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Abstract 

This dissertation explores a means of enhancing current approaches to Natural Heritage System 

planning through the explicit recognition of the value of natural areas on the landscape.  The 

identification of various landcover types captured within a Natural Heritage System and the 

ascription of cumulative ecosystem service values by landcover type is posited as a means to 

enhance Natural Heritage System Planning.  The integration of ecosystem services into the 

Natural Heritage System planning process as a means of increasing social license for NHS 

planning is explored.  Using Ontario’s Halton Region as a case study, the effectiveness of NHS 

planning in capturing and maintaining different landcover types is assessed.  Landcover 

classifications are used as the basis to determine ecosystem service values. A series of surveys, 

interviews, and workshops are used to evaluate stakeholder perspectives on both NHS and 

ecosystem services, and explores the potential of integrating the two.  NHS is an effective 

means of capturing important ecological landcover types; more than 90% of forests and 

wetlands areas are captured in Halton’s NHS, comprising 22,800 ha out of the total 49,990 ha 

designated within the system.  Halton’s NHS captures an estimated $645 million per year in 

ecosystem value, which is 85% of the Region’s total estimated value; regulating services are 

declining, while cultural services are increasing.  While stakeholders across the Region are 

aware of the need for NHS, strong negative perceptions of the process from industrial 

stakeholders suggest that the process has not yet achieved the threshold for social license.  The 

study concludes that integration of ecosystem services into NHS planning could improve 

transparency and communication around the process, but that stakeholders would be more 

likely to accept this integration if the process was framed as a response to a common goal, such 

as managing impacts of climate change.  The research suggests that quantifying ecosystem 

service levels rather than valorizing these services might be preferable.  Updates to Ontario’s 

Ecological Land Classification systems might help to improve assessment of ecosystem services 

in the future; NHS planning should also be updated to provide a more transparent mechanism 

of communicating what landcover types are delineated and protected through these systems, 

to aid in landscape-level planning.   Sharing information widely before discussing policy options 

is essential to increasing transparency, building community consensus, and achieving lasting 

social license for long-term NHS protection.        
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1 Introduction 

1.1 Background 

The spatial configuration of roads, buildings, parks, and other features within cities and regions 

are the physical manifestation of land use planning.  Planners identify and delineate land use 

categories within municipal planning documents; in Ontario, Canada, the most important of 

these documents is the Official Plan.  Land use plans designate areas for urban development 

and areas for protection; in Ontario, areas to be protected from development are identified 

within a Natural Heritage System (NHS).   A relatively recent addition to Ontario’s planning 

process (OMMAH 2005), the identification, delineation and protection of an NHS is fraught with 

tension due to a rapidly increasing population and corresponding demand for land for new 

urban development.  Urban planners, and particularly environmental planners, face challenges 

as they are tasked to achieve balance between planning the urban form and the provision of 

enough greenspace to ensure long-term environmental and human wellbeing.   

This research is framed as a case study situated in Ontario’s Region of Halton, and examines the 

Natural Heritage System identified within the Official Plan for that Region.  Halton Region is 

located in the Greater Toronto and Hamilton Area (GTHA) and is one of the fastest growing 

urban areas in Canada (OMMAH 2019; OMPIR 2006).  The Region is an ‘upper-tier’ municipality 

with four constituent ‘lower-tier’ municipalities - Oakville, Burlington, Milton, and Halton Hills.  

It is located in close proximity to significant natural features on the landscape, including the 

Niagara Escarpment (which crosses the Region), and the Oak Ridges Moraine (which is found in 

close proximity to the northern boundaries of the Region).  Ontario’s Greenbelt, which is a 

provincial creation that surrounds the city of Toronto, is also found in part within the Region’s 
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boundaries.  Land use planning processes in the context of Halton Region is thus representative 

of a highly complex social phenomena with a wide variety of stakeholders, and well suited for a 

case study approach (Yin 2017).   

1.2 Natural Heritage Systems   

It is recognized that natural areas and the functions they provide with regard to human 

wellbeing are of critical importance, and must be protected and enhanced to remain on the 

landscape in perpetuity.  To this end, the province of Ontario identified NHS planning as a 

provincial interest in the 2005 edition of the Provincial Policy Statement (OMMAH 2005).  As 

Whitelaw et al. (2000) point out, environmental planning has evolved toward a landscape-level 

approach, incorporating the development and use of NHS as an essential step in long-term 

environmental planning.  The delineation of an NHS is designed in part to maintain ecosystem 

function and ecological integrity.  The development of NHS is guided by information developed 

through the discipline of landscape ecology, which enables these plans to be used to make land 

use decisions that are compatible with natural processes (Whitelaw et al. 2000).  NHS can be 

created by municipalities or by government agencies (such as Conservation Authorities); it is 

not unusual to see NHS develop that incorporate or overlay other NHS that have been 

previously developed.  In Halton Region, multiple instances of these intersections exist; for 

example, NHS exist for the Greenbelt and for lower-tier municipalities (such as Oakville). In 

addition, the Region intersects with the Niagara Escarpment Plan Area, which contains 

Escarpment Natural Area and Escarpment Protection Area designations and which in turn acts 

as a de facto NHS.   
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A Natural Heritage System consists of cores - relatively large areas that serve to protect 

important natural landscapes like forests or wetlands - and corridors, which connect the cores 

and create linkages through which animals and plants can travel (Whitelaw et al. 2000).  

Establishment of Halton’s NHS was intended to preserve biological diversity and ecological 

function (North-South Environmental Inc. 2009).  It is important to note, however, that typically 

NHS are based on landcover types (e.g. forests, wetlands, grasslands, etc.), and not on a 

quantitative survey of ecological function.  This research seeks to ascribe ecosystem service 

values reflective of ecosystem (ecological) functions from various landcover types both within 

outside of a Natural Heritage System. This research examines as features (landcover), functions, 

services and values as a means to enhance Natural Heritage System planning. Chapter 2 

explores the history, development, and implementation of NHS.   

1.3 Ecosystem services  

Natural Heritage Systems are comprised of a variety of different landcover types that each 

provide a range of ecological functions; they deliver essential ecosystem services such as clean 

water and air, productive soils and flood attenuation.   

The Millennium Ecosystem Assessment (MEA) - an initiative driven by the United Nations 

Environment Programme and delivered by more than 1,360 scientists from 95 countries - 

provides an internationally recognized framework of ecosystem services that are provided by 

natural areas on the landscape (MEA 2005).  The MEA divides ecosystem services into four main 

categories: provisioning services, that provide goods (like food or fibre) to humans; regulating 

services that control key functions like water or air purification; cultural services that describe 

human interactions with the landscape for recreation or other purposes; and supporting 
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services that essentially maintain and develop local ecosystems, like soil development (MEA 

2005).  Within these categories, specific ecosystem services are identified.  In many studies, 

these services are valorized - ascribed specific economic values - based on assessments done at 

the local level.   

Ecosystem services researchers must be mindful of the variety and breadth of voices involved in 

debates about ecosystem services, and how the concept of ‘value’ can change from group to 

group or place to place.  As such, the valorization of ecosystem services may be viewed as a 

prime demonstration of urban political ecologies.  Neumann (2009) argues that political 

ecology has become a key framework in geography for studying human-environment relations 

and is essential to understanding issues of place and scale - two very important considerations 

in considering ecosystem services, which can have different values depending upon the place 

and scale that is being considered.  Ecosystem values can also be highly impacted by political 

realities (Forester 1989; Friedmann 1987).   For example, carbon pricing is heavily derived from 

political calculus rather than a true assessment of carbon values (Lindsey & Santos 2020).   

Degradation of ecosystem services can lead to unacceptable risks to human wellbeing (e.g., soil 

erosion and flooding), as well as a loss of ecological function and thus of the plants and animals 

that make up that ecosystem.  In some cases, ecosystem services are priced based on the 

anticipated costs of losing these services - for example, how much it would cost to build a water 

treatment plant, or the price of implementing mechanical flood protection systems (OMNR 

2010).  As discussed extensively in Chapter 3, the values that are assigned to ecosystem values 

are highly dependent upon the local geography - both physical and human - and are often 

ascribed different values by different stakeholders. 
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1.4 Increasing support for NHS planning  

The valorization of ecosystem services has one major potential benefit; it provides all 

stakeholder groups with a transparent means of understanding the magnitude of different 

ecosystem services on the landscape, which in turn creates a common context for dialogue and 

planning.  Implementing ecosystem services within the NHS planning process may reduce 

tensions and increase stakeholder support for the development of NHS.   

Improving support for the development of NHS is a critical step; research has noted the 

importance of protected areas in urban areas as a means to create adaptive capacity and meet 

the challenges of climate change (Rosenzweig 2011).  Intact natural ecosystems, particularly in 

the context of the urban environment, can help regulate air and water and improve wellbeing 

for all (Turner et al. 2009).  These ecosystems need to be of sufficient size to deliver required 

services to the population at hand, again emphasizing the importance of ascribing local values 

for individual ecosystem services (Warren 2011).   

Support for NHS planning can be considered through the lens of ‘social license’.  This concept, 

which dates to the mid-1990’s, was originally applied to the mining industry (Moffat et al. 2016; 

Thomson & Boutilier 2011).  The act of bringing local populations to the point where they 

actively supported a new or existing mine operation was described as achieving social license; it 

is generally accepted that true social license requires partnership across multiple stakeholders.  

The term has been applied to a variety of sectors, and is now commonly seen as part of 

corporate strategy in product development and operational management (Nelson et al., 2010).   

In the planning world, the concept of social license can be seen as a direct descendent of 

Arnstein’s famous ‘ladder’ of citizen participation (Arnstein 1969).  Achieving social license for 
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NHS would require active support, participation, and even ownership on behalf of all 

stakeholder groups.  Chapter 4 explores the potential to increase social license for the NHS 

planning process through an examination of stakeholder knowledge of Natural Heritage 

Systems and ecosystem services together with recollection of the planning process for the 

development of a Natural Heritage System within a municipal Official Plan document.    

