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Executive summary

ES.1
Objectives

Monaghan County Council commissioned eftec to estimate the economic value of Monaghan’s wetlands.  The key objective of this project is “to use the ecosystem services approach advocated by Ramsar and the Convention on Biodiversity (CBD), to evaluate the benefits derived from six different wetlands in Co. Monaghan” the methodology of which was consistently applied to six case study area, i.e., the Blackwater flood plain, the Dromore wetlands, Eshbrack bogs, Cornaglare, Grove Lough and the Castle Leslie constructed wetlands. The research is split into three key components:

· Designing an ecosystem services framework for identifying, describing and where possible, quantifying the benefits from County Monaghan’s wetlands;

· Conducting an economic evaluation of ecosystem service benefits using economic value estimates from the literature (via a process known as value (or benefit) transfer); and

· Communicating the findings to ensure that both the methodology and results are in a non-technical language that can be presented to the public and policy makers.

ES.2
Study Context

Wetland ecosystems are some of the most productive in the world. They support a diverse array of species including fish, plants, mammals, amphibians and invertebrates (MEA, 2005a). The Republic of Ireland is rich in numerous wetland resources with several types prevalent in County Monaghan including: inland marshes and peat bogs.  Monaghan’s wetlands are typically small in nature and form as a result of high annual rainfall, the particular topography, soil and geology of the area (Foss and Crushell, 2007) providing support for many wildlife species.  The Monaghan Fen Survey conducted in 2007 found that approximately half of the sites examined were degraded by infill, waste or pollution. The 2006 Monaghan Wetlands Survey (BEC, 2006) found that there was a 10% decrease in wetland habitats between 2000 and 2006. Many of the ecosystem services that such wetlands provide, for example, opportunities for recreation and the conservation of biodiversity, are under threat from development and degradation.  As such there is a need to demonstrate their economic value to ensure that this is accounted for within the decision making process.  

The key concepts that underlie the evaluation of Monaghan’s wetlands include:

Ecosystems services approach: this is a framework to assess the goods and services provided by ecosystems where environmental effects relate to a loss or gain of one, a group, or all of the services of the ecosystem.  The services covered are provisioning, regulating, cultural and supporting services.

Economic value: is the benefit generated by environmental resources which include both those that are revealed in actual markets and those that do not have any markets. For marketed goods and services, the economic value is at least as much as the price the good or service fetches. For ‘non-market’ goods and services, the value is estimated by measuring individuals’ preferences in terms of what they are willing to trade off to secure environmental benefits. When the trade-off is between money and changes in the quality or quantity of an environmental resource (in other words, individuals’ willingness to pay), the economic value can be expressed in monetary terms. Most of the environmental benefits provided by wetlands are non-market and require the use of specially developed economic valuation methods.

Value transfer: is a process of using previous economic value estimates from the literature in the context of the analysis in hand without having to undertake new primary research. While used extensively due to its speed and cost effectiveness, value transfer is subject to limitations. Its robustness depends on ‘matching’ suitable existing value evidence to the context of Monaghan’s wetlands. The ‘bundled’ approach is applied within this report, this uses the change in the area of habitat affected as a proxy for all ecosystem services provided, assuming that 1ha of habitat provides all ecosystem services and that if lost all ecosystems services are also lost. 
ES.3
Results

Environmental Change

Economic valuation is about the value of change in the quality and/or quantity of an environmental resource rather than its absolute value. For this study the baseline is the current status of Monaghan’s wetlands, and the scenario valued is the loss of the case study wetlands. The change between the two provides the current value of the case study wetlands given that value lost in the alternative scenario is equivalent to the value provided in the baseline. 

Economic Value

The key economic value evidence used (Brander et al. 2008) is based on a European wide dataset but not specifically for wetlands in Ireland or within Monaghan.  Several factors are found to influence the magnitude of economic value estimates. These factors relate to the characteristics of the environmental resource itself and the characteristics of the human population affected by the existence and loss of the resource.

In terms of the resource, the relevant factors and assumptions made include the following:

Ecological classifications: The ecological classifications used within this study rely on CORINE land cover classifications which are more general than the habitats in Monaghan.  The habitat types described for each case study area are amalgamated into either: inland marsh or peat bog.

Ecosystem services: the ecosystems services that each case study area currently provides were included within this valuation; it is currently not possible to include estimates of degradation within the function used.

Wetland size: This was calculated for each case study site from a mixture of aerial photographs, documentation from the Monaghan Fen Survey and occasional site visits. 

Substitutes: if an environmental resource has many substitutes that can provide the same ecosystem goods and services in the vicinity, then its economic value is likely to be lower than an identical resource without any substitutes. Here, we defined substitutes in narrow terms for each of Monaghan’s case study sites due to the wide abundance of different wetland types in the area, our estimates of substitutes to sites that could truly replace each of the case study sites.

In terms of the affected population, the relevant factors and assumptions made include the following:
The size of the affected population: since economic value is based on individuals’ preferences, we need to know who are affected by the ecosystem goods and services provided by Monaghan’s wetlands and how they would be affected by the loss of these wetlands. Half of the case studies use the population of County Monaghan while the other half of the sites use the populations of some of the main counties of Fermanagh, Armagh, Tyrone and Cavan; two of these sites are larger and exhibit particularly unique features than the other sites which attract a wider range of visitors, i.e., Eshbrack bogs and the Dromore wetlands.  

Income: given the economic value is estimated through the trade off of money against the environmental resource, income is found to be an influential factor in individuals’ preferences. Here, the GDP per capita of the republic of Ireland (€29,000) was used in most calculations. However, since several of the case studies were close to Northern Ireland and in these sites an average of both the income per capita of Northern Ireland (€26,000) and Ireland is used.

Sensitivity Analysis

Given the number of assumptions and uncertainties listed above a thorough sensitivity analysis was carried out for each case study.  Of the sensitivity tests completed those in which lower discount rates were applied affected estimates most with increases in values of in excess of 200%.  Varying the population estimates used also had a marked affect with values ranging from a decrease of up to 60% to an increase in excess of 200%.  Varying the presence/absence of a single ecosystem service, i.e., non-consumptive recreation, recreational fishing and aesthetic appearance, affected values with a maximum increase of 40% and a maximum decrease of approximately 50%; however, in the case of the Blackwater floodplain the loss of the flood control service translates to a decrease of 67% while in Eshbrack bog the use of material for fuel decreased values in excess of 70%.  Changing the level of substitute’s available affected estimates by less than 15% in all cases.

Using the environmental and economic information gathered for this project, we estimate the present value of the case study wetlands over 50 years to range from €10,000 to €2.9 million (for the smaller and largest wetland area respectively) (these results exclude carbon costs).

Table E.1, summarises the main results of the study including those currently available in relation to the economic value change associated with the loss of carbon sequestration for Eshbrack bogs. However, given the scientific uncertainty relating to the CO2 equivalent emissions data available for inland marshes and peat bogs these results must be interpreted with caution as they do not represent a true estimate of the total carbon budget for the area.  

	Table E.1:  Summary of the present values of case study loss and main sensitivity analysis

	Case Study site
	Value €2008 per year (min-max values)
	Value over 50 years present value using 4% rate (0% rate)
	Ecosystems services –included from valuation
	Ecosystems services – excluded from valuation or not provided at the site



	Blackwater Flood Plain
	16,000 H
(5,300-21,400) H
	360,600 H
(818,100) H
	Flood control

Water quality & quantity

Recreation

Aesthetics

Biodiversity

Carbon sequestrati-on*
	- Carbon sequestration 

- Livestock grazing

- Waste disposal

- Water for use in industry

- Cultural heritage (NP)

- Education (NP)

	Dromore Wetlands
	31,700 H 
(13,650-31,700) H
	712,900 H
(1,617,300) H
	
	-  Carbon sequestration

- Cultural heritage

- Education

- Livestock grazing

- Water for use in industry

- Waste disposal (U)

	Eshbrack bogs – IM, PB, C
	IM: 48,300 H
(18,300-64,400) H;
PB: 79,300 H
(19,400-79,300) H;
C: 7900

TOTAL: 135,500C per yr.

SC: 54,276,768
	2,868,000H
(6,505,900)H
C: 177,900

(403,665)
TOTALC:

3,045,900

	
	- Cultural heritage

- Livestock grazing

- Waste disposal (U)

- Water for use in industry (U)

- Education (NP)

	Cornaglare
	2,170 H
(1,022-5,040) H
	48,800 H
(110,650) H
	
	List for Cornaglare and Grove Lough:

- Carbon sequestration

- Livestock grazing

- Waste disposal (U)

- Water for use in industry (U)

- Cultural heritage (U)

- Education (NP)

	Grove Lough
	453 H
(214-1187) H
	10,200 H
(23,100) H
	
	

	Castle Leslie constructed wetlands
	2,286 H
(1,077-3,453) H
	51,400 H
(116,600) H
	
	- Carbon sequestration

- Waste disposal

- Cultural heritage (U)

- Water for use in industry (U)

- Education (NP)

- Livestock grazing (NP)


IM – inland marsh, PB – Peat bogs, C – carbon sequestration, SC – stored carbon,  H - habitat only estimate, C – habitat + carbon sequestration estimate. *Carbon sequestration estimate only available for Eshbrack bogs, U – unknown, NP – service currently not provided.

ES.4
Conclusions

Eshbrack bog is the site with the highest value (nearly four times as high as the next valuable site).  This is driven primarily by the large affected population, the uniqueness of the site, i.e., a sites special characteristics such as an example of a rare habitat, or supporting rare species, and its size.  These factors also drive the relatively high value seen for the Dromore wetlands.  The values calculated here for Eshbrack bogs do not account for the value of the stored carbon or carbon sequestration that takes place at the site, which are over ten times greater than the values associated with the other ecosystems services at the site.  However, as the overall carbon budget for the site is incomplete these figures maybe inaccurate, i.e., other estimates of greenhouse gases and the effect of overall site condition are not accounted for within these estimates, and thus these values should be used with caution.  
The rest of the sites have much lower values associated with them.  These lower values are also driven by the affected population, i.e., the limitation to those that reside in Monaghan, and the small size of each site.  However, it is worth noting that these lower value sites make-up most of the wetlands within Monaghan County and as such the aggregation of values over a number of ‘appropriate sites’ within the County will increase the value of the wetlands in general.
Potential uses of results

Economic value evidence can be used for a multitude of purposes which apply to the context of Monaghan’s wetlands in the following way.

Demonstrating the value of the environmental resources: majority of the ecosystem services provided by Monaghan’s wetlands are not traded in markets and hence economic value evidence cannot be easily collated. These non-market values are captured in this report and expressed in qualitative, quantitative and monetary units which can add to scientific and other arguments that can be made to demonstrate the value of the wetlands.

Policy and project appraisal: When development projects are appraised, traditional analysis (e.g. cost benefit analysis) tend to be limited to costs and benefits that are expressed in the market system. Given that most of the value generated by the wetlands are outside the market, this report can provide a more balanced view of the relative costs and benefits of development versus conservation.

Capturing value through pricing and taxation: By their very nature non-market goods and services are provided for free. This, as the economic valuation literature shows, does not mean they do not generate value. Policies such as pricing (e.g. entry fees for recreation or licences for fishing, water abstraction etc) and taxation (e.g. for development or pollution) aim to reduce the negative impacts on the environment by making the activity causing the impact more expensive. Information such as that contained in this report would be a first step in the design of such policies if there is political interest in them. 

Assessing environmental damage and estimating liabilities: Even if there are legal protections for the wetlands, these cannot prevent all risk of damage. The Environmental Liability Directive of the European Commission gives the Competent Authorities the power to persecute the responsible parties in cases of environmental damage. The value of some of the ecosystem services provided by the wetlands in their current state as estimated in this report will provide the baseline information against which the impact of such damage can be estimated.

Recommendations for future research

The most rapid approach for generating further value estimates is the aggregation of site values in the case where very similar sites exist or the extension of the Brander et al. model to other sites provided that the necessary data relating to wetland size, available substitutes, and ecosystems services can be obtained.  Of these two rapid approaches the latter will provide more accurate information with regard to wetland values than the former as it will account for the individual attributes of each wetland and the appropriate population to consider at each site.  In addition, ecological data relating to the size of each habitat type present at each site would be needed to enable valuation through the application of this methodology along with information relating to the carbon budget at each site.
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1 Introduction
1.1 Background
Wetland ecosystems are some of the most productive in the world. They support a diverse array of species including fish, plants, mammals, amphibians and invertebrates (MEA, 2005a). Humans depend on wetland functions such as flood protection, food production and are used as areas for recreation. However, these habitats are increasingly threatened. The Millennium Ecosystems Assessment (2005b) found that more than 50% of wetland ecosystems had been converted and remain threatened due to increases in population and economic development.  

The Republic of Ireland is rich in wetland resources with several types prevalent in   Monaghan.  Monaghan’s wetlands are typically small in size and form as a result of high annual rainfall, the particular topography, soil and geology of the area (Foss and Crushell, 2007) providing support for many wildlife species. In fact the importance of the provision of habitat to the residents of Monaghan was demonstrated when over 2000 people voted for ‘County Monaghan’s favourite Wild Thing’, of the top six species voted for, five were wetland species, i.e., otter, Irish damselfly, Kingfisher, Whooper Swan and the Hen Harrier. The Monaghan County Wetland Survey (BEC, 2006) found decreases in wetland area of around 10% between 2000 and 2006. In addition, the Monaghan Fen Survey3 found approximately half of the sites examined degraded by infill, waste or pollution.  Many of the ecosystem services that such wetlands provide (e.g. opportunities for recreation, conservation of biodiversity) are under threat from development and degradation. Thus, there is a need to demonstrate the economic value of these ecosystems to ensure that their values are accounted for within the decision making process so that further loss is reduced or prevented.  

1.2 Objectives 
In order to generate the necessary economic value evidence, this project is designed to use the ecosystem services approach advocated by Ramsar and the Convention on Biodiversity (CBD), to evaluate the benefits derived from six different wetlands in County Monaghan, namely:

· Monaghan Blackwater River and Floodplain;

· Dromore River System; 

· Eshbrack bogs; 

· Cornaglare; 

· Grove Lough, and

· Castle Leslie constructed wetlands.

The target audiences are those seeking an introduction to the key concepts, issues and methods, and wishing to undertake basic appraisal of ecosystem service changes in wetland areas. The report sets out a methodological framework within which appraisals, drawing on existing valuation and scientific evidence, may be undertaken.

Although often considered in the context of cost-benefit analysis of policies, economic valuation of ecosystem services can serve multiple purposes. This is most obvious for exploring weights and values, and for expressing diverse outcomes in a common metric, but valuation is also useful for organising information about, communicating and discussing values. This can be useful for:

· Increasing awareness and understanding of the actual and potential service benefits to humans of wetland areas;

· Facilitating communication regarding these benefits with different stakeholders and the general public;

· Expression of environmental impacts in monetary units, commensurable with other economic effects;

· Clear identification of which impacts are included and which are not in the estimates, and avoiding double-counting; 

· Informing debate and decisions about wetland management; 

· Enhancing consistency across different decision processes;
· Processing large amounts of complex information, and

· Identifying key knowledge gaps and guiding targeting of scarce research and data-collection resources.

But we must be clear too that estimating the economic value of wetland ecosystems is:

· Not a substitute for deliberation and decision making;

· Not foolproof;

· Based on methods that yield approximations, not exact figures;

· Dependent on understanding links from management/policy changes to changes in natural processes and environments;

· Dependent on understanding links from natural processes to human welfare: valuation can incorporate uncertainty and risk, but does not remove it; and 

· Restricted to values that derive from individual human preferences: it does not cover “intrinsic” values of nature, or “social values” unrelated to individual preferences and choices. 

These points can make use of economic valuation contentious. However, provided they are kept in mind, valuation can be very useful, and this report is based on this understanding. 

1.3 Structure of the interim report 
Following this introduction, the rest of the report is organised to reflect the individual steps of the methodology used in this study. The report contains conceptual discussion and the implementation process and results.

Section 2: Concepts – Economic value of ecosystem services - describes the concepts underpinning the valuation of Monaghan’s wetlands and includes economic valuation, ecosystem services and the value transfer process designed for this study. 
Section 3: Qualitative assessment of the change in provision of ecosystem services – this section describes the different habitat types that occur in Monaghan’s wetlands, identifies the ecosystem services that are provided by them and classifies services as ‘intermediate’ or ‘final’. 
Section 4: Economic value evidence - reviews the existing literature and selects the appropriate valuation evidence (unit values or value functions).  

Section 5: Case Studies – this section goes through the steps of the methodology for each case study site, even though the entire process is not complete for this interim report. 

Section 6: Overall Conclusions – this section summarises the main findings of the study and reports the main conclusions. 

2 Concepts – economic value of ecosystem services 
The methodological approach adopted here is an integration of economic valuation and ecosystem services and involves:

1. Ecosystem services framework for identifying, describing and, where possible, quantifying the benefits from that account for all of the services provided by all habitat types in each of the wetland case studies;
2. Economic valuation of ecosystem service benefits using value transfer which is the process of using economic value estimates from the literature in quantifying the ecosystem service benefits in monetary terms; and

3. Communicating the findings to ensure that both the methodology and results are robust and presented in a non-technical language that can be communicated to wider stakeholders. 
This Section presents the key concepts in economic valuation and ecosystem services and sets out the best practice steps for value transfer and how these are adapted here to meet the objectives of this project. 
2.1 Economic Value 

Economic analysis is concerned with measuring the wellbeing of individuals and overall society. Trade-offs made between different goods and services reveal the value that is placed on those goods and services and their contribution to wellbeing. The existence of a trade-off is the key point; economic value is concerned with what is ‘given up’ (or ‘foregone’ or ‘exchanged’) in order to obtain a good or service, rather than seeking to estimate the absolute value for a resource.  
Environmental resources contribute to human wellbeing in several ways and individuals have several motivations for placing a value on these resources. One typology of such values is the Total Economic Value, the components of which are shown in Box 2.1.
Use value involves some interaction with the resource, either directly or indirectly: 

· Direct use value: e.g. the use of the wetlands in either a consumptive manner, such as industrial water abstraction or in a non-consumptive manner such as for recreation (e.g. fishing).

· Indirect use value: The role of the wetlands in providing or supporting key (ecosystem) services, such as nutrient cycling, habitat provision, climate regulation, etc. 

· Option value: Not associated with current use of the wetlands but the benefit of keeping open the option to make use of wetland resources in the future.  A related concept is quasi-option value which arises through avoiding or delaying irreversible decisions, where technological and knowledge improvements can alter the optimal management of a natural resource. 

Non-use value is associated with benefits derived simply from the knowledge that the natural resources and aspects of the natural environment are maintained, i.e., it is not associated with any use of a resource. For example, individuals place a value on knowing that iconic species such as otters exist in Monaghan’s wetlands and will be protected even though they have no intention to visit or make any other direct or indirect use. Non-use value can be split into three parts:  

· Altruistic value: Derived from knowing that contemporaries can enjoy the goods and services related to the wetlands. 

· Bequest value: Associated with the knowledge that the wetlands as a resource will be passed on to future generations.

· Existence value: Derived simply from the satisfaction of knowing that the wetlands continue to exist, regardless of use made of them by one ’s self or others now or in the future.

Many forms of cultural and spiritual value that may be attributed to wetlands resources are also largely included in this typology through non-use values. 


Box 2.1: Total Economic Framework (TEV)



[image: image5]
Economic analysis is ordinarily concerned with a marginal change in the provision of a good or service. It goes without saying that for a resource such as water its ‘total value’ is infinite since it is essential for supporting all life. The same is true for many other resources and services supplied by the natural environment. However it is the marginal value of a natural resource (e.g. the ecosystem services provided by Monaghan’s wetlands) that are of relevance when considering trade-offs relating to competing uses of a resource (e.g. supplying habitat for fisheries, the supplying drinking water, etc.) and also services that generate wellbeing that rely on the wetlands (e.g. functioning of ecosystems, recreation). The marginal value of an ecosystem service provided by Monaghan’s wetlands is the additional economic value that is generated by the last unit of the services provided by the wetlands e.g. water uses, for example, abstraction for agricultural use.
When considering trade-offs between different goods and services, if the resource that is given up is money it is possible to express economic value in monetary terms. Money therefore is a ‘unit of measure’ that enables a common comparison of outcomes in economic analysis; for example comparing the financial cost of measures to reduce diffuse pollution to the benefits of improved water quality.  

The trade-off between money and changes in the provision (quantity or quality) of goods and services, i.e., their economic value, is defined through individuals’ willingness to pay (WTP) for securing a gain or avoiding a loss, or their willingness to accept compensation (WTA) for foregoing a gain or tolerating a loss. 

2.2 Economic valuation methods
The following valuation methods have been developed to quantify the total, or components of the total, economic value in monetary units: 
· Market prices;

· Revealed preference methods; and

· Stated preference methods.
These different methods are appropriate for market and non-market goods and services in different ways.  These are outlined briefly below.

Market goods and market prices

Many goods and services, including some provided by the ecosystem services of Monaghan’s wetlands, are market goods. The market price at which a good is exchanged reveals some information on its economic value. In particular, for the buyer of a good, the price reveals the amount of money the buyer is at least willing to give up to obtain the good. For the seller, the price reveals the amount of money the seller is at least willing to accept as compensation for giving up the good. 

Market price information, however, is an imprecise measure of the economic value of a particular good since it may not fully reflect WTP or WTA. For example, many buyers may be willing to pay more than the market price to obtain the good. The difference between the maximum amount a buyer is willing to pay and the actual price paid is termed consumer surplus, reflecting the element of benefit from obtaining the good that is ‘gained for free’. Similarly the seller of the good may be willing to accept a lower amount than the market price to give up the good. The difference between the minimum amount a seller is willing to accept and the actual price received is termed producer surplus, reflecting the additional benefit in exchange gained (in effect ‘economic profit’). Overall, in the case of market goods and services, economic value (WTP or WTA) is reflected by the market price paid or received plus any consumer or producer surplus.  

Where resource inputs are required to produce a market good or service a further concept of economic analysis, termed opportunity cost, is of relevance. The opportunity cost of a resource is the value of the next best alternative use of resource. This concept is central to the notion of economic efficiency, where scarce resources are employed in uses that generate the highest (social) wellbeing. 
Non-market goods

Many uses and services supported by environmental resources are not traded in markets and are consequently ‘un-priced’. However for non-market goods the metrics of WTP and WTA are still those of interest. The contrast with market goods is that since there is no price paid for the non-market resource, WTP and WTA are composed wholly of consumer surplus. 

The appropriateness of different methods is varied, with some providing estimates of economic value that are more accepted than others. For instance, using market prices to assess benefits of increased fish stocks in terms of increased revenue from commercial fish catch may be relatively straightforward. But this will also under-estimate the economic value of this benefit, since no account is made for any excess willingness to pay over market price, for the fish themselves, for non-use value reasons or other recreational benefits such as angling. 
The following paragraphs describe the types of valuation that can be used along with how they might be applied in the context of evaluating Monahan’s wetlands.
· Revealed preference methods: Indirectly estimate the use value of non-market goods and services by observing behaviour related to market goods and services. A classic example is valuing the water environment through the cost (both money and time) incurred in undertaking water-based or water-affected recreation activities, valuation methods include;

· Hedonic pricing method estimates the use value of a non-market good or service by examining the relationship between the non-market good and the demand for some market-priced complementary good. For example, statistical comparison of the prices of properties located in the area near wetlands (e.g. landscape or flood risk changes) with identical properties located elsewhere could show the affect of wetland loss on these properties. Unfortunately, this method requires the change to have taken place previously in order for its effect to be reflected in house buying behaviour and hence is not deemed appropriate in this context. 
· Travel cost method is a survey based technique that uses the cost incurred by individuals travelling and gaining access to a recreation site. For example, travel costs of individuals visiting and participating in recreation (e.g. angling) as a proxy for the recreational use value of that site. In part, travel costs determine the number of visits an individual may undertake and may be seen as the 'price' of a recreational visit to a particular site.

· Stated preference methods: Can estimate the total economic value of non-market goods and services by directly asking individuals, via questionnaire surveys, what they would be willing to pay or accept for a specified change in the provision of the good (note that use value or non-use value components of TEV can be estimated separately or in combination) valuation methods include;
· Contingent valuation: a survey-based approach to valuing non-market goods and services. The approach entails the construction of a hypothetical, or ‘simulated’, market via a questionnaire where respondents answer questions concerning what they are willing to pay (or willing to accept) for a specified environmental change (the trade-offs respondents make constitute the  simulated market).  In the case of the Monaghan’s wetlands one might ask respondents what they would be willing to pay to protect some aspect of the wetlands that may be lost due to future development.
· Choice modelling covers a variety of questionnaire based methods that infer WTP (or WTA) indirectly from responses stated by respondents. Instead of directly asking these measures as in a contingent valuation survey, choice modelling questionnaires present respondents with choices between different options for delivery of a good or service characterised by different levels of a set of ‘attributes’.  If each option has a ‘price’ attached (e.g. in terms of increased bills, municipal taxes, entrance fees, etc.), subsequent analysis of respondents’ choices reveal their willingness to pay (or accept) for each of the attributes presented to them.  For example one might ask respondents to trade-off different ‘future’ wetland scenarios in which different wetland management options had been implemented or where the area is unmanaged.
An alternative to these methods that can be used for primary research is value transfer which is the method used in this study. Value transfer is defined as the transposition of economic values estimated at one site (the ‘study’ site) to another site (the ‘policy’ site). The study site refers to the site where the original study took place, while the policy site is a new site where information is needed about the economic value of similar benefits. In the context of this project, the policy sites are the case studies chosen in the Monaghan area. The rationale for value transfer is that using previous research results saves effort and expenditure involved in undertaking original research. The result will never be as good as an original valuation study, and the key to its application therefore is to assess acceptable errors.
In practice, there are two main approaches to value transfer, which differ in the degree of complexity, the data requirements and the reliability of the results, namely: 

	(i) Unit value transfer
	(ii) Value function transfer


	value estimate [e.g. £/ha]

( wetland loss [£/ha]
	valuation function [e.g. £/ha = f (XSS)]

( wetland loss [£/ha = f (XPS)]


Where X is a set of factors that are found to statistically influence economic value, PS is the policy site, i.e., the case study one to six within Monaghan, SS is the study site and f signifies ‘function’, the coefficients of which show the scale and direction of the relationship between individual factors in the set X and the value estimate (here £/ha but can be in other units). 
Unit value transfer 

Unit value transfer can take one of three forms: 

· Unadjusted unit value transfer from a single study: typically a mean WTP estimate and confidence intervals are transferred. A range of values from a study are used to predict the economic value of the change in provision of the policy good. Ideally the selected study focuses on the same good and is carried out at the same location although at a different point in time. However, and more commonly, studies from a different yet comparable location and time are used for such transfers.

· Unadjusted unit value transfer from multiple studies: mean WTP estimates (and confidence intervals) from two or more studies may be used to specify a range of values or calculate an average value for the change in the provision of the policy good. This can include the use of mean values from a meta-analysis study, which summaries economic value estimates across multiple studies. 

