “to conserve, restore, protect, and manage 
Alberta’s wetlands to sustain the benefits they provide to the environment, society, and 
the economy.” 
 
The intent document discussed wetland functions and listed for consideration the 
following wetlands benefits for Albertans: biodiversity, water quality improvement, flood 
reduction and human uses.  A fifth consideration is abundance.  It recognized the need 
for tools and knowledge systems to support decision making and policy implementation, 
including wetland assessment and mitigation guidelines. 
 
The policy intent presented a number of challenges to address, including the need to: 
 Address the diverse history, geography, land uses and wetland distribution across 

the province; 
 Consider not only the individual wetland, but also regional significance and the 

relationship to other ecosystem components; and  
 Take into account wetland function to ensure effective wetland management in 

Alberta.   
 
Given the summary above and the results of the ES pilot, there are definitely aspects of 
alignment between these two important initiatives, particularly in information and 
methodology sharing.  The ES pilot focused on developing assessment tools for some of 
the very functions that the policy intends to focus on.  Additionally, the pilot presented a 
suite of other services and benefits received from prairie pothole wetlands both at an 
individual level (WESPUS) and at a regional level that could be more broadly applied 
across the province.  The ES pilot has compiled numerous lessons learned on the 
process and methods applied, and can share important learnings about the place-based 
context of some of these functions and assessment challenges such as the scale ‘mis-
matches’ between functions, benefits and wetland application differences.   
 
With regard specifically to WESPUS, there is an interest both from ES pilot members 
and those working on the Wetland Policy to further explore the potential opportunities 
and weaknesses of an Alberta-WESPUS tool.  Those working with WESPUS noted that 
it may be able to inform some important longer term policy questions for managing 
wetlands, such as: 
 
 When is a compensation site good enough in terms of replicating value and/or 

function?  
 How can multiple wetland functions be incorporated into wetland design?  
 Have the functions and values associated with wetlands changed over time?   
 After five to 10 years, is this compensation site considered “good enough” in terms of 

adequately replacing the lost natural wetland?  
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5.4 Land-Use Framework and Regional Planning  
 
It is very important to ensure that assessments of ES are nested within other planning 
and policy work of the region.  There is additional effort needed to link this small-scale 
pilot with the regional planning documents such as the SSRP outcomes.  There are 
other scales of management and decision making, such as the Calgary Regional 
Partnership and the work of the Bow River Basin Council, for example, that could also 
incorporate ES-based information to enhance their relevance, credibility and legitimacy.   
 
There are other opportunities to inform regional plans, both with the current SSRP and 
Lower Athabasca Regional Plan and new plans coming on board.  In particular, planners 
could apply some of an ES approach at the outset of regional plan development.  These 
could be powerful opportunities to ensure that multi-scale services and benefits are 
considered explicitly in regional plan design, capturing the ES that contribute to the 
quality of life for people in that region. 
 
The information and specific methods for assessing wetlands and their benefits support 
the identification of wetlands as a valued component in planning processes and could be 
useful in setting thresholds and impact management objectives, and making trade-off 
decisions when other values compete with maintaining wetlands.  From the perspective 
of the reports objectives that relate to providing information on wetlands to communicate 
their value, including the value to humans of maintaining wetlands on the landscape, the 
report is a valuable source of information.  The report is relevant to the Land-use 
Secretariat (responsible for implementing the Land-use Framework) because it clearly 
shows that the reduced function and extent of wetlands in Alberta is a cumulative effects 
issue that is central to the Land-use Framework. 
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5.5  Next Steps  
 
In the immediate term, there are a number of steps that could be initiated to support 
continued progress on the ES road map.  There are a number of short-term and longer-
term steps that the AEW ES program should target to support the ES road map 
commitment for AEW to explore the adoption an ES approach.  Continuing with the ES 
road map will support and enable AEW’s work on cumulative effects management, 
policy development, planning, and decision making. The following are the key next steps 
as recommended by the team and vetted by the ES program leads. 
 
5.5.1 Communication and Education 
 
As the ES pilot wraps-up, the Communication Strategy developed will prioritize informing 
key stakeholders about the ES pilot intent, results and lessons for supporting existing 
and future provincial and place-based decision-making processes.  There are two 
targeted audiences with two main objectives: 

 Inform key audiences/stakeholders of the pilot on wetlands intent, scope and 
deliverables through a variety of communication approaches; and 

 Identify opportunities to use results and learnings from the pilot on wetlands to 
further investigate and test the application of an ES approach to support place-based 
cumulative effects management. 