1.5 Research question and objectives 

This dissertation unpacks the complex nature of Natural Heritage Systems planning by 

quantifying the ability of NHS to capture key landcover types on the landscape.  It evaluates the 

ability of NHS to protect and maintain ecosystem services, and explores the ways in which 

acknowledging ecosystem services might be used to help increase social license for the NHS in 

the future.  The overarching research question for this work is as follows:  Can social license for 

NHS be increased by integrating ecosystem services into the NHS planning framework?  The 

primary objectives for this work have been developed as shown below.   

i. Quantify the proportion of different landcover classifications that were captured in the 

NHS, through the use of two geographic datasets to determine the effectiveness of the 

NHS of protecting these landcover types over time.     

ii. Evaluate ecosystem services being delivered based on landcover classifications for the 

Region of Halton in 2002 and 2011, in order to identify the services captured within the 

NHS and the ability of the NHS to maintain these services over time.   

iii. Assess the use of ecosystem services to build social license to develop and modify 

Natural Heritage Systems.  Specifically, this study will explore the perspectives of 
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stakeholders with respect to the effectiveness of NHS planning as a tool to protect 

natural areas and the services they provide on the landscape.  

The dissertation has been developed following a manuscript format.  Chapter 2 discusses the 

development of NHS planning over the last decade and identifies gaps in the literature related 

to current approaches to NHS planning. It concludes with an analysis of landcover and land use 

change across the study area both within and outside of the Natural Heritage System to 

determine the effectiveness of NHS to capture protect various landcover classes on the 

landscape.    Chapter 3 presents an overview of ecosystem service values for various landcover 

types within the southern Ontario context.  The chapter then focuses on the Halton Region NHS 

to provide an indication of the value of the ecosystem services it provides and further 

determines the effectiveness of the NHS with regard to its capture of ecosystem services across 

the landscape.  Chapter 4 probes an area of consensus, that being the municipalities’ response 

to climate change through the use of NHS and ecosystem services. The study also tests how 

knowledge of the value of ecosystem services might affect current approaches to Natural 

Heritage System planning and posits the relationship between stakeholder perspectives and 

willingness to provide social license for Natural Heritage System planning in high growth urban 

areas.  The final chapter of the dissertation, Chapter 5, presents overarching conclusions and 

returns to the core question of the thesis.   

1.6 Positionality 

I have been a Registered Professional Planner (RPP) in the province of Ontario and a Member of 

the Canadian Institute of Planners (MCIP) since 1996.  I have worked as a professional planner 

at the local, Regional and Provincial level in both southern and northern Ontario.  I was the 
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Senior Planner - Ecology and the Senior Environmental Planner at the Region of Halton for two 

Official Plan Reviews. I was heavily involved in the development of the Halton Region Natural 

Heritage System as part of the Region of Halton Official Plan. I therefore draw on my personal 

experience with, and detailed knowledge of, the Halton NHS as part of this undertaking.  In 

addition, I was able to draw upon my extensive network of colleagues within the Region of 

Halton with regard to participating in my research.  
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2 Assessing the effectiveness of a Natural Heritage System by analyzing 
landcover classes in Halton Region, Ontario Canada 

2.1 Abstract 

This study assess the effectiveness of a Natural Heritage System by analyzing land cover classes 

in Halton Region Ontario, Canada.  A review of the literature of concludes a lack of transparency 

exists in current approaches to NHS planning regarding various landcover classifications that 

are incorporated within these systems, as well as rationale as to why specific choices were 

made.  An overview of ecosystem scales and nomenclature is presented to contextualize NHS 

planning in Ontario today. The identification and implementation of the NHS in Halton Region is 

explored.  Landcover classifications from 2002 (SOLRIS 1.2) and 2011 (SOLRIS 2.0) are assessed 

in order to evaluate landcover changes in Halton Region, both within and outside the NHS 

delineated within the Region in 2009.  The study suggests that NHS is an effective tool for 

protection of high conservation value features; more than 90% of forests and wetlands areas 

are captured in Halton’s NHS, comprising 22,800 ha out of the total 49,990 ha designated 

within the system.  This work provides novel insight into changes that have occurred within the 

NHS in the early years of its existence in Halton, which in turn can help inform broader 

strategies designed to maintain ecosystem function at the landscape level.   
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2.2 Introduction  

Natural Heritage Systems (NHS) are used by planners to identify and connect landcover types 

that provide important ecological functions (e.g. wetlands, forests), in order to reduce 

fragmentation of important habitats and improve ecological functions.  The concept of NHS 

planning is used in the USA, Australia, and South Africa; in Canada, it is used in British Columbia 

and is a key component in Ontario’s conservation strategy in the southern part of the province 

(OMNR 2006).  The Provincial Policy Statement (PPS) of 2005 made the protection and 

preservation of Natural Heritage Systems mandatory within southern Ontario (OMMAH 2005a).   

NHS planning in Ontario is guided by Ecological Land Classification (Crins & Uhlig 2000), which 

defines ecoregions and ecodistricts across southern Ontario that in turn can be used to 

determine the importance of specific landcover types within the context of the local landscape 

(OMNR 2006). In theory, planners at different levels can use data from the local ecodistrict and 

the broader ecoregion to identify landcover types that are threatened and set appropriate 

targets for their protection.  In practice, however, implementation of NHS systems across 

Ontario has been challenging and often lack integration across different ecological scales (Puric-

Mladenovic & Strobl 2012).      

One challenge is that the majority of NHS planning in Ontario has been carried out by municipal 

governments, which are required to do so under the 2005 PPS (OMMAH 2005a).  While a few 

NHS have been developed using ecological boundaries - for example using watersheds or 

specific landscape features like the Oak Ridges Moraine - these remain the exception (Puric-

Mladenovic & Strobl 2012).  Planners in municipal governments may lack the tools to identify 

the right ecological features for protection within the context of the broader ecosystem, and 
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may find it challenging to coordinate their NHS with other Natural Heritage Systems across local 

boundaries (Spang et al. 2012).      

A common challenge identified in the literature is a lack of transparency in the data available to 

describe NHS in Ontario.  NHS are often not clearly delineated and described in terms of the 

proportion of different landcover types (or “features”) that are incorporated within these 

systems (Puric-

Mladenovic & Strobl 

2012).  To address this 

challenge, this paper 

describes a methodology 

to evaluate the 

effectiveness of NHS in 

capturing key landcover 

types across the 

landscape, using the 

Region of Halton’s NHS as 

a case study.  A geospatial 

analysis of the region is 

carried out to quantify 

the proportion of 

different landcover types 
Figure 2-1 Region of Halton showing constituent municipalities, Ontario 
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that were captured in the NHS, and to determine the effectiveness of the NHS of protecting 

these landcover types over time.    

2.2.1  Region of Halton case study 

The Region of Halton (“Halton”) is located in southern Ontario, Canada (Figure 2-1).  Halton is 

an upper-tier municipality comprising the Town of Oakville, the City of Burlington, the Town of 

Milton and the Town of Halton Hills.   The Regional Municipality of Halton Census Division (CD) 

has the same boundaries as the municipal jurisdictional boundaries shown in Figure 2-1.  Halton 

is bounded by urban areas (Mississauga, Brampton) to the east and Lake Ontario to the south.  

The Oak Ridges Moraine connects to the Niagara Escarpment north of Halton Region while the 

Niagara Escarpment runs diagonally from the southwest to the northeast corners of the Region. 

In 2016, Halton’s population was 548,435, up from 501,674 in 2011; with annual population 

growth of 1.7% per year, Halton is one of the fastest-growing regions in Canada (Statistics 

Canada 2020).   The average population density of the region is 569/km2, with total land area of 

964 km2 (Statistics Canada 2020); population is denser along the Lake Ontario shoreline, and 

around existing communities of Milton and Georgetown (the latter found in Halton Hills). 

2.3 Literature Review 

2.3.1 Historic development of NHS planning in Ontario, Canada 

Southern Ontario, and particularly the western end of Lake Ontario, is one of the most densely 

populated regions in Canada. Population-induced landcover change has transformed the 

region; the once lush, continuously forested landscape of southern Ontario has been reduced 

to a patchwork, first to support agricultural expansion, and more recently by urban sprawl.  

Many urban centres in southern Ontario are devoid of large (i.e. > 2 hectares) woodland 
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patches and the configuration of isolated natural features and areas persist across the 

landscape.  The need to address the loss of natural features and areas and develop and 

interconnected system to protect ecological features and functions for the long term led to the 

establishment of NHS planning.   

Approaches to NHS planning in Ontario evolved from work initially carried out by the provincial 

Ministry of Natural Resources (OMNR) in the 1990’s.  A report released in 1994 defined Natural 

Heritage Systems as a methodology that could define integrated conservation networks (Riley 

& Mohr 1994).  This work supported Canada’s ratification of the United Nations Convention on 

Biological Diversity and offered guidance to planners on how to conserve and monitor 

biodiversity within the context of landscape change.   

This guidance was particularly important in southern Ontario, where the rapidly growing 

population in the Greater Toronto-Hamilton Area (GTHA) - including Halton Region - has placed 

significant pressure on what was once a heavily forested landscape.  Over the 1990’s, the built-

up area across the GTHA expanded by approximately 500 km2, from 2,200-2,700 km2 (Kasraian 

et al. 2020).  By 1994, the majority of jurisdictions in southern Ontario were reduced to forest 

cover of 30% or less (Riley & Mohr, 1994), suggesting significant loss of habitat, and increasing 

the imperative to identify, delineate and protect natural areas. 

One of the first parts of southern Ontario to receive significant attention from conservationists 

was the Niagara Escarpment, which extends 725 kilometres from the Niagara River to the 

northern tip of the Bruce Peninsula; a portion of the Niagara Escarpment traverses Halton 

Region.  Public concern over the ecological condition of the Escarpment dates to the 1960s 

(Whitelaw et al. 2000).  A 1968 study recommended a land use planning and land acquisition 
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system to protect approximately 4,660 km2 of the Escarpment (Gertler 1968); this study 

informed multiple policies in the following decades, including the Niagara Escarpment 

Protection Act (1970), the Pits and Quarries Control Act (1971), the Niagara Escarpment 

Planning and Development Act (1973) and the Niagara Escarpment Plan (1985).  The latter plan 

served as an important framework for policymakers and planners seeking to balance 

environmental protection objectives against increasing development pressures. 