· Adjusted unit value transfer: mean WTP is adjusted to account for the differences between the study and policy goods with regards to one or more factors that are expected to influence economic value estimates of the policy good. A common adjustment factor is the ratio of income of the population at study and policy sites. Income is used as it is known to be a significant factor and relatively easy to find data on. 
Value function transfer 

Value function transfer allows the analyst to control for a set of factors found to explain variation in economic values (for the study good), such as the socio-economic characteristics of the affected population, characteristics of the good, the change in its provision and the availability of substitutes: 

· Value function: is transferred from the study good context to predict mean value for the policy good. The coefficients of the explanatory variables in the study good value function are multiplied by the average values of these factors in the policy good context to predict an average value. Adjusted value function approaches are also possible where the function coefficients can be based on multiple data sources (e.g. coefficient values are drawn from multiple studies). 
· Meta-analysis function: is estimated on the basis of results from multiple valuation studies. This approach accounts for a broader base of evidence in predicting the value of the change in provision of the policy good. As with value function transfer, the average values of the explanatory factors in the policy good context are multiplied by the meta-analysis function coefficients. 
In adopting a unit value transfer approach, analysts assume that the preferences of the average individual for the change in provision of the study good are an adequate description of the preferences of the average individual in the policy site context. This is clearly a simplifying assumption and, in practice, a series of factors is expected to influence economic values in a specific circumstance including:

· The characteristics of the good and the level of its provision; 

· The characteristics of the affected population;

· The availability of substitutes for the good; and 

· The context in which the good is provided (the ‘market construct’).

Not controlling for differences in the above factors between the policy and study goods will likely imply a greater uncertainty in the accuracy of the results of value transfer. Whether a higher level of uncertainty can be accommodated depends on the requirements of decision-context.

Where there is the need to control for multiple factors in value transfer, an appropriately specified and executed function transfer approach can be the most appropriate method. Value function transfer applies information from the study good context to the policy good context regarding the relationship between economic value and a number of explanatory factors. For example, a WTP function relates WTP to parameters such as the characteristics of the good and the change in its provision, socio-economic and demographic characteristics of the affected population, patterns of use and the availability of substitutes:


The α and the βs are coefficients from the WTP function estimated for the study good. The Xs are the values of the explanatory variable for the policy good (e.g. average household income, distance from site, number of substitutes, etc.). The values of explanatory variables should be derived from the supporting data for the policy good.  
Although value transfer is used extensively in practice and is certainly a valuable input to appraisal, its limitations should be recognised. The robustness of value transfer depends on the success of the ‘matching’ each of the case study sites within Monaghan’s wetlands in terms of their environmental and socio-economic circumstances to an appropriate study site and the quality of the original economic valuation study. Where there are significant differences between the study site and the a particular case study, a number of strategies may be employed that ‘adjust’ economic value estimates accordingly including for example accounting for differences in income. 

2.3 Affected population

Determining the population which will be affected by a change in the provision of the ecosystem services of concern is crucial for estimating the aggregate economic value of environmental costs and benefits. In fact, even if it is not possible to estimate the monetary value of a change in provision, consideration of the affected population (e.g. the number of households or visitors) can be valuable for providing an indication of the significance of gains and losses in social wellbeing. In accordance with the TEV framework, two principal population groups may be identified:

· Users: often this population group is readily identified as it consists of those making direct use of a resource, for example all visitors to Monaghan’s wetlands (so long as visit data are recorded). It also includes those deriving indirect use values, for instance in terms of flood protection benefits within the area. Different elements of use value can be relevant at different spatial scales; recreation values may only be relevant at a local level, while others such as flood protection may confer benefit on a larger regional scale. Indirect use values in terms of carbon storage and sequestration are relevant at a global scale; that is reduction of carbon emissions benefits not only a regional and national population but the global population.      

· Non-users: this refers to the population group that derives some wellbeing from a resource even though they do not make direct or indirect use of it. Instead economic values are associated with altruistic, bequest and existence value motivations. Monaghan’s wetlands for example provide habitats for important bird species for which individuals may hold non-use values. Indeed, there may be non-use values associated with the wetlands themselves. There are no rules for determining who is likely to hold non-use values and hence it is usually not possible to define non-user population ex ante. It is an empirical finding.  

Combining affected users and non-users results in the identification of the economic jurisdiction that is relevant to a given decision-making situation. The economic jurisdiction is a spatial area the population of which is found to hold positive economic values for the good in question, i.e., Monaghan’s wetlands in this case. This jurisdiction may not necessarily match well with administrative boundaries. However, since the emphasis of this study is to account for the ‘economic benefits of Monaghan’s wetlands; economic jurisdiction is the relevant consideration when establishing the extent of the affected population. 

2.4 Ecosystem Services

The ecosystem services approach is a term that has come to describe a basis for analysing how individuals are dependent upon the condition of the natural environment.  The approach explicitly recognises that ecosystems and the biological diversity contained within them contribute to individual and social wellbeing and that this contribution extends beyond the provision of goods such as fisheries or water for use in agricultural and industry to services which support life by regulating essential processes such as climate. Ramsar guide (accessed, October 2009) to valuing ecosystem services sets out three key considerations for ecosystem service valuation:
B.1 Create awareness about the values of the goods and services provided by wetland ecosystems.
B.2 Define a framework that allows evaluation of all social, cultural and ecological values of wetlands, as well as economic values.

B.3 Develop economic tools to enable evaluation of the use of water to support wetland ecosystem services, for comparison with the value of alternatives.

The first two considerations are addressed by the definition of an ecosystem service framework, the third is covered by Section 2.2 within this conceptual overview. Ecosystem services are commonly divided into four categories (Defra, 2007; World Resources Institute, accessed October 2009): 

· Provisioning services: refers to products that are obtained from ecosystems.  In the context of Monaghan’s wetlands, provisioning services include the following:
· Fibre/materials - that can be used within manufacturing or to produce final products such as clothing etc. for example, reeds, wood, leather, aggregates.

· Food - commercial fish catch; grazing for cattle and sheep; subsistence level fishing & cropping; arable land; and wildfowling.

· Natural medicine – products existing in nature e.g. plants used to treat or potentially treat illness and injuries.
· Ornamental resources – resources that are used as decoration rather than for a practical purpose.
· Renewable energy - energy from a natural resource that is replaced naturally or controlled carefully allowing for its continual use without depletion.
· Water – water for industrial usage; water for agricultural use; 
· Regenerative services, – i.e., used to develop and grow e.g. plants; 
· Maintenance of surface fresh water stores, e.g. the replenishment of ponds and still water bodies during rainy periods; 
· Groundwater replenishment – for example the leaching of water through the soil during rainy periods.

· Biochemicals and genetics – study of living organisms and their properties and biological characteristics.

· Regulating services: refers to the benefits obtained from the regulation of ecosystem processes.  In the context of Monaghan’s wetlands, provisioning services include the following:
· Air quality – Influence ecosystems have by emitting chemicals to the atmosphere (i.e., serving as a “source”) or extracting chemicals from the atmosphere (i.e., serving as a “sink”).
· Global climate through carbon sequestration - the natural removal of carbon from the atmosphere by the soil and plants.
· Local climate - Influence ecosystems have on local or regional temperature, precipitation, and other climatic factors.
· Water regulation - flood prevention and aquifer recharge.
· Water purification & waste management - filtration of water; detoxification of water and sediment – to remove toxins from or purify water &/ or sediment, i.e., removal of harmful chemicals or sewage.
· Bioremediation of waste - Waste settling on the seabed is stored, assimilated, diluted and recycled through chemical re-composition.
· Pest regulation – Influence ecosystems have on the prevalence of crop and livestock pests
· Disease regulation – Influence ecosystems have on water borne diseases
· Pollination – the provision of bee habitat thus allowing bees to put pollen into plants or flowers to produce seeds including habitat for bees (contribute to the pollination process).

· Erosion regulation – regulation of soil destruction through wind, rain and waves.
· Cultural services: refers to the non-material (use and non-use) benefits that individuals obtain from ecosystems In the context of Monaghan’s wetlands, provisioning services include the following:
· Recreation and tourism – activities that individuals do for enjoyment & business activity connected with providing accommodation, services and entertainment for people who are visiting a place for pleasure including: angling, bird watching, hiking and so on. 
· Aesthetic – e.g. Landscape and amenity.  
· Education – using the wetlands as an aid to teaching.
· Spiritual, religious, cultural heritage - archaeological ruins (both on land and in water), (historical not recreational value) - the remains of buildings and objects of past cultures and heritage fishing – fishing with ‘traditional’ techniques.

· Supporting services: refers to services that are necessary for the production of all other ecosystem services. They differ from the other services in that their impacts on people are either indirect (via provisioning, regulating or cultural services) or occur over a very long time.  Examples of these services include soil formation, nutrient cycling, and primary production.  How these relate to further services can be shown by considering the services of ‘nutrient cycling’ which can result in the outcome of clean water. But while nutrients cycling and clean water provision are processes, only the latter is also a benefit (e.g. for household drinking water supply, abstraction for industry or agriculture and so on). 
· Soil formation and retention – the production of soil and the process by which it is held in place.

· Primary production - primary production is the production of organic compounds from atmospheric or aquatic carbon dioxide.
· Cycling processes e.g. nutrient cycling or the movement of nutrients through an ecosystem.
· Habitat provision - the supply of vital habitat for different species.
· Biodiversity – the provision of a number of varied living organisms.
The example of supporting services highlights the need to distinguish between services in themselves (intermediate services) and outcomes that affect wellbeing (final services), particularly with respect to the risk of ‘double-counting’ (or ‘over-valuation’). When considering ecosystem services, this project will focus on outcomes in terms of benefits to human populations, rather than services and functions that contribute to those outcomes (see Box 2.2 for an example of this approach). This ‘final service’ category is what is taken through to economic valuation (Section 2.3).
Box 2.2: Applying an ecosystem services approach to the valuation of Monaghan’s wetlands
Luisetti et al. (2008a) provide an example of how an ecosystem services approach can be used to establish the benefits to user and non-user populations that arise from services and functions provided by the natural environment. The framework applied distinguishes between intermediate services and final services or outcomes that generate economic value (‘benefits’ to human populations), which is particularly important with respect to avoiding double-counting when valuing ecosystem services.  The diagram below shows the example of recreational fishing in Monaghan’s wetlands. 
   


Source: adapted from Luisetti et al. (2008a). 

2.5 Value transfer for the Monaghan’s wetlands 
Whether it is a unit value or a value function transfer, value transfer involves a number of steps which are included within the case study approach (see Section 2.3).  
This approach to value transfer combines the ecosystem services and economic valuation (value transfer) approaches. An initial look at the ecological evidence allows for the definition of an ecosystem services framework and typology in which qualitative impacts of the loss of a particular case study site can be described. These impacts are then quantified through further data reviews. 

Quantitative impact information is then matched to the economic value evidence available from the literature. The matching of the quantitative evidence on impacts and economic value evidence from the literature is done at two levels: 

(1) the ‘bundled’ approach uses the size of each habitat type impacted on as a proxy for the value of the impacts on all ecosystem services provided by that habitat.  Here we assume that 1ha of habitat in ‘good condition’ provides all of the identified ecosystems services for that habitat.  If this 1ha piece of habitat is lost we assume that all of the identified ecosystem services are lost. The valuation literature used for the ‘bundled’ approach tends to rely on studies that consider the ecosystems in their entirety rather than the valuation of specific ecosystem services.
(2) the ‘single service’ approach considers the value of each ecosystem service separately which requires economic valuation evidence for each ‘final ecosystem service’ within a particular habitat type. 

There are advantages and disadvantages associated with each approach. The bundled approach may potentially over simplify the ‘policy good’ due the reliance on generic economic values associated with particular habitats. Alternatively, the single service approach may potentially double count and the reliance on patchy economic value evidence could potentially over estimate values.  
Given the scope of this project, we adopt the bundled approach which makes the best use of available information and project resources. 
2.6 Best practice steps of value transfer 
In order to estimate the economic value of a change in the provision of environmental goods and services using value transfer, the analyst needs:

i). A reliable estimate of the economic value – ordinarily in terms of ‘willingness to pay’;

ii). A description of the change in the provision of the good under consideration – this may be presented in qualitative and/or quantitative terms; 

iii). Knowledge of how the economic value (i) changes due to the change in provision of the good (ii) – what the relationship between the level of provision of the good and willingness to pay for changes in the good is; and

iv). Knowledge of which factors influence the economic value - particularly in terms of the population affected by the change, their use of the environmental resource, their socio-economic characteristics (e.g. income, age, gender, education and so on) and substitute goods and services. 

The following set steps are designed so to ensure that the necessary information for points (i) to (iv) is gathered and that the approach is applied in a transparent and consistent manner. 
Step 1: Establish the policy good decision-context;
Step 2: Define the policy good and affected population;
Step 3: Define and quantify the change in provision of the policy good;
Step 4: Identify and select monetary valuation evidence;
Step 5: Transfer evidence and estimate value of policy good;
Step 6: Aggregation;
Step 7: Conduct sensitivity analysis; and
Step 8: Reporting. 
The steps above follow a logical process that requires the assessment of the overall decision-making context (Step 1) before establishing the details of the policy good and the change in its provision (Steps 2 and 3). This provides the basis for selecting appropriate valuation evidence and using this evidence to estimate the value of the change in the provision of the environmental good (Steps 4 to 6). Following this the analysis should be subject to sensitivity testing (Step 7) before results are reported for decision-making (Step 8).   

The next section outlines how the best practice for economic valuation using value transfer has been adapted to the requirements of this project.

2.7 Project Approach 

Step 1: Establish the policy good decision-context

The purpose of this project forms the decision-context for which the ecosystem service and economic value evidence is gathered. This includes in particular to demonstrate the economic value and to use it in future land use and conservation policies. 

Step 2: Define the policy good and affected population

The policy good here is the six case study wetland areas in Country Monaghan, namely:

· Monaghan Blackwater River and Floodplain;

· Dromore River System; 

· Eshbrack bogs; 

· Cornaglare; 

· Grove Lough, and

· Castle Leslie constructed wetlands.

The affected population is those that benefit directly or indirectly from the ecosystem services provided by these wetlands. The exact definition of this population depends on the decision context and the economic value evidence. As discussed later, the particular evidence we use for this report identifies the population within a 50 km radius of the policy good as the affected population and this has been used in this report. In the case of Monaghan’s wetlands this is larger than the county area.  In order to satisfy the conditions for the chosen ‘value function’ and to provide a realistic estimate of the affected population, the populations of each of the main counties near to each case study site are included within the model for two of the case studies, both of which are larger than the other study sites and exhibit particularly unique features which attract a wider range of visitors, with the remaining four case studies considering the population of County Monaghan as their affected population as these sites are more common. 
Step 3: Define and quantify the change in provision of the policy good

Economic valuation is about the value of change rather than an absolute value. The change is described as the difference from the counterfactual or baseline and the outcome of the policy that is being valued. At this stage of the analysis, it is usually sufficient to describe the counterfactual in terms of current status and trends, and any anticipated major changes. However, baseline is not static and likely changes over time should also be accounted for.

Given the decision making context for this project, i.e., to establish the value of Monaghan’s wetlands, the most effective baseline is the current status of Monaghan’s wetlands against which the change to ‘no wetland’ is estimated.  In practice the value transfer process does not usually follow a linear progression through the eight steps shown above. In particular an iterative process is required through Steps 2-4 where the basic information is collected and for selecting appropriate evidence for value transfer in the context of Monaghan’s wetlands. 
Step 4: Identify and select monetary valuation evidence

The ideal economic valuation study to select for a value transfer is one that is conducted for the same good, a sufficiently similar change and the same location as that affected by the policy of interest.  Thus the selection criteria for evidence selected for this report are based on evidence relating to the value of temperate wetland resources, and on articles that use the ‘bundled’ approach, i.e., the valuation of collections of the ecosystems services of wetlands.  Studies that rely on meta-analyses (see Box 2.3) are particularly valuable here given that these analyses cover evidence from large numbers of empirical studies. 

In this project we use the findings of one meta-analysis study to calculate the value of Monaghan’s wetlands.  Despite reviewing the wider literature (see section 4 and Annex A), the evidence chosen, i.e., Brander et al. (2008), is the most appropriate to apply here as the resources being valued are very similar, the study estimates the value of a wide collection of ecosystem services, it also takes the affected population, their socio-economic factors, and substitute sites into account.


Step 5: Transfer evidence and estimate value of policy good

The chosen ‘value function’ is applied to Monaghan’s wetlands to calculate the value of each case study site.  In order to do this correctly one must have access to the same data for each case study site as that in the chosen ‘value function’, i.e., if the value function has an income variable expressed as GDP per capita in U$2003, then the value of GDP per capita in the case study area must be provided in the same terms, here U$2003.  Therefore to apply the ‘value function’ properly one must go through each of the variables used and find the appropriate data for the case study site, another example might be a variable for the total number of hectares of substitutes in the area, thus the total number of hectares of substitutes’ for each case study site should be calculated.   

The collection of this case study data is dependent on the variables used within the ‘value function’ however, common variables such as population data and data relating to GDP can be obtained from national statistics databases, while information relating to wetland characteristics can be found in ecological surveys or through site visits.  Once this case specific data is obtained one can apply the model in its entirety, i.e., the co-efficients in the function can be applied directly to the case study data (see Box 2.3, for an example of a meta-analysis function).

Step 6: Aggregation

There are three levels of aggregation in a value transfer exercise like this one:
· Aggregation over the policy good and its ecosystem services - using the bundled approach we assume that 1ha of wetland in ‘good condition’ provides all ecosystem services identified for that wetland. Therefore, the economic value per hectare is already aggregated across the services already included;

· Aggregation over the human population – this is also already in the meta analysis used in that the economic value per hectare of wetland is an aggregated value from the  affected population within the 50km radius of the wetland; and

· Aggregation over time – the loss in value is calculated first as a per year value and then for 50 years using the test discount rate (TDR) used in cost benefit analysis and cost effectiveness analysis of sector projects (4%)
.

· Aggregation over similar sites – using the values generated for the case study sites and checking whether they can be applied to other wetland sites in the County.  For example, where a number of sites are similar to a case study site the value generated for the case study site can be multiplied over the number of similar sites to allow a rapid estimate of additional wetland sites.
Step 7: Conduct sensitivity analysis

The sensitivity analyses conducted for this valuation included:

· Varying the population density used by either including or excluding the population estimates of the wider area and documenting the associated changes in the per hectare per year values.

· Testing the change in the per hectare per year value if the hectare estimate for substitute wetland sites is set equal to the total area of each case study site (this is sometimes higher/lower depending on the case study site).

· Comparing the effect of setting the presence/absence of some ecosystems service variables and then documenting the percentage change in the per hectare per year value.

· Finally, comparing the effect on the total value over 50 years of using the TEEB discount rate of 0%.

Step 8: Reporting

In various sections of this report, the following are covered:
· Results in terms of best estimates and upper and lower bounds where possible;

· Key messages these estimates provide;

· Assumptions and uncertainties about all estimates, and

· The potential significance of non-monetised impacts and other mission data.
3 Qualitative Assessment of the Change in Provision of ecosystem services

This section provides the Monaghan scale information about the first four steps of the methodology as presented in Section 1.3:

· Define the wetland habitat types (Section 3.1); and

· Ecosystem services that are provided by the wetlands in general both currently (the status quo – the current baseline) and those that might be provided in the future (see Section 3.2).  
Case study specific information is provided in Section 5.   

3.1 Habitat Types

The ecosystem services framework presented in Section 2 is populated here using the data from expert input and consultation with Monaghan County Council to identify the current and potential ‘final’ ecosystem services that the wetlands provide.  The habitat types included within this initial typology are:

· Freshwater wetlands – open water

· Freshwater Lakes and ponds

· Oligotrophic and dystrophic lakes

· Mesotrophic lakes
· Eutrophic standing waters
· Freshwater watercourses including: rivers canals and ditches

· Rivers

· Canals

· Ditches

· Freshwater wetlands – waterlogged and inundation

· Peatlands including a number of habitats: blanket bogs, lowland raised bogs, and fens

· Blanket bog 

· Fens and swamps 

· Raised bogs 

· Marsh / inundation grassland
· Wet woodland

· Terrestrial

· Woodland

· Native woodland

· Grassland and other inundation grassland

All habitat definitions have been based on those included within the The County Monaghan Biodiversity Action Plan 2009 – 2014 (Monaghan County Council), and a Guide to habitats in Ireland (Fossit, 2000) definitions.
3.1.1
Freshwater wetlands - open water

Several habitats are classed as freshwater wetlands – open water at a higher level including freshwater lakes and ponds and freshwater watercourses. 
Freshwater lakes and ponds

Lakes are one of the most important and obvious biodiversity features in Monaghan County and range from low nutrient lakes in the upland areas to the well-known ‘mesotrophic’ inter-drumlin and the calcium rich 'marl' lakes.   They vary in size from larger sites through to a myriad of smaller lakes of around 1-6 hectares. The different types of lakes present include the following.
Oligotrophic and acid dystrophic lakes - are water bodies which are characterised by their low nutrient levels and low productivity. Their catchments usually occur on hard, acid rocks, most often in the uplands. Oligotrophic lakes usually have very clear water, whilst some examples with dystrophic characteristics have peat-stained waters. Characteristic plankton, zoobenthos, macrophyte and fish communities occur, including several species of economic importance. Fish communities are generally dominated by salmonids.
Mesotrophic lakes - these 'middle nutrient' water bodies are typically characterised by good levels of submerged, floating and emergent aquatic vegetation and a relatively high level of water clarity.  They are often fringed by diverse fen vegetation which is reflective of the nutrient status of the site but also helps to buffer the water body from increased nutrient inputs.  

Eutrophic lakes - are highly productive because plant nutrients are plentiful, either naturally or as a result of artificial enrichment. These water bodies are characterised by having dense, long-term populations of algae in mid-summer, often making the water green. Their beds are covered by dark anaerobic mud, rich in organic matter. The water column typically contains at least 0.035 mg per litre total phosphorus (which includes phosphorus bound up in plankton and 0.5 mg per litre or more total inorganic nitrogen mainly in the form of dissolved nitrates).

Freshwater watercourses including: rivers canals and ditches

This category contains freshwater rivers in Monaghan County and varies from tiny upland streams (eroding / upland rivers) in the north-west to slower flowing lowland rivers (depositing / lowland rivers) across the south western and eastern boundaries along with canals and drainage ditches which can be of importance for biodiversity.

Rivers - include a very wide range of types, encompassing all natural and near-natural running waters. These range from torrential mountain streams to meandering lowland rivers.  Rivers in Monaghan reflect this variety from the small upland streams in the north west to the slower running rivers in the south and east.

Canals - the disused Ulster Canal runs through the north of the county, including Monaghan Town and is part designated.  

Drainage ditches - drainage ditches often form part of other wetland habitats, notably wet grassland (where they perform the function of 'wet fences') and sometimes wet woodland.  These features can provide important areas of open water in such habitats and are often fringed with emergent aquatic vegetation.

3.1.2
Freshwater wetlands - waterlogged and inundation habitats

Several habitats are classed as freshwater wetlands - waterlogged and inundation habitats at a higher level including peatlands and wet woodland. 
Peatlands including a number of habitats: blanket bogs, lowland raised bogs, and fens

Peatlands are an important habitat group in Monaghan. They include blanket bog in the upland areas and fens within the drumlin landscape. Raised bogs, once a feature of the drumlin landscape, have largely given way to fen habitat where they have been cut over for peat.  The majority of the peat habitats in Monaghan have been modified as a result of activities such as drainage, turf cutting and afforestation even though some active peat systems (systems that are actively accumulating peat) still remain.

Blanket bog - is a globally restricted peatland habitat confined to cool, wet, typically oceanic climates. Blanket bogs support a very wide range of terrestrial and aquatic vertebrates and invertebrates. As with plant species, some of these are widespread and common, some are much more local, and quite a number are of international interest for either their rarity or for the densities of their breeding populations (such as hen harrier).
Fens and swamps - fens are peatlands which receive water and nutrients from the ground water as well as from rainfall and therefore have higher nutrient status than blanket bog or raised bog habitats. They often occur as 'transition' habitats between open water habitat and terrestrial habitats (such as between lakes and inundation grassland).  Fen is an important, diverse and regularly occurring habitat in Monaghan.  Included in this category are tall herb fen and reed swamp.  Many of the fens in Monaghan have developed from cutover raised bogs.
Raised bogs - lowland raised bogs are peatland ecosystems which often develop in topographic depressions where drainage is impeded. The resultant water logging provides anaerobic conditions which slow down the decomposition of plant material which in turn leads to an accumulation of peat. Continued accrual of peat elevates the bog surface above regional groundwater levels to form a gently-curving dome from which the term 'raised' bog is derived.  Once a widespread habitat in the county, associated with the inter-drumlin landscape, raised bogs have been impacted on by drainage and turf cutting and few areas now remain.

Marsh / Wet grassland - These habitats can occur on peat but are also often associated with waterlogged mineral soils. They undergo periodic inundation due to their position within river floodplains or adjacent to other water bodies. They often have drains and ditches associated with them that form 'wet fences' and maintain the water levels. These ditches can be especially rich in plants and invertebrates. Almost all areas are grazed and some are cut for hay or silage. Sites may contain seasonal water-filled hollows and permanent ponds with emergent swamp communities.  They often form mosaic habitats with fen and open water.

Wet woodland

Wet woodland occurs on poorly drained or seasonally wet soils, usually with alder, birch and willows as the predominant tree species, but sometimes including ash and oak on the drier riparian areas. It is found on floodplains, as successional habitat on fens, mires and bogs, along streams and hill-side flushes, and in peaty hollows. These woodlands occur on a range of soil types including nutrient-rich mineral and acid, nutrient-poor organic ones with species mixes reflecting the soil and water conditions. 

3.1.3
Terrestrial
Terrestrial habitats are limited to general native woodland and grassland, given the remit of the study and its specific focus on wetlands, these habitats are not included within the valuation.
Woodland 

Woodland is a limited habitat in Monaghan, often found to occur in small pockets as part of larger areas of semi-natural habitats, including small copses, parts of hedgerows, riparian woodland and woodland in drumlin hollows.

Native woodland - Monaghan holds a limited amount of native woodland.  The Irish Native Woodland Survey identified 1657.3 ha with 43 sites surveyed.  Native woodland types vary from ash-dominated woodland on well drained, fairly fertile soils through to birch-dominated woodland on peat soils and alder- or willow- dominated woodlands on wetter soils. 

Grassland other than inundation grassland

Other grassland habitats include acid grassland that may be found in upland areas near to unenclosed blanket bog, and improved grassland areas.