The internal audience is defined as any Alberta Environment and Water or other 
Government of Alberta individual or team that has a direct stake and/or interest in the 
pilot on wetlands and/or can help identify opportunities/connections to other work.  The 
external audiences are defined as individuals or groups external to government who 
have an interest in the pilot on wetlands, and/or are involved in ES 
assessments/initiatives (e.g. academics, environmental non-government organizations).   
 
5.5.2 ES Road Map 
 

The ES ten-year road map is progressing on its medium-term goals that include the pilot.  
The medium- and long-term goals are: 

 Medium-term goal (now-3yrs): The importance of ES is better understood and the 
department has increased its capacity for quantitative measurement of ES on the 
landscape to support policy, planning, and decision making within AEW 

 Long-term goal (3-7yrs): A strong qualitative and quantitative capacity exists within 
the department to enable the ES approach to be common practice within AEW’s 
policy, planning, and decision making processes. 

 
The ES road map goals must be tied into other key priority areas of the Government of 
Alberta to ensure relevance and to ensure that limited resources are targeting the areas 
where the ES information can provide the greatest benefit.   
 
Recognizing that the pilot was experimental in nature, the assessment can be built on to 
further strengthen the ES approach as a useful tool.  While the regional assessment of 
the relevant ES and the WESPUS assessment of individual wetlands are 
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complementary, it is not yet clear how the respective methods and results can be 
integrated into the decision-making/approval process.   
 
From an understanding of the approval review process, one area that ES information 
could target is the planning stage, before approvals managers are asked to make 
decisions.  If ES information could be presented in a meaningful way to developers so 
that they may consider it before submitting an application there may be improvements 
on how and where development is planned on the landscape.  While this will not be an 
immediate change and may require a regulatory mechanism to oblige developers to act, 
AEW could work with municipal decision makers up front when a project is being 
conceptualized to see how best to work with the developer.   
 
 
5.5.3 Government of Alberta Priorities 

 
There are a number of areas, including the wetland policy and regional planning, upon 
which the ES program can focus its resources; however these resources are limited and 
the capacity to carry out ES assessments is still low.  Therefore it will be extremely 
important to take a strategic view of where to focus resources, including support from the 
AEW sponsors and other Government of Alberta ministries.   
 
While the ES pilot is set to finish in October 2011, there are a number of opportunities to 
further explore the ES road map and its objectives.  This report presents the summary of 
the results only, but needs to be considered in the context of other reports prepared for 
the project such as the Lessons Learned report and the ‘Methods’ documents.   
 
As noted previously it will be important to ensure that the interrelationship between ES 
and biodiversity is explored more fully within future Alberta studies.  Alberta Sustainable 
Resource Development has led the drafting of a Biodiversity Strategy that will be a 
critical piece to inform this discussion.  This process would be best served by the 
participation of not only Government of Alberta staff, but also stakeholders that have 
expertise in understanding these relationships, such as the Alberta Biodiversity and 
Monitoring Institute and Ducks Unlimited Canada. 
 
5.6 Concluding remarks 
 
The concept of ES is still in its infancy, but has been recognized globally as a useful tool 
for communicating the value of sustainable landscape management to support 
development and the long-term well-being of people.  Ecosystem Services are becoming 
increasingly important for governments and business leaders to address in decision 
making.  The Government of Alberta took a leadership role in advancing the ES road 
map and completing a pilot project to explore the incorporation of ES into an actual 
policy gap identified by municipal and government wetland approvals writers.  This 
report represents the Integrated Results from the ES assessments and provides key 
findings and uses for the information generated. The ES pilot reports make up the 
platform from which to move forward on a number of opportunities to further improve 
understanding of ES, build capacity to assess ES, and provide more complete 
information to decision makers to improve the outcomes of their decisions. 
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Appendix B: Glossary  
 
 
Anthropocentric - A human-centered worldview (ethic); it sees humans as the source of all value (i.e., it is 
they who bestow value on other parts of nature), since the concept of value itself is a human creation. 
 
Average Value - This refers to the value that results from dividing a total value of a natural resource for a 
particular use by the quantity of natural resource used. 
 
Beneficiary (of Ecosystem Services) - Persons, groups or projects that benefit from ecosystem services in 
tangible or intangible ways. 
 
Benefit - Positive change in human wellbeing from the delivery of ecosystem services. 
 
Biodiversity - The variability among living organisms and the ecological complexes of which they are a part. 
This includes the diversity found within and between species and between ecosystems. Biodiversity serves 
as the foundation for all Ecosystem Services, which are dependent to some degree on the diversity of 
genes, species, populations, communities, landscapes and information, or on key components of 
biodiversity include food, genetic resources, timber, biomass fuel, and ecotourism.   