By the early 2000s, Whitelaw et al. (2000) used the Regional Municipality of Halton as a pilot 

area in the process of delineating and mapping an NHS for the Niagara Escarpment.  This 

important study provided insights into the role of Natural Heritage Planning in the context of 

urban conservation.  NHS planning is an essential step in long-term environmental planning as it 

incorporates principles of landscape ecology, allowing urban land use decisions that are 

compatible with natural processes (Vaughan et al. 2003).  Natural Heritage Systems include 

cores – relatively large tracts that include important features, such as woodlands, wetlands, or 

water features, that can act as habitat and provide critical environmental services – and 

corridors, which are designed to link these core areas (Whitelaw & Eagles 2007).   Corridors 

facilitate the passage of plants and animals and enhance the functionality of core areas; they 

can be terrestrial (e.g. open fields, hedgerows) or riparian (e.g. streams and shorelines).  Taken 

together, cores and corridors form a continuous “system” on the landscape.  

2.3.2 Ecosystem scales and nomenclature 

Ecosystem functions including nutrient cycling, air and water quality improvements can be 

supported through NHS planning, but reflect landscape-level systems that often cross 

jurisdictional lines and require coordination between different governing bodies (Whitelaw & 
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Eagles 2007; Vaughan et al. 2003).  Ecosystems include both living (plants, animals, microbes) 

and non-living (soil, water, substrate, rock) components of the environment, as well as the 

complex interactions that take place between the biotic and abiotic components of the system 

(Lomolino et al. 2017; Cox et al. 2016).  The understanding of the nested fashion in which 

ecosystems operate began with the work of Arthur Tansley in the 1930s (Tansley 1935; Pickett 

& Grove, 2009).  Ecosystems can operate at a range of scales - from a wetland ecosystem 

measured in hectares, to a forest ecosystem occupying thousands of square kilometres; indeed, 

the entire planet consists of interconnected ecosystems, known collectively as the biosphere 

(Lomolino et al. 2017).   

Different terms are used to reflect the scale at which ecosystem functions are being considered.  

In Ontario, three upper-level, nested ecological units are used: from largest to smallest, these 

are ecozones, ecoregions and ecodistricts.  The province also uses two lower level, non-nested 

units: ecosites and ecoelements (OMNR 2007).  At the upper level, ecozone is used to describe 

systems at the national or provincial level; this scale is most useful in considering processes 

such as climate change.   

Smaller than ecozones, an ecoregion is used for determining the level of significance or status 

of wetland classes and certain other natural heritage features (e.g. old growth forest), setting 

targets for Wilderness Class provincial parks, State of the Forest reporting and studying natural 

disturbance regimes (OMNR 2007).  The smallest upper-level designation is that of ecodistrict, 

which is used for assessing biodiversity levels, defining seed zones, mapping ecosystem types 

and setting targets for the identification of Natural Heritage Systems (OMNR 2007).   
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Acknowledging the very large scale at which ecosystem functions take place, NHS planning in 

Ontario is guided by a system of Ecological Land Classification (ELC) (Crins & Uhlig 2000), which 

defines ecoregions and ecodistricts across southern Ontario (OMNR 2006). Ontario’s ELC 

system is based on Angus Hills’ description of Regions and Districts, which was carried out in 

the 1950’s (Hills 1959). The ELC delineates natural regions on the landscape based on ecological 

factors including bedrock, climate, (temperature, precipitation) physiography (soils, slope, 

aspect) and corresponding vegetation compatible with national continental classifications 

(OMNR 2007). The ELC supports planning by identifying different landcover types at both 

ecoregion and ecodistrict scales, which permits planners to understand which features (forests, 

wetlands, shorelines, etc.) are represented and to what degree; this in turn can help identify 

areas that should be prioritized for protection within a regional or local NHS.  This ecozone, 

ecoregion and ecodistrict classification system forms the foundation for the more detailed MNR 

mapping known as the Southern Ontario Land Resource Information System (SOLRIS).  Within 

the ELC, the Region of Halton is located within Southern Ontario’s Mixedwood Plains Ecozone.  

This is Ontario’s southernmost ecozone, occupying less than 10% of the province and defined 

by the limestone and dolostone bedrock that occurs south of the Precambrian Shield (OMNR 

2007).  Within this ecozone, Halton straddles two ecoregions - Lake Erie-Lake Ontario Ecoregion 

7E, and Lake Simcoe-Rideau Ecoregion 6E.   

By understanding the functioning of ecosystems at the very large scale (ecoregion) and 

intermediate scale (ecodistrict), planners can determine the importance of specific landcover 

types or features within the context of the local landscape (OMNR 2006). The Halton Region 

Natural Heritage System developed as part of a land use planning exercise uses the ELC system 
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to identify and delineate the various ecological units identified as ELC “landcover classes” to 

approximate the identification and delineation of various ecosystems.  Ecosystems being the 

living and non-living elements functioning together in specific geographic areas across Halton 

Region at a specific scale.     

2.3.3 NHS planning in Ontario today 

The statutory provisions for planning authorities to undertake NHS planning in southern 

Ontario were first articulated in the 2005 Provincial Policy Statement, found under Section 3 of 

the Ontario Planning Act (OMMAH 2005a).  Policy 2.1.1 of the PPS stipulates long-term 

protection of natural features and areas, although planning decisions must be consistent with 

the entire PPS - essentially requiring planners to find a balance between urban development 

and protection of natural features for the long term.  In 2010, the Ontario Ministry of Natural 

Resources released the second edition of the Natural Heritage Reference Manual, which 

provides further guidance for implementing natural heritage policies found in the PPS (OMNR 

2010).     

In Ontario, the single most important planning document developed within a jurisdiction is the 

Official Plan (OP) - a document which, in accordance with the PPS, sets out the policy directions 

and spatial configuration of projected growth and development.  Official Plan designations (i.e. 

the spatial extent of areas to which corresponding planning policies apply) serve to guide land 

use decisions made at the local or regional level in accordance with provincial legislation, 

regulations and policies.  A municipality’s OP must provide specific details with regard to the 

identification and level of protection (from development) of natural heritage features, functions 

and linkages across the landscape.  These requirements have increasingly directed 
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municipalities to consider compact urban form and intensified development patterns in order 

to retain natural areas on the landscape.   

The Greater Toronto and Hamilton Area (GTHA) is the fastest growing region in Canada 

(OMMAH 2019; OMPIR 2006).   In Halton Region, the ‘Greenlands Framework’ started the 

process of securing land to preserve natural landscapes and features; this led to the Greenlands 

Securement Strategy, which laid out an approach to retain natural features and areas across 

the region (Halton 2009a).  The ‘Greenlands System’ was replaced by the Natural Heritage 

System with the introduction of the 2009 Regional Official Plan (Halton 2009b).   

2.3.4 Halton’s Natural Heritage System 

As directed by the PPS and by the Region’s 2009 Official Plan, Halton undertook to identify, 

delineate and protect an NHS across the entire region. This process - “Sustainable Halton”, 

launched in 2006 - was guided by the 2005 PPS and the 2006 Places to Grow Act (OMMAH 

2005a; OMPIR 2006).  In addition to setting up the NHS, the Official Plan Review would also 

identify Halton’s urban growth areas to 2031.   

In defining areas for growth within Halton, the OP was strongly informed by the Greenbelt Plan 

of 2005, which addressed concerns about the rapid urbanization of lands within the GTHA that 

was observed in the 1990s by identifying large areas where urban development should not 

happen (OMMAH 2005b).  These areas stretched around the core cities of the region (Toronto, 

Mississauga, Oakville, Burlington, Hamilton) and overlapped other areas of ecological interest, 

such as the Niagara Escarpment.  An NHS was developed for the Ontario Greenbelt Plan Area 

and was an important input in the development of Halton’s NHS (Halton 2009b), and informed 

the Region’s OP. Halton’s NHS also included parts of the Niagara Escarpment Plan Area. 
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Figure 2-2 Halton Region's Natural Heritage System 
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The NHS - developed by the Sustainable Halton process, and incorporating elements from the 

Greenbelt NHS and Niagara Escarpment Plan Area - is shown in Figure 2-2. The Sustainable 

Halton NHS also included plans from lower-tier municipalities which had identified NHS within 

their municipal borders (for example, North Oakville); these plans were incorporated and 

brought in line with the NHS developed by the Region, as the Official Plan of lower-tier 

municipalities in Ontario must conform to the upper-tier Regional Official Plan.   Finally, 

additional core and corridor areas along with buffers and areas of enhancement were also 

delineated in the Regional NHS. 

2.3.5 Implementation of Halton’s NHS 

Implementation of the Halton NHS began in late 2009 with the introduction of two Regional 

Official Plan Amendments (ROPAs).  These were ROPA 38 (the comprehensive Regional Official 

Plan Review), approved in November 2011 (Halton 2011), and ROPA 37 (an amendment to 

incorporate requirements of the Places to Grow plan) (Halton 2009c).  Introduction of these 

amendments established the framework for Halton’s NHS within the OP, which directed the 

implementation of the NHS using a scientific and systems-based approach.  Two key sections in 

the Region’s OP, Sections 118 and 260.2, which must be consulted when development is 

considered in or near areas delineated by the NHS, permit measures up to and including an 

Environmental Impact Assessment (EIA) to assess new development proposals that could 

impact NHS features.   

The Regional NHS identifies two primary categories for protection: Key Features and Areas 

Outside the Key Features.  Key Features (‘core’ sections of the region’s NHS) are ecologically 

important landcover types where development is prohibited or restricted. These include fish 



  23 

habitat, habitat of endangered and threatened species, wildlife habitat, wetlands, woodlands, 

valleylands, and areas of natural and scientific interest that are determined to be significant by 

the Province (Halton Region Official Plan, 2009).  Areas Outside the Key Features (‘corridor’ 

sections of the Region’s NHS) help to strengthen and improve the health of the Key Features. In 

addition to corridors connecting key features, these can include enhancements and buffer 

areas. The Region supports and promotes agricultural activity within the NHS, but primarily 

restricted to Areas Outside the Key Features (Halton 2009b).  

The development of the NHS in Halton followed a four-step process.  The first step catalogued 

natural heritage “features”, such as woodlands, wetlands and watercourses, as well as the 

known locations of significant species.  The second step was to delineate core areas based on 

these features (particularly areas where one or more features was found in close proximity), as 

well as “Centres for Biodiversity” - sensitive landscapes where a concentration of natural 

heritage features collectively represent significant ecological features and functions capable of 

supporting native biodiversity over the long term (North-South Environmental 2009).  This step 

delineated these areas within the complex framework of built-up developments, transportation 

corridors, and agricultural areas that existed on the landscape.  Minimum core areas were 

defined by Environment Canada by different landcover types, including wetlands (10 ha for 

marshes and thicket, 20 ha for treed swamp), open habitat (15 ha), and woodlands (20 ha); the 

minimum size for Centres for Biodiversity is set at 200 ha (Environment Canada 2004).  The 

second stage in NHS development also included identification of “enhancement” areas - large 

areas without obvious natural heritage features, often employed as agricultural land and 

occasionally including meadows and thickets.  These enhancement areas offer a way to 
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contribute to the NHS by protecting and restoring critical ecological functions such as, 

ecological connectivity among natural area patches, surface water catchment areas for 

wetlands, minimum core area thresholds and improved core area shape that reduce edge effect 

and enlarge interior habitat.   