3.2 Ecosystem Services

A generic typology of ecosystem services was developed for Monaghan’s wetlands to present an understanding of the current and potential availability of ecosystems services within the area.  Table 3.1 shows the status quo, i.e., the environmental baseline for Monaghan (current and potential) of the ecosystem services provided by these habitats. The table uses the following notation: 

(●) indicates that a service is provided and currently of importance; 

(ο) indicates a potential service;

(-) indicates that a services is not provided, and 

(?) where whether a service is provided or not is not known.  
	Table 3.1: Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	Main categories
	FW wetlands - open water
	FW wetlands - waterlogged and inundation habitats
	Terrestrial

	detailed habitat description
	Lakes and ponds
	Water-courses
	Blanket bog
	Fen
	Swamp


	Marsh / Wet GL
	Wet WL
	Other GL
	Other native WL

	Provisioning services

	Fibre and construction products (F)
	-
	-
	-
	○
	○
	-
	○
	-
	●

	Food and drink products (F)
	○
	○
	○
	○
	○
	●
	○
	●
	○

	Medicinal and cosmetic prds. (F)
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Ornamental products  (F)
	-
	-
	○
	-
	-
	-
	○
	-
	○

	Renewable energy sources (F)
	○
	○
	-
	-
	-
	-
	○
	-
	●

	Regenerative services (I)
	●
	●
	-
	●
	●
	-
	-
	-
	-

	Maintenance of surface water stores (F)
	●
	●
	●
	●
	●
	○
	○
	-
	-

	Groundwater replen. (F)
	●
	●
	●
	●
	●
	●
	●
	-
	-

	Biochemicals and genetics (I)
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Regulating services

	Air quality regulation (I)
	●
	●
	●
	●
	●
	●
	●
	●
	●

	Global climate (C sequestration) (F)
	-
	-
	●
	○
	-
	-
	●
	-
	●

	Local climate (F)
	●
	●
	●
	●
	●
	●
	●
	●
	●

	Water regulation (flood risk mitigation)  (F)
	●
	●
	●
	●
	●
	●
	●
	-
	-

	Water purification (I)
	●
	●
	●
	●
	●
	●
	●
	-
	-

	Filtration of water (I)
	●
	?
	●
	●
	●
	●
	●
	-
	-

	Detox. (water and sed.)
	●
	●
	?
	●
	●
	●
	?
	-
	-

	Pest regulation (I)
	●
	●
	-
	-
	-
	-
	○
	-
	○

	Disease regulation (I)
	?
	?
	?
	?
	?
	?
	?
	?
	?

	Pollination (I)
	-
	-
	●
	●
	●
	●
	○
	○
	○

	Erosion regulation (I)
	-
	-
	●
	●
	●
	●
	●
	●
	●

	Cultural services

	Recreation and tourism (F)
	●
	●
	○
	○
	○
	●
	○
	●
	●

	Aesthetic (F)
	●
	●
	●
	●
	●
	●?
	●
	
	●

	Education (F)
	●
	●
	○
	○
	○
	○
	○
	○
	○

	Cultural heritage (F)
	●
	●
	●
	○
	○
	○
	○
	○
	○

	Supporting services

	Soil formation (I)
	●
	-
	●
	●
	●
	●
	●
	●
	●

	Primary production (I)
	●
	●
	●
	●
	●
	●
	●
	●
	●

	Nutrient cycling (I)
	●
	●
	-
	-
	-
	●
	●
	●
	●

	Habitat provision (I)
	●
	●
	●
	●
	●
	●
	●
	●
	●

	Biodiversity* - (F)
	●
	●
	●
	●
	●
	●
	●
	L
	●


I – Intermediate service, F – Final service, FW – fresh water, L – limited, WL – Woodland, GL – Grassland.  
Given the project remit of ‘valuating Monaghan’s wetlands’ the valuation of each case study site concentrates on wetland habitats only, i.e., peat lands which include: peat land, fen, blanket bog, and inland marsh which includes: swamp, marsh and wet grassland and wet woodland (see section 4.1 point (iv) for the exact definitions of classifications used within the valuation).  Values relating to grassland, native woodland should be subject to an additional study. However, the services provided by open water areas and lakes are included within the ‘bundled’ approach for wetland valuation, i.e., fishing (both recreational and commercial), and cultural values are captured within the wetland valuation of each site.  Economic value evidence concentrating on ‘open water’ habitat type needs to be related to sea fishing activities. However, the use of the ‘bundled approach’ captures the ecosystems services of fishing and recreational fishing across wetland habitat types.  
Table 3.1 identifies final and intermediate services. The rest of this analysis focuses on final services to avoid double counting (see Section 2.4).  Table 3.2 shows how many ecosystem services contribute to final services thus guarding against the double counting of ecosystem service values. Services that are not currently provided or services that will be continued despite the loss of the wetland are not included in Table 3.2. 
The following list of ecosystem services were removed from the ‘final ecosystems services’ table:
· Fibre and construction products;
· Renewable energy, is removed as this service is marked as a potential service only for all wetland habitats; 

· Disease regulation;
· Natural medicines; 

· Biochemicals and genetics, and 

· Ornamental resources.

All other services are still within the scope of the value transfer either by the virtue that they contribute to the list of ‘final ecosystem services’ to be valued or, have been amalgamated into a single higher level service, i.e.:

· Waste Water and water quality: includes detoxification of water and sediment along with waste remediation, filtration of water, and regenerative services, and 
· Water quantity: includes the replenishment of groundwater, maintenance of surface water supplies.
· Education is only included within the Dromore wetlands case study due to the presence of the Ballybay wetlands centre.
Table 3.2 also shows what kind of economic value each service gives rise to and what type of population groups are set to benefit from these.
	Table 3.2: Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	Ecosystem 
service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	
	
	
	C
	
	DU
	L 



	
	
	Value of recreational fish catch 
	
	
	
	C
	
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context, i.e., cooling, agriculture and so on
	C
	C
	C
	C
	C
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal, (inc. detox. of water & sed.)
	?
	C
	C
	C
	?
	IU
	

	Climate and regulation
	Nutrient cycling, soil formation & retention
	C sequestration
	C
	C
	
	
	C
	IU/NU
	G

	
	Nutrient cycling, soil formation & retention
	Localised climate affects
	C
	C
	C
	C
	C
	IU/NU
	L

	
	Nutrient cycling, soil formation & retention, primary production
	Localised air quality
	C
	C
	C
	C
	C
	IU/NU
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	C
	C
	C
	C
	C
	IU
	L/ R 

	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water and water quality
	Drinking water quality & quantity
	C
	C
	C
	C
	C
	IU
	L/ R

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	
	
	
	C
	
	DU
	L / visitors & specialist



	
	
	Hiking
	C
	
	
	C
	
	DU
	

	
	
	Bird watching
	C
	?
	?
	C
	
	DU
	

	
	
	Visiting heritage areas
	?
	?
	?
	?
	?
	DU
	

	
	
	Other recreational activities
	?
	?
	?
	?
	?
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	C
	C
	C
	C
	C
	DU
	L 

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	C
	
	
	
	
	DU/NU
	L/R/
N

	
	Primary production, habitat provision, landscape, biodiversity
	Education
	
	C
	C
	C
	C
	DU
	L

	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity 
	C
	C
	C
	C
	C
	NU
	L/R/
N


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L – local, R – regional, N – national, G – global. Grey cell - the service is not currently / potentially provided within the wetlands.
3.3 Estimating changes in CO2 
The level of carbon sequestration varies over different habitats and must be balanced with the capacity of each particular habitat to emit greenhouse gases such as nitrous oxide and methane which are by-products of bacterial decomposition.  The overall change in greenhouse gases as a result of habitat loss can be calculated in terms of the equivalent change in CO2 emissions, i.e., the measured changes in green house gas emissions are converted into their equivalent CO2 value, or the CO2 equivalent flux.  In addition to the service of carbon sequestration many wetland habitats also act as significant carbon sinks, i.e., habitats where a significant amount of carbon is already stored (more than already emitted


).  Thus when considering the impact of the loss of Monaghan’s wetlands, carbon sinks should be accounted for in addition to the overall carbon sequestration capacity of each particular site.  Thus, the resulting so called carbon budget is calculated by accounting for the carbon sequestration potential, the total emissions of greenhouse gases and any carbon sinks associated with a particular habitat.
At present the lack of information makes estimating carbon budgets for specific habitat covered by this study very difficult. In addition carbon sequestration at all of the case study sites is considered to be a service of relatively low importance except for those case studies with peat habitat types, i.e., the Dromore wetlands, Eshbrack bogs and to a lesser extent Cornaglare (see qualitative assessment section for each case study).  Table 3.3 shows the factors that influence carbon sequestration across different habitat types.  The main factors that affect most habitats include:
· Soil type: different soil types accumulate different levels of organic material with those of a more mineral based nature having a lower ability to sequester carbon (eftec, 2009).  

· Vegetation: the different plants present in different bio-geographic regions can influence the level of carbon sequestration that occurs within any particular site, across habitat types.  

· Drainage: the level of drainage can have an effect on the aeration of particular habitats.  As wetlands are drained soils that are usually anaerobic start to become aerobic with resulting decomposition causing increased loss of carbon from sinks as CO2 (see NE, 2008). 

· Damage: the condition of wetland sites also impacts on their ability to sequester carbon.  Particularly in the case of peat bogs where damage to the ‘litter’ layer can cause peatlands to become a source of CO2 (see NE, 2008).
	Table 3.3: Factors contributing to the changing carbon budgets of different habitat types (FRMHB, 2009, NE, 2008)

	Habitat type*
	Factors influencing carbon sequestration (inc. CO2, Ch4 and N2O flux)
	Factors influencing the size of carbon sinks
	Estimates in literature

	Peat bogs
	· Peat type

· Local climate

· Vegetation
· directly related to the amount of nitrogen pollution derived from agricultural and industrial sources
	· peat depth

· drainage

· overall condition
	Estimated carbon stored in the UK’s peat lands (5.5 billion tonnes) NE, (2008). However, peat lands can also lose carbon if they are in a degraded condition. 

	Inland marsh
	No specific data
	No specific data
	No specific data


*These habitats relate to general descriptions of different habitat types rather than CORINE (see Section 4) definitions, with inland marsh and peat bogs part of the freshwater wetlands – waterlogged and inundated.

Although several estimates relating to carbon sequestration potential have been made for particular resources these do not tend to calculate a complete carbon budget of a particular resource (see example estimates column in Table 3.3).  The main issue is that it is misleading to put a single number on carbon sequestration without accounting for the effects of other process, for example, without taking note of methane.  By only accounting for carbon sequestration within our estimates there is a risk that the valuing a site as positive, i.e., a net sequesterer of carbon, where the actual value could be negative, i.e. a net emitter of greenhouse gases.
4 Economic Value Evidence
4.1 The bundled ecosystem services value transfer
Overview of the available value evidence

A number of studies world-wide have sought to estimate the value of wetlands (including inland marshes and peat lands) using the amount/size of a habitat as a proxy for all of the ecosystem services that they provide.  The following discussion details the principle findings from the valuation literature. In conjunction with the summary table of recent applicable studies (see Annex A), the intention of this review is to assess the potential scope for the bundled value transfer application. 

The review undertaken for this report found 35 studies which consider bundles of ecosystem services for the types of habitats found in Monaghan County and have been reported in publicly accessible formats. All of the studies summarised within Table A.1 within Annex A report several measures of mean WTP including: WTP per person for a bundle of wetland services, WTP per person for several wetland services or a per hectare value for a wetland habitat type that can be used as a proxy for the value of these services.  The valuation methods used to collect data include choice experiments (4), contingent valuation studies (17), opportunity cost (1), hedonic pricing (1) and replacement cost (3). Five of the studies are meta-analyses, two relate to value transfer, one is a cost benefits analysis and four are summaries of past literature.

Fourteen of the studies listed above relate to particular wetland resources, the results of which are driven by specific attributes of the local wetland making them less desirable for inclusion within a value transfer.  Three of these studies are related to estuary resources, i.e., Birol & Cox (2009), Whitehead (1995) and Ferguson et al. (1989).  Several of the papers related to the value or protection of national parks, e.g., Carson et al. (2003), in addition two papers concentrated on the value of flood plains (Meyerhoff and Delunhovelt, 2007; Gren et al. (1995), while other papers concentrated on regional wetland resources, e.g., Milon and Scorgin (2006).

A number of studies value wetlands in different countries e.g. Kuriyama (2000), Milon & Scrogin (2006), Ragkos et al. (2006) etc. While this in itself is not necessarily a problem, there are differences between the wetland ecology of resources in the study sites, the affected populations and their socio-economic characteristics and those of the population within the Monaghan area these studies making these studies less suitable for use within a value transfer.

A series of meta-analysis studies have been undertaken in recent years to draw attention to the findings and implications of the widespread empirical literature concerned with the valuation of wetland and floodplain benefits including: Brouwer et al. (1999), Woodward & Wui (2000), Brander et al. (2006), Brander et al. (2008), Ghermandi et al. (2008) and WWF (2004).  Of these Brander et al. (2008) and Ghermandi et al. (2008) update the older studies mentioned and each is useful here as each report mean per hectare values. The key difference between Brander et al. (2008) and Ghermandi et al. (2008) is that the former (264 observations) estimates a meta-analysis function for a sub-sample of CORINE
 land cover classes only; the latter (383 observations) is based on all observations in the dataset, including wet forests, forested floodplains, estuaries and lagoons which are excluded from the CORINE dataset (and covering both temperate and tropical wetlands). 

Selecting the appropriate evidence

The ideal economic valuation study to select for a value transfer study is one that is conducted for the same good, sufficiently similar change and the same location as that affected by the policy of interest. The studies reviewed (see Annex A for a full list) were compared with the Monaghan wetlands to see if any one or more of them could be used to provide ‘generally applicable’ unit value estimates or meta-analyses functions that could be applied within this study.  

In terms of the case study wetlands, we found no studies in the literature about Monaghan’s wetlands, and so we chose to use the study that relates to the most similar resource and that is methodologically the best. This study is the Scaling up ecosystem services values: methodology, applicability and a case study, Brander et al. (2008). It covers temperate European wetlands and the meta-analysis function permits the estimation of the economic value of ecosystem services associated with an area of wetland (one hectare). This matches the habitat change, i.e., loss of a particular wetland, reported in each case study section.  The Brander et al. (2008) function also allows for the adjustment of socio-economic characteristics, substitutes and spatial factors within the meta-analytic function derived. 
The Brander et al. Function is the most up-to-date study on European wetlands currently available however; there are some limitations with applying this function to the case of Monaghan’s wetlands.  
1. The function treats all wetlands within 50km radius of the site of interest as substitutes.   As part of this case study approach we narrowed the substitutes identified to those broadly representative of the case study area, however, the approach is not perfect as not all substitutes identified replace all functions within a given case study site.  Thus to ensure robustness we tested the effect of removing substitutes completely in case studies where the substitutes specified were less representative of the case study area as a whole (see section i below for further details relating to substitute selection). 
2. The function relies on defining the population within a 50km radius of the site of interest, (see section ii below for further details), meaning that the affected population estimate must then be divided by 7854km2 to satisfy the conditions for the model.  
3. The Brander study is based on European wetlands as a whole, thus details relating to the scarcity of resources are at the European level.  This is especially evident with regard to the Eshbrack bog case study in which a scarce blanket peat bog is valued.  The Brander model is derived using a number of sites across Europe where peatbogs are one of the most prevalent wetlands (specifically due to their abundance in the North of Sweden and Finland).  The opposite is true for Eshbrack bogs in the context of County Monaghan, where the bog represents the county’s only example of such a site.
4. Finally, the Brander model does not include a full list of ecosystem services, such as education, health and archaeological/heritage resources.  This is due to the lack of economic data available on the value of wetlands for each of these services.  These services are therefore excluded from value estimates as the current data available do not permit values to be estimated for the case study sites. 
Application of the model

This section describes in detail how the function chosen, i.e., that reported by Brander et al. (2008) is applied within the value transfer approach to measure the monetary value of six of Monaghan’s wetlands.  Table 4.1 includes the details of the Brander model, and defines each model variable, its co-efficient value (the significance of the variable is shown in brackets), details relating to how the parameter was set for the Monaghan wetland case study sites and the source data of any values.  Certain variables are set to different values for each case study site; these variables are displayed in cells with a blue background.  The specific detail relating to the values used for each case study are provided within the economic valuation section within each case study write-up

A large number of the explanatory variables are ‘dummy’ variables, i.e., they can be set to either zero or one. In the case of the ecosystem service variables 1 means the presence of a particular service in the wetland and 0 means that the service is not provided.  The services that are provided by each case study site are based on the initial typology and final ecosystems services tables (see individual case study sections).  The provision of some ecosystem services vary across case study sites, i.e., those related to surface and ground water supply, water quality improvements, recreational fishing and the provision of non-consumptive recreation.  The provision of each of these is detailed under the economic valuation section of each case study. 

A final point to note about the Brander et al function is that several of the explanatory variables relating to ecosystem service provision have negative coefficients, i.e., these decrease wetland value. The variables include: commercial fishing and hunting, recreational fishing, harvesting for natural materials, fuel and recreational hunting. Brander et al. (2008) do not provide an interpretation as to why these particular ecosystem services result in negative coefficients, however, all relate to extractive activities that take place within wetlands, which may help explain these results.  As each of these activities take place they remove part of the wetland ecosystem be it fuel material or fish, leaving less behind to contribute to other services and for other users participating in extractive uses of the ecosystem, thus causing a negative effect.  

Finally, river and stream valuation is not included within the ‘bundled’ approach due to the project’s focus on the value of wetlands.  However, the services of fishing in relation to wetland habitat types are included.

	Table 4.1: Economic value function for the valuation of Monaghan’s wetlands

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Constant
	-3.078
	-3.078
	N/A
	N/A



	Wetland Type

A group of dummy variables relating to: 

Inland marshes

Peat bogs

Saltmarshes

Intertidal mudflats
	0.114

-1.356 (p<0.05)

0.143
0.110
	1/0

1/0

0

0
	Wetland valued here is classified as either inland marsh, or peat bog, or a combination of both (depending on the case study area).


	

	A group of dummy variables relating to economic valuation method used:

Contingent valuation

Choice experiment

Hedonic pricing

Travel cost

Net factor income

Replacement cost

Production function

Opportunity cost

Market prices
	0.065 (NS)

0.452 (NS)

-3.286 (p<0.01)

-0.974 (NS)

-0.215 (NS)

-0.766 (NS)

-0.443 (NS)

-1.889 (NS)

-0.521 (NS)
	0

0

0

0

0

0

0

0

0
	All set to zero since the case study does not use the meta-analysis function to predict the value of an economic valuation study for the area.
	

	Marginal or average value:

Relates to the study characteristics; i.e. whether the study conducted was to find average (0) or marginal values (1) (dummy)
	1.195 (p<0.01)
	0
	Set to zero since this provides a more conservative estimate and the change being valued is not marginal, i.e., the loss of an entire wetland resource.
	

	GDP per capita for the case study area (logged)
	0.468 (p<0.01)
	GDP per capita converted into US $2003

	Either the GDP per capita for the Irish Borders (€29,300)
 is used or an average of the Irish Borders per capita GDP and the GDP per capita in Northern Ireland (€26,000).
	See quantitative assessment in case studies.


	ln Wetland size (in hectares):

Size of wetland area (natural log)
	-0.297 (p<0.01)
	ln (No. of Ha’s of each case study wetland)
	Number of hectares of inland marsh, peat bog within the case study area.
	

	Population within 50 km of the case study site (logged)
	0.579 (p<0.01)
	Population estimate for each case study site ln( 
people per km2) 
	Population set to that within 50km of each case study site.  There are additional assumptions related to this variable described in section (iii) below.
	

	Wetland area within 50 km radius of the policy site (logged)
	-0.023 (NS)
	ln(ha’s substitute for each case study site) 
	The hectares of substitute sites available within 50km are described in section (i) below.
	

	Flood control:

Dummy variable for ecosystem service
	1.102 (p<0.05)
	1
	All case studies provide flood protection benefits.
	See qualitative assessment in case studies.


	Surface and ground water supply:

Dummy variable for ecosystem service
	0.009 (NS)
	1
	Dependent on the services available at each case study site. 
	

	Water quality improvement:

Dummy variable for ecosystem service
	0.893 (p<0.1)
	1
	Dependent on the services available at each case study site.
	

	Recreational fishing:
Dummy variable for ecosystem service
	-0.288 (NS)
	1/0
	Dependent on the services available at each case study site
	See qualitative assessment in case studies

	Does the wetland provide commercial fishing and hunting (dummy)
	-0.040 (p<0.01)
	0
	None of the case study wetlands provide this service.
	See qualitative assessment in case studies.


	Does the wetland provide recreational hunting (dummy)
	-1.289 (NS)
	0
	None of the case study wetlands provide this service.
	

	Does the wetland provide for the harvest of natural material (dummy)
	-0.554 (NS)
	0
	None of the case study wetlands provide this service.
	

	Does the wetland provide material for fuel (dummy)
	-1.409 (p<0.05)
	0
	None of the case study wetlands provide this service.
	

	Does the wetland provide for non-consumptive recreation (dummy)
	0.340 (NS)
	1/0
	Non-consumptive recreational services are part of the final services table and include bird watching and hiking, are dependent on the services available at each Site.
	See qualitative assessment in case studies

	Does the wetland provide amenity and aesthetic services (dummy)
	0.752 (NS)
	1
	All case studies sites provide amenity and aesthetics services.
	See qualitative assessment in case studies.


	Does the wetland provide biodiversity (dummy)BPG
	0.917 (p<0.1)
	1
	All case study sites provide biodiversity services. 
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%

NS – variables that were not statistically significant


The rest of this sub-section explains the data gathering and analysis process used in applying this function to value Monaghan’s wetlands. This process includes the following steps: 
(i) Identify substitute wetlands sites within 50 km radius of each case study site;

(ii) Calculating the population within 50 km radius of each case study site;

(iii) Calculating the GDP per capita (modified from Brander et al. 2008);
(iv) Ecological classifications;

(v) Calculating the wetland size for each ecological habitat type; and
(vi) Calculating economic values.

(i) Identify substitute wetlands

The influence of spatial factors and substitutes is accounted for in this function within a 50 km radius from the centre of each wetland site valued.  This area was chosen in the original model as it proved to be the most accurate for matching values obtained from wetland studies as part of the meta-analysis process.  However, within the application of the model to the Monaghan case study sites we have defined substitutes in narrower terms due to the wide abundance of different wetland types in the area.  The case study sites were each chosen as they display particularly popular characteristics and so we limited our estimates of substitutes to sites that could truly replace each of our case study sites (see quantitative assessment section in each case study section).

This is a less conservative approach than that taken by Brander et al (2008) however, given the particular characteristics of the case study wetlands limiting the number of substitute wetlands is a reasonable assumption.

(ii) Calculate the affected population for each case study site;
As with the available substitutes’ the original Brander model estimates the affected population as those within the 50 km radius of the wetland site to be valued (an area of π x r2 i.e., 3.14159654 x 2500 = 7854km2).  In the case of Monaghan’s wetlands this is larger than the county area.  In order to satisfy the conditions for the Brander model and to provide a realistic estimate of the affected population, the populations of each of the main counties near to each case study site are included within the model for two of the case studies, both of which are larger than the other study sites and exhibit particularly unique features which attract a wider range of visitors, i.e., Eshbrack and the Dromore wetlands.  Each of the other case study sites only considers the population of County Monaghan as their affected population as these sites are more common.  The population estimates are divided by the total area within a 50 km radius of each case study site (7854 km2) to obtain the population density to be used within the Brander et al. model, further details relating to the estimated affected population and sensitivity analysis conducted are given in the individual case study sections.
(iii) Calculate the GDP per capita (modified from Brander et al. 2008)

Following Brander et al. (2008) a single socio-economic variable is considered, i.e., the GDP per capita.  The GDP per capita of the republic of Ireland (€29,000) was obtained from Central Statistics Office Ireland
 .  Several of the case studies were close to Northern Ireland and in for these sites an average of both the income per capita of Northern Ireland (€26,000 from www.nisra.gov.uk) and Ireland is calculated (see quantitative assessment section of each case study for details as to the exact income included within the model).  The Brander et al. (2008) meta-analysis use values converted to US$2003, thus the income figures are converted to US$2003.  

(iv)  Ecological classifications
The ecological classifications that are used within this value transfer rely on the use of CORINE land cover classifications which are more general than the habitat classifications that were defined in Section 3.1.  Thus the habitat types described within the typology section for each case study area are amalgamated into either:

Inland marshes: This class includes non-forested areas of low-lying land flooded or liable to flooding by fresh, stagnant or circulating water and areas covered by specific low ligneous, semi-ligneous or herbaceous vegetation (Bossard et al., 2000).  In terms of the habitat types defined for Monaghan’s wetlands (see section 3.1), this includes fens, swamp and marsh / inundated grassland this is a slightly wider categorisation than the inland marsh category within CORINE.  However, to enable the valuation of the ecosystems services provided under the marsh/inundated grassland habitat we have included this within the inland marsh category as no other economic evidence is available for the value of marsh / inundated grassland. 
Peatbogs: Peatland consisting mainly of decomposed moss and vegetable matter. At various levels of exploitation (Bossard et al., 2000), this includes the habitat type of peat bog. 
(v) Calculate wetland size

A description of how the size of each case study wetland was estimated is provided within the quantitative assessment section for each case study.  An area for each habitat type is estimated for each site and categorised accordingly as either inland marsh or peat bog.

(vi) Economic valuation
Based on the function and data reported in Table 4.1, each value is calculated by multiplying the function coefficient and the Monaghan wetland case study value from Table 4.1.  The following example is shown for the current per hectare per year value of inland marsh (note that only non-zero terms are shown) for the Blackwater floodplain calculation: 

Ln(EV) = -3.078 + (0.114 x 1) + (0.468 x ln(GDP)) - (0.297 x ln(WS)) + (0.579 x ln(pop/50km2)) - (0.023 x ln(WA)) + (1.02 x 1) + (0.009 x 1) + (0.893 x 1) - (0.288 x 1) + (0.340 x 1) + (0.752 x 1) + (0.917 x 1)

Where EV is the Economic Value of the Blackwater flood plain, GDP is set to an average of the Irish border towns and Northern Ireland in the case of the Blackwater floodplain, WS is the total size of wetland substitute site (set to zero), pop is the affected population which is set to that of County Monaghan and Armagh divided by 50km2, and WA is the size of the wetland (set to 42Ha) for the Blackwater floodplain.

Ln(EV) = 
-3.078 + (0.114 x 1) + (0.468 x ln(29,950)) - (0.297 x ln(6)) + (0.579 x ln(14.54)) - (0.023 x ln(42)) + (1.102 x 1) + (0.009 x 1) + (0.893 x 1) – (0.288 x 1) + (0.340 x 1) + (0.752 x 1) + (0.917 x 1) 
Ln(EV)    =     5.983
The value of the dependent variable ($/ha/year) is in natural log terms. This is transformed by raising the exponential to the power of 5.983:

e5.983  = $397 per hectare per year (2003 US $)

This value can then be converted to 2003 € using a purchasing power parity exchange rate (we use the OECD exchange rate in this example) and inflated to 2008 € using the Consumer Price Index (CPI):

$397 x 0.874 = €347 per ha per year (2003 €)

£347 x 1.12 = €382 per ha per year (2008 €)

The per hectare values of losing the inland marsh (and peat bogs – in the case of Eshbrack bogs) are reported for each case study site. Given that the size of the habitat is a determining factor of the unit value of that habitat along with the population used, the level of GDP and the available substitutes there is a different unit value estimate for each case study site.
Discounting values over a 50 year time scale

The calculation of economic value is shown separately for each case study.  The loss in value is calculated first as a per year value and then as present value over 50 years as an example of how losses add up over time.  Two different discount rates are used  the first the Test Discount Rate (TDR)
 which is used in cost benefit analysis and cost effectiveness analysis of public sector projects. This is currently set as 4%.  The 0% discount rate recommended by The Economics of Ecosystems and Biodiversity (TEEB) 
, which is a major international initiative to  draw attention to the global economic benefits of biodiversity and highlight the growing costs of biodiversity loss and ecosystem degradation, is then applied during sensitivity analysis.
The annual values are discounted to account for the fact that individuals prefer to receive benefits now rather than in the future, i.e., there is a time preference.  Discounting can affect the rate at which all natural resources are used. For example, consider the development of a wetland to housing, the near-term benefits associated with the wetland loss may be high in terms of new accommodation to be sold.  However, the consequences such as increased risk of flooding due to the loss of the wetland site are likely to occur in the future.  The higher the discount rate the less weight we attach to these potential future costs (Pearce & Turner, 1990).  Thus, discounting can be seen to be at odds with the conservation of resources for future generations.  The TEEB project has sought to address this issue by advising the use of a 0% discount rate.  A 0% discount rate attaches the same weight to environmental cost in future as today and can be seen as a way of addressing environmental losses that seriously affect future generations, for example, the loss of the last peat bog or wetland in Monaghan.
The discount rate that should be applied in any given situation will in part be dependent on the uniqueness of the resource being considered, one could argue that environmental resources with no substitute sites, or with protected status should be discounted at the 0% rate.  We do not advise on the use of a particular discount rate for all wetlands in Monaghan.  We do however test the impact of different discount rates on the valuation results through the use of sensitivity analysis.