Bog - A wetland characterized by peat deposits, acidic water, and extensive surface mats of sphagnum 
moss. Bogs receive their water from precipitation rather than from runoff, groundwater, or streams, with 
decreases the availability of nutrients needed for plant growth.  
 
Cultural Services - The non-material benefits people obtain from ecosystems through spiritual enrichment, 
cognitive development, reflection, recreation, and aesthetic experience, including, e.g., knowledge systems, 
social relations, and aesthetic values. (See also Ecosystem Services, Provisioning Services, Regulating 
Services, and Supporting Services) 
 
Cumulative Effects - The combined effects on the environment arising from the combined impacts of all 
past, present, and reasonably foreseeable future human activities. 
 
Driver (Direct, Indirect) - Any natural or human-induced factor that directly or indirectly causes a change in an ecosystem. 
 
Economic Valuation - The attempt to elicit public preferences for changes in the state of the environment 
through analytical techniques where these preferences are quantified into monetary equivalents or other 
appropriate units. (See also Valuation, Economic Value) 
 
Economic Value - The measure of the wellbeing associated with the change in the provision of an 
ecosystem service quantified in monetary or other appropriate units. It is not synonymous with monetary 
value. (See also Benefit, Value) 
 
Ecological Functions - Natural processes that are necessary for the self-maintenance of an ecosystem 
and its integrity, such as primary production, nutrient cycling, decomposition, etc. (See also Ecosystem) 
 
Ecological Process - A characteristic physical, chemical and/or biological activity that influences the flow, 
storage and/or transformation of materials and energy within and through ecosystems, such as the uptake of 
nitrogen from soil by vegetation.   
 
Ecosystem - An ecosystem is a dynamic complex of plant, animal, and microorganism communities and the 
nonliving environment interacting as a functional unit. (See also Biodiversity, Ecosystem Services). 
 
Ecosystem Assessment - A social process through which the findings of science concerning the causes of 
ecosystem change, their consequences for human well-being, and management and policy options are 
brought to bear on the needs of decision-makers. 
 
Ecosystem Services - Outputs (goods and services) derived from ecosystems that benefit people. These 
include provisioning services, regulating services, supporting services, and cultural services. Ecosystems, 
and the biodiversity contained within them, provide a stream of goods and services essential for society’s 
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well-being. It is synonymous with ‘Ecosystem Goods and Services’. (See also Ecosystem Goods and 
Services, Provisioning Services, Regulating Services, Supporting Services, and Cultural Services) 
 
Ecosystem Services Approach - An Ecosystem Services approach provides a framework by which 
ecosystem services are integrated into public and private decision making. The approach included the 
following components: identification of problem or issue, identification of ecosystem services being provided, 
dependency and impact assessment, condition and trend assessment, economic valuation of services, 
identification of risks and opportunities, input into decision making. 
 
Ecosystem Service Dependency - A project, plan or policy has a dependency on an ecosystem service if 
the service serves as an input or if it enables, enhances, or influences the conditions necessary for a 
successful outcome of the project, plan or policy. Projects, plans or policies that are dependent on 
ecosystem services are one type of beneficiary. 
 
Ecosystem Service Impact - A project, plan or policy impacts an ecosystem service if actions associated 
with the project, plan or policy alter the quantity or quality of a service. 
 
Fen - A wetland characterized by slow internal drainage from groundwater movement and seepage from 
upslope sources. Fens are characterized by peat accumulation, but due to the seepage of nutrient-rich 
water, fens are typically less acidic and more nutrient-rich than bogs. (See also Bog, Marsh) 
 
Flow - Harvested provisioning ecosystem services for human use or consumption. 
 
Groundwater Recharge - Inflow of water to a ground water reservoir (zone of saturation) from the surface. 
Infiltration of precipitation and its movement to the water table is one form of natural recharge. Also, the 
volume of water added by this process. 
 
Habitat - The natural home of a living organism. The three components of wildlife habitat are food, water, shelter. 
 
Intrinsic Value - The worth of a good or service for its own sake, independent of the benefits they may yield 
to humans. (See also Instrumental Value) 
 
Marsh - A water body covered by water for at least part of the year and characterized by aquatic and grass-
like vegetation, especially without peat-like accumulation. (See also Bog, Fen) 
 
Natural Asset - The stock of natural resources from which many ecosystem services are produced.  
 
Opportunity Cost - The benefits forgone by undertaking one activity instead of another. 
 