The third stage of NHS development was identification of corridors to link core areas.  Halton’s 

NHS differentiated between regional and local corridors, identifying regional linkages (300-400 

m wide) as providing continuous corridors across the landscape of the Region, and local 

linkages (60-100 m wide) as connections between isolated natural heritage features and the 

larger NHS (North-South Environmental 2009). Woodland Buffer: 30 meters, Wetland Buffer: 30 

meters.  This stage also included identification of 30 m wide buffer zones around core areas, 

which provide protection for the long term from adjacent land uses and land use changes that 

may negatively impact ecological functions related to the movement of plants and animals 

and/or impact the ecological features that make up the NHS (North-South Environmental 

2009).  Importantly, 30 m buffers along riparian zones (watercourses, shorelines) provide 

habitat protection and enhance corridors within the NHS.  

The final step in NHS development was formal delineation of the Halton Natural Heritage 

System, based on the cores and corridors identified above.    

2.3.6 Gaps in the literature 

The development of Natural Heritage Systems across southern Ontario is seen as a critical step 

in protecting key landcover types in the face of significant development pressure.  It is not 

clear, however, how effective NHS systems are at the regional scale at identifying and 

protecting key features such as forests or wetlands.  No comprehensive assessment of NHS has 
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been carried out by government or independent researchers.  In this paper, the author seeks to 

quantify the landcover types across Halton Region and assess the effectiveness of NHS to 

capture these landcover types.  The ability of NHS to provide ongoing protection to these areas 

is also investigated by considering landcover classifications before and after establishment of 

the system on the landscape.     

2.4 Identifying landcover classes in the Region of Halton 

A geospatial analysis was undertaking using a Geographic Information System (GIS) approach, 

where landcover data was overlaid across the Region of Halton.  Data was sourced from the 

government of Ontario and from the Region of Halton to support this analysis.     

The Southern Ontario Land Resource Information System (SOLRIS) is a landscape-level 

inventory of landcover types built on the framework of the Ecological Land Classification (ELC) 

system.  Developed by the Science and Research Branch of the Ontario Ministry of Natural 

Resources and Forestry, SOLRIS data exists for Ontario Ecoregions 6E and 7E and can be used to 

examine the Region of Halton.  SOLRIS version 1.2, released in 2008, provides a representation 

of landcover classes between 2000 and 2002. SOLRIS version 2.0, released in 2015, updates 

SOLRIS 1.2 and represents the landscape to 2011 (OMNRF 2015).  SOLRIS 1.2 thus provides a 

breakdown of landcover types prior to the implementation of Halton’s NHS, while SOLRIS 2.0 

provides a description of landcover types after the NHS was implemented.   

SOLRIS data from versions 1.2 and 2.0 were clipped to the Region of Halton administrative 

(municipal) boundaries using GIS software (ESRI ArcInfo).  The Projected Coordinate system 

used in the mapping was NAD83/UTM Zone 17N, with a Transverse Mercator projection; this 

projection is suitable for use in Ontario (Geomatic Solutions 2020).  The Minimum Mapping 
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Unit (MMU) in SOLRIS 1.2 and SOLRIS 2.0 is 0.5 ha; SOLRIS 1.2 was mapped using the Landsat 5 

TM sensor, and SOLRIS 2.0 was derived from the Landsat 7 ETM+ sensor.  According to the 

Ontario Ministry of Natural Resources, the mapping scale is appropriate for regional or 

landscape mapping analysis at scales ranging from 1:10,000 to 1: 50,000. Features less than the 

MMU of 0.5 ha (or less than 90 m wide) cannot be reliably detected with the exception of 

streams, roads and hedgerows.   

There were some changes in landcover definitions between SOLRIS 1.2 and 2.0, with new 

landcover classifications introduced in Version 2.0.  The Appendix (Section 2.8) details the 

acquisition of SOLRIS data from versions 1.2 and 2.0, including full descriptions of the Unit 

Name, Class Name, Code Name, ELC Code, SOLRIS Number and Value.   Changes in the 

Ministry’s approach between SOLRIS 1.2 and SOLRIS 2.0 were analyzed as detailed in the 

Appendix.  Comparisons between data presented in SOLRIS 1.2 and 2.0 were informed by this 

analysis.  

Geospatial data layers delineating the NHS within the Region were obtained through a data 

sharing agreement with the Region of Halton (July 2018).  Data layers shared included 

Floodlines, Wetlands, Provincially Significant Lake Ontario and Bay Shoreline, Parkway Belt, 

Carolinian Canada sites, Regional Significant Woodland, Regional Forest, and Natural/Protected 

Area.  Additional data layers including Greenbelt Plan NHS, Core and Linkage Enhancement 

Areas and Buffers, and NHS areas where local municipal data used were obtained from the 

Region and the Ontario Government  (October 2019). The NHS data layers were overlaid with 

SOLRIS 1.2 and 2.0 landcover types using GIS.  The number of hectares of each landcover type 



  27 

within and outside of Halton’s NHS could then be assessed, as could any changes in landcover 

over the first years of the NHS implementation.   

2.5 Results and discussion 

2.5.1 Landcover changes across the Region of Halton, 2002-2011 

In Table 2-1, the areas of different land classes reported in SOLRIS 1.2 and in SOLRIS 2.0 are 

detailed for the entire Region of Halton.  Changes to the ELC between 1.2 and 2.0 resulted in 

the addition of new categories in 2.0.  The most major change was the inclusion of a ‘tilled’ land 

class in SOLRIS 2.0, which helped to identify the use associated with a large swath of land 

previously left undifferentiated.  Other, smaller changes include the introduction of treed and 

thicket swamp in SOLRIS 2.0, which replaced the single category of swamp used in SOLRIS 1.2.   

Open Beach/Bar was also introduced in SOLRIS 2.0 and identified areas previously 

undifferentiated - but only 2 ha of land fit this category.    

The landcover category which displayed the greatest decline in total area between 2002 and 

2011 was the undifferentiated category.  In SOLRIS 1.2, 48% of the region is left as 

‘undifferentiated’, while SOLRIS 2.0 identifies almost half of this area (18,952 ha) as tilled 

(agricultural) land.  When comparing the total of tilled and undifferentiated areas in SOLRIS 2.0 

to undifferentiated lands in SOLRIS 1.2, a 2% decline is observed, with about 1,900 ha lost.  This 

loss was largely matched by gains in built-up (impervious) areas (a gain of 1.3%, with about 

1,200 ha of additional development) and transportation corridors (a gain of 0.9%, or about 870 

ha of new roads, rail, and trails).  In SOLRIS 1.2, built-up areas (impervious) - primarily buildings, 

parking lots, and other infrastructure - was the second largest landcover type, at 15% of the 

total Region’s landbase.  
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Table 2-1 Land class distribution in SOLRIS 1.2 and SOLRIS 2.0 for Halton Region 
ELC 
Code 

SOLRIS 
1.2 

Value 

SOLRIS 
2.0 

Value 

Land class name SOLRIS 1.2 Area SOLRIS 2.0 Area Loss/Gain 

(ha) (%) (ha) (%) (ha) (%) 

FO 27 90 Forest 825 0.9% 746 0.8% -79 -0.1% 
FOC 28 91 Coniferous 

Forest 
1,320 1.4% 1,322 1.4% 2 0% 

FOM 29 92 Mixed Forest 3,099 3.2% 3,104 3.2% 5 0% 
FOD 30 93 Deciduous 

Forest 
10,469 10.6% 10,403 10.7% -66 -0.1% 

SW 50 -- Swamp 7,784 8.0% -- -- -591 -0.1% 
SWC -- 131 Treed Swamp -- -- 7,013 7.2%   
SWT -- 135 Thicket Swamp -- -- 712 0.7%   
FE 55 140 Fen 2 0.0% 2 0.0% 0 0% 
MA 63 160 Marsh 580 0.6% 571 0.6% -9 -0% 
OA 66 170 Open Water 581 0.6% 734 0.8% 1552 0.2% 
BBO -- 11 Open Beach/Bar -- -- 2 0.0%   
CUP 36 191 Plantations – 

Tree Cultivated 
580 0.6% 577 0.6% -3 0% 

CUH 37 192 Hedge Rows 1,114 1.1% 1,084 1.1% -30 -0% 
COT 42 201 Transportation 6,140 6.3% 7,017 7.2% 877 0.9% 
COP 44 202 Built-Up Area – 

Pervious 
2,509 2.6% 2,680 2.8% 171 0.2% 

COI 45 203 Built-Up Area - 
Impervious 

14,520 14.9% 15,745 16.2% 1,225 1.3% 

COE 43 204 Extraction – 
Aggregate 

911 0.9% 640 0.7% -271 -0.3% 

UN 99 250 Undifferentiated 46,914 48.2% 26,043 26.8% -1,9193 -2.0% 
-- -- 193 Tilled -- -- 18,952 19.5%   
 

 
 

TOTAL 97,347 100% 97,347 100%   
1Loss of 59 ha compares the combined area of SWC and SWT (SOLRIS 2.0) to SW (SOLRIS 1.2) 
2Gain of 155 ha includes 2 ha of open beach/bar, which were left undifferentiated in SOLRIS 1.2 
3Loss of 1,919 ha compares combined undifferentiated and tilled land (SOLRIS 2.0) to UN (SOLRIS 1.2) 
 

By the time SOLRIS 2.0 was completed, these areas had increased to 16% of the Region.  Closely 

affiliated with these areas are built-up areas (pervious) - lawns and other landscaping that 

permeate urban areas and occupy between 2-3% of the landbase.  The transportation network 

- primarily roads - occupy 6% of the total Region’s area in SOLRIS 1.2, rising to 7% with SOLRIS 

2.0.  These increases in non-permeable, developed spaces represent a significant urbanization 
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during this period.  There was also a small reduction in the area used for extraction (quarrying).  