4.2 Sensitivity Analysis

This section details the tests used to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by the case study sites.  The following assumptions are made during the value transfer and are the starting point for sensitivity testing:

1. The population density used within the calculation;

2. The substitute wetlands available; 

3. Ecosystem services provided by each case study site (i.e., variables set to one); and

4. The discount rate used within the calculation, i.e., the TDR of 4%.

Key sensitivities that address these assumptions are: 

1. Varying the population density used within the Brander et al. (2008) function by either including or excluding the population estimates of the wider area and documenting the associated changes in the per hectare per year values.

2. Testing the change in the per hectare per year value if the hectare estimate for substitute wetland sites is set equal to the total area of each case study site (this is sometimes higher/lower depending on the case study site).

3. Comparing the effect of setting the presence/absence of ecosystems service variables that were found to be non-significant in the Brander et al. (2008) to zero or one, i.e., the opposite used within the original calculation, and then documenting the percentage change in the per hectare per year value.

4. Finally, comparing the effect on the total value over 50 years of using the TEEB discount rate of 0%.

The details of the sensitivity analysis that were conducted for each case study site are given within the economic valuation section of each case study.

4.3 Valuing carbon emissions
The Brander et al. function does not include an estimation of the value of carbon sequestration (a biochemical process by which atmospheric carbon is absorbed by living organisms leading to the storage of carbon, see OECD, 2001) or any other services in relation to green house gas (GHG) emission.  Thus these costs/benefits must be estimated separately from those relating to other ecosystem services.  This is done by considering the sequestration of carbon and emission or emission avoidance separately under a ‘single service’ approach (see Section 2.5).
Uncertainty is prevalent within the economic literature. Stern (2007) notes that the reported value per tonne carbon in published works ranges across three orders of magnitude, i.e., from £0 - £1000/tC (2000 prices). However, the report also notes that the large skew in the data due to the presence of a few very high values.  To enable the valuation of carbon within the context of this study we apply the rate advised by Stern (2007), i.e., £35/tC or €45.79/tC.  Although there are several different options available from individual EU member states (e.g. DECC, 2009), we have chosen the Stern (2007) value due to its international context. The separation of the social cost of carbon where the damage done by emitting an additional unit of carbon dioxide is the value of damage in terms of its effect on society
, for example, on the environment, rather than the effect on energy prices – which would be considered within the sphere of the traded cost of carbon.  The split between the social and traded cost of carbon is currently the subject of a wider ongoing debate within the UK given the issue of creating a two tier system in relation to carbon pricing
.  The loss of each case study habitat and resulting changes in CO2 equivalent flux each year fall under the category of non-traded emissions, thus the social cost of carbon estimate is an appropriate measure relating to value.

Given that we cannot determine an appropriate estimate for the changes in CO2 equivalent flux for each wetland case study site (see Section 3), we have not carried out a full monetary valuation on the change in overall CO2 flux as a result of the loss of each case study site apart from Eshbrack.  This stems from the expected low/medium impact of carbon sequestration at each case study site (see qualitative assessment section for each case study), along with the current lack of research into the ‘full’ carbon budgets of wetlands.   Despite these short comings we have sought to estimate a value for Eshbrack bogs as peat lands are assumed to hold a high proportion of the global ‘soil carbon’ (NE, 2008), with suggestions that temperate peat lands contain around 455Gt of carbon, (25% of all the ‘soil carbon’ of the earth (Moore, 2003; Roulet et al., ongoing; Smith et al., 2004).
5 Case Studies
This Section presents six case studies intended to demonstrate the potential use of the valuation methodology / toolkit presented in the main report. The case studies are:

· Blackwater floodplain: The study area within the Blackwater Floodplain lies within the northern boundary of Monaghan Town.  It comprises an area of floodplain bordered in some areas by development and by minor roads.  The habitats in the study area include: fresh watercourses (river and drainage ditches), marsh and wet grassland, other grassland and other native woodland.
· The Dromore Wetlands: The case study area lies in the Dromore River valley in the immediate vicinity of Ballybay in the central part of County Monaghan.   The habitats in the study area include: fresh water lakes and ponds, fresh watercourses (river and drainage ditches), peat land fen and swamp, marsh and wet grassland, wet woodland, other grassland and other native woodland. 
· Eshbrack bogs: The case study area comprises of a large area of peat bog in the Sliabh Beagh area of north-west County Monaghan.  It is the largest site covered by this project.  The area studied in the Monaghan Fen Survey 2007 covered a total area of 1183 hectares of fresh water lakes and ponds, fresh watercourses, peat land fen and swamp, blanket bog, marsh and wet grassland, other grassland (acid grassland) and other native woodland.

· Cornaglare: This case study site is an inter-drumlin wetland situated just south of Monaghan Town.  It comprises two mesotrophic lakes and peatland wetland habitats joining them and surrounding them.  Habitats comprised within the study area include: freshwater lakes and ponds, fen and swamp, marsh and wet grassland, wet woodland and other native woodland. 

· Grove Lough: this case study site was a public water supply lake in the northern part of County Monaghan, near Emyvale covering an area of around 4 hectares.  The habitat comprised within the study area include:  freshwater lakes and ponds, fen and swamp, wet woodland and other native woodland. 
· Castle Leslie constructed wetlands: This site is an ‘Integrated Constructed Wetland’ which has been created specifically to deal with sewage arising from the village of Glaslough in County Monaghan.  The habitat comprised within the study area include:  freshwater lakes and ponds, and swamp.  
Each case study seeks to appraise the ecosystem service impacts of the loss of each particular area.  For each of the case studies, the seven steps of the process defined in Section 1.3 are worked through.  Each case study is intended as a stand-alone demonstration of the methodology, and so there is some repetition from study to study. Together, the studies are intended to demonstrate the range of different ecosystem services and economic values of different wetland types as represented by each of the case study areas. Each case study contains the following sections:
1. Definition of the good;
2. Current description of status and threats of each case study site;
3. The ecosystem services provided in the area;
4. The consolidation of ecosystem services and qualitative description of loss;
5. Quantitative assessment;
6. Economic Valuation, and
7. Conclusions and reporting.
It should be noted we have not conducted detailed on site surveys or interviews with land managers or users, or organised workshops, or designed field work, or completed multiple iterations of the analysis, or various other tasks that might be expected for a  primary valuation due to project scope and resources available (see section 2 for further discussion on project approach).. 
5.1 Blackwater Floodplain 
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5.1.1 Site description
The Blackwater floodplain comprises improved grassland, hedgerows and copses, ponds and the River Blackwater.  The site is particularly built up on the boundaries to the south-east and north-east.  At the south east it adjoins Monaghan Town.  At the north-east it has been developed for business parks and a filling station.  There is a business park and small residential area that has been developed at the western end of the site.  
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5.1.2 Current descriptions and threats to the area

The Blackwater Floodplain is actively farmed, notably cattle grazing.  The site has not been attributed an official classification for nature conservation importance. However, it is possible that the site provides important feeding habitat for bats (protected under Annex IV of the EU Habitats Directive).  It is likely that the river holds otter, a species listed under Annex II of the Habitats Directive and kingfisher, a species listed under Annex I of the EU Birds Directive.  
5.1.3 Ecosystems services currently provided
Table 5.1.1 below shows which ecosystem services are provided across each different habitat type.  If a column is greyed out, the habitat type is not present within the case study area.
5.1.4 Qualitative description of change
Table 5.1.2 shows how ecosystem services are classified as ‘intermediate’ and ‘final’ (see Section 2.4) for Blackwater floodplain. the results of this classification. The table also shows which ecosystem services are provided across each wetland habitat type, the type of economic evidence associated with each and the scale of the population to be considered when evaluating each site.

	Table 5.1.1: River Blackwater - Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	Main categories
	FW wetlands - open water
	FW wetlands - waterlogged and inundation habitats
	Terrestrial

	Detailed habitat description
	lakes and ponds
	water

courses
	blanket bog
	Fen
	Swamp


	Marsh / Wet GL
	Wet WL
	Other GL
	Other native WL

	Provisioning services

	Fibre and construction products
	 
	-
	
	
	
	-
	
	-
	○

	Food and drink products
	 
	●
	
	
	
	●
	
	●
	○

	Medicinal and cosmetic products
	 
	-
	
	
	
	-
	
	-
	-

	Ornamental products 
	 
	-
	
	
	
	-
	
	-
	○

	Renewable energy sources
	 
	○
	
	
	
	-
	
	-
	●

	Regenerative services
	 
	●
	
	
	
	-
	
	-
	-

	Maintenance of surface water stores
	 
	●
	
	
	
	●
	
	-
	-

	Groundwater replenishment
	 
	●
	
	
	
	●
	
	-
	-

	Biochemicals and genetics
	 
	-
	
	
	
	-
	
	-
	-

	Regulating services

	Air quality regulation
	 
	●
	
	
	
	●
	
	●
	●

	Global climate (carbon sequestration)
	 
	-
	
	
	
	-
	
	-
	●

	Local climate 
	 
	●
	
	
	
	●
	
	●
	●

	Water regulation (flood risk mitigation) 
	 
	●
	
	
	
	●
	
	-
	-

	Water purification
	 
	?
	
	
	
	?
	
	?
	?

	Filtration of water
	 
	●
	
	
	
	●
	
	-
	-

	Detoxification of water and sediment
	 
	●
	
	
	
	●
	
	-
	-

	Pest regulation
	 
	●
	
	
	
	-
	
	-
	○

	Disease regulation
	 
	?
	
	
	
	?
	
	?
	?

	Pollination
	 
	-
	
	
	
	●
	
	○
	○

	Erosion regulation
	 
	-
	
	
	
	●
	
	●
	●

	Cultural services

	Recreation and tourism
	 
	●
	
	
	
	●
	
	●
	●

	Aesthetic
	 
	●
	
	
	
	●
	
	●
	●

	Education
	 
	●
	
	
	
	○
	
	○
	○

	Cultural heritage
	 
	●
	
	
	
	○
	
	○
	○

	Supporting services

	Soil formation
	
	-
	
	
	
	●
	
	●
	●

	Primary production
	
	●
	
	
	
	●
	
	●
	●

	Nutrient cycling
	
	●
	
	
	
	●
	
	●
	●

	Habitat provision
	
	●
	
	
	
	●
	
	●
	●

	Biodiversity
	
	●
	
	
	
	●
	
	L
	●


Entries marked in red are being finalised, FW – freshwater, WL – woodland, GL - grassland (●) a service is provided & important, (ο) a potential service; (-) services is not provided, and (?) unknown.  Biodiversity includes otter, salmonids, bat, crayfish & lamprey. L – limited.
	Table 5.1.2: River Blackwater - Ecosystem service classification between ‘intermediate’ and ‘final’ ecosystem services.

	Ecosystem service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	
	
	
	C
	
	DU
	L 



	
	
	Value of recreational fish catch 
	
	
	
	C
	
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context*, i.e., cooling, agriculture and so on
	
	
	
	C
	
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal*, (inc. detox. of water & sediment)
	
	
	
	C
	
	IU
	

	Climate and regulation
	Nutrient cycling, soil formation and retention
	C sequestration
	
	
	
	-
	
	IU/NU
	G

	
	Nutrient cycling, soil formation and retention
	Localised climate affects
	
	
	
	C
	
	IU/NU
	L

	
	Nutrient cycling, soil formation and retention, primary production
	Localised air quality
	
	
	
	C
	
	IU/NU
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	
	
	
	C
	
	IU
	L/R


	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water and water quality
	Drinking water quality & quantity
	
	
	
	C
	
	IU
	

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	
	
	
	?
	
	DU
	L/

visitors & specialist

	
	
	Hiking
	
	
	
	C
	
	DU
	

	
	
	Bird watching
	
	
	
	?
	
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	
	
	
	C
	
	DU
	L 

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	
	
	
	P
	
	DU/NU
	L/

R/N

	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity 
	
	
	
	C
	
	NU
	


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L – local, R – regional, N – national, G – global.  Grey cell - habitat type not present at the case study. * Used by Monaghan co-op.
Following on from Table 5.1.2 above, the list below gives a qualitative description of the ecosystem service change expected for each of the final services identified along with the level of impact.  
	Table 5.1.3 River Blackwater - Qualitative description of ecosystem service change

	Ecosystem service
	Qualitative description of change
	Impact

	Livestock grazing
	Loss of grazing for stock
	High

	Recreational fish catch
	Loss of recreational fishing catch, fishing is  promoted by Eastern Regional Fisheries Board, and also by Monaghan Tourism
	High

	Water used in a commercial context
	Loss of commercial cooling for the Town of Monaghan Co-Operative
	Medium

	Waste disposal
	Regenerative value of watercourse will be impaired but not lost since the river will remain without the floodplain, also the main activity of the co-op is the treatment and processing of milk, the quantity of milk received being greater than 200 tonnes per day.
	Medium

	Carbon sequestration
	Not provided by this case study site
	

	Local climate
	Local increase in CO2 if not replaced by other vegetation
	Likely to be low 

	Air quality regulation
	Loss of oxygen production from photosynthesis
	Low to medium

	Flood risk mitigation
	Loss of flood amelioration capacity and impact on downstream and upstream (up to Ballinode) areas
	High

	Drinking water quantity and quality
	· Maintenance of surface water stores: flows to river from grazing marsh would be lost if the area was developed and run-off piped elsewhere.

· Groundwater replenishment: Uncertain impact since role of area in groundwater replenishment is currently unknown.

· Water quality: loss of buffer to river likely to result in increase in polluted run-off entering river.
	Medium to High

	Recreation and tourism
	Loss of area for walking, fishing and change to identity of town
	Medium to High

	Aesthetic
	Loss of a green area
	Medium to High

	Biodiversity
	Direct loss of species associated with flooding grazing areas, loss of bat feeding habitat. Impact on riverine species such as otter through loss of bank side vegetation, disturbance and water quality impacts
	High


5.1.5 Quantitative Assessment 
The ‘bundled’ approach applied within this methodology relies on the quantification of the hectarage of the main wetland types, i.e., inland marsh and peat bogs.  The figures derived for the Blackwater flood plain estimated from an aerial photograph with a 1ha grid placed over it.   Table 5.1.4 shows the estimated number of hectares of each wetland type in the Blackwater flood plain along with an estimation of the substitute sites.  
	Table 5.1.4: Quantitative assessment of River Blackwater  details include: the size of different habitats, substitute sites, the affected population and GDP per capita estimates.

	Wetland type CORINE
	Broader wetland type
	Total number of hectares

	Inland marsh
	· Fen

· Swamp and marsh
	N/A

N/A

	Peat bogs
	· Blanket bog / cutover 
	N/A

	Other
	· Marsh / Wet grassland

· Wet woodland
	42E

N/A

	

	Substitutes
	· Blackwater River, Ballinode (2E) (provides regulating services)

· Blackwater River, New Mills (4E) (provides regulating services)

· Mountain Water River (U), (provides cultural services (fishing))

	

	Affected population
	· The Blackwater flood plain within reach of County Armagh, thus the affected population is set to that of County Monaghan and County Armagh, it is unlikely that this particular wetland attracts visitors from further a field as it is not particularly unique, it does however, provide an area for recreational fishing.  So for this case study site the affected population is set to 55,997 + 58,173 or a density of 14.54 per km within the 50 km radius necessary for the Brander et al. (2008) function.

	

	GDP
	· Given that the Blackwater flood plain is likely to be visited by residence of County Monaghan and County Armagh GDP is set to an average of that for the Irish Border towns and Northern Ireland, i.e., €26,000, or US$29,950 (2003 prices).


U – Unknown wetland size
5.1.6 Economic Valuation 
Table 5.1.5 shows the values used within the Brander et al. (2008) function to value the Blackwater flood plain (in addition to the standard variable settings used for each case study given in Section 4).
	Table 5.1.5: Economic value function for an estimated (42Ha in the River Blackwater )

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Wetland Type

Inland marshes

Peatbogs
	0.114

-1.356 (p<0.05)
	1

0
	Wetland valued here is classified as inland marsh.
	Table 5.1.4



	GDP per capita for the case study area (logged)
	0.468 (p<0.01)
	$29,950


	The average GDP per capita for the Irish borders and Northern Ireland.
	

	Size of wetland area (natural log)
	-0.297 (p<0.01)
	ln (42)
	Number of hectares of inland marsh within the Blackwater flood plain.
	

	Population within 50 km of the case study (ln)
	0.579 (p<0.01)
	ln(114170/ 7854km2 )
	Population set to County Monaghan and County Armagh.
	

	Wetland area within 50 km radius of the policy site (logged)
	-0.023 (NS)
	ln(6)
	The number of hectares of substitute sites available within 50km is six.
	

	Recreational fishing:

	-0.288 (NS)
	1
	Qualitative assessment shows  fisheries loss is a medium/high impact.
	Table 5.3.1


	Does the wetland provide for non-consumptive recreation:
	0.340 (NS)
	1
	Qualitative assessment shows that the loss of this service would cause medium or high impact.
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%

NS – variables that were not statistically significant

SERVICES INCLUDED: flood control; water quality and quantity; recreation; aesthetics; biodiversity

              EXCLUDED: waste disposal; livestock grazing; water for use in industry


Sensitivity analysis

This section details the different sensitivity analyses that were completed to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by the Blackwater flood plain.  

The key sensitivity tests were:
1. Varying the population density used within the Brander et al. (2008) function by limiting the population of Monaghan only.

2. Testing the change in the Euro per hectare per year value if the hectare estimate for substitute wetland sites is set to 42ha and zero hectares.

3. Comparing the effect of setting the variables for non-consumptive recreation, recreational fisheries and appearance and aesthetics to zero.
4. Finally, comparing the use of the TEEB discount rate of 0% to determine the change in the total value of the case study site over 50 years.

The results of the sensitivity analyses are shown in Table 5.1.6.
	Table 5.1.6: Results of sensitivity analysis (€2008) for River Blackwater

	Value €2008 per year 
(min-max values)
	16,040
(5,334 – 21,378)

	

	Habitat – Inland marsh


	€ per ha per year
(base estimate)
	€ per ha per year (sensitivity analysis)
	% change in values

	Affected population to County   Monaghan only
	392
	2603
	-44%

	Changing the available substitutes (from 6 to 42)
	392
	375
	-4%

	Changing the available substitutes (from 6 to zero)
	392
	409
	+4%

	Ecosystems Services set to zero (for variable that are not significant in Brander et al., 2008)

	Non-consumptive recreation from 1 to 0
	392
	279
	-29%

	Recreational Fishing from 1 to 0
	392
	523
	+33%

	Appearance and Aesthetics from 1 to 0
	392
	185
	-53%

	Flood control from 1 to 0
	392
	130
	-67%

	Change discount rate from 4% to 0%

	Use of the TEEB discount rate (0%)
	370,600*
	840,600
	+227%


*Shows the total value of the Blackwater flood plain over 50 years (calculated with 4% discount rate)
5.1.7 Reporting 
The key messages from this case study include the following:

· Base estimate: Based on the model settings detailed in Table 5.1.5 and Table 4.1 in Section 4 the loss of the Blackwater flood plain would amount to €392 per ha per year, or €16,0480 per year for the total area of the case study site.  The value lost if the wetland is lost equates to €370,600 in present value terms over 50 years applying the 4% TDR discount rate.

· Range of estimates: The sensitivity analyses show that the value of the loss of the Blackwater floodplain varies depending on the assumptions applied within the model from a minimum of €130 per ha per year to a maximum of €523 per ha per year.  Where a large change in value is seen with the loss of the flood control service of the area.  In terms of the present value of the loss of the Blackwater flood plain over 50 years, the use of the alternate 0% discount rate is the most influential factor increasing the present value from €370,600 to €840,600or by 227%.  
· The ecosystem services included within this estimate are: 

· Flood control;

· Water quality and quantity;

· Recreation;

· Aesthetics; and

· Biodiversity.
· The ecosystem services excluded from this estimate are:
· Waste disposal;

· Livestock grazing; and

· Water for use in industry.

Alternative methods of valuing fisheries (through visitation data) and flood control services (from potential insurance costs associated with flooding) may generate different values from those within the Brander model and could be compared.  
For a fuller, less uncertain assessment of economic value a primary valuation study could be used to generate a more accurate assessment of recreation and non-use values. 
In addition, research into how the Blackwater flood plain fits within the wider catchment, and the implications of this for water quality and flood risk values, should also be considered.
5.2 Dromore Wetlands
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5.2.1 Site Description
The Dromore Wetlands case study area lies in the Dromore River valley in the immediate vicinity of Ballybay in the central part of County Monaghan.  The wetlands include Lough Major, a large lake to the south-east of Ballybay and also include the Dromore River and a few lakes up to about 1.5 km west of Ballybay and Rectory Lake, the site of the Ballybay wetlands centre.  The positioning of the lakes and their connection to the Dromore River system means that they will have a higher nutrient status than many of the inter-drumlin lakes in the vicinity.  Their size and proximity to the Dromore Lakes pNHA means that they are likely to be used by wintering waterfowl.  Bird species using the area are likely to include whooper swan, wigeon, lapwing, mute swan and other waterfowl species.

The site also includes other habitats as well as the lakes and river, including wet grassland, hedgerows scrub and woodland, small streams and farmland.  Much of the farmland in this area is graze and cut for silage. The higher nutrient status of water bodies arising from these operations is obvious in some cases.  The site contains the Ballybay Wetlands Centre which is dedicated to providing education to both schools and adults on the natural environment.

5.2.2 Current descriptions and threats to the area

The main issues facing the area include development pressure on the outskirts of Ballybay (and associated issues relating to infill, disturbance etc) and impacts on water quality through inputs from agriculture, houses, industry and road run-off.

5.2.3 Ecosystems services currently provided

Table 5.2.1 below shows which ecosystem services are provided across each different habitat type.  If a column is greyed out, the habitat type is not present within the case study area.

5.2.4 Qualitative description of loss

Before a description of qualitative loss can be given the ecosystem services described in Table 5.2.1 need to be classified as ‘intermediate’ or ‘final’ ecosystem services (see Section 2.4).  Table 5.2.2 shows the results of this classification, the table also shows which ecosystem services are provided across each wetland habitat type, the type of economic evidence associated with each and the scale of the population to be considered when evaluating each site.

	Table 5.2.1: Dromore Wetlands - Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	main categories
	FW wetlands - open water
	FW wetlands - waterlogged and inundation habitats
	Terrestrial

	detailed habitat description
	lakes and ponds
	water

courses
	PL - blanket bog
	Fen


	Swamp
	Marsh/ Wet GL
	Wet WL
	Other GL
	Other native WL

	Provisioning services

	Fibre & construction prods.
	-
	-
	
	○
	○
	-
	○
	-
	●

	Food and drink products
	●
	●
	
	○
	○
	●
	○
	●
	○

	Medicinal & cosmetic prods.
	-
	-
	
	-
	-
	-
	-
	-
	-

	Ornamental products 
	-
	-
	
	-
	-
	-
	○
	-
	○

	Renewable energy sources
	○
	○
	
	-
	-
	-
	○
	-
	●

	Regenerative services
	●
	●
	
	●
	●
	-
	-
	-
	-

	Maintenance of surface water stores
	●
	●
	
	●
	●
	○
	○
	-
	-

	Groundwater replen.
	●
	●
	
	●
	●
	●
	●
	-
	-

	Biochemicals and genetics
	-
	-
	
	-
	-
	-
	-
	-
	-

	Regulating services

	Air quality regulation
	●
	●
	
	●
	●
	●
	●
	●
	●

	Global climate (C sequestration)
	-
	-
	
	○
	-
	-
	●
	-
	●

	Local climate 
	●
	●
	
	●
	●
	●
	●
	●
	●

	Water reg. (flood risk mitigation) 
	●
	●
	
	●
	●
	●
	●
	-
	-

	Filtration of water
	●
	●
	
	●
	●
	●
	●
	-
	-

	Detoxification water & sed.
	●
	●
	
	●
	●
	●
	-
	-
	-

	Pest regulation
	●
	●
	
	-
	-
	-
	○
	-
	○

	Disease regulation
	?
	?
	
	?
	?
	?
	?
	?
	?

	Pollination
	-
	-
	
	●
	●
	●
	○
	○
	○

	Erosion regulation
	-
	-
	
	●
	●
	●
	●
	●
	●

	Cultural services

	Recreation and tourism
	●
	●
	
	○
	○
	●
	○
	●
	●

	Aesthetic
	●
	●
	
	●
	●
	●?
	●
	
	●

	Education
	●
	●
	
	●
	●
	●
	●
	○
	○

	Cultural heritage
	●
	●
	
	○
	○
	○
	○
	○
	○

	Supporting services

	Soil formation
	●
	-
	
	●
	●
	●
	●
	●
	●

	Primary production
	●
	●
	
	●
	●
	●
	●
	●
	●

	Nutrient cycling
	●
	●
	
	-
	-
	●
	●
	●
	●

	Habitat provision
	●
	●
	
	●
	●
	●
	●
	●
	●

	Biodiversity 
	●
	●
	
	●
	●
	●
	●
	L
	●


Entries marked in red are being finalised, FW – freshwater, WL woodland, GL - grassland (●) a service is provided & important, (ο) a potential service; (-) services is not provided, and (?) unknown.  Biodiversity includes otter, salmonids, bat, crayfish & lamprey.  L – limited.
	Table 5.2.2:Dromore Wetlands - Ecosystem service classification between ‘intermediate’ and ‘final’ ecosystem services
	
	

	Ecosystem 
service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen  
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	
	-
	-
	C
	-
	DU
	L 



	
	
	Value of recreational fish catch 
	
	-
	-
	?
	-
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context, i.e., cooling, agriculture and so on
	
	C
	C
	C
	C
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal, (inc. detoxification of water & sediment)
	
	C
	C
	C
	U
	IU
	

	Climate and regulation
	Nutrient cycling, soil formation and retention
	C sequestration
	
	P
	P
	-
	C
	IU/NU
	G

	
	Nutrient cycling, soil formation and retention
	Localised climate affects
	
	C
	C
	C
	C
	IU/NU
	L

	
	Nutrient cycling, soil formation and retention, primary production
	Localised air quality
	
	C
	C
	C
	C
	IU/NU
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	
	C
	C
	C
	C
	IU
	L/
R 

	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water & water quality
	Drinking water quality & quantity
	
	C
	C
	C
	C
	IU
	L/R

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	
	P
	P
	C
	P
	DU
	L/

visitors & specialist

	
	
	Hiking
	
	P
	P
	C
	P
	DU
	

	
	
	Bird watching
	
	P
	P
	C
	P
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	
	C
	C
	C
	C
	DU
	L 

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	
	p
	P
	p
	P
	DU/NU
	L/R/N

	
	Primary production, habitat provision, landscape, biodiversity
	Education
	
	C
	C
	C
	C
	
	

	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity 
	
	C
	C
	C
	C
	NU
	


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L – local, R – regional, N – national, G – global. Grey cell - the habitat type is not present within the case study area.
Following on from Table 5.2.2 above, the list below gives a qualitative description of the ecosystem service change expected for each of the final services identified along with the level of impact.  