Provisioning Services - The products obtained from ecosystems, including, for example, genetic 
resources, food and fiber, and fresh water. (See also Ecosystem Services, Regulating Services, Supporting 
Services, and Cultural Services) 
 
Public Good - A good or service in which the benefit received by any one party does not diminish the 
availability of the benefits to others, and where access to the good cannot be restricted. 
 
Regulating Services - The benefits obtained from the regulation of ecosystem processes, including, for 
example, the regulation of climate, water, and some human diseases. (See also Ecosystem Services, 
Provisioning Services, Supporting Services, and Cultural Services) 
 
Resilience (of ecosystem) - The capacity of an ecosystem to tolerate disturbance without irreversible 
change in its outputs or structure. 
 
Scenario - A plausible and often simplified description of how the future may develop based on a coherent and 
internally consistent set of assumptions about key driving forces (e.g., rate of technology change, prices) and 
relationships. Scenarios are neither predictions nor projections and sometimes may be based on a ‘‘narrative 
storyline.’’ Scenarios may include projections but are often based on additional information from other sources. 
 
Slough - A marshy or reedy pool, pond, inlet, or backwater. 
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Stakeholder - A person, group or organization with a common interest in a project and its outcomes, where 
stakeholders may or may not be involved in the delivery of a project, and may or may not be an ecosystem 
services beneficiary. 
 
Stock - The quantity or store of a natural resource from which provisioning ecosystem services are 
harvested, with the exception of carbon. 
 
Supporting Services - Ecosystem services that are necessary for the production of all other ecosystem 
services. Some examples include biomass production, production of atmospheric oxygen, soil formation and 
retention, nutrient cycling, water cycling, and provisioning of habitat. (See also Ecosystem Services, 
Provisioning Services, Regulating Services, and Cultural Services) 
 
Trade-offs - Management choices that intentionally or otherwise change the type, magnitude, and relative 
mix of services provided by ecosystems. 
 
Threshold - The value of an indicator that reflects a problem condition in an ecological, economic, or other 
system. Thresholds at which irreversible changes occur are especially of concern to decision-makers. 
 
Utilitarian - An approach that focuses on the satisfaction of human preferences. (See also Utility) 
 
Utility - In economics, the measure of the degree of satisfaction or happiness of an individual. (See also Utilitarian) 
 
Valuation - The process of expressing a value for a particular good or service in a certain context (e.g., of 
decision-making) usually in terms of something that can be counted, often money; can also be described in 
qualitative terms, using methods and measures from other disciplines (sociology, ecology and so on). 
 
Value - Generally, the worth, merit or desirability of an ecosystem service to human. In economics, it is the 
measure of the wellbeing associated with the change in the provision of an ecosystem service. In social 
context, it is the appreciation or emotional value attached to a given ecosystem service.  
It can be expressed quantitatively or qualitatively (either in economic terms or ethically). (See also Benefit, 
Economic Value) 
 
Vulnerability - Exposure to contingencies and stress, and the difficulty in coping with them. 
 
Well-being - A context- and situation-dependent state, comprising basic material for a good life, freedom 
and choice, health, wealth, good social relations, and security. 
 
Wetland - Land saturated with water long enough to promote wetland or aquatic processes as indicated by the poorly 
drained soils, hydrophytic vegetation, and various kinds of biological activity that are adapted to a wet environment. 
 
Wetland Assessment - The identification of the status of, and threats to, wetlands as a basis for the 
collection of more specific information through monitoring activities. 
 
Wetland Compensation - Payment into a fund for wetland restoration work. 
 
Wetland Inventory - The collection and/or collation of core information for wetland management, including 
the provision of an information base for specific assessment and monitoring activities. 
 
Wetland Loss - Includes infilling, altering, or physically draining a wetland, any impact to the riparian area or 
buffer strips, and any type of interference with the hydrology to and from a wetland. 
 
Wetland Margins - The ordinarily dry land adjacent to a wetland (e.g. marsh, bog, fen, or pond) that 
depends on the presence of a wetland to provide water and habitat for plants and animals. 
 
Wetland Mitigation - A process to reduce the loss of wetlands, focusing on avoiding loss, minimizing 
impact, and compensating for unavoidable wetland loss. 
 
Wetland Restoration - The re-establishment of a naturally occurring wetland with a functioning natural 
ecosystem whose characteristics are as close as possible to conditions prior to its drainage or alteration. 
 
Willingness-to-pay (WTP) - The maximum amount an individual would be willing to pay, sacrifice or 
exchange in order to receive a good or to avoid something undesired. 