Across all other landcover classifications, the change between SOLRIS 1.2 and 2.0 were less 

than 200 ha over the 2002-2011 period. 

A geographic representation can help to better understand these changes.  In Figure 2-3, 

Halton’s landcover classification as described in SOLRIS 1.2 is presented, while Figure 2-4 shows 

data from SOLRIS 2.0.  When compared, these maps clearly illustrate the distribution of 

undifferentiated land.  Figure 2-4 makes it clear that a large proportion of these lands are 

immediately adjacent to forested areas and wetlands, possibly representing transitions from 

one landcover type to another.  Other large blocks of undifferentiated land are found 

throughout the tilled lands of the Region, identifying these blocks as unused or abandoned 

fields.  Agricultural fields are a strong candidate to be taken over for development purposes, 

and indeed may be allowed to sit unused in the years immediately before construction begins.   

Figure 2-3 and Figure 2-4 also clearly show the growth in development, particularly in Milton, 

where very large additions of built up (pervious) and built up (impervious) lands can be seen 

around the town core.  To a lesser extent, there are substantive gains in these types of lands in 

Burlington and in Halton Hills.  Careful examination of the figures indicate that the vast majority 

of new built-up areas was taken from lands characterized as undifferentiated in SOLRIS 1.2.  

In Figure 2-3, the largest natural area landcover type is deciduous forest at almost 11% of the 

landbase; all forest types together account for 15,712 ha or 16% of the Region as of 2002.  As 

detailed in Table 2-1, there were no major losses of forested areas between 2002 and 2011.  A 

review of Figure 2-4 shows no large blocks of forest missing, which suggests that any losses that 

did take place are likely found along forest boundaries.       
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Wetlands (swamps, fens, marshes) represent about 8% of the total land base in Halton; the 

majority were classed as swamp under SOLRIS 1.2 and treed swamp in SOLRIS 2.0.  Thicket 

swamp and marsh contribute significant area to wetlands.  A slight loss in swamp area (almost 

60 ha) was noted between 2002 and 2011, but this represents a very small proportion of total 

wetlands within the Region.   

Landcover classes such as Open Water and Open Beach Bar amount to less than 1% each of the 

total land area in Halton.  Between SOLRIS 1.2 and 2.0, the amount of land in Halton classified 

as Open Water increased substantively (by 155 ha); this likely reflects better delineation of 

lands previously left undifferentiated.       
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Figure 2-3 Halton Region Landcover Classes (1999-2002), based on SOLRIS 1.2 ELC  
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Figure 2-4 Halton Region Landcover Classes (2009-2011), based on SOLRIS 2.0 ELC  
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2.5.2 Landcover changes within Halton’s NHS, 2002-2011 

Overlaying the NHS (as illustrated in Figure 2-2) onto the maps of landcover types shown in 

SOLRIS 1.2 and SOLRIS 2.0 (as shown in Figures 2-3 and 2-4) can help identify the effectiveness 

of the NHS in capturing and maintaining various landcover classes on the land base.  This 

analysis is shown in the Table below. 

 
Table 2-2 Representation of different land classes in Halton's NHS, 2002-2011 

Land class name In NHS  
(ha) 

Outside NHS 
(ha) 

% Area 
represented 

 in NHS 

% Loss/Gain by land class 
between 2002-2011 

1.2 2.0 1.2 2.0 In NHS Outside NHS All Halton 

Forest 710 643 115 103 86% 9.5% 10.4% 9.6% 
Coniferous 
Forest 

1,191 1,196 129 126 90% 
 

0.4% 2.3% 0.2% 

Mixed Forest 2,992 3,003 107 100 97% 0.4% 6.5% 0.1% 
Deciduous 
Forest 

9,930 9,924 539 479 95% 0.1% 11.1% 0.6% 

Swamp 7,547 -- 237 -- 97% 0.2%1 19.8% 0.8% 
Treed Swamp -- 6,843 -- 170     
Thicket Swamp -- 692 -- 20     
Fen 2 2 0 0 100% 0% 0% 0% 
Marsh 504 497 77 74 87% 1.4% 3.9% 1.7% 
Open Water 364 428 218 306 63% 17.6%2 40.4% 26.1% 
Open Beach/Bar -- 2 -- 0 100%    
Plantations – 
Tree Cultivated 

545 543 35 34 94% 0.4% 2.9% 0.5% 

Hedge Rows 599 597 515 487 54% 0.3% 5.4% 2.7% 
Transportation 1,247 1,360 4,892 5,657 20% 9.1% 15.6% 14.3% 
Built-Up Area – 
Pervious 

691 727 1,818 1,953 28% 5.2% 7.4% 6.8% 

Built-Up Area - 
Impervious 

1,199 1,253 13,321 14,493 8% 4.5% 8.8% 8.4% 

Extraction – 
Aggregate 

173 33 739 607 19% 80.9% 17.9% 29.8% 

Undifferentiated 22,299 15,292 24,616 10,752 48% 0.2%3 7.6% 4.1% 
Tilled -- 6,955 -- 11,997     

TOTAL  49,993 49,990 47,358 47,358     
1These losses represent the difference between Treed and Thicket Swamp (2.0) and Swamp (1.2) 
2The additional area of open beach/bar is included in this difference. 
3These losses represent the difference between Undifferentiated and Tilled land (2.0) and Undifferentiated (1.2) 
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2.5.2.1 Landcover capture in Halton’s NHS 

In Table 2-2, the areas retained within the NHS (as well as the complementary area outside of 

the NHS) are described.  A breakdown of the NHS by landcover type (as of 2011) is also shown 

below in Figure 2-5. 

 

Figure 2-5 Composition of NHS by landcover type (SOLRIS 2.0) 
 

It can be observed that the NHS was very effective at capturing “natural” landcover types, 

including all types of forests (90%+ retention, making up almost 30% of the entire NHS).  The 

fact that the NHS does not include every ha of forest within the Region is likely due to historic 

interpretation of these landcover types.  Halton undertook a significant woodland study (2002) 

as part of the Regional Official Plan review that took place prior to the 2009 Official Plan review 

(Riviere and McInnis 1999; Gartner Lee Limited 2002).   The significant woodland study 

provided a rationale and methodology for determining significant woodlands in the Region, and 

Forest (1%)
Coniferous Forest (2%)
Mixed Forest (6%)
Deciduous Forest (20%)
Treed Swamp (14%)
Thicket Swamp (1%)
Fen (0.1%)
Marsh (1%)
Open Water (1%)
Open Beach/Bar (0.1%)
Plantations (1%)
Hedge Rows (1%)
Transportation (3%)
Built-Up Area – Pervious (1%)
Built-Up Area - Impervious (3%)
Extraction – Aggregate (0.1%)
Undifferentiated (31%)
Tilled (14%)

All Forests (29%)

Swamp, Fen, Marsh (16%)

Undifferentiated (31%)

Tilled land (14%)

Other (10%)
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defined criteria that the landcover types had to meet to be labelled “significant”.   This study 

and the criteria it identified were used to help define core woodland features for the NHS.   

The NHS was also highly effective at capturing wetlands - swamp (97%), fen (100%), and Marsh 

(87%); these landcover types made up 16% of the NHS.  These areas are of particular 

importance because the Provincial Policy Statement (PPS) identifies wetlands as important 

parts of the Natural Heritage System, and planning authorities need to be consistent with the 

PPS as set out in Section 3 of the Ontario Planning Act.  Halton’s NHS includes all provincially 

significant wetlands identified by the Conservation Authorities (CAs) which are found in the 

Region (Grand River CA, Credit Valley CA, and Conservation Halton).  The development of the 

NHS was undertaken by obtaining the “wetland layers” from the Conservation Authorities and 

identifying wetlands as part of the natural features on the landscape as part of the 

development of the NHS. The Region of Halton was able to include all wetlands as part of the 

NHS as they were working with the 2005 iteration of the PPS and it states that the policies of 

the PPS represent minimum standards.  The PPS does not prevent planning authorities and 

decision makers from going beyond the minimum standards established in specific policies 

unless doing so would conflict with any policy of the PPS (OMMAH 2005, policy 4.6).   

Additional landcover types are also well represented within the NHS, including plantations (i.e. 

orchards) and open beach/bar.  Note that the latter category was added in SOLRIS 2.0, and 

refers to a very small area (2 ha) of the Burlington beach. 

The NHS also captured a number of other landcover types to a lesser extent.  Almost half of the 

undifferentiated area within SOLRIS 1.2 (2002), and just over half of the hedgerows across the 

region, were included in the NHS - for the most part as buffers around the core areas identified 
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above, or as corridors designed to link other features.  Undifferentiated lands comprise 31% of 

the total NHS, and tilled land makes up another 14% of the system.  The NHS also captured 28% 

of ‘pervious’ built-up areas (i.e. lawns and fields) as well as 8% of ‘impervious’ built-up areas 

(paths, parking, and buildings).  About 20% of the transportation network area of the Region 

ultimately fell within the NHS.     

2.5.2.2 Landcover gains or losses in Halton’s NHS, 2002-2011 

In Table 2-2, the landcover changes observed between SOLRIS 1.2 (2002) and SOLRIS 2.0 (2011) 

are quantified.  Being made part of the NHS was not found to be a perfect barrier to some 

landcover losses.  For example, the forest landcover type declined both inside and outside of 

the NHS, with a total of 79 ha lost.  The majority of this loss (67 ha) was found within the NHS, 

representing 9.5% of the landcover class included within the NHS; outside of the NHS, another 

12 ha was lost.  It should be noted that while 79 ha is a relatively small area across a region as 

large as Halton, it does represent 10% of the ‘Forest’ landcover designation - it was the most 

significant loss of a specific landcover type observed.  Most forest losses took place along the 

edges of existing forest areas and may reflect trimming or widening of transportation corridors 

(which increased both inside and outside of the NHS).   

Plantations of cultivated trees were almost all captured within the NHS, and protected 

landcover suffered only minor losses between 2002-2011 (2 ha).  Hedgerows within the NHS 

also lost little land (2 ha), compared to the loss of 28 ha outside of the NHS.   

The swamp landcover class of SOLRIS 1.2 was reclassified into treed swamp and thicket swamp 

for SOLRIS 2.0.  When the combined landcover types are considered, there was a loss of 59 ha 

of swamp between 2002 and 2011, of which about 12 ha was lost within the NHS itself.  There 
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was also a minor loss of Fen (<1 ha) and Marsh (7 ha) within the NHS.   While the area of 

wetland lost within the NHS are very small (<20 ha), it is a significant finding; wetlands are 

consistently targeted as one of the highest conservation value landcover for protection.  

Significant amounts of wetland also remain outside of the NHS (190 ha as of 2011); these areas 

suffered significant losses, declining 20% between 2002-2011.    

Losses associated with extraction of aggregate were also substantive, totalling 140 ha within 

the NHS, and another 132ha outside of the NHS.  Loss of this landcover type may reflect three 

factors: increased protection restricting industrial activity with the inclusion of land in the NHS 

(for those quarries located within the system); exhaustion of natural gravel deposits, leading to 

the closure and redevelopment of quarries across the entire Region; and finally, increasing land 

value associated with broad development trends forcing quarries out of business (again, across 

the entire Region).   

As mentioned previously, land used for transportation increased by 9% within the NHS (by 113 

ha), as compared to a 15% increase outside of the NHS (equivalent to 765 ha).  These figures 

suggest that the NHS, which comprised 20% of the transportation network, has seen slower 

development of transportation infrastructure compared to the rest of the Region.  Similarly, the 

amount of pervious built-up areas expanded by 36 ha inside the NHS, compared to 135 ha 

outside, indicating that the NHS did slow overall development of these areas.  Impervious built-

up areas only increased by 54 ha, compared to expansion of 1,172 ha outside of the NHS - 

again, indicating that the NHS was effective at slowing (if not stopping) development on lands 

included in the system. 
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2.5.3 Spatial assessment of landcover changes in Halton, 2002-2011 

A spatial analysis of changing landcover classification between 2002 (SOLRIS 1.2) and 2011 

(SOLRIS 2.0) is presented in Figure 2-6.  As discussed previously, the loss of woodlands and 

wetlands is distributed among small patches across the landscape.  The geospatial analysis 

confirmed that losses of woodlands and wetlands are relatively minor incursions onto the 

landscape.    

The losses of natural areas are small compared to the conversion of undifferentiated lands to 

built-up zones around the edges of the Town of Milton and along the northern boundaries of 

Burlington and Oakville.  These developments are quite large, but have been carefully planned 

and follow a compact form in designated areas.  In Halton, urban boundary expansion - along 

with smaller-scale development within small towns and hamlets through the Halton Hills 

municipality - is the primary pathway for growth. Note that the growth in these areas includes 

residential, commercial and industrial uses.   

The boundaries for the urban areas within the Region of Halton are now both publicly known, 

and fixed due to the Places to Grow legislation and the Growth Plan for the Greater Golden 

Horseshoe (OMMAH 2019).  Expansions to the designated urban area are not permitted unless 

conducted as part of an Official Plan Review exercise.  New developments, such as the area in 

northern Oakville known as Livable Oakville, which is to house 55,000 people, are planned in 

advance.  In the case of Livable Oakville, the identification of municipal NHS took place as part 

of the Regional Official Plan review (ROP).  The resultant North Oakville NHS was then 

incorporated into the Regional NHS, and is included in Figure 2-6.    
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Figure 2-6 Land class attribute changes between SOLRIS 1.2 and SOLRIS 2.0, Halton Region  
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2.6 Conclusions 

Natural Heritage Systems are an important mechanism for the identification and protection of 

important ecological features, such as woodlands and wetlands, in the rapidly urbanizing 

regions of Southern Ontario.  NHS are implemented by a variety of jurisdictions and the 

literature has identified a lack of transparency, in terms of what exactly individual NHS protect, 

as a major challenge in preserving ecological functioning at large scales (e.g. ecodistrict or 

ecoregion).   

In order to begin addressing this challenge, this chapter has developed a methodology to 

evaluate the landcover classifications across the Region of Halton, and to determine how 

effective the NHS is at identifying and protecting different landcover types.  The analysis 

showed that the Halton Region NHS is an effective mechanism of capturing high conservation 

value landcover classifications. In particular, more than 90% of forest areas are captured in the 

NHS, comprising 30% of the entire system; similar proportions of wetlands are captured, 

making up another 16% of the NHS.  In total, 46% of the NHS is made up of wooded areas and 

wetlands, comprising 22,800 ha out of the total 49,990 ha designated within the system, and 

the majority of these landcover types constitute core areas within the NHS. 

The NHS also includes a significant portion (31%) of land that was classified as ‘undifferentiated’ 

in the SOLRIS 2.0 database.  These lands were primarily set as buffers around core areas, or 

included as part of the corridors connecting core areas.  A further 14% of the NHS is tilled or 

agricultural land.   

The remaining 10% of the NHS is made up of an assortment of different landcover types, 

including water, beach, plantation-type forests, and hedgerows.  The NHS also incorporates 
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built-up areas (both pervious and impervious, accounting for 1% and 3% of the total NHS, 

respectively) as well as extraction sites (quarries) and transportation corridors (3% of the NHS).   

Including significant tilled areas (almost 7,000 ha) means that a number of working farms have 

at least a portion of their area incorporated within the NHS; similarly, built-up areas suggest 

that private residential or commercial lands are also covered by the NHS (to a lesser degree).  

This overlap between the NHS and privately owned and managed landscapes provides critical 

buffers or linkages between core areas of the system, but also creates an opportunity for 

conflict as public needs may not always align with private interests.  Similarly, transportation 

corridors often traverse the NHS, which covers extensive land throughout Halton.  

Transportation network elements impact both core and corridor areas of the NHS. 

Data shows that the NHS has been effective at protecting woodland and wetland landcover 

classifications, but some losses of these features have been observed within the NHS borders 

since its establishment.  Notably, the ‘forest’ landcover designation - while the smallest of the 

woodland landcover classifications included in SOLRIS - lost almost 10% of its area within the 

NHS (67ha) by 2011.  Small but significant areas of marsh (7 ha) were also lost.  While minor in 

terms of area, these losses do indicate the challenges of protecting specific landcover types on 

the landscape.  It should be noted that across the Region outside the NHS, losses of these 

landcover classes were far more significant, although only small areas of these ecologically 

sensitive features are present outside of the NHS.  This confirms the potential of NHS to provide 

strong protection for important ecological landcover types. 

The data also shows that some industrial activities on lands designated as part of the NHS have 

changed significantly.  Extraction of aggregate (quarries for gravel and sand) declined as a 
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landcover class by almost 81% after the establishment of the NHS, compared to a much smaller 

decline of these types of facilities outside the NHS.      

Transportation corridors and built-up areas had increased in size within the NHS by 2011.  This 

highlights the challenge associated with incorporating both privately held lands and critical 

infrastructure within the NHS.  In all, approximately 205 ha of various landcover types were lost 

to roads and to new development within the NHS by 2011.   

The study suggests that NHS is an effective tool for protection of high conservation value 

features, like forests and wetlands.  This work provides novel insight into changes that have 

occurred within the NHS in the early years of its existence in Halton, which in turn can help 

inform broader strategies designed to maintain ecosystem function at the landscape level.  

2.6.1 Study limitations 

The primary limitation of this analysis was associated with the very large proportion of land 

within SOLRIS 1.2 and 2.0 that was characterized as ‘undifferentiated’.  While some 

undifferentiated land within SOLRIS 1.2 was clearly tilled land (as clarified by SOLRIS 2.0) the 

majority of this area remains undefined.  Preliminary analysis of satellite topography does 

suggest that the majority of these areas were old or abandoned fields, primed for development.   

Small watercourses (streams and creeks) were not always captured in SOLRIS mapping, and this 

type of landcover is not differentiated from other types (i.e. forest or wetland).  Conservation 

Authorities within Halton provided stream layers to planners during the creation of the NHS 

within Halton, but the lack of a SOLRIS classification meant that it was impossible to determine 

any gains or losses to these areas.     
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2.8 Appendix 

Table 2-3 Summary of SOLRIS 1.2, 2.0 data descriptions 
SOLRIS 1.2 Unit Name/2.0 Class Name  
SOLRIS 1.2 Code Name/2.0 ELC Code 
SOLRIS 1.2 Number 
SOLRIS 2.0 Value 

SOLRIS 1.2 
Description 

SOLRIS 2.0 
Description 

Changes Between 
SOLRIS 1.2, 2.0 

MMU 
(ha) 

Input Source for SOLRIS 
1.2 and SOLRIS 2.0 

Possible Confusion b/w 
SOLRIS 1.2 and SOLRIS 
2.0 

Open Beach Bar 
BBO 
N/A 
11 

N/A Unconsolidated 
mineral 
substrates. 
Subject to active 
shoreline 
processes: ice 
scour, wave 
energy, erosion 
and deposition.  

Not included 
in SOLRIS 1.2  

0.5 Field verified NHIC 
rare community 
database. 

Assumed correct. 

Forest 
FO 
27 
90 

Tree cover > 
60%. Upland 
tree species > 
75% canopy 
cover > 2 m in 
height 

Tree cover > 
60%. Upland 
tree species > 
75% canopy 
cover > 2m in 
height. 

NO CHANGE 0.25 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 
Attribute for forest 
type could not be 
derived spectrally 
from Landsat 
automated analysis 
due to size of 
feature. 
 

Automated 
classification 
procedure is 
constrained to 
forest area 
polygons. 
Proportions of 
forest type cannot 
be determined due 
to size of feature. 
Forest may be 
confused with 
swamp and 
undifferentiated. 

Coniferous Forest 
FOC 
28 
91 

Tree cover > 
60%. Upland 
conifer tree 
species > 75% 
canopy cover 
> 2 m in 
height 

Tree cover > 
60%. Upland 
coniferous tree 
species > 75% 
canopy cover > 
2m in height. 

NO CHANGE 0.5 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 
Attribute derived 
spectrally from 
Landsat automated 
analysis. 

Automated 
classification 
procedure is 
constrained to 
forest area 
polygons. 
Proportions of 
forest type may not 
be exact. Forest 
may be confused 
with swamp and 
undifferentiated. 

Mixed Forest 
FOM 
29 
92 

Tree cover > 
60%. Upland 
conifer tree 
species > 25% 
and deciduous 
tree species > 
25% of canopy 
cover > 2m in 
height 

Tree cover > 
60%. Upland 
coniferous tree 
species > 25% 
and deciduous 
tree species > 
25% of canopy 
cover > 2m in 
height. 

No change in 
forest 
attributes but 
slight change 
in confusion 
with idle land 
in SOLRIS 2.0 

0.5 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 
Attribute derived 
spectrally from 
Landsat automated 
analysis. 

Automated 
classification 
procedure is 
constrained to 
forest area 
polygons. 
Proportions of 
forest type may not 
be exact. Forest 
may be confused 
with swamp and 
undifferentiated in 
SOLRIS 2.0 and 
confused with idle 
land in SOLRIS 1.2 



  47 

SOLRIS 1.2 Unit Name/2.0 Class Name  
SOLRIS 1.2 Code Name/2.0 ELC Code 
SOLRIS 1.2 Number 
SOLRIS 2.0 Value 

SOLRIS 1.2 
Description 

SOLRIS 2.0 
Description 

Changes Between 
SOLRIS 1.2, 2.0 

MMU 
(ha) 

Input Source for SOLRIS 
1.2 and SOLRIS 2.0 

Possible Confusion b/w 
SOLRIS 1.2 and SOLRIS 
2.0 

Deciduous Forest 
FOD 
30 
93 

Tree cover > 
60%. Upland 
deciduous 
tree species > 
75% of canopy 
cover > 2 m in 
height. 

Tree cover > 
60%. Upland 
deciduous tree 
species > 75% 
canopy cover > 
2m in height. 

No change in 
forest 
attributes but 
some slight 
confusion in 
with idle land 
in SOLRIS 1.2. 

0.5 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 
Attribute derived 
spectrally from 
Landsat automated 
analysis. 

Automated 
classification 
procedure is 
constrained to 
forest area 
polygons. 
Proportions of 
forest type may not 
be exact. Forest 
may be confused 
with swamp and 
undifferentiated in 
SOLRIS 2 and 
confused with idle 
land in SOLRIS 1.2 

Swamp 
SW 
50 
N/A 

Open, shrub 
and treed 
communities - 
water table 
seasonally or 
permanently 
at, near, or 
above 
substrate 
surface - tree 
or shrub cover 
> 25%  - 
dominated by 
hydrophytic 
shrub and tree 
species 

N/A Not included 
in SOLRIS 2.0  
 
Open shrub 
and 
unevaluated 
wetlands 
included in 
SOLRIS 1.2 
Swamp (SW 
50). 
Reclassified to 
Treed Swamp 
(SWC/SWM/S
WD 131) and 
Thicket 
Swamp SWT 
135) 
 
 
 
 
 
 
 

0.5 Combined NRVIS 
Evaluated Wetlands 
and 
modelled/interpret
ed unevaluated 
wetlands from DEM, 
soils, orthos and 
satellite imagery 

Possible confusion 
with upland forest 
and 
undifferentiated. 
Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 

Treed Swamp 
SWC/ 
SWM/ 
SWD 
N/A 
131 

N/A Treed 
communities. 
Water table 
seasonally or 
permanently at, 
near, or above 
substrate 
surface/ Tree 
cover > 25%. 
Dominated by 
hydrophytic tree 
and shrub 
species. 
 

Not found in 
SOLRIS 1.2 
(Considered 
part of Swamp 
SW 50) 

0.5 Combined from 
NRVIS evaluated 
wetlands database, 
modelled / 
interpreted OBM 
wetlands from DEM, 
soils, orthos, and 
satellite imagery. 

Possible confusion 
with upland forest 
and 
undifferentiated. 
Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 
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SOLRIS 1.2 Unit Name/2.0 Class Name  
SOLRIS 1.2 Code Name/2.0 ELC Code 
SOLRIS 1.2 Number 
SOLRIS 2.0 Value 

SOLRIS 1.2 
Description 

SOLRIS 2.0 
Description 

Changes Between 
SOLRIS 1.2, 2.0 

MMU 
(ha) 

Input Source for SOLRIS 
1.2 and SOLRIS 2.0 

Possible Confusion b/w 
SOLRIS 1.2 and SOLRIS 
2.0 

Thicket Swamp 
SWT 
N/A 
135 

N/A Open and shrub 
communities. 
Water table 
seasonally or 
permanently at, 
near, or above 
substrate 
surface/ Tree 
cover <=  25%; 
hydrophytic 
shrubs > 25%. 
Dominated by 
hydrophytic tree 
and shrub 
species. 

Not Found in 
SOLRIS 1.2 
(Considered 
part of Swamp 
SW 50) 

0.5 Combined from 
NRVIS evaluated 
wetlands database, 
modelled / 
interpreted OBM 
wetlands from DEM, 
soils, orthos, and 
satellite imagery. 

Possible confusion 
with upland forest 
and 
undifferentiated. 
Results visually 
assessed from ortho 
imagery and 
adjusted where 
required 

Fen 
FE 
55 
140 

Open, shrub 
and treed 
communities - 
water table 
seasonally or 
permanently 
at, near, or 
above 
substrate 
surface. - tree 
cover (trees > 
2m high) ≤ 
25% - sedges, 
grasses and 
low (< 2 m) 
shrubs 
dominate, 
sedge and 
brown moss 
peat substrate 

Mineotrophic 
peatland. Open, 
shrub and treed 
communities. 
Water table 
seasonally or 
permanently at, 
near, or above 
substrate 
surface/ Tree 
cover (trees > 
2m height) <= 
25%. Sedges, 
grasses and low 
(< 2m) shrubs 
dominate, sedge 
and brown moss 
substrate. 

SOLRIS 1.2 
description 
includes 
“brown moss 
peat 
substrate” 
and SOLRIS 
2.0 includes 
“mineotrophic 
peatland” 

0.5 Derived from NRVIS 
evaluated wetlands 
database 

Rare event, 
previously mapped 
in the field. 

Marsh 
MA 
63 
160 

Open, shrub 
and treed 
communities - 
water table 
seasonally or 
permanently 
at, near, or 
above 
substrate 
surface - tree 
and shrub 
cover ≤ 25%  - 
dominated by 
emergent 
hydrophytic 
macrophytes 

Open and shrub 
communities. 
Water table 
seasonally or 
permanently at, 
near or above 
substrate 
surface – tree 
and shrub cover 
<=25%. 
Dominated by 
emergent 
hydrophytic 
macrophytes 

SOLRIS 1.2 
included 
unevaluated 
wetlands 

0.5 Combined from 
NRVIS  evaluated 
wetlands database,  
modelled / 
interpreted OBM 
wetlands from DEM, 
soils, orthos, and 
satellite imagery 
 
SOLRIS 1.2 
combined NRVIS 
Evaluated 
Wetlands, and 
modelled/interpret
ed unevaluated 
wetlands from DEM, 
soils, orthos and 
satellite imagery 

Possible confusion 
with 
undifferentiated. 
Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 
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SOLRIS 1.2 Unit Name/2.0 Class Name  
SOLRIS 1.2 Code Name/2.0 ELC Code 
SOLRIS 1.2 Number 
SOLRIS 2.0 Value 

SOLRIS 1.2 
Description 

SOLRIS 2.0 
Description 

Changes Between 
SOLRIS 1.2, 2.0 

MMU 
(ha) 

Input Source for SOLRIS 
1.2 and SOLRIS 2.0 

Possible Confusion b/w 
SOLRIS 1.2 and SOLRIS 
2.0 

Open Water 
OA 
66 
170 

No 
macrophyte 
vegetation, 
trees or shrub 
cover 

Water depth > 2 
meters. Lake 
trophic status. 
No macrophyte 
vegetation, 
trees or shrub 
cover. 

SOLRIS 2.0 
water depth 
>2 metres 

0.5 Derived from NRVIS 
hydrology database. 

Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 

Plantations – Tree Cultivated 
CUP 
36 
191 

Tree cover > 
60%, 
minimum 2 m 
in height, 
linear 
organization, 
uniform tree 
type.    
 

Tree cover > 
60%, (trees > 
2m height), 
linear 
organization, 
uniform tree 
type 

NO CHANGE 0.25 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 

Forest type not 
differentiated. 
Mostly coniferous 
species. May be 
confused with 
upland forest. May 
include nurseries or 
Christmas tree 
plantations 

Hedge Rows 
CUH 
37 
192 

Tree cover > 
60%, 
minimum 2 m 
in height, 
linear 
arrangement, 
minimum 10 
m width, 
maximum 
30m width.    

Tree cover > 
60%, (trees > 
2m height), 
linear 
arrangement, 
minimum 10 
meters width, 
maximum 30 
meters width 

NO CHANGE 0.25 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 

Confusion may exist 
with trees under 2 
metres in height. 

Tilled 
Not Available 
N/A 
193 

N/A Agricultural 
fields managed 
as continuous 
annual row 
crops inferred 
from 3 observed 
sequential time 
periods over a 
10 year time 
period. There 
can be as many 
as 2 time 
periods where 
fields are 
rotated with 
perennial crops. 
(e.g., hay, 
improved 
pasture). 

Not found 
within SOLRIS 
1.2 
(Considered 
part of 
Undifferentiat
ed UN 99) 

0.5 Derived from 
Landsat change 
detection analysis. 
 
Much of the area 
was identified as 
Undifferentiated 
(UN 99) in SOLRIS 
1.2 

Automated 
classification 
procedure is 
constrained to rural 
areas.  May include 
specialty crops and 
nurseries.  Results 
visually assessed 
from ortho imagery 
and adjusted where 
required. 

Transportation 
COT 
42 
201 

Highways, 
roads 

Highways, roads NO CHANGE 0.5 Derived from the 
National Road 
Network – buffered 
to standard road 
allowance of 22 m. 

National Road 
Network data 
deemed correct. 

Built-Up Area- Pervious 
COP 
44 
202 

Urban 
recreation 
areas, e.g. golf 
courses 
playing fields 

Urban 
recreation 
areas. (i.e., golf 
courses, playing 
fields). 

NO CHANGE 0.25 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 

Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 



  50 

SOLRIS 1.2 Unit Name/2.0 Class Name  
SOLRIS 1.2 Code Name/2.0 ELC Code 
SOLRIS 1.2 Number 
SOLRIS 2.0 Value 

SOLRIS 1.2 
Description 

SOLRIS 2.0 
Description 

Changes Between 
SOLRIS 1.2, 2.0 

MMU 
(ha) 

Input Source for SOLRIS 
1.2 and SOLRIS 2.0 

Possible Confusion b/w 
SOLRIS 1.2 and SOLRIS 
2.0 

Built-Up Area - Impervious 
COI 
45 
203 

Residential, 
industrial, 
commercial 
and civic 
areas. 

Residential, 
industrial, 
commercial and 
civic areas. 

NO CHANGE 0.25 Perimeters visually 
extracted from high 
resolution ortho or 
satellite imagery. 

Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 

Extraction/ 
Extraction – Aggregate 
COE 
43 
204 

Pits, quarries Pits, quarries NO CHANGE 0.5 Derived from NRVIS 
licensed pit/ quarry 
database. Active 
area derived 
spectrally from 
Landsat TM. 

Automated 
classification 
procedure is 
constrained to 
licensed area. 
Results visually 
assessed from ortho 
imagery and 
adjusted where 
required. 

Undifferentiated 
UN 
99 
250 

Includes all 
agricultural 
features (e.g. 
field and 
forage crops 
and rural 
properties) as 
well as urban 
brown fields, 
and openings 
within forests 

Includes some 
agricultural 
features not 
included in tilled 
(i.e. orchards, 
vineyards, 
perennial crops 
and idle land > 
10 years – out 
of agricultural 
production) as 
well as urban 
brown fields, 
hydro and 
transportation 
right-of ways, 
upland thicket 
and openings 
within forests 

Represents all 
remaining 
areas that are 
exclusive to 
the other data 
classes.  
 
Includes all 
agricultural 
lands not 
included in 
tilled (e.g. 
hay/pasture, 
orchards, 
vineyards, 
nurseries, 
rural 
properties and 
farmland not 
currently in 
production), 
hydro right-of 
ways, the 
edge of 
transportation 
corridors, 
upland thicket  

0.5 Areas not mapped 
by the previous 
classes 

May include tilled 
and wetlands. 
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3 Extending Natural Heritage System concepts and practice through the 
use of ecosystem services  

3.1 Abstract 

This study uses a case study approach to quantify ecosystem services associated with the 

Natural Heritage System in Halton Region, Ontario.  Ecosystem services are directly linked to 

the achievement of increased human wellbeing across the planet, and can be divided into 

provisioning, regulating, cultural, and supporting services.  Literature values for specific 

ecosystem services are identified for different landcover classifications across southern Ontario.  

The study suggests that wetlands are the most valuable landcover classification in southern 

Ontario, with a cumulative ecosystem service value of about $55K/ha/year.  This is followed by 

open beach bar, urban pervious, forest, open water, and grasslands.  Wetlands derive most of 

their valuation from regulating services, as do forests; open beach bar, urban pervious, and 

open water derive greater valuation from cultural ecosystem services.  Using this data and 

previous assessments of landcover classifications across Halton Region, the ability of Halton’s 

NHS to capture and maintain ecosystem services is assessed.  Halton’ NHS captures an 

estimated $645 million per year in ecosystem value, which is 85% of the Region’s total 

estimated value for these services; slight changes in ecosystem values over time suggest that 

regulating services are declining, while cultural services are increasing.  The assessment tool 

developed in this study can help identify where changes in ecosystem services are occurring, 

and provide guidance to stakeholder groups in informing updates to planning decisions related 

to Halton’s NHS.   
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3.2 Introduction  

The benefits people obtain from ecosystem services are directly linked to increased human 

wellbeing across the planet (Nellemann and Corcoran 2010; McGillivray 2007).  Maintaining or 

enhancing ecosystem services can help societies mitigate, and adapt to, the impacts of climate 

change (Pedrono et al. 2016; Mooney et al. 2009; Costanza et al. 1997; Daily 1997).   Ecosystem 

services can also be used to identify - and even quantify - the values and benefits that come 

from natural areas, providing new ways for planners and decision-makers to understand the 

best use for specific areas across the landscape (Infield et al. 2019; Iverson et al. 2014).   

Ecosystem services can be classified in various ways; one widely accepted framework was 

developed within the Millennium Ecosystem Assessment (MEA).  This undertaking focused the 

world’s attention on society’s dependence on ecosystems and the importance of ecosystem 

services.  The MEA was initiated in 2001 by the United Nations (UN) in order to establish a 

science-based approach that could help support conservation of ecosystems around the world; 

it was governed by a multi-stakeholder board that included representatives of international 

institutions, governments, Indigenous peoples, NGOs, and industry (MEA 2005). The MEA 

secretariat was coordinated by the United Nations Environment Programme (UNEP) and 

included the participation of more than 1,360 scientists from 95 countries (MEA 2005).   

The MEA divides ecosystem services into four categories.  Provisioning services describe 

material products that can be obtained from ecosystems, including food, wood, and fresh 

water.  Regulating services provide critical environmental functions, such as carbon 

sequestration, water purification, erosion control, or pollination.  Cultural services are non-

material benefits related to social use of different ecosystems, including recreation, cultural 
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heritage, inspiration and aesthetic values.  Finally, supporting services are differentiated as 

being intrinsic to local ecosystem function, including nutrient cycling and soil formation (MEA 

2003).   

The framework of ecosystem services set out by the MEA can help inform decision-makers by 

clearly identifying the wide range of services that need to be considered in policies and plans 

(Baker et al. 2013), and by providing guidance as to the current state of ecosystem health 

(Nellemann & Corcoran 2010).  Protecting and enhancing ecosystem services can result in 

improvements to human wellbeing; for example, a functioning ecosystem can control erosion 

and improve safety for users, while water purification services can be directly related to 

improvements in human health (Baker et al. 2013; MEA 2003).  The protection of ecosystems 

provides a robust framework for environmental policy development designed to achieve 

human wellbeing based on the sustainable use of natural resources. Understanding ecosystem 

services has become ever more timely, as the natural areas that provide ecosystem services are 

under increased threat from increasing population and development pressures.  In 2020, 

approximately 55% of the world’s population lives in urban areas, and this proportion is 

expected to increase to 68% by 2050 (UN 2019).   

The southern portion of Ontario, Canada is an area that is facing significant urban development.  

The fastest-growing municipalities in Canada are located in this part of the province (OMMAH 

2019).  Within these fast-growing regions, Natural Heritage Systems (NHS) are a critical 

mechanism to identify and protect ecosystems (see Sections 2.3.1 and 2.3.3 for a description of 

the NHS planning process).  At the current time, however, tools do not exist to help planners 

charged with implementing NHS directly assess the provision of ecosystem services.  This 
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contributes to a noted lack of transparency in the development of NHS systems on the 

landscape (as per Puric-Mladenovic & Strobl 2012).   

The current study uses a case study approach to quantify the ability of NHS to capture and 

maintain ecosystem services across the landscape.  A literature review identifies economic 

values for specific ecosystem services defined by the MEA (MEA 2005; MEA 2003), as delivered 

by landcover classifications commonly used in Ontario’s ecological land classification (ELC) 

framework (OMNR 2007).  These values are then used to evaluate ecosystem services being 

delivered based on landcover classifications for the Region of Halton in 2002 and 2011.  An 

analysis of Halton’s NHS, implemented in 2009, identifies the services captured within the NHS 

and the ability of the NHS to maintain these services over time.    

3.2.1 Region of Halton case study 

An overview of Halton Region is provided in Section 2.2.1.  Chapter 2 provides an analysis of the 

landcover classifications used to characterize Halton and the Natural Heritage System 

developed by the Region; that chapter also explores the ability of Halton’s NHS to capture 

critical landcover features such as wetlands and forests.  This work is used as the basis for the 

analysis that follows.   

3.3 Ecosystem services by landcover classification 

3.3.1 Ecosystem services overview 

The emergence of ecosystems as a unit of study began with the work of Arthur Tansley in the 

1930s (Pickett & Grove 2009; Odum 1989; Tansley 1935).  Ecosystems includes all the living 

species (plants, animals, microbes) as well as the non-living components of the environment 

(soil, water, rock), and considers interactions between each of these elements (Cox et al. 2016; 
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Lomolino et al. 2016).  As discussed in the previous chapter, ecosystems exist at a variety of 

scales, ranging from local to global, and typically considered as nested systems that in turn 

interact through a myriad of pathways (Lomolino et al. 2016).   

As the global population increasingly shifts towards urban living (UN 2019), it is clear that 

proportionate increases in demand for ecosystem services will be found in urban environments.  

Tools used for planning therefore need to be able to account for ecosystem services in a 

meaningful way, in order to better serve populations with the services they need to survive and 

thrive (Elmqvist et al. 2015; Richter & Billings 2015; Andersson et al. 2014).  Recent research has 

focused on the extent to which landscapes can bring multiple monetary and non-monetary 

benefits to humans, increase human wellbeing, and develop more resilient urban areas (Taylor 

& Hochuli 2015). 

The provision of ecosystem services can be predicted based on specific landcover classifications 

and geographic locations (Bagstad et al. 2018; Costanza et al. 1997).  At a basic level, it is well 

understood that forests sequester carbon, meadows support pollinators, and wetlands purify 

water.  The complex nature of ecosystems means that multiple ecosystem services can be 

delivered within a single ecosystem or landcover class, however, and thus it is important that 

each landcover class be assessed for a variety of ecosystem service values. For this reason it is 

important that access to individual ecosystem services be considered within the paradigm of 

systems thinking; adjustments to one service can affect others (Everard 2017). In addition, 

there is geographic specificity to ecosystem function; factors including altitude, latitude, 

precipitation, etc. can all affect growth rates and overall ecosystem function, and so it is 

important that any prediction of service provision take location into account. As an example, 
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current research in the USA link land use, landcover, and the provision of ecosystem services 

through a platform known as EnviroAtlas, developed by the US Environmental Protection 

Agency (Tashie & Ringold 2019).   

Tools like the EnviroAtlas can be used to quantify the services and benefits accruing from 

natural areas on the landscape to help inform decisions about land use, and thus these types of 

tools are increasingly in demand by planners and politicians.  Decision-makers recognize that 

ecosystems are essential to ensure that people have access to water, air, food and energy, as 

well as recreational opportunities (Infield et al. 2019).  A challenge with evaluating ecosystem 

services, however, is the difficulty in comparing different units.  It can be challenging to 

determine what is more important when comparing (for example) the benefit of sequestering 

one kilogram of carbon, or providing one litre of fresh water, or allowing one person access to a 

recreational site.  To make the benefits associated with different types of ecosystem services 

easier to evaluate, the notion of applying economic values to ecosystem services is rapidly 

gaining acceptance (Iverson et al. 2014).   

Assigning economic values to ecosystem services has been challenged by some (e.g. Tashie & 

Ringold 2019) as an overly simplistic approach to understanding the importance