	Table 5.2.3 Dromore Wetlands - Qualitative description of ecosystem service change

	Ecosystem service
	Qualitative description of change
	Impact

	Livestock grazing
	Loss of grazing for stock
	High

	Recreational fish catch
	Loss of recreational fish catch (the area is promoted by the fisheries board
)
	High

	Water used in a commercial context
	loss of commercial cooling facilities
	Low

	Waste disposal
	Some potential loss but value of regenerative services unknown (and probably incidental). Silvercrest Foods - discharge to the Ballybay Wastewater treatment plant.  The Ballybay WWTP is operated by Monaghan County Council and holds a Waste Water Discharge Authorisation DO207-01.  It discharges to the River Dromore at a single outfall.
	Unknown

	Carbon sequestration
	Loss of carbon sequestration capacity if trees are lost
	Medium

	Local climate
	Local increase in CO2 if not replaced by other vegetation
	likely to be low 

	Air quality regulation
	Loss of oxygen production from photosynthesis
	Low to medium

	Flood risk mitigation
	Loss of flood amelioration capacity and impact on downstream areas
	High

	Drinking water quantity and quality
	· Maintenance of surface water stores: a number of habitats crucial to maintaining surface water stores would be lost.

· Groundwater replenishment: depending on aquifer status and groundwater situation at site.

· Water quality: loss of buffer to river, fen and wet woodland likely to result in increase in increased sediment and polluted run-off entering river.
	Medium to High

	Recreation and tourism
	Area is well used for recreation by Ballybay inhabitants, loss of canoe trail through the area.
	High

	Aesthetic
	Loss of a green area and aesthetically pleasing water bodies
	High

	Cultural heritage
	The site of one of the most high profile wetland centres in the country
	High

	Education
	Loss of the Ballybay wetlands education centre and surrounding natural educational resource
	High

	Biodiversity
	Direct loss of species associated with flooding grazing areas, loss of bat feeding habitat. Impact on riverine species such as otter through loss of bank side vegetation, disturbance and water quality impacts. The site is a stop for over wintering birds.
	High


5.2.5 Quantitative Assessment

The ‘bundled’ approach applied here relies on the quantification of the hectarage of the main wetland types, i.e., inland marsh and peat bogs (see Section 4.2) for each of the case study sites.  For the Dromore wetlands figures were based on a site visit, aerial photograph interpretation and figures from an adjacent area covered by the 2004 Monaghan Wetland Survey (square H72).  Table 5.2.4 shows the estimated number of hectares of each wetland type for the Dromore wetlands along with an estimation of the available substitute sites.  Unfortunately, due to lack of economic evidence and the structure of the Brander function it is not possible to include a value for education within the value transfer shown here.
	Table 5.2.4: Quantitative assessment of the Dromore wetlands details include: the size of different habitats, substitute sites, the affected population and GDP per capita estimate.

	Wetland type CORINE
	Broader wetland type
	Total number of hectares

	Inland marsh
	· Fen

· Swamp and marsh
	N/A

10E

	Peat bogs
	· Blanket bog / cutover 
	N/A

	Other
	· Wet / humid grassland

· Wet woodland
	32E

3E

	 

	Substitutes
	· White Lough (20ha), (provides provisioning and regulating services)

· Classagh Lough (10ha), (provides provisioning and regulating services)

	

	Affected population
	· The Dromore wetlands are within 10-12km of County Cavan, County Fermanagh and County Armagh.  Due to its facilities it is likely that this area will be visited by individuals from surrounding areas.  Therefore the affected population is set to that of County Monaghan, County Armagh, County Fermanagh and County Cavan i.e., 240,139 or 30.57 per km2.

	

	GDP
	· Given that the Dromore wetlands is likely to be visited by residence of County Monaghan along with residence from Northern Ireland (county Armagh) the GDP is set to an average of that for the Irish Borders, i.e., €29,300, and the average for Northern Ireland, i.e., €26,000, or US$29,950 (2003 prices).


5.2.6 Economic Valuation

Table 5.2.5 shows the values used within the Brander et al. (2008) function to value the Dromore wetlands (in addition to the standard variable settings used for each case study sites given in Section 4).

	Table 5.2.5: Economic value function for an estimated (42Ha in the Dromore wetlands)

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Wetland Type
Inland marshes

Peatbogs
	0.114

-1.356 (p<0.05)
	1

0
	Wetland valued here is classified as inland marsh.
	N/A

	GDP per capita for the case study area (ln)
	0.468 (p<0.01)
	$29,950

	The average GDP per capita for the Irish borders and Northern Ireland.
	Section 5.2.5

	Size of wetland area (ln)
	-0.297 (p<0.01)
	ln (42)
	Number of ha’s of inland marsh at the site.
	Table 5.2.4

	Population within 50 km of the case study site (logged)
	0.579 (p<0.01)
	ln(240,139 / 7854km2 )
	Population set to that of County Monaghan,  Armagh, Cavan and Fermanagh.  
	Section 5.2.5


	Wetland area within 50 km radius of the policy site (ln)
	-0.023 (NS)
	ln(30)
	The ha of substitute sites available within 50km.
	

	Recreational fishing:
	-0.288 (NS)
	0
	
	Table 5.2.3


	Does the wetland provide for non-consumptive recreation:
	0.340 (NS)
	1
	
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%. NS – variables that were not statistically significant

SERVICES INCLUDED: flood control; water quality and quantity; recreation; aesthetics; biodiversity

EXCLUDED: carbon sequestration; livestock grazing; water for use in industry; cultural heritage;                             
                 education.


Sensitivity analysis

This section details the sensitivity analyses that were completed to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by the Dromore wetlands.  The key sensitivity tests were: 

1. Varying the population density used within the Brander et al. (2008) function by only including the population estimate for County Monaghan.

2. Testing the change in the Euro per hectare per year value if the hectare estimate for substitute wetland sites is set to 42ha.

3. Comparing the effect of the setting the variables for non-consumptive recreation, recreational fisheries and appearance and aesthetics to zero, one and zero respectively.

4. Finally, comparing the present values generated with application of the TEEB discount rate of 0%.

The results of the sensitivity analysis that were conducted are shown in Table 5.2.6.

	Table 5.2.6: Results of sensitivity analysis (€2008) for the Dromore Wetlands

	Value €2008 per year (min-max values)
	31,700 (13,650 – 31,700)

	

	Habitat – Inland marsh


	€ per ha per year

(base estimate)
	€ per ha per year (sensitivity analysis)
	% change in values

	Affected population: County   Monaghan only
	755
	325
	-57%

	Changing the total ha’s of substitutes (from 30 to 42)
	755
	749
	-1%

	Ecosystems Services Provision 

	Non-consumptive recreation from 1 to 0
	755
	537
	-29%

	Recreational Fishing from 0 to 1
	755
	566
	-25%

	Appearance and Aesthetics from 1 to 0
	755
	356
	-53%

	Change discount rate from 4% to 0%

	Use of the TEEB discount rate (0%)
	712,900*
	1,617,300
	+227%


*Shows the total value of the Dromore wetlands over 50 years (calculated with 4% discount rate).

5.2.7 Reporting 
The key messages from this case study include the following:

· Base estimate: Based on the model settings detailed in Table 5.1.5 and Table 4.1 in Section 4 the loss of the Dromore wetlands equates to €755 per ha per year, or €31,700 per year for the total area of the case study site.  This loss would equate to €712,900 in present value terms over 50 years applying the 4% TDR discount rate.
· Range of estimates: The results of the sensitivity analysis  show that the value of the loss of the Dromore wetlands varies depending on the assumptions applied within the model from a minimum of €325 per ha per year to a maximum of €755 per ha per year.  Where the biggest change in value is seen with the narrowing of the affected population considered however, the larger population is considered to be a more realistic assumption.  In terms of the present value of the loss of the Dromore wetlands over 50 years, the use of the alternate 0% discount rate is the most influential factor increasing the value from €712,900 to €1,617,300 or by 227%.  

· The ecosystem services included within this estimate are: 

· Flood control;

· Water quality and quantity;

· Recreation;

· Aesthetics; and

· Biodiversity.

· The ecosystem services excluded from this estimate are:

· Carbon sequestration;

· Livestock grazing;

· Water for use in industry;

· Cultural heritage; and

· Education.

Each of these services would need to be valued in addition to those valued within the Brander model to drive the total value of the Dromore wetlands.  

A primary valuation study could be used to generate a more accurate assessment of recreation and non-use values for this site.

5.3 Eshbrack bogs
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5.3.1 Site description
Eshbrack bogs comprise a large area of peat bog in the Sliabh Beagh area of north-west county Monaghan.  It is the largest site covered by this project.  The area studied in the Monaghan Fen Survey 2007 covered a total area of 1183 hectares. This site has a variety of peatland habitats including blanket bog, cutover bog and wet heath.  The blanket bog areas also has mosaics of fen and flush habitats including poor fen, transition mire and alkaline fen.  The site holds a number of other habitats including acid grassland, hedgerows, scrub and lakes and ponds.

The site is designated as a Special Protection Area under the EU Birds Directive and a Natural Heritage Area under the Wildllife Act.  It is important for its populations of breeding hen harrier, merlin and red grouse as well as wintering species such as Greenland white-fronted goose.  It is also important for the habitat types that it supports, including blanket bog, wet heath and dystrophic lakes.

The site is considered to be ‘Internationally Important’ – classification A.

5.3.2 Current descriptions and threats to the area

Eshbrack Bog has faced many threats over the years. Some of the largest issues have been afforestation, drainage and turf cutting. Turf cutting remains a considerable issue, with mechanical extraction methods being of particular concern.  Turf cutting activity can increase at times of high fuel costs since it is seen as a cheap source of fuel without consideration given to the environmental cost of extraction.

5.3.3 Ecosystems services currently provided
Table 5.3.1 below shows which ecosystem services are provided across each different habitat type.  If a column is greyed out, the habitat type is not present within the case study area.

5.3.4 Qualitative description of loss

Before a description of qualitative loss can be given the ecosystem services described in Table 5.3.1 need to be classified as ‘intermediate’ or ‘final’ ecosystem services (see Section 2.4).  Table 5.3.2 shows the results of this classification, the table also shows which ecosystem services are provided across each wetland habitat type, the type of economic evidence associated with each and the scale of the population to be considered when evaluating each site.

	Table 5.3.1 Eshbrack bogs - Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	Main categories
	FW wetlands - open water
	FW wetlands - waterlogged and inundation habitats
	Terrestrial

	detailed habitat description
	lakes and ponds
	water

courses
	blanket bog
	Fen
	Swamp
	Marsh / Wet GL
	Wet WL
	Other GL
	Other native WL

	Provisioning services

	Fibre & construction prods.
	-
	-
	-
	○
	○
	-
	
	-
	●

	Food and drink products
	●
	○
	○
	○
	○
	●
	
	●
	○

	Medicinal & cosmetic prods.
	-
	-
	-
	-
	-
	-
	
	-
	-

	Ornamental products 
	-
	-
	○
	-
	-
	-
	
	-
	○

	Renewable energy sources
	○
	○
	-
	-
	-
	-
	
	-
	●

	Regenerative services
	●
	●
	-
	●
	●
	-
	
	-
	-

	Maintenance of surface water stores
	●
	●
	●
	●
	●
	○
	
	-
	-

	Groundwater replen.
	●
	●
	●
	●
	●
	●
	
	-
	-

	Biochemicals and genetics
	-
	-
	-
	-
	-
	-
	
	-
	-

	Regulating services

	Air quality regulation
	●
	●
	●
	●
	●
	●
	
	●
	●

	Global climate (carbon sequestration)
	-
	-
	●
	○
	-
	-
	
	-
	●

	 -   Local climate 
	●
	●
	●
	●
	●
	●
	
	●
	●

	Water regulation (flood risk mitigation) 
	●
	●
	●
	●
	●
	●
	
	-
	-

	Filtration of water
	●
	●
	●
	●
	●
	●
	
	-
	-

	Detoxification of water and sediment
	●
	●
	-
	●
	●
	●
	
	-
	-

	Pest regulation
	●
	●
	-
	-
	-
	-
	
	-
	○

	Disease regulation
	?
	?
	?
	?
	?
	?
	
	?
	?

	Pollination
	-
	-
	●
	●
	●
	●
	
	○
	○

	Erosion regulation
	-
	-
	●
	●
	●
	●
	
	●
	●

	Cultural services

	Recreation and tourism
	●
	●
	○
	○
	○
	●
	
	●
	●

	Aesthetic
	●
	●
	●
	●
	●
	●
	
	
	●

	Education
	●
	●
	○
	○
	○
	○
	
	○
	○

	Cultural heritage
	●
	●
	●
	○
	○
	○
	
	○
	○

	Supporting services

	Soil formation
	●
	-
	●
	●
	●
	●
	
	●
	●

	Primary production
	●
	●
	●
	●
	●
	●
	
	●
	●

	Nutrient cycling
	●
	●
	-
	-
	-
	●
	
	●
	●

	Habitat provision
	●
	●
	●
	●
	●
	●
	
	●
	●

	Biodiversity 
	●
	●
	●
	●
	●
	●
	
	L
	●


Entries marked in red are being finalised, FW – freshwater, WL – woodland, GL - grassland (●) a service is provided & important, (ο) a potential service; (-) services is not provided, and (?) unknown.  Biodiversity includes hen harrier, Greenland white-fronted goose, red grouse, otter, salmonids, bat species and Irish damselfly. L – limited biodiversity.
.

	Table 5.3.2: Eshbrack bogs - Ecosystem service classification between ‘intermediate’ and ‘final’ ecosystem services.

	Ecosystem service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	-
	P
	P
	-
	
	DU
	L 

	
	
	Value of recreational fish catch 
	-
	C
	C
	C
	
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context, i.e., cooling, agriculture and so on
	C
	C
	C
	C
	
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal, (inc. detox. of water & sediment)
	-
	C
	C
	-
	
	IU
	

	Climate and regulation
	Nutrient cycling, soil formation and retention
	C sequestration
	C
	P
	P
	-
	
	IU/NU
	G

	
	Nutrient cycling, soil formation and retention
	Localised climate effects
	C
	C
	C
	C
	
	IU/NU
	L

	
	Nutrient cycling, soil formation and retention, primary production
	Localised air quality
	C
	C
	C
	C
	
	IU/NU
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	C
	C
	C
	C
	
	IU
	L/R 

	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water and water quality
	Drinking water quality & quantity
	C
	C
	C
	C
	
	IU
	

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	P
	C
	C
	C
	
	DU
	L/

visitors & specialist

	
	
	Hiking
	C
	C
	C
	C
	
	DU
	

	
	
	Bird watching
	C
	C
	C
	C
	
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	C
	C
	C
	C
	
	DU
	

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	C
	P
	P
	P
	
	DU/NU
	L/R 

	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity (designated SPA and NHA)
	C
	C
	C
	C
	
	NU
	L/R/N/

European


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L – local, R – regional, N – national, G – global. Grey cell - habitat type is not present within the case study area.
Following on from Table 5.3.2 above, the list below gives a qualitative description of the ecosystem service loss expected for each of the final services identified along with the level of impact.  

	Table 5.3.3: Eshbrack bogs -  Qualitative description of ecosystem service change

	Ecosystem service
	Qualitative description of change
	Impact

	Livestock grazing
	Loss of grazing for stock
	High

	Recreational fish catch
	Unknown
	Unknown

	Water used in a commercial context
	Unknown
	Unknown

	Waste disposal
	Some potential loss but value of regenerative services unknown (and probably incidental)
	Unknown

	Carbon sequestration
	Loss of carbon sequestration capacity of peat bog habitat
	High

	Local climate
	Local increase in CO2 if not replaced by other vegetation
	likely to be low 

	Air quality regulation
	Loss of oxygen production from photosynthesis
	Low to medium

	Flood risk mitigation
	Loss of flood amelioration capacity and impact on downstream areas.
	High

	Drinking water quantity and quality
	· Maintenance of surface water stores: a large area of habitat crucial to maintaining surface water stores would be lost.

· Groundwater replenishment: high impact considering water holding capability of peatland and underlying limestone.

· Water quality: loss of buffer to river, fen and wet woodland likely to result in increase in increased sediment and polluted run-off entering river.
	High

	Recreation and tourism
	Area is well used for recreation and includes picnic areas etc.
	High

	Aesthetic
	Loss of wilderness habitat with characteristic views over Monaghan County
	High

	Cultural heritage
	Bog / turf is central to historic rural cultural identity in area
	High

	Biodiversity
	Direct loss of species associated with upland peat systems and other habitats, including hen harrier, Greenland white fronted goose, red grouse, and salmon (spawning grounds).
	High


5.3.5 Quantitative Assessment

The ‘bundled’ approach applied within this methodology relies on the quantification of the number of hectares of the main wetland types, i.e., inland marsh and peat bogs (see Section 4.2).  The figures for Eshbrack bog were specified in the 2007 Monaghan Fen Survey as having a total extent of 1183ha.  The majority of which is blanket bog, cutover bog and wet heath.   Around 80-90% of the site comprises of peat bog and it is on this basis that the bog estimate is made.  The total fen area of the site is 4.1 ha (Foss and Crushell, 2007).  The grassland estimate is made from aerial photographs.  Swamp and marsh assessment is an estimate based on descriptions and likely occurrence around water bodies (of known size).  There are no substitute sites identified as relevant to this case study site as there is no other area of upland bog in County Monaghan.  Table 5.3.4 shows the estimated number of hectares of each wetland type in the Eshbrack bog.
	Table 5.3.4: Quantitative assessment of Eshbrack bogs details include: the size of different habitats, substitute sites, the affected population and GDP per capita estimate.

	Wetland type CORINE
	Broader wetland type
	Total number of hectares

	Inland marsh
	· Fen

· Swamp and marsh
	4

2E

	Peat bogs
	· Blanket bog / cutover 
	950E

	Other
	· Wet / humid grassland

· Wet woodland
	80E

N/A

	

	Substitutes
	· No substitute sites identified as relevant to this case study site as there is no other area of upland bog in County Monaghan.

	

	Affected population
	· Eshbrack is in the North of County Monaghan and within reach of County Fermanagh and County Tyrone.  Due to its uniqueness and its facilities it is likely that this area will be visited by individuals from surrounding areas.  Therefore the affected population is set to that of County Monaghan, County Fermanagh and County Tyrone, i.e., 298,663 or 38 per km2.

	

	GDP
	· Given that Eshbrack bogs is likely to be visited by residents of County Monaghan along with residents from Northern Ireland the GDP is set to an average of that for the Irish Borders, i.e., €29,300, and the average for Northern Ireland, i.e., €26,000, or US$29,950 (U$2003).


5.3.6 Economic Valuation

Table 5.3.5 shows the values used within the Brander et al. (2008) function to value the Eshbrack bogs  (in addition to the standard variable settings used for each case study sites given in Section 4).
	Table 5.3.5: Economic value function for an estimated (1036Ha in the Eshbrack bogs)

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Wetland Type

Inland marshes

Peatbogs
	0.114

-1.356 (p<0.05)
	1

1
	Wetland valued here is classified as both inland marsh and peat bog.
	N/A

	GDP per capita for the case study area (logged)
	0.468 (p<0.01)
	$29,950


	The average GDP per capita for the Irish borders and Northern Ireland.
	Section 5.2.5

	Size of wetland area (natural log)
	-0.297 (p<0.01)
	ln (950)

ln(86)
	Number of ha of peat bog and inland marsh at the site.
	Table 5.2.4

	Population within 50 km of the case study site (logged)
	0.579 (p<0.01)
	ln(298,663 / 7854km2 )
	Population set to County Monaghan, Tyrone and Fermanagh.
	Section 5.2.5


	Wetland area within 50 km radius of the policy site (logged)
	-0.023 (NS)
	0
	No substitutes for this site
	

	Recreational fishing:
	-0.288 (NS)
	0
	
	Table 5.2.3


	Does the wetland provide for non-consumptive recreation:
	0.340 (NS)
	1
	
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%

NS – variables that were not statistically significant

SERVICES INCLUDED: flood control; water quality and quantity; recreation; aesthetics; biodiversity; *see  

                               below for carbon valuation.
              EXCLUDED: cultural heritage; livestock grazing


Carbon valuation

Despite the relatively limited ecological estimates relating to the carbon sequestration function of this site a rough estimate of carbon sequestration of 166.25 tonnes of carbon per year was made (this figure assumes that Eshbrack holds around 950ha of blanket bog; that about 70% is active, i.e., growing, and therefore actively sequestering carbon; and that undisturbed deep peat land can sequester carbon at the rate of  0.25tC per ha per yr Hargreaves et al., (2003); this estimate does not represent a full carbon budget for the site, i.e., methanogenesis estimates are not included, neither are any other GHG emission estimates).  The figure does not account for the total existing carbon held in store which would depend on knowing the total depth of peat (although the use of a global average of stored carbon in peatlands of 1,200tC / ha can give an approximation).  This gives an approximate existing carbon store for the site as 1,140,000 tonnes of carbon held in store in Eshbrack bog.    

Sensitivity analysis

This section details the sensitivity analyses that were completed to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by Eshbrack bogs.  The key sensitivity tests were: 

· Varying the population density used within the Brander et al. (2008) function by only including the population estimate for County Monaghan.
· Testing the change in the Euro per hectare per year value if the hectare estimate for substitute wetland sites is set to 1,036ha.

· Comparing the effect of the setting the variables for non-consumptive recreation, recreational fisheries, appearance and aesthetics and the harvesting of material to zero, one, zero, one respectively for both inland marsh and peat bog habitat types (the recreational fisheries services is not tested for peat bog, as this service is unlikely to be offered by this habitat type, similarly the harvesting of natural material is not tested for inland marsh habitat).

· Finally, comparing the effect on present values over 50 years by applying the TEEB discount rate of 0%.

The results of the sensitivity analysis that were conducted are shown in Table 5.3.6.
	Table 5.3.6: Results of sensitivity analysis (€2008) for Eshbrack bogs

	Value €2008 per year (min-max values)
	IM: 48,300 (18,318 – 64,414); PL: 79,300 (19,377 – 79,289); C: 7915.  Total yearly loss = 135,500

	

	
	€ per ha per year

(base estimate)
	€ per ha per year (sensitivity analysis)
	% change in values

	Affected population = County   Monaghan population only 
	IM 561, PB 83
	IM 213; PB 20
	-62%

	Changing the total ha’s of substitutes (from 0 to 1036) 
	IM 561, PB 83
	IM 479; PB 71
	-15%

	Ecosystems Services Provision

	Non-consumptive recreation from 1 to 0 
	IM 561, PB 83
	IM 400; PB 59
	-29%

	Recreational Fishing from 1 to 0 IM only
	IM 561, PB N/A
	IM 749, PB N/A
	+34%

	Appearance and Aesthetics from 1 to 0
	IM 561, PB 83
	IM 265, PB 39
	-53%

	Use materials for fuel from 0 to 1 
	IM N/A, PB 83
	IM N/A, PB 20
	-76%

	Change discount rate from 4% to 0%

	Use of the TEEB discount rate (0%)
	2,868,000 *+
	6,505,900+
	+227%+


*Shows the total value of the Eshbrack bogs over 50 years (calculated with 4% discount rate)
+ values do not include the carbon sequestration estimate; IM – inland marsh, PL – peat bog, C – Carbon sequestration.
5.3.7 Reporting 

The key messages from this case study include the following:

· Base estimate: Based on the model settings detailed in Table 5.3.5 and Table 4.1 in Section 4 the loss of the Eshbrack bogs would equate to €561 per ha per year and €83 per ha per year for inland marsh and peat bog habitats respectively.  The site has an estimated total value of €127,567 per year for the total area (or 135,500 with carbon sequestration) and €2,868,000 (not including carbon sequestration values) in present value terms applying the 4% TDR discount rate, or €6,505,900 when applying the TEEB discount rate of 0%.  Calculating the value of carbon sequestration of the site gives an approximate value of €7915 per year.  Thus the loss over 50 years equates to €177,900 (using the 4% TDR discount rate). 
· Range of estimates: The results of the sensitivity analysis show that the value of the loss of the Eshbrack bogs varies depending on the assumptions applied within the model from a minimum of €20 per ha per year to a maximum of €83 per ha per year for peat bogs and from €213 per ha per year to a maximum of €749 per ha per year for inland marsh.  Where the biggest change in value is seen when the ecosystem service of use of material for fuel wood is set to one. In terms of the present value of the loss of the Eshbrack bogs over 50 years, the use of the alternate 0% discount rate is the most influential factor increasing the value from €2,868,000 to €6,505,900 or by 227% (excluding carbon sequestration).  Due to the uniqueness of Eshbrack bog, the only blanket bog site in County Monaghan the 0% discount rate may be more appropriate as there are no available substitutes for the site.  

· The ecosystem services included within this estimate are: 

· Flood control;

· Water quality and quantity;

· Recreation;

· Aesthetics; and

· Biodiversity.

· The ecosystem service excluded from this estimate is cultural heritage. This would need to be valued in addition to those valued within the Brander model to drive the total value of the Eshbrack bogs.

The Eshbrack bogs are a unique resource and the only blanket peat bog within Monaghan County.  The site provides several recreational opportunities and has aesthetic qualities, these for the most part drive the value of the site.  In addition, the potential value of the site with regards to carbon sequestration is also significant (see above).  This is the largest case study site valued within the report at least three times the size of most of the other case study areas explaining the increased overall value of the area.  However, the peat bog habitat is calculated as having a relatively low value in comparison to that of inland marsh habitat.  Brander et al. (2008) explain this as likely because of the relative abundance of peatlands at the European level and that most of these are located in sparsely populated areas.  As with the previous case studies further information regarding the extent to which Eshbrack bogs is used for recreation may increase the overall value of the site as calculated by the Brander et al. (2008) model. However, to avoid double counting if this additional piece of economic evidence were included within an economic valuation those services associated with recreation, i.e., non-consumptive recreation, recreational fishing, and possibly appearance and aesthetics would need to be set to zero within the Brander model. 

The most significant omission for Eshbrack bogs in terms of the Brander model is the lack of an ecosystem service relating to carbon sequestration.  A value of €7915 per year was calculated for this function however, this value is not an estimate of the true carbon budget of the site as the process of methanogenesis and the carbon currently stored at the site are unaccounted for.  In addition, the total value for stored carbon is also unaccounted for; a rough estimate of this was calculated as approximately €54,000,000.  However, this must be put into context as the exact depth of peat across the site is unknown. Furthermore the exact condition of the site is unknown which would change the amount of carbon stored at the site.  For a fuller, less uncertain assessment of economic value, a primary valuation study could be used to generate a more accurate assessment of recreation and non-use values in addition to ecological research to estimate an accurate carbon budget for the area.  

5.4 Cornaglare
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5.4.1 Site description
Cornaglare is an inter-drumlin wetland situated just south of Monaghan Town.  It comprises two mesotrophic lakes and peatland wetland habitats joining them and surrounding them.  The site was surveyed in the as part of the 2007 Fen Survey, and the main habitats existing at the site were identified as transition mire, cutover bog and wet woodland.  Other habitats at the site include wet grassland, poor fen and flush, transition mire scrub and hedgerows.

The two lakes are largely bordered by peat habitats (as described above) although the larger Lough (to the north-east) is bordered on the eastern boundary by a road and to the north by grazed farmland.  The western lake appears to be used for fishing, with fisheries information signs at the access gate.  In a wider context the site is generally surrounded by sloping farmland that is either grazed or cut for silage, or both.  The area adjacent to the road on the eastern bank of the larger lake is used to store farm machinery.

The 2007 Monaghan Fen Survey attributes National Importance (B classification) to this site.  The 2007 Monaghan Dragonfly Survey gave the site a classification of Regionally Important on the basis of its dragonfly population.
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5.4.2 Current descriptions and threats to the area

Cornaglare faces the same threats as many inter-drumlin wetlands in the county. These include infilling and pollution. Specific current threats at the site include infilling to provide hard standing storage area, leaking of oil and fuel into the lake, possible washing of tanks (e.g. slurry tanks) in the lake, agricultural pollution from slurry spreading, pollution from septic tanks. 

5.4.3 Ecosystems services currently provided

Table 5.4.1 below shows which ecosystem services are provided across each different habitat type.  If a column is greyed out, the habitat type is not present within the case study area.
5.4.4 Qualitative description of loss

Before a description of qualitative loss can be given the ecosystem services described in Table 5.4.1 need to be classified as ‘intermediate’ or ‘final’ ecosystem services (see Section 2.4).  Table 5.4.2 shows the results of this classification, the table also shows which ecosystem services are provided across each wetland habitat type, the type of economic evidence associated with each and the scale of the population to be considered when evaluating each site.

	Table 5.4.1: Cornaglare - Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	Main categories
	FW wetlands - open water
	FW wetlands - waterlogged and inundation habitats
	Terrestrial

	detailed habitat description
	lakes and ponds
	water

courses
	blanket bog
	Fen
	Swamp
	Marsh / Wet GL
	Wet WL
	Other GL
	Other native WL

	Provisioning services

	Fibre & construction prods.
	-
	
	
	○
	○
	-
	○
	
	●

	Food and drink products
	○
	
	
	-
	-
	●
	○
	
	○

	Medicinal & cosmetic prods
	-
	
	
	-
	-
	-
	-
	
	-

	Ornamental products 
	-
	
	
	-
	-
	-
	○
	
	○

	Renewable energy sources
	○
	
	
	-
	-
	-
	○
	
	●

	Regenerative services
	●
	
	
	●
	●
	-
	-
	
	-

	Maintenance of surface water stores
	●
	
	
	●
	●
	○
	○
	
	-

	 Groundwater replenishment
	●
	
	
	●
	●
	●
	●
	
	-

	Biochemicals and genetics
	-
	
	
	-
	-
	-
	-
	
	-

	Regulating services

	Air quality regulation
	●
	
	
	●
	●
	●
	●
	
	●

	Global climate (carbon sequestration)
	-
	
	
	○
	○
	-
	●
	
	●

	Local climate 
	●
	
	
	●
	●
	●
	●
	
	●

	Water regulation (flood risk mitigation) 
	●
	
	
	●
	●
	●
	●
	
	-

	Filtration of water
	●
	
	
	●
	●
	●
	●
	
	-

	Detoxification of water and sediment
	●
	
	
	●
	●
	●
	-
	
	-

	Pest regulation
	●
	
	
	-
	-
	-
	○
	
	○

	Disease regulation
	?
	
	
	?
	?
	?
	?
	
	?

	Pollination
	-
	
	
	●
	●
	●
	○
	
	○

	Erosion regulation
	-
	
	
	●
	●
	●
	●
	
	●

	Cultural services

	Recreation and tourism
	●
	
	
	○
	○
	●
	○
	
	●

	Aesthetic
	●
	
	
	●
	●
	●?
	●
	
	●

	Education
	●
	
	
	○
	○
	○
	○
	
	○

	Cultural heritage
	●
	
	
	○
	○
	○
	○
	
	○

	Supporting services

	Soil formation
	●
	
	
	●
	●
	●
	●
	
	●

	Primary production
	●
	
	
	●
	●
	●
	●
	
	●

	Nutrient cycling
	●
	
	
	-
	-
	●
	●
	
	●

	Habitat provision
	●
	
	
	●
	●
	●
	●
	
	●

	Biodiversity 
	●
	
	
	●
	●
	●
	●
	
	●


Entries marked in red are being finalised, FW – freshwater, WL – woodland, GL - grassland (●) a service is provided & important, (ο) a potential service; (-) services is not provided, and (?) unknown.  Biodiversity includes salmonids, bats and freshwater crayfish.

	Table 5.4.2:Cornaglare -  Ecosystem service classification between ‘intermediate’ and ‘final’ ecosystem services.

	Ecosystem service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen 
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	
	-
	-
	C
	-
	DU
	L

	
	
	Value of recreational fish catch 
	
	-
	-
	C
	-
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context, i.e., cooling, agriculture and so on
	
	C
	C
	P
	P
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal, (inc. detox. of water & sediment)
	
	C
	C
	-
	-
	IU
	

	Climate and regulation
	Nutrient cycling, soil formation and retention
	C sequestration
	
	P
	-
	-
	C
	IU/NU
	G

	
	Nutrient cycling, soil formation and retention
	Localised climate affects
	
	C
	C
	C
	C
	
	L

	
	Nutrient cycling, soil formation and retention, primary production
	Localised air quality
	
	C
	C
	C
	C
	
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	
	C
	C
	C
	C
	IU
	L/R 



	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water and water quality
	Drinking water quality & quantity
	
	C
	C
	C
	C
	IU
	

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	
	-
	-
	C
	-
	DU
	L/ visitors & specialist

	
	
	Hiking
	
	-
	-
	C
	-
	DU
	

	
	
	Bird watching
	
	-
	-
	C
	-
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	
	C
	C
	C
	C
	DU
	L 

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	
	P
	P
	P
	P
	DU/NU
	L/R/N



	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity 
	
	C
	C
	C
	C
	NU
	


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L – local, R – regional, N – national, G – global. Grey cell - habitat type not present at the study site.
Following on from Table 5.4.2 above, the list below gives a qualitative description of the ecosystem service loss expected for each of the final services identified along with the level of impact.  

	Table 5.4.3: Cornaglare -  Qualitative description of ecosystem service change

	Ecosystem service
	Qualitative description of change
	Impact

	Livestock grazing
	No stock at site
	

	Recreational fish catch
	Likely to be low level impact
	Low 

	Water used in a commercial context
	Unknown
	Unknown

	Waste disposal
	Some potential loss but value of regenerative services unknown (and probably incidental)
	Unknown

	Carbon sequestration
	Loss of carbon sequestration capacity of peat bog habitat
	Medium

	Local climate
	Local increase in CO2 if not replaced by other vegetation
	likely to be low 

	Air quality regulation
	Loss of oxygen production from photosynthesis
	Low to medium

	Flood risk mitigation
	Loss of flood amelioration capacity and impact on downstream areas.
	High

	Drinking water quantity and quality
	· Maintenance of surface water stores: A significant area of habitat important for maintaining surface water stores would be lost.

· Groundwater replenishment: aquifer value of the area is not known.

· Water quality: existing quality is likely to be central to water quality of surrounding areas.
	High

	Recreation and tourism
	Area is used for angling (at a low level).
	Medium

	Aesthetic
	Loss of inter-drumlin habitat, characteristic of County Monaghan
	High

	Cultural heritage
	Unknown
	Unknown

	Biodiversity
	Direct loss of species associated with inter-drumlin peat habitats
	High


5.4.5 Quantitative Assessment

The ‘bundled’ approach applied within this methodology relies on the quantification of the number of hectares of inland marsh and peat bogs (see Section 4.2) for each case study site.  The figures for Cornaglare were taken from the 2007 Fen Survey, Cornaglare was well mapped as part of the survey and these estimates are rounded to the nearest hectare where appropriate.  Table 5.3.4 shows the estimated number of hectares of each wetland type in the Cornaglare along with an estimation of the substitute sites. 
	Table 5.4.4: Quantitative assessment of Cornaglare details include: the size of different habitats, substitute sites, the affected population and GDP per capita estimate.

	Wetland type CORINE
	Broader wetland type
	Total number of hectares

	Inland marsh
	· Fen

· Swamp and marsh
	1

5

	Peat bogs
	· Blanket bog / cutover 
	N/A

	Other
	· Wet / humid grassland

· Wet woodland
	1

3.5

	

	Substitutes
	· Summerhill Lough (1.27ha) (provides provisioning, regulating and cultural services)

· Crinkill Lough (6.09ha) (provides provisioning, regulating and cultural services)

· Rosefield Lake (4.5E) (provides provisioning, regulating and cultural services)

	

	Affected population
	· Cornaglare is in the middle of County Monaghan and approximately 18 km from County Armagh, County Fermanagh and County Cavan.  However, it is unlikely that this particular wetland attracts visitors from outside County Monaghan as it is not particularly unique, although it does provide an area for recreational fishing.  So for this case study site the affected population is set to that of County Monaghan, i.e., 55,997 or a density of 7.12 per km within the 50 km radius necessary for the Brander et al. (2008) function.

	

	GDP
	· Given that the Cornaglare is likely to be visited by residence of County Monaghan GDP is set to that for the Irish Borders, i.e., 29,300 or US$31,700 (2003 prices).


5.4.6 Economic Valuation

Table 5.4.5 shows the values used within the Brander et al. (2008) function to value the Cornaglare  (in addition to the standard variable settings used for each case study sites given in Section 4).

	Table 5.4.5: Economic value function for an estimated (7Ha in the Cornaglare)

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Wetland Type

Inland marshes

Peatbogs
	0.114

-1.356 (p<0.05)
	1

1
	Wetland valued here is classified as inland marsh.
	N/A

	GDP per capita for the case study area (logged)
	0.468 (p<0.01)
	$31,700

	The mean GDP per capita for the Irish borders €29,300.
	Section 5.2.5

	Size of wetland area (natural log)
	-0.297 (p<0.01)
	ln (7)


	Number of hectares of inland marsh within Cornaglare.
	Table 5.2.4

	Population within 50 km of the case study site (logged)
	0.579 (p<0.01)
	ln(55,997 / 7854km2 )
	Population set to that of County Monaghan.  
	Section 5.2.5


	Wetland area within 50 km radius of the policy site (logged)
	-0.023 (NS)
	ln(11.86)
	The hectares of substitute sites available within 50km are 11.86.
	

	Recreational fishing:
	-0.288 (NS)
	1
	
	Table 5.2.3

	Does the wetland provide for non-consumptive recreation:
	0.340 (NS)
	0
	
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%

NS – variables that were not statistically significant
SERVICES INCLUDED: flood control; water quality and quantity; recreation; aesthetics; biodiversity

              EXCLUDED: carbon sequestration


Sensitivity analysis

This section details the sensitivity analyses that were completed to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by the Cornaglare.  The key sensitivity tests were: 

1. Varying the population density used within the Brander et al. (2008) function by including the population estimates of the wider area.

2. Testing the change in the per hectare per year value if the hectare estimate for substitute wetland sites is set to 7ha.

3. Comparing the effect of the setting the variables for non-consumptive recreation, recreational fisheries and appearance and aesthetics to one, zero, and zero respectively.

4. Finally, comparing the use of the TEEB discount rate of 0% to determine the change in the total value of the case study site over 50 years.

The results of the sensitivity analysis that were conducted are shown in Table 5.4.6.
	Table 5.4.6: Results of sensitivity analysis (€2008) for Cornaglare

	Value €2008 per year (min-max values)
	2,170

(1,022-5,040)

	

	Habitat – Inland marsh


	€ per ha per year

(base estimate)
	€ per ha per year (sensitivity analysis)
	% change in values

	Affected population includes County   Monaghan, Armagh, Cavan and Fermanagh 
	310
	720
	+232%

	Decreasing the total ha’s of substitutes (from 11.886 to 7)
	310
	314
	+1%

	Ecosystems Services Provision

	Non-consumptive recreation from 0 to 1
	310
	435
	+40%

	Recreational Fishing from 1 to 0
	310
	413
	+33%

	Appearance and Aesthetics from 1 to 0
	310
	146
	-53%

	Change discount rate from 4% to 0%

	Use of the TEEB discount rate (0%)
	48,800*
	110,650
	+227%


*Shows the total value of Cornaglare over 50 years (calculated with 4% discount rate)
5.4.7 Reporting 

The key messages from this case study include the following:

· Base estimate: Based on the model settings detailed in Table 5.4.5 and Table 4.1 in Section 4, the loss of Cornaglare would amount to decrease in value of €310 per ha per year, or €2,170 per year for the total area of the site.  This would equate to €48,800 in present value terms over 50 years applying the 4% TDR discount rate.

· Range of estimates: The results of the sensitivity analysis show that the value of the loss of Cornaglare varies depending on the assumptions applied within the model from a minimum of €146 per ha per year to a maximum of €720 per ha per year for inland marsh.  Where the biggest change in value is seen when the affected population is expanded.  In terms of the present value of the loss of Cornaglare over 50 years, i.e., the use of the alternate 0% discount rate is the most influential factor increasing the value from €48,800 to €110,650 or by 227%. The relatively low present value of Cornaglare is driven by several factors; 

· The site is one of the smaller case study areas at just 7ha’s; 

· The total number of hectares of substitute sites available is greater than the size of the site itself;

· The affected population is identified as those who reside in Monaghan county only; and 

· Finally, the site does not provide non-consumptive recreation, i.e., individuals do not use the site for recreation such as hiking etc. (the site does of course have the potential to provide this service).

· The ecosystem services included within this estimate are: 

· Flood control;

· Water quality and quantity;

· Recreation;

· Aesthetics; and

· Biodiversity.

· The ecosystem service excluded from this estimate is carbon sequestration. The function does not include a valuation of the carbon sequestration potential of the area and there are currently no estimates available in terms of ecological data to aid in valuing this function.  Other services such as cultural heritage, live stock grazing, education, waste disposal, water for use in industry are not provided by this site.
Although, the value of Cornaglare might seem relatively low one must remember that in a wider context, Cornaglare in addition to some of the other wetland case study sites make up the majority of wetland sites within County Monaghan.  Thus while the value of one such site may seem small in comparison to the more unique sites of the Dromore wetlands and Eshbrack bogs, it is the number of similar wetlands of this type that will be more telling of the wider value of smaller common wetlands to the County overall.  In terms of Monaghan’s wetland sites in general it is worth noting that several sites might be similar to Cornaglare and thus have a similar economic value, which may translate to larger values following the appropriate aggregation.  

5.5 Grove Lough
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5.5.1 Site description
Grove Lough in the northern part of County Monaghan, near Emyvale was a public water supply lake until 2008, covers an area of around 4 hectares and is surrounded by fringing habitat including wet grassland and native woodland.  The site is bordered to the north-east by a minor road, to the north by some light industry units and elsewhere by grazed farmland.  The lake itself shows characteristics of mesotrophic lakes and contains considerable areas of floating (e.g. yellow water lily Nuphar lutea) and emergent (e.g. bogbean Menyanthes trifoliate and horsetail Equisetum species) vegetation.   The lake is surrounded by scrub and wet woodland to the south-east and north-east, notably including willow, alder and ash.  To the west the site is bordered by farmland that is cut for silage.  This farmland buts up close to the shore of the lake with just a small fen fringe.  The woodland at the site joins with hedgerows in the area.  The light industrial units to the north of the site appear to have been built on infill in a wetland area.

The site was not included in the 2007 or 2008 Monaghan Fen Survey and so has not been attributed an evaluation classification.  However, it was surveyed during the 2008 Monaghan Irish damselfly survey and was found to be one of the largest colonies of this nationally scarce species in Monaghan.  It is likely that the site should be considered as of ‘High’ value, locally important’ – classification C in terms of general conservation importance.  It has been classified in the County Monaghan Irish Damselfly and Water Beetle Survey (Woodrow and Nelson, 2009) as a Nationally Important site for dragonflies because of its significant Irish damselfly population.

5.5.2 Current descriptions and threats to the area

Threats facing the site include pollution from agricultural sources, notably slurry spreading since the fields to the west slope down to the edge of the site with little protection in the form of fringing vegetation.  In addition, the infilling and possible pollution arising from light industry at the north end of the site is an issue.

5.5.3 Ecosystems services currently provided

Table 5.5.1 below shows which ecosystem services are provided across each different habitat type.  If a column is greyed out, the habitat type is not present within the case study area.
	Table 5.5.1: Grove Lough - Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	Main categories
	FW - open water
	FW - waterlogged and inundation habitats
	Terrestrial

	detailed habitat description
	lakes and ponds
	water

courses
	blanket bog
	Fen
	Swamp
	Marsh / Wet GL
	Wet WL
	Other GL
	Other native WL

	Provisioning services

	Fibre and construction products
	-
	
	
	○
	○
	
	○
	-
	●

	Food and drink products
	○
	
	
	○
	○
	
	○
	●
	○

	Medicinal and cosmetic products
	-
	
	
	-
	-
	
	-
	-
	-

	Ornamental products 
	-
	
	
	-
	-
	
	○
	-
	○

	Renewable energy sources
	○
	
	
	-
	-
	
	○
	-
	●

	Regenerative services
	●
	
	
	●
	●
	
	-
	-
	-

	Maintenance of surface water stores
	●
	
	
	●
	●
	
	○
	-
	-

	Groundwater replenishment
	●
	
	
	●
	●
	
	●
	-
	-

	Biochemicals and genetics
	-
	
	
	-
	-
	
	-
	-
	-

	Regulating services

	Air quality regulation
	●
	
	
	●
	●
	
	●
	●
	●

	Global climate (carbon sequestration)
	-
	
	
	○
	○
	
	●
	-
	●

	Local climate 
	●
	
	
	●
	●
	
	●
	●
	●

	Water regulation (flood risk mitigation) 
	●
	
	
	●
	●
	
	●
	-
	-

	Filtration of water
	●
	
	
	●
	●
	
	●
	-
	-

	Detoxification of water and sediment
	●
	
	
	●
	●
	
	-
	-
	-

	Pest regulation
	●
	
	
	-
	-
	
	○
	-
	○

	Disease regulation
	
	
	
	
	
	
	
	
	

	Pollination
	-
	
	
	●
	●
	
	○
	○
	○

	Erosion regulation
	-
	
	
	●
	●
	
	●
	●
	●

	Cultural services

	Recreation and tourism
	●
	
	
	○
	○
	
	○
	●
	●

	Aesthetic
	●
	
	
	●
	●
	
	●
	
	●

	Education
	●
	
	
	○
	○
	
	○
	○
	○

	Cultural heritage
	●
	
	
	○
	○
	
	○
	○
	○

	Supporting services

	Soil formation
	●
	
	
	●
	●
	
	●
	●
	●

	Primary production
	●
	
	
	●
	●
	
	●
	●
	●

	Nutrient cycling
	●
	
	
	-
	-
	
	●
	●
	●

	Habitat provision
	●
	
	
	●
	●
	
	●
	●
	●

	Biodiversity 
	●
	
	
	●
	●
	
	●
	L
	●


Entries marked in red are being finalised, FW – freshwater, WL – woodland, GL - grassland (●) a service is provided & important, (ο) a potential service; (-) services is not provided, and (?) unknown.  Biodiversity includes salmonids, bats and freshwater crayfish. L – limited.
	Table 5.5.2: Grove Lough - Ecosystem service classification between ‘intermediate’ and ‘final’ ecosystem services.

	Ecosystem service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen 
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	
	-
	-
	
	-
	DU
	L

	
	
	Value of recreational fish catch 
	
	?
	?
	
	?
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context, i.e., cooling, agriculture and so on
	
	-
	-
	
	-
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal, (inc. detox. of water & sediment)
	
	?
	?
	
	?
	IU
	

	Climate and regulation
	Nutrient cycling, soil formation and retention
	C sequestration
	
	C
	-
	
	C
	IU/NU
	G

	
	Nutrient cycling, soil formation and retention
	Localised climate affects
	
	C
	C
	
	C
	IU/NU
	L

	
	Nutrient cycling, soil formation and retention, primary production
	Localised air quality
	
	C
	C
	
	C
	IU/NU
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	
	C
	C
	
	C
	IU
	L/R

	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water and water quality
	Drinking water quality & quantity
	
	-
	-
	
	-
	IU
	

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	
	?
	?
	
	?
	DU
	Local / visitors & specialist

	
	
	Hiking
	
	?
	?
	
	?
	DU
	

	
	
	Bird watching
	
	?
	?
	
	?
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	
	C
	C
	
	C
	DU
	Local 

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	
	P
	P
	
	P
	DU/NU
	L/R/N



	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity 
	
	C
	C
	
	C
	NU
	


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L – local, R – regional, N – national, G – global. Grey cell - habitat type not present at the case study.
5.5.4 Qualitative Assessment 

Following on from Table 5.5.2 above, the list below gives a qualitative description of the ecosystem service loss expected for each of the final services identified along with the level of impact.  

	Table 5.5.3: Grove Lough - Qualitative description of ecosystem service change

	Ecosystem service
	Qualitative description of change
	Impact

	Livestock grazing
	no known use for grazing
	None

	Recreational fish catch
	Unknown
	Unknown

	Water used in a commercial context
	Unknown
	Unknown

	Waste disposal
	Some potential loss but value of regenerative services unknown (and probably incidental)
	Unknown

	Carbon sequestration
	Loss of carbon sequestration capacity of small woodland area
	Low

	Local climate
	Change in albedo effect locally, local increase in CO2
	likely to be low 

	Air quality regulation
	Loss of oxygen production from photosynthesis
	Low to medium

	Flood risk mitigation
	Loss of flood amelioration capacity and impact on downstream areas.
	High

	Drinking water quantity and quality
	· Maintenance of surface water stores: The site itself is largely a surface water store.

· Groundwater replenishment: aquifer value of the area is not known.

· Water quality: Existing wetland ecosystem likely to be central to water quality of surrounding areas.
	High

	Recreation and tourism
	Unknown
	Unknown

	Aesthetic
	Loss of inter-drumlin habitat, characteristic of County Monaghan (but site somewhat hidden)
	Medium to high

	Cultural heritage
	Unknown
	Unknown

	Biodiversity
	Direct loss of species associated with high quality mesotrophic lake, including large Irish damselfly population
	High


 
5.5.5 Quantitative Assessment 

The ‘bundled’ approach applied within this methodology relies on the quantification of the number of hectares of inland marsh and peat bogs (see Section 4.2) for each of the case study. The figures for Grove Lough were estimated from a site visit, correlated with an aerial photograph.  Table 5.3.4 shows the estimated number of hectares of each wetland type in the Grove Lough along with an estimation of the substitute sites. 
	Table 5.5.4: Quantitative assessment of Grove Lough details include: the size of different habitats, substitute sites, the affected population and GDP per capita estimate.

	Wetland type CORINE
	Broader wetland type
	Total number of hectares

	Inland marsh
	· Fen

· Swamp and marsh
	0.01

0.03

	Peat bogs
	· Blanket bog / cutover 
	N/A

	Other
	· Wet / humid grassland

· Wet woodland
	0.01

N/A

	

	Substitutes**
	· Aghnamullen Fen (3ha) (provides provisioning, regulating and cultural services)

· Tully Lake (3E ha) (provisioning and regulating services)

· Emy Lough (5E ha) (provides provisioning, regulating and cultural services)

	

	Affected population
	· The Grove Lough site is within 8-10 km of County Armagh, County Tyrone and Monaghan town centres, however, it is unlikely that this particular wetland attracts visitors from outside County Monaghan as it is not particularly unique.  So for this case study site the affected population is set to that of County Monaghan, i.e., or a density of 7.12 per km within the 50 km radius necessary for the Brander et al. (2008) function.

	 

	GDP
	· Given that the Grove Lough is likely to be visited by residence of County Monaghan GDP is set to that for the Southern Border towns, i.e., €29,300 or US$31,700 (2003 prices).


E-estimated measurement, ** Although substitute sites have been identified, if Grove Lough is lost then the population of Irish Damselfly at the site will be lost.
5.5.6 Economic Valuation 
Table 5.5.5 shows the values used within the Brander et al. (2008) function to value the Grove Lough  (in addition to the standard variable settings used for each case study sites given in Section 4).
	Table 5.5.5: Economic value function for an estimated (0.5Ha in Grove Lough)

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Wetland Type

Inland marshes

Peatbogs
	0.114

-1.356 (p<0.05)
	1

1
	Wetland valued here is classified as inland marsh.
	

	GDP per capita for the case study area (logged)
	0.468 (p<0.01)
	$31,700


	The mean GDP per capita for the Irish borders €29,300.
	Section 5.2.5

	Size of wetland area (natural log)
	-0.297 (p<0.01)
	ln (0.5)


	Number of hectares of inland marsh within Grove Lough.
	Table 5.2.4

	Population within 50 km of the case study site (logged)
	0.579 (p<0.01)
	ln(55,997 / 7854km2 )
	Population set to that of County Monaghan.  
	Section 5.2.5


	Wetland area within 50 km radius of the policy site (logged)
	-0.023 (NS)
	ln(11)
	The ha’s of substitute sites available within 50km is 11.
	

	Recreational fishing:

	-0.288 (NS)
	0
	
	Table 5.2.3


	Does the wetland provide for non-consumptive recreation:
	0.340 (NS)
	0
	
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%

NS – variables that were not statistically significant
SERVICES INCLUDED: flood control; water quality and quantity; recreation; aesthetics; biodiversity

              EXCLUDED: carbon sequestration


Sensitivity analysis

This section details the sensitivity analyses that were completed to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by Grove Lough.  The key sensitivity tests were: 

1. Varying the population density used within the Brander et al. (2008) function by either including the population estimates of the wider area.

2. Testing the change in the per hectare per year value if the hectare estimate for substitute wetland sites is set to 0.5ha.

3. Comparing the effect of the setting the variables for non-consumptive recreation, recreational fisheries and appearance and aesthetics to one, one, and zero respectively.

4. Finally, comparing the use of the TEEB discount rate of 0% to determine the change in the total value of the case study site over 50 years.

The results of the sensitivity analysis that were conducted are shown in Table 5.5.6.
	Table 5.5.6: Results of sensitivity analysis (€2008) for Grove Lough

	Value €2008 per year (min-max values)
	453

(214-1187)

	

	Habitat – Inland marsh


	Immediate effect

Original value per ha per year
	value per ha per year following sensitivity analysis
	% change in values

	Affected population includes County   Monaghan, Armagh and Tyrone 
	907
	2,373
	+262%

	Decreasing the total ha’s of substitutes (from 11 to0.5)
	907
	974
	+7%

	Ecosystems Services Provision

	Non-consumptive recreation from 1 to 0
	907
	1,274
	+40%

	Recreational Fishing from 0 to 1
	907
	680
	-25%

	Appearance and Aesthetics from 1 to 0
	907
	427
	-53%

	Change discount rate from 4% to 0%

	Use of the TEEB discount rate (0%)
	10,200*
	23,100
	+227%


*Shows the total value of Grove Lough over 50 years (calculated with 4% discount rate)

5.5.7 Reporting 

The key messages from this case study include the following:

· Base estimate: Based on the model settings detailed in Table 5.1.5 and Table 4.1 in Section 4 the loss of Grove Lough would equate to €907 per ha per year, or €453 per year for the total area of the site.  This translates to a loss of €10,200 in present value terms over 50 years applying the 4% TDR discount rate.
· Range of estimates: The results of the sensitivity analysis show that the value of the loss of Grove Lough varies depending on the assumptions applied within the model from a minimum of €427 per ha per year to a maximum of €2,737 per ha per year for inland marsh.  Where the biggest change in value is seen when the affected population is expanded.  In terms of the present value of the loss of Grove Lough over 50 years, the use of the alternate 0% discount rate changes the loss over 50 years from €10,200 to €23,100 or by 227% which is less influential than changing the affected population.  The relatively low value of Grove Lough is driven by several factors: 

· The site is one of the smaller case study areas at just 0.5 of a hectare in size; 

· The total number of hectares of substitute sites available is greater than the size of the site itself; and 

· Finally, the affected population is identified as those who reside in Monaghan County only. 

· The ecosystem services included within this estimate are: 

· Flood control;

· Water quality and quantity;

· Recreation;

· Aesthetics; and

· Biodiversity.

· The ecosystem service excluded from this estimate is carbon sequestration. The function does not include a valuation of the carbon sequestration potential of the area and there are currently no estimates available in terms of ecological data to aid in valuing this function.

Grove Lough is the smallest of the case study sites and consequently the lowest value, i.e., €453 per year.  While the value of one such site may seem small in comparison to the more unique sites of the Dromore wetlands and Eshbrack bogs, it is the number of similar wetlands of this type that will be more telling of the wider value of smaller common wetlands to the County overall.  

5.6 Castle Leslie constructed wetlands
[image: image13.png]



5.6.1 Site description
This site is an ‘Integrated Constructed Wetland’ which has been created specifically to deal with sewage arising from the village of Glaslough in Co. Monaghan.  The wetland system was has been operational since 2008.  The site lies adjacent to the Mountain Water River and is surrounded by woodland, within the Castle Leslie demesne.  It comprises a series of 5 sequential vegetated wetlands through which sewage flows as it becomes treated by microbes within the vegetation complex.  The total wetland area at the site is in the region of 3.25 hectares.

The wetland has been planted up with a number of wetland plant species that facilitate sewage treatment.  These include Phragmites australis (common reed), Typha latifolia and Typha angustifolia (reedmace species) and Glyceria maxima (reed sweet-grass).  The wetland vegetation at the site has developed well to date and covers around 95% of the wetland area leaving only a small amount of open water.

The site includes a series of pathways that are exclusively used by the Castle Leslie Equestrian Centre.  The site has not been attributed a classification for nature conservation importance. However, it is likely that the site provides important feeding habitat for bats (protected under Annex IV of the EU Habitats Directive), for example.  It may, therefore, be considered to be at least as of ‘High value, locally important’ – classification C. 

5.6.2 Current descriptions and threats to the area

There are no obvious current threats at this site, although it is important to note that its existence is entirely owed to its function for sewage treatment.  As such it needs to be monitored with respect to its effectiveness in this respect and will be subject to compliance with any changes in water quality discharge parameters.

5.6.3 Ecosystems services currently provided

Table 5.6.1 below shows which ecosystem services are provided across each different habitat type.  If a column is greyed out, the habitat type is not present within the case study area.

	Table 5.6.1: Castle Leslie - Ecosystem services for freshwater wetlands and terrestrial water-influenced habitats

	main categories
	FW  - open water
	FW - waterlogged and inundation habitats
	Terrestrial

	detailed habitat description
	lakes and ponds
	water courses
	blanket bog
	Fen
	Swamp
	marsh inundation GL
	Wet WL
	Other GL
	Other native

 WL

	Provisioning services

	Fibre & construction prods.
	-
	 
	 
	
	○
	 
	 
	 
	 

	Food & drink prods.
	○
	 
	 
	
	○
	 
	 
	 
	 

	Medicinal & cosmetic prods.
	-
	 
	 
	
	-
	 
	 
	 
	 

	Ornamental prods.
	-
	 
	 
	
	-
	 
	 
	 
	 

	Renewable energy sources
	○
	 
	 
	
	-
	 
	 
	 
	 

	Regenerative services
	●
	 
	 
	
	●
	 
	 
	 
	 

	Maintenance of surface water stores
	●
	 
	 
	
	●
	 
	 
	 
	 

	Groundwater replenishment
	●
	 
	 
	
	●
	 
	 
	 
	 

	Biochemicals & genetics
	-
	 
	 
	
	-
	 
	 
	 
	 

	Regulating services

	Air quality regulation
	●
	
	
	
	●
	 
	 
	 
	 

	Global climate (carbon sequestration)
	-
	
	
	
	-
	 
	 
	 
	 

	Local climate 
	●
	
	
	
	●
	 
	 
	 
	 

	Water regulation (flood risk mitigation) 
	●
	
	
	
	●
	 
	 
	 
	 

	Filtration of water
	●
	
	
	
	●
	 
	 
	 
	 

	Detoxification of water & sediment
	●
	
	
	
	●
	 
	 
	 
	 

	Pest regulation
	●
	
	
	
	-
	 
	 
	 
	 

	Disease regulation
	
	
	
	
	
	 
	 
	 
	 

	Pollination
	-
	
	
	
	●
	 
	 
	 
	 

	Erosion regulation
	-
	
	
	
	●
	 
	 
	 
	 

	Cultural services

	Recreation and tourism
	●
	 
	 
	
	○
	 
	 
	 
	 

	Aesthetic
	●
	 
	 
	
	●
	 
	 
	 
	 

	Education
	●
	 
	 
	
	○
	 
	 
	 
	 

	Cultural heritage
	●
	 
	 
	
	○
	 
	 
	 
	 

	Supporting services

	Soil formation
	●
	
	
	
	●
	 
	 
	 
	 

	Primary production
	●
	
	
	
	●
	 
	 
	 
	 

	Nutrient cycling
	●
	
	
	
	-
	 
	 
	 
	 

	Habitat provision
	●
	
	
	
	●
	 
	 
	 
	 

	Biodiversity 
	●
	
	
	
	●
	 
	 
	 
	 


Entries marked in red are being finalised, FW – freshwater, WL – woodland, GL - grassland (●) a service is provided & important, (ο) a potential service; (-) services is not provided, and (?) unknown.  L – limited.
	Table 5.6.2: Castle Leslie - Ecosystem service classification between ‘intermediate’ and ‘final’ ecosystem services.

	Ecosystem 
service
	Contributing ecosystem functions
	Final goods and services
	PL – blanket bog
	Fen 
	Swamp
	Marsh/ Wet GL
	Wet WL
	TEV
	Pop.

	Food


	Primary production, habitat provision, nutrient cycling, waste water and water quality, pest regulation
	Livestock grazing
	
	
	-
	
	
	DU
	L

	
	
	Value of recreational fish catch 
	
	
	?
	
	
	DU
	

	Water


	Nutrient cycling, waste water and water quality
	Water used in a commercial context, i.e., cooling, agriculture and so on
	
	
	-
	
	
	DU
	

	
	Bioremediation of waste, nutrient cycling
	Waste disposal, (inc. detox. of water & sediment)
	
	
	C
	
	
	DU
	

	Climate and regulation
	Nutrient cycling, soil formation and retention
	C sequestration
	
	
	-
	
	
	IU/NU
	G

	
	Nutrient cycling, soil formation and retention
	Localised climate affects
	
	
	C
	
	
	IU/NU
	L

	
	Nutrient cycling, soil formation and retention, primary production
	Localised air quality
	
	
	C
	
	
	IU/NU
	

	Water regulation
	Soil formation, Erosion regulation
	Flood protection
	
	
	C
	
	
	IU
	L/R 



	Water purification
	Nutrient cycling, Soil formation, Erosion regulation, waste water & water quality
	Drinking water quality & quantity
	
	
	-
	
	
	IU
	

	Recreational values


	Primary production, habitat provision, nutrient cycling, waste water and water quality, landscape, biodiversity.
	Fishing
	
	
	?
	
	
	DU
	L/ visitors & specialist



	
	
	Hiking
	
	
	C
	
	
	DU
	

	
	
	Horse ridding
	
	
	C
	
	
	DU
	

	Landscape
	Primary production, habitat provision, landscape, biodiversity
	Landscape (amenity to local residents)
	
	
	C
	
	
	DU
	L 

	Cultural and heritage
	Soil formation, Erosion regulation
	Discovery/protection of archaeological heritage
	
	
	-
	
	
	DU/NU
	L/R/N

	Habitat provision
	Primary production, habitat provision, landscape, pest regulation, biodiversity
	Biodiversity 
	
	
	C
	
	
	NU
	


C- currently provided service, P- potential service, - service not provided, ? unknown; IU – Indirect use, DU – Direct use, NU – Non-use. PL – Peatland, WL – woodland, GL – Grassland. L- local, R – regional, N – national, G – global. Grey cell - habitat type not present at the case study.
5.6.4 Qualitative Assessment 

	Table 5.6.3: Castle Leslie - Qualitative description of ecosystem service change

	Ecosystem service
	Qualitative description of change
	Impact

	Livestock grazing
	Area is not used for livestock grazing
	None

	Recreational fish catch
	Unknown
	Unknown

	Water used in a commercial context
	Unknown
	Unknown

	Waste disposal
	Loss of wetland would mean effluent piped elsewhere and construction of new treatment system. 
	 High

	Carbon sequestration
	Minimal impact unless area is actively accumulating peat (unlikely)
	Low

	Local climate
	Local increase in CO2 if not replaced by other vegetation
	likely to be low 

	Air quality regulation
	Loss of oxygen production from photosynthesis
	Low to medium

	Flood risk mitigation
	Loss of flood amelioration capacity and impact on downstream areas.
	Medium

	Drinking water quantity and quality
	· Maintenance of surface water stores: A significant area of habitat important for maintaining surface water stores would be lost.

· Groundwater replenishment: role of area in groundwater replenishment is currently unknown.
· Water quality: leading to local loss of surface water if effluent piped elsewhere.
	High

	Recreation and tourism
	Loss of amenity area for local population, and for tourists using Equestrian Centre in Castle Leslie who currently hack their horses through the site.
	Medium to high

	Aesthetic
	Loss of green area
	Medium to high

	Cultural heritage
	The site is located with a designed landscape, in a historic demesne, behind the estate wall.
	

	Biodiversity
	Biodiversity value yet to be measured but likely to be used by bats and possibly important dragonfly species
	Medium


5.6.5 Quantitative Assessment 

The ‘bundled’ approach applied within this methodology relies on the quantification of the number of hectares of inland marsh and peat bogs (see Section 4.2) for each of the case study. The figures for the Castle Leslie constructed wetlands are from the wetland design specification, the sites treatment areas are largely swamp habitat with a small amount of open water.  This slightly reduced figure therefore takes account of, and removes, the open water area.    Table 5.6.4 shows the estimated number of hectares of each wetland type in the Castle Leslie constructed wetlands along with an estimation of the substitute sites. 
	Table 5.6.4: Quantitative assessment of the Castle Leslie constructed wetlands details include: the size of different habitats, substitute sites, the affected population and GDP per capita estimate.

	Wetland type CORINE
	Broader wetland type
	Total number of hectares

	Inland marsh
	· Fen

· Swamp and marsh
	N/A

3

	Peat bogs
	· Blanket bog / cutover 
	N/A

	Other
	· Wet / humid grassland

· Wet woodland
	N/A

N/A

	

	Substitutes
	· Glaslough Lake (5E ha) (provides cultural services)

· Emy Lough (U) (provides cultural services)

	

	Affected population
	· The Castle Leslie constructed wetlands site is within 15 km of Armagh and Monaghan town centres, however, it is unlikely that this particular wetland attracts visitors from outside County Monaghan as it is not particularly unique. However, tourists to castle Leslie Castle and equestrian Centre use the site for recreation.  So for this case study site the affected population is set to that of County Monaghan, i.e., 55,997 or a density of 7.12 per km within the 50 km radius necessary for the Brander et al. (2008) function. 

	

	GDP
	· Given that the Castle Leslie constructed wetlands is likely to be visited by residence of County Monaghan GDP is set to that for the Southern Border towns, i.e., €29,300 or US$31,700 (2003 prices).


5.6.6 Economic Valuation 
Table 5.6.5 shows the values used within the Brander et al. (2008) function to value the Castle Leslie constructed wetlands (in addition to the standard variable settings used for each case study sites given in Section 4).
	Table 5.6.5: Economic value function for an estimated (3Ha in Castle Leslie constructed wetlands)

	Variable
	Coefficient value
	Value of explanatory variable in relation to Monaghan’s wetlands
	Data source

	
	(a)
	(b)
	

	Wetland Type

Inland marshes

Peatbogs
	0.114

-1.356 (p<0.05)
	1

1
	Wetland valued here is classified as inland marsh.
	N/A

	GDP per capita for the case study area (logged)
	0.468 (p<0.01)
	$31,700


	The mean GDP per capita for the Irish borders €29,300.
	Section 5.2.5

	Size of wetland area (natural log)
	-0.297 (p<0.01)
	ln (3)


	Number of hectares of inland marsh within Castle Leslie constructed wetlands.
	Table 5.2.4

	Population within 50 km of the case study site (logged)
	0.579 (p<0.01)
	ln(55,997 / 7854km2 )
	Population set to that of County Monaghan.  
	Section 5.2.5


	Wetland area within 50 km radius of the policy site (logged)
	-0.023 (NS)
	ln(5)
	The ha’s of substitute sites available within 50km is 5.
	

	Recreational fishing:

	-0.288 (NS)
	0
	
	Table 5.2.3


	Does the wetland provide for non-consumptive recreation:
	0.340 (NS)
	1
	
	

	Summary statistics reported by Brander et at. 2008: n = 264, R2 = 43%

NS – variables that were not statistically significant
SERVICES INCLUDED: flood control; water quality and quantity; recreation; aesthetics; biodiversity

              EXCLUDED: waste  disposal and carbon sequestration


Sensitivity analysis

This section details the sensitivity analyses that were completed to test the use of different assumptions within the ‘bundled’ valuation of ecosystem services provided by the Castle Leslie constructed wetlands.  The key sensitivity tests were: 

1. Varying the population density used within the Brander et al. (2008) function by either including the population estimates of the wider area.

2. Testing the change in the per hectare per year value if the hectare estimate for substitute wetland sites is set to 3ha and then zero.

3. Comparing the effect of the setting the variables for non-consumptive recreation, recreational fisheries and appearance and aesthetics to zero, one, zero respectively.

4. Finally, comparing the use of the TEEB discount rate of 0% to determine the change in the total value of the case study site over 50 years.
The results of the sensitivity analysis that were conducted are shown in Table 5.6.6.
	Table 5.6.6: Results of sensitivity analysis (€2008) Castle Leslie constructed wetlands

	Value €2008 per year (min-max values)
	2,286

(1,077-3,453)

	

	Habitat – Inland marsh


	€ per ha per year

(base estimate)
	€ per ha per year (sensitivity analysis)
	% change in values

	Affected population includes County   Monaghan and Armagh 
	762
	1,151
	+49%

	Decreasing the total ha’s of substitutes (from 5 to 3)
	762
	771
	+1%

	Decreasing the total ha’s of substitutes (from 5 to zero)
	762
	791
	+3.8%

	Ecosystems Services Provided

	Non-consumptive recreation from 1 to 0
	762
	542
	-29%

	Recreational Fishing from 0 to 1
	762
	571
	-25%

	Appearance and Aesthetics set from 1 to 0
	762
	359
	-53%

	Change discount rate from 4% to 0%

	Use of the TEEB discount rate (0%)
	51,400*
	116,600
	+227%


*Shows the total value of the Castle Leslie constructed wetlands over 50 years (calculated with 4% discount rate)

5.6.7 Reporting  
The key messages from this case study include the following:

· Base estimate: Based on the model settings detailed in Table 5.6.5 and Table 4.1 in Section 4, the loss of Castle Leslie constructed wetland would amount to a loss of €762 per ha per year, or €2,286 per year for the total area of the site.  This loss equates to €51,400 in present value terms over 50 years applying the 4% TDR discount rate.
· Range of estimates: The results of the sensitivity analysis show that the value of the loss of Castle Leslie constructed wetlands varies depending on the assumptions applied within the model from a minimum of €359 per ha per year to a maximum of €1,151 per ha per year for inland marsh.  Where the biggest change in value is seen with the loss of the appearance and aesthetics service.  In terms of the present value of the loss of the Castle Leslie constructed wetlands over 50 years, the use of the alternate 0% discount rate is the most influential factor increasing the value from €51,400 to €116,600 or by 227%.  As for Cornaglare and Grove Lough setting the affected population to Monaghan and providing a number of substitutes lowers the base estimate.   
· The ecosystem services included within this estimate are: 

· Flood control;

· Water quality and quantity;

· Recreation;

· Aesthetics; and

· Biodiversity.

· The ecosystem services excluded from this estimate are carbon sequestration and waste disposal. To estimate the total value of the site each of these services would need to be valued.
The constructed wetlands have a similar value to that calculated for Cornaglare in per annum terms, which is unsurprising given that the ecosystem services provided by both are relatively similar, that the affected population is limited to those residing in County Monaghan and that the sites are similar in size.  This estimate shows that constructed wetlands can provide similar levels of economic benefit to naturally occurring wetlands; however, the more unique the wetland the less likely constructed sites will provide similar levels of benefits.  As for a number of the case study sites recreational services are the most prevalent at this site.  However, this service is an additional benefit of the site given the original intention was for the sight to act primarily as a treatment facility for waste. 

6 Overall Conclusions 

This project has sought to define and demonstrate a replicable approach for valuing the wetlands of County Monaghan. The initial sections of this report provided the conceptual framework for economic valuation while Sections 3 and 4 explained the application of currently available economic evidence to value Monaghan’s wetlands.  In Section 5, the methodology was applied to six case study sites each of which was different in terms of their size, the habitats represented, the ecosystems services provided, their available substitutes and the affected population to be considered.  In this Section, the overall conclusions from this work are pulled together in terms of results, their potential use and future research. 

6.1 Summary results

Table 6.1 is a summary of the valuation results for these case study sites showing the ecosystems services included and excluded from the valuation.
	Table 6.1:  Summary of the main results

	Case Study site
	Value €2008 per ha per year
	Value €2008 per year
	Value over 50 years present value
	Ecosystems services –included from valuation
	Ecosystems services – excluded from valuation


	Blackwater Flood Plain
	382 H
(127-509) H
	16,000 H
(5,300-21,400) H 
	360,600 H
(818,100) H 
	– Flood control

· Water quality & quantity

- Recreation

- Aesthetics

- Biodiversity

- Carbon sequestration*
	- Carbon sequestration 

- Livestock grazing

- Waste disposal

- Water for use in industry

- Cultural heritage (NP)

- Education (NP)

	Dromore Wetlands
	755 H 
(325-755) H
	31,700 H
(13,650-31,700) H 
	712,900 H
(1,617,300) H 
	
	-  Carbon sequestration

- Cultural heritage

- Education

- Livestock grazing

- Water for use in industry

- Waste disposal (U)

	Eshbrack bogs – IM, PB, C
	IM: 561 H;

(213-749) H
PB: 83 H ;

(20-83) H

	IM: 48,300 H
(18,300-64,400) H;
PB: 79,300 H
(19,400-79,300) H;

C: 7900

TOTAL: 135,500C 

SC: 54,276,768 
	2,868,000H
(6,505,900)H

C: 177,900

(403,665)

TOTAL:

3,045,900C
 
	
	- Cultural heritage

- Livestock grazing

- Waste disposal (U)

- Water for use in industry (U)

- Education (NP)

	Cornaglare
	310 H 
(146-720) H
	2,170 H
(1,022-5,040) H 
	48,800 H
(110,650) H 
	
	List for Cornaglare and Grove Lough

- Carbon sequestration

- Livestock grazing

- Waste disposal (U)

- Water for use in industry (U)

- Cultural heritage (U)

- Education (NP)

	Grove Lough
	907 H
(427-2,373) H
	453 H
(214-1187) H 
	10,200 H
(23,100) H 
	
	

	Castle Leslie constructed wetlands
	762 H
(359-1,151) H
	2,286 H
(1,077-3,453) H 
	51,400 H
(116,600) H 
	
	- Carbon sequestration

- Waste disposal

- Cultural heritage (U)

- Water for use in industry (U)

- Education (NP)

- Livestock grazing (NP)


IM – inland marsh, PB – Peat bogs, C – carbon sequestration, SC – stored carbon,  H - habitat only estimate, C – habitat + carbon sequestration estimate. *Carbon sequestration estimate only available for Eshbrack bogs, U – unknown, NP – service currently not provided.

In all cases the impact of carbon sequestration is considered to be low/medium apart from Eshbrack bogs which may have a significant value in terms of this service, a separate value of approximately €7900 per year was estimated for this function.  Unfortunately, estimates relating to the carbon sequestration potential of the other case study sites were unavailable.  The potential value of the carbon store at Eshbrack bogs is higher than all other values associated with Monaghan’s wetlands at €54,000,000 in total, however the figures derived here are ballpark estimates only and do not account for a number of factors including: wider greenhouse gas emissions nor the condition of Eshbrack bogs.   All of the ecosystem services provided by each case study site were valued within the Brander et al. (2008) framework apart from the carbon sequestration estimate obtained for Eshbrack bogs.  However, both the Blackwater flood plain and the Dromore wetlands exhibited a number of additional services that were not captured within this study.  Estimates relating to the amount of animals grazing on the land at each site, along with details relating to any abstraction charges or waste disposal charges could add to the values calculated within this report.  None of the case study areas have any archaeological sites identified within the boundaries used for this study meaning that there are currently, no specific resources related to cultural heritage other than in terms of some of the habitat types represented.  
As Table 6.1 shows Eshbrack bog is the site with the highest value (nearly four times as high as the next valuable site).  This is driven primarily by the large affected population, the uniqueness of the site, and its size.  These factors also drive the high value seen for the Dromore wetlands. The lower values were also driven by the affected population, i.e., the limitation to those that reside in Monaghan, and the small size of each site.
6.2 Potential uses of results

Economic value evidence can be used for a multitude of purposes which apply to the context of Monaghan’s wetlands in the following way.
Demonstrating the value of the environmental resources: majority of the ecosystem services provided by Monaghan’s wetlands are not traded in markets and hence economic value evidence cannot be easily collated. The economic values generated and that remain outside the market system (non-market values) are captured in this report and expressed in qualitative, quantitative and monetary units. These results add to scientific and other arguments that can be made to demonstrate the value of the wetlands.

Policy and project appraisal: When development projects are appraised, traditional analysis (e.g. cost benefit analysis) tend to be limited to costs and benefits that are expressed in the market system. Given that most of the value generated by the wetlands are outside the market, this limited view of the analysis works against the protection of the wetland and for its development for market based economic uses. This mismatch between the different types of data for market and non-market values has indeed been one of the main causes of the loss of many environmental resources including wetlands all around the world. With information contained in this report (considering the results are generally underestimates not covering all ecosystem services), future policy and project appraisal in County Monaghan can provide a more balanced view of the relative costs and benefits of development versus conservation.

Capturing value through pricing and taxation: By their very nature non-market goods and services are provided for free. This, as the economic valuation literature shows, does not mean they do not generate value. Policies such as pricing (e.g. entry fees for recreation or licences for fishing, water abstraction etc) and taxation (e.g. for development or pollution) aim to reduce the negative impacts on the environment by making the activity causing the impact more expensive. Information such as that contained in this report would be a first step in the design of such policies if there is political interest in them. If such policies are taken forward, further work would be recommended (see below).

Assessing environmental damage and estimating liabilities: Even if there are legal protection for the wetlands, these cannot prevent all risk of damage such as chemical spills from premises outside the protected area. Environmental Liability Directive of the European Commission gives the Competent Authorities the power to persecute the responsible parties in cases of environmental damage. The value of the wetlands in their current state as estimated in this report will provide the baseline information against which the impact of such damage can be estimated and in turn used to determine the amount of compensation that needs to be paid and invested in environmental improvement.

There are other uses of economic value evidence such as green national and corporate accounts but these are not seen as most relevant in the context of County Monaghan’s wetlands.
Communicating wetland values to the general public: The valuation of Monaghan’s wetlands in monetary terms can help to demonstrate the value of the local environment to Monaghan’s residents.  However, the way in which these values are presented can affect whether individuals accept them and how they are interpreted.  A plethora of values should not be presented for a single resource, rather a single average value that explains what is and what is not included within the valuation should be presented. Thus Table 6.1 can be summarised as follows by Table 6.2 and two summary bullet points.
	Table 6.1:  Average value in Euro’s per year for six wetland case study sites

	Case Study site
	Average value of site loss in € per year (2008)

	Blackwater Flood Plain
	16,000

	Dromore Wetlands
	31,700

	Eshbrack bogs 
	135,500*

	Cornaglare
	2,170

	Grove Lough
	453

	Castle Leslie constructed wetlands
	2,286


· All case study site valuations include the following services; flood control, water quality and quantity, recreation, aesthetics, biodiversity and carbon sequestration for Eshbrack bogs;
· None of the case study valuations include values for livestock grazing, education, waste disposal, water for us in industry and cultural heritage either because the level of each service is unknown, not provided at a site or economic values are unavailable for the service.  Thus the actual values maybe higher than those reported here due to the additional value associated with the benefits that have been excluded from these calculations.
6.3 Recommendations for future research

The recommendations presented here are based on the team’s experience of using the ecological data available for Monaghan’s wetlands and Brander et al. (2008) meta analysis function to illustrate the feasibility of integrating economic value evidence with an ecosystem services approach. 

Ecological data

With respect to extending the use of this methodology to other wetlands in Monaghan, further information relating to the ecosystems services provided by each additional wetland site to be valued, along with the size of each habitat type present at each site would be needed to enable valuation through the application of this methodology.  In addition, information relating to carbon sequestration at each site and the available substitutes for each site would also need to be provided.
Economic valuation

With respect to the economic valuation of Monaghan’s wetlands and the valuation of wetland sites in Ireland in general there are several options for future work including:

· The aggregation of site values to similar sites within the county;

· The application of the value transfer approach demonstrated within this report, i.e., applying the Brander model to different wetland sites both in Monaghan and across Ireland;

· The identification of economic valuation of different ecosystems, i.e., not just literature relating to wetland ecosystems, but information relating to a broader mix of ecosystems for example, forestry, and the application of further value transfers; and

· A primary valuation of a number of different wetland sites (across several counties and including several different ecosystems). 

Of these, the first option is the most rapid approach for generating value estimates for wetlands that are similar in size and character to those valued within this study.  However, estimates will be of greater accuracy if the full approach demonstrated within this report is undertaken with regard to the valuation of other sites within Monaghan provided that the necessary data relating to wetland size, available substitutes, and ecosystems services can be obtained.  Annex B contains the spreadsheet template used within this project, this template can be used to value further wetland sites within Monaghan by updating those fields identified within the spreadsheet.  
The second approach would expand the definition of the environmental resources relevant to valuing Monaghan’s wetlands with an intention to better account for interactions and positive synergies between different ecosystems.

The final option is to conduct a primary valuation in Ireland to capture the value of several wetland sites.  This however, will take additional time and need work to ensure that the valuation to be conducted is correctly designed.  Therefore, it would be recommended only if a large scale and high impact pricing or taxation policy is to be pursued.
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Glossary

	Affected population
	The population of the users and non-users that are affected by the change in the provision of a market or non-market good or service. 

	Altruistic value
	Non-use benefit derived from the knowledge that contemporaries are able to enjoy the goods and services related to natural resources.

	Appraisal
	The process of assessing relative merits of proposed policies or projects before they are implemented.

	Value transfer
	An approach to economic valuation which makes use of secondary valuation evidence (from existing studies) in new decision-making contexts. 

	Bequest value
	Non-use value associated with the knowledge that natural resources will be passed on to future generations.

	Choice experiment
	A form of choice modelling in which respondents are presented with a series of alternatives and asked to choose their most preferred.

	Choice modelling
	An umbrella term for a variety of stated preference questionnaire based valuation techniques that infer willingness to pay or accept indirectly from responses stated by respondents (as opposed to directly asking as in a contingent valuation survey).

	Consumer surplus
	The difference between price paid and the maximum dollar amount an individual is willing to obtain a good; this reflects the additional benefit that is gained by consumers in consumption of a good or service.   

	Contingent valuation
	A stated preference approach to valuing non-market goods and services where individuals are asked what they are willing to pay (or accept) for a change in provision of a non-market good or service. 

	Cost-benefit analysis (CBA)
	A decision-making tool that compares costs and benefits of a proposed policy or project in monetary terms. 

	Cultural services
	A category of ecosystem services that relates to the non-material benefits obtained from ecosystems, for example through recreation.

	Direct use value
	Economic value associated with use of a resource in either a consumptive manner or non-consumptive manner. 

	Discounting
	The process of expressing future values in present value terms. This allows for the comparison of flows of cost and benefit over time regardless of when they occur.

	Economic efficiency
	A concept that relates to allocating resources to maximize wellbeing to society. 

	Economic jurisdiction
	The spatial area over which some positive economic value is associated with the use of a resource and the services provided or supported by it. 

	Economic value
	What is ‘given up’ (or ‘foregone’ or ‘exchanged’) in order to obtain a good or service

	Ecosystem services approach
	A term that is used to describe a framework for analyzing how human populations are dependent upon the condition of the natural environment. The approach explicitly recognizes that ecosystems and the biological diversity contained within them contribute to individual and social wellbeing.

	Evaluation
	Retrospective analysis of a policy or project that assess how successful or otherwise it has been.

	Existence value
	Non-use value derived from knowing that a resource continues to exist, regardless of use made of it by oneself or others now or in the future.

	Hedonic pricing method
	A revealed preference valuation method that estimates the use value of a non-market good or service by examining the relationship between the non-market good and the demand for some market-priced complementary good (e.g. property or land prices).  

	Indirect use value
	Economic value associated with the services supported by a resource as opposed to the actual use of the resource itself; e.g. key ecosystem services such as nutrient cycling, habitat provision and climate regulation are all supported by water.

	Marginal change
	An incremental change (ordinarily a ‘unit change’) in the provision of a market or non-market good or service. 

	Market goods
	Goods and services traded in traditional markets.

	Market price
	The value of the provision of goods and services that may be directly observed from normal markets.

	Non-market goods
	Goods and services that are not traded in markets and are consequently ‘un-priced’ (e.g. environmental goods and services)

	Non-use value (passive use value)
	Economic value not associated with any use of a resource, but derived altruistic, bequest and existence values.   

	Non-users
	Population group(s) that derives economic value from a resource even though they do not make direct or indirect use of it (i.e. non-use value). 

	Opportunity cost
	The value of the next best alternative use of resource (e.g. the opportunity cost of retaining water in rivers may be the value of lost agricultural output from using water for irrigation).

	Option value
	Benefits associated with retaining the option to make use of resources in the future.

	Present value
	A future value expressed in present terms by means of discounting.

	Primary valuation
	A term that refers to undertaking an economic valuation study (as opposed to using secondary evidence sourced from existing valuation studies via Value transfer).

	Producer surplus
	The difference between the minimum amount a seller is willing to accept for a good and the actual price received; this reflects the additional benefit in exchange gained by the producer (e.g. ‘profit’).

	Provisioning services
	A category of ecosystem services which relates to products obtained from ecosystems, such as food, fibre and fuel, natural medicines and genetic resources. 

	Quasi-option value
	A use value related to option value, which arises through avoiding or delaying irreversible decisions, where technological and knowledge improvements can alter the optimal management of a natural resource such as water.

	Regulating services
	A category of ecosystem services which refers to the regulation of ecosystem processes such as climate regulation, air quality regulation, water regulation (e.g. flood control), water quality regulation (purification/detoxification) and erosion control.

	Revealed preference methods
	Economic valuation methods that estimate the use value of non-market goods and services by observing behaviour related to market goods and services (e.g. travel cost method and hedonic pricing method). 

	Stated preference methods
	Economic valuation methods that use questionnaire surveys to elicit individuals’ preferences (i.e. willingness to pay and/or willingness to accept) for changes in the provision on non-market goods or services. 

	Supporting services
	A category of ecosystem services which are necessary for the production of all other ecosystem services, such as soil formation and retention, nutrient cycling, water cycling and the provision of habitat.

	TEEB
	The Economics of Ecosystems and Biodiversity:

is a major international initiative to  

draw attention to the global economic benefits of biodiversity and highlight the growing costs of biodiversity loss and ecosystem degradation, is then applied during sensitivity analysis and to draw together expertise from the fields of science, economics and policy to enable practical actions moving forward.  

	Total economic value (TEV)
	The economic value of a resource comprised of its use and non-use values.

	Travel cost method
	A revealed preference and survey based valuation method that uses the cost incurred by individuals travelling and gaining access to a recreation site as a proxy for the recreational use value of that site.

	Use value
	The economic value that is derived from using or having potential to use a resource. It is the net sum of direct use values, indirect use values and option values.

	Users
	Population group(s) that composed of individuals making direct use of a resource or indirect use of a resource. 

	Wellbeing
	A measure of satisfaction or ‘utility’ gained from a good or service.

	Willingness to accept compensation (WTA)
	The monetary measure of the value of forgoing a gain in the provision of a good or service or allowing a loss.

	Willingness to pay (WTP)
	The monetary measure of the value of obtaining a gain in the provision of good or service or avoiding a loss.


Annex A - Economic Value Evidence
	Table A.1: Summary of the existing economic valuation studies that can be used in the bundled value transfer approach


	Reference
	Study good context and methodology
	Definition of the Good
	Study good site
	Mean WTP

	Birol & Cox (2009)
	Benefits of different wetland management schemes 

CE
	marginal WTP per respondent per km2 created wetland
	Severn Estuary, UK
	£13.80

CI 95% 9.1-18.5

n=100 individuals

	Boyer, T. and S. Polasky. (2004)
	Valuing urban wetlands: A review of non-market valuation studies.

Review
	This paper reviews recent literature on non-market valuation as applied to wetlands, with a particular focus on the value of urban wetlands.


	Global
	No original values.  

Main conclusion: most work on urban wetlands uses hedonic analysis,

Which allows observable values to nearby property owners to be estimated, but is not useful for measuring indirect services of wetlands. 

	Brander et al. (2008)
	Study to calculate the per hectare value of different wetland habitat types

Inland marsh

Peat bogs

MA
	Value per ha per year
	European wetland types


	£2008 per hectare per year

Function described by Brander can be used within a function transfer for the policy site and a per ha value derived. 

n=166 studies yielding 264 observations)

	Brander et al. (2006)
	Meta-analytic study used to determine the per hectare value of different wetland habitat types

unvegetated sediment

Salt/brackish marsh

MA
	Per hectare value of wetland type
	Global source of studies
	$ 2000 per hectare per year

Freshwater woodland: Median $206

Freshwater marsh: Median $145

n=80 studies

	Brouwer et al. (1999)
	Meta-analytic study used to determine the per hectare value of different wetland habitat types

MA of CVM studies
	Mean WTP for all wetland functions relating to freshwater wetlands
	USA and other developed countries
	£2008 Mean WTP for 

Mean WTP for freshwater wetlands = $73.48 per hectare ($2008 – OECD)

Broad meta-analysis that derives values for specific wetland functions and wetland types 

n=30 studies

	Carson, R.T., L. Wilks and D. Imber.


	Preservation value of a conservation zone

CV.


	Mean WTP for different impacts scenarios
	Australia
	Australian dollars per year (million)

(a. Value represents a conservative estimate of the aggregate annual WTP for preserving the KCZ National Park: 435; 

Australian dollars per year per person

(b. Value represents the sample median annual WTP per person to avoid the major impact scenario (for total national sample). The major impact scenario is designed to describe a realistic worst case from mining operations in the KCZ: 143.26.

	Carlsson, F., P. Frykblom, and C. Liljenstolpe. (2003)
	Valuing wetland attributes: An application of choice experiments.

CE
	Marginal WTP for a number of attributes of the wetland case study area.


	Sweden
	Sample: 580 (Values: SEK2003)

                             Random parameter logit

Surrounding vegetation

is meadow land          -6.53 (-81.5– 63.9)

High biodiversity        719.75 (565.2–900.0)

Medium biodiversity   493.76 (342.9– 670.3)

Fish                           292.49 (36.4– 581.8)

Fenced waterline       -183.55 (-293.9– 78.6)

Crayfish                     -56.30 (-47.3– 41.7)

Walking facilities        601.41 (467.9– 764.7)



	Costanza, Robert, Stephen C. Farber, and Judith Maxwell. (1989)
	Valuation and management of wetland ecosystems

Review
	Review Louisiana wetland values.
	USA
	(1983$)

These are

$2429-6400 per acre (assuming an 8% discount rate) and $8977-17000 per

Acre (assuming a 3% discount rate).

Summary of previous results

	Dalecki, et al. (1993)

	Examination of Early, Late, and Non-respondents WTP for wetland preservation

CV
	Wetland preservation
	USA
	US$ per person per year

(a. Individual median WTP estimate for wetland preservation of the first wave (response rate = 24%): 24.4; (b. Individual median WTP estimate for wetland preservation of the fourth wave (response rate = 67%): 6.54.

	Farber, S.

(1996)
	Welfare Loss of Wetlands Disintegration: A Louisiana study.

CBA
	This study estimates the loss in welfare at projected Louisiana coastal wetlands

disintegration

	USA
	Decrease in annual WTP:

                       Reduction in Catch/Bag
Activity:                    50%              75%  

Waterfowl Hunting    $17.76       $24.75

Freshwater Fishing    $10.22       $15.09

Saltwater Fishing       $37.96      $56.38

TOTAL                      $65.94       $96.22

Taken from recent study of 1986 recreational use in a seven parish sub region of Louisiana’s coastal zone.

The 1990 present value for the loss of Louisiana’s wetlands ranges from $5.908 to $24.263 billion depending on loss projections. These estimates allow for only crude, ad hoc, behavioural changes by coastal populations.

The study brings together values from many sources to report loss estimates in their entirety for the region.



	Ferguson, A., Holman, G., and ristritz, R.

(1989)
	Wetlands are not Wastelands: Application of Wetland Evaluation methods to the Cowichan Estuary, British Columbia.

CV, OC  
	ecological functions, extractive uses, non extractive uses, passive uses

(resource loss is also calculated with hypothetical port development – this is not detailed here)
	Canada, Cowichan River Estuary on Vancouver Island
	overall sample size was 397

(CAN$ 1989)

Average Dollars per Visit or Year
Wildlife Viewing  $15/visit

Fishing  $55/visit

Hunting $19/visit

Nature Appreciation & other $41/visit

Average across all activities*  $17.70/visit

Total Local User Value  $681,500/year

Net Present User Value at 8 percent discount rate $8.5 million

Average Preservation Value** $50/year

Total Local Preservation Value $1.28 million/year

Net Present Preservation Value at 8 percent discount rate $16 million

* The average across all activities was calculated by eliminating 5 respondents with site values of $100/visit or greater ** This figure refers to an annual contribution to a fund which would preserve or purchase the Cowichan estuary. Outliers were excluded for this calculation.

Resource Values Attributable to the Cowichan Estuary using the Opportunity Cost Approach, (Millions of 1989 Canadian Dollars)

Present Value
Commercial Fishery, $22.9

Sport Fishery, $28.8

Native Fishery, $2.9

Total Fishery, $54.6

Hunting, $.36 - $.50

Nature and Wildlife Viewing, $.575

Total Resource Value Estimate, $55.54 - $55.68**

* discount rate is 8% ** this value estimate corresponds to an average value of $114,000 hectare

	Ghermandi et al. (2008)
	Study to calculate the per hectare value of different wetland habitat types

Estuarine habitat

MA
	Value per ha per year
	Based on global studies
	Mean values not reported but function is available

	Goodman et al. (1998)
	The non-use value of the coastal environment are investigated

CV
	WTP additional taxes for a conservation programme for the entire British coast
	UK
	Mean WTP for environmental protection: 21.84 per household per year

n=766 individuals

	Gren, I. et al. (1995)
	Economic Values of Danube Floodplains

VT
	The services subjected to valuation are provision of input resources, recreation and nutrient purification.
	Germany, Romania
	The estimated total annual value of the existing Danube floodplains amounts to ECU 374/ha. The total annual value of the entire actual area of Danube floodplains corresponds to ECU 650 million per year.

	Heimlich, R.E.


	Study looks at the Costs of an Agricultural Wetland Reserve

RC
	Wetlands converted from cropland.


	USA
	US$ per acre (1982)

(a. Value is the high estimate of the marginal costs of 5 million acres of wetland reserve: 1184; (b. Value is the high estimate of the total average cost (in $/acre) that minimizes reserve costs for wetland reserve of 1 million acres: 286.

	Kosz, M. (1996)
	Valuing Riverside Wetlands: The Case of the 'Donau-Auen' National Park

CV
	Respondents are presented with alternative development projects for the wetlands area. These were 1) the establishment of a national park in all available areas (11,500 ha) including private property, with measures taken to avoid further river bed erosion; 2) construction of a hydroelectric power station which would leave 9,700 ha of remaining upstream areas; and 3) the construction of a power station that would leave only 2,700 ha of wetlands undisturbed.
	Austria
	(WTP) for Three Variants of the Donau-Auen National Park (1992 Austrian Schillings/Person)

 Mean WTP* (SD)

National Park of 11,500 hectares, 919.80 (1,594.63)

Hydroelectric Power Station including a National Park of 9,700 hectares, 694.90 (1,308.35) 

Hydroelectric Power Station including national park of 2,700 hectares, 689.85 (1,426.19)



	Kuriyama (2000)
	Value of forest around the Kushiro Marsh

CE
	Wetland area protected (26861)

Wetland area protected (31361)

Wetland area protected (51361)

Wetland area protected (91361)

Wetland area protected (515361)
	Kushiro Marsh, Japan
	WTP for each size of protected area estimated ($2000) per household per year

$0  CI. 95%:0

$12 CI. 95%:10-14

$51 CI. 95%: 43-58

$97 CI. 95%: 82-110

$137 CI. 95% 116-156

n = 670, individuals response rate 79.29%

	Meyerhoff, J. and A. Dehnhardt. (2007)
	The European water framework directive and economic valuation of wetlands: The restoration of floodplains along the river Elbe.

CV, RC
	The CV -  to assess the benefits arising from a biodiversity preservation

program on riparian wetlands, (the regaining of 15,000 ha flood

plains by dike shifting at different sites along the Elbe, as well as the reduction of the

negative environmental effects resulting from intensive agriculture on another 40,000

ha flood plains).

RC - to assess the benefits from nutrient

removal provided by the 15,000 ha regained flood plains.


	Germany
	CV sample 865, (€ 2007)

The mean willingness to pay for the total sample was 11.9 € per household per year.

The number of households living in the three catchment areas was calculated with GIS (29.1 Million)

Mean WTP was adjusted, i.e., corrected mean WTP for the embedding effect and the upper 2.5% of the stated WTP amounts were excluded to limit the influence of outliers = 5.3 €. 

Multiplying this figure with the number of households of all three catchment areas = total WTP of € 153 Mio. As this figure comprises both one-time payments as well as annual payments, 

Second figure for those who would pay annually WTP decreased to € 108 Mio. from the second year onwards.

Nitrogen retention results

Retention area (totally 15,000 ha)
Results per hectare                     Sandau      Rogätz     Other sites
(a) Sewage treatment plant [€/ha] 6,188          340         1,540

(b) Agricultural measures [€/ha]    2,089          115         529
For the total amount of 15,000 ha additional flood plain area, the value ranges from 6,9 to 20,5 mill. €.

	Milon & Scorgin (2006)
	A latent class choice model is used to evaluate the effect of alternative ecological characteristics of wetland functions on WTP

CE
	Evaluation of preferences for the restoration of the Greater Everglades
	USA
	Mean WTP from MNL model for Full restoration was estimated as $29.33 (range:-$29.37-$195.27, with different groups)

n=480

	Pate, J. and J.B. Loomis.
	This paper examines the issue of geographical distance to determine if distance negatively affects willingness to pay values.

CV
	A Case Study of Wetlands and Salmon in California
	USA
	US$ per person per year

Total benefits (aggregate in millions): 1a $175; 1b $2, 2357; 1c $81; 1d $203; 1e $102; 2a $190; 2b $2,490; 2c $62; 2d $175; 2e $105.

	Poor, J.
	The Value of Additional Central Flyway Wetlands in Nebraska’s Rainwater Basin Wetland Region 
CV
	The objective of this study is to apply the CVM to estimate the value to the people of Nebraska, of government acquisition and/or management programs to increase the current amount of Rainwater Basin (RWB) wetlands.
	USA


	Mean WTP: $126.79 per year



	Oglethorpe & Miliadou (2000)
	Valuation of non-use attributes of wetland: Lake Kerini 

CV
	WTP for the protection of the lake
	Lake Kerini Greece
	Mean WTP per capita per year

 across the sample £15.24

n=250 individuals

	Ragkos et al. (2006)
	Value for all functions of a Greek wetland

CV
	WTP for specific functions of Zazari-Cheimaditida wetland
	Greece
	£2008

Mean WTP £94.43 

CI95%: £74.25-£154.08

n = 174 individuals

	Steever, WJ., M. Callaghan-Perry, A. Searles, T. Stevens and P. Svoboda.
	This study looks at Public Attitudes and Values for Wetland Conservation in New South Wales, Australia

CV
	Wetland conservation.
	Australia
	Australian dollars per person for 5 years

(a. Value represents median WTP for the pooled sample. Value from the pooled sample omits those respondents who did not express WTP: 100; (b. Value represents aggregate value for wetlands in New South Wales, Australia, assuming a WTP per household of A$17.10 and 2.23 million households in the state: 38.

	Ramachandra, T. V., R. Rajinikanth, and V. G. Ranjini. (2005)
	Economic valuation of wetlands.

Review
	This paper with case studies discusses the valuation of ecosystems considering the direct, indirect and existence benefits
	N/A
	This article does not give any original values.  The paper provides a discussion of ecosystem service classification of wetlands and the potential use of different valuation methodologies’ to values these services.

	Stone, A.
	Valuing wetlands: using a contingent valuation approach

CV
	Mean annual WTP for wetland protection.
	Australia
	£85-109. per hectare

	Tkac, J. M. (2002)
	Estimating Willingness to pay for the preservation of the Alfred Bog wetland in Ontario: A multiple bounded discrete choice approach

CV
	Alfred Bog wetland is 4,200 Ha and the largest high quality bog ecosystem and one of the most important natural areas in Southern Ontario. Providing habitat to a large number of rare and endangered species and acts as a natural water filter. This study estimates respondents' willingness to pay for the preservation of the Alfred Bog wetland. 


	Canada
	($2002 CAN)

Aggregate willingness to pay to

preserve the bog was estimated to be between $2.2 million to $663,000 depending upon the inclusion or exclusion of protest bids.

A distance decay effect was measured along with user/non-user effects.

Sample 398.

	Thibodeau, F. R. and B. D. Ostro. (1981)
	An Economic Analysis of Wetland Protection

HP, RC
	Value for flood prevention Amenity value Value for waste assimilation Value for water supply Recreation value 
	USA
	£ per acre (present value) 2002

Value per acre for flood prevention (present value) = 43130.4

Amenity value of wetlands per acre (hedonic pricing) = 193.87

Amenity value of wetlands per acre (expert property valuation approach) = 620.4

Value for waste assimilation per acre = 21920.63 

Value per acre for water supply = 130192.53 

Recreation value per acre = 187.41 

	Troy & Wilson (2006)
	Fresh water wetland

VT
	Value per ha per year


	US studies only
	$8474 ($2001)

Lower-upper band

$ 18,979 - $ 38,167 

n=42 studies (USA based)

	Whitehead, J.C.
(1995)
	Improved water quality.

CV
	Dollars per person per year.
	USA
	(a. Value is expected WTP to protect the Albemarle-Pamlico Estuarine System. Uses interval data regression with a quadratic functional form. Upward biasing effect of starting point bias corrected in the estimation: 23.55; (b. Value is expected WTP to protect the Albemarle-Pamlico Estuarine System. Uses interval data regression with a linear functional form. Upward biasing effect of starting point bias is corrected in the estimation: 27.05.

	Whitehead, J.C.
	Measuring Willingness to Pay for Wetlands Preservation

CV
	Preservation of a bottomland hardwood forest wetland.


	USA
	$ per household per year

Value measures mean WTP for wetland preservation estimated from log-linear form of model: 6.31.

	Whitehead, J.C.
	Environmental Interest Group Behaviour and Self-Selection Bias in Contingent Valuation Mail Surveys

CV
	Wetland preservation.


	USA
	$ per person per year

(a. Value is the average WTP per person/ year in the general sample for the preservation of the Clear Creek wetland area (assuming 15% of the general population belongs to an environmental interest group): 4.12; (b. Value is the average WTP per person/year in the environmental interest group sample for the preservation of the Clear Creek wetland area: 42.83.

	Willis, K.G.

(1990)
	Valuing non-market wildlife commodities: An evaluation and comparison of benefits and costs

CV
	WTP for the preservation of the current state of the wetlands.


	UK
	£ per hectare

(a. total use value: 44; (b. total non-use value: 807.

	Woodward & Wui (2001)
	A meta-analytic study to value single ecosystem functions within wetlands

MA
	Value of single wetland functions only
	North American and European studies
	$ per hectare (2001)

              Mean val.   Lower val.  Upper val.

Flood
971
220
4317
Quality
1030
311
3405
Quantity
314
12.36
6353
Rec.fish
882
235
3316
Com.fish
1922
267
13882
Birdhunt
173
61.78
487
Birdwatch
2995
1305           6874
Amenity
7.41
2.47
34.59
Habitat
756
235
2424
Storm
586
27.18
12706


	WWF (2004)
	Fresh and salt water wetlands

Review
	Value per ha per year

Freshwater marsh


	Global studies
	Average value derived from studies

$3.83 ($2001)

n=89 studies


VT  - Value transfer; CE – Choice experiment; CV – Contingent valuation; MA – Meta analysis; RC – Replacement cost.

Annex B – Spreadsheet model
See separate excel file
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Box 2.3: Meta-analysis studies





Meta-analysis is defined as “the statistical evaluation of summary findings of empirical studies, helping to extract information from large masses of data in order to quantify a more comprehensive assessment” (Brouwer et al., 1999; p48). Essentially they collate information from multiple studies and provide a quantitative synthesis of existing literature. In the context of economic valuation, this enables the investigation of the range of economic value estimates from the same or similar good from different studies, producing summary statistics such as mean value, median value, confidence intervals etc., as well as identifying the key factors that influence estimated economic values via a meta-analysis function. 





A meta-analysis function relates economic value estimates (the ‘dependent variable’) from various studies to explanatory variables, such as wetland type, size, provision of ecosystem services, socio-economic characteristics of the affected populations, availability of substitutes etc. as well as study characteristics and methodology. 





A typically meta-analysis function can be expressed as (see Brander et al., 2008):





� EMBED Equation.3  ���


Where:





The index i relates to observations of economic value estimates in the sample (i.e. n = 1,…, i).


The β’s correspond to vectors of coefficients for the explanatory variables.


A constant term α is estimated.


A set of study characteristic variables are included in XS: e.g. valuation method, year of publication, authors, etc.


The characteristics of the good are included in XW: e.g. wetland type (coastal, inland, etc.) size, ecosystem services provided, etc.   


Context variables are included in XC; e.g. socio-economic characteristics of the affected population, availability of substitutes, etc. 





A meta-analysis function that includes such a range of variables will enable the analyst to adjust economic value estimates to the policy good context. In general use of a well specified and robust meta-analysis function is recommended over the simple transfer of estimated mean economic values from a meta-analysis study, which risks significant over or under-estimation of economic values by not controlling for the specific details of the policy good context.








Box 5.3.1 Carbon Calcualtion


Carbon sequestration at Eshbraack bogs = 166.25 x €45.78 = €7611 (2007), 


converting this into €2008 values           = €7611 x 1.04 


                                                            = €7915 per year.  


The loss over 50 years equates to €177,900 (using a discount rate 0f 4%).


Value of carbon store at Eshbraack bogs = 1140000 x €45.78 = €52,189,200 (2007),


Converting this into €2008 values           = €52,189,200  x 1.04 


                                                            = €54,276,768 in total











� The ecosystems services excluded from the valuation of Cornaglare and Grove Lough are the same – this list is only shown once within row 4 of column 4 in Table E1.


� Aesthetics are valued by considering the value of environmental quality, e.g., landscape; views etc., within a structured questionnaire, where individuals are asked how much they would pay to preserve the landscape, or by analysing the property prices in areas of high environmental quality and comparing them with those in lower quality areas.


� Department of Finance Government of Ireland; � HYPERLINK "http://www.finance.gov.ie/Viewtxt.asp?DocID=5387&StartDate=1+January+2009" ��http://www.finance.gov.ie/Viewtxt.asp?DocID=5387&StartDate=1+January+2009�, accessed July 2009


http://dictionary.reference.com/browse/carbon+sink


� CORINE land cover 2000 is part of the European Commission programme to COoRdinate INformation on the Environment (CORINE). It provides consistent information on land cover changes during the past decade across Europe: � HYPERLINK "http://dataservice.eea.europa.eu/dataservice/" ��http://dataservice.eea.europa.eu/dataservice/�


� GDP estimates from Eurostat, regional statistics GDP at NUTS 2 level: http://eep.eurostat.ec.europa.eu/portal/page/portal/region_cities/regional_statistics/data/database


� www.cso.ie


� Department of Finance Government of Ireland; � HYPERLINK "http://www.finance.gov.ie/Viewtxt.asp?DocID=5387&StartDate=1+January+2009" ��http://www.finance.gov.ie/Viewtxt.asp?DocID=5387&StartDate=1+January+2009�, accessed July 2009


� http://www.teebweb.org/


� http://www.scitopics.com/Social_Cost_of_Carbon.html


� www.decc.gov.uk/en/content/cms/what_we_do/lc_uk/valuation/valuation.aspx


� Central Fisheries Board: � HYPERLINK "http://www.cfb.ie" �www.cfb.ie� 


� The ecosystems services excluded from the valuation of Cornaglare and Grove Lough are the same – this list is only shown once within row 4 of column 4 in Table 6.1.
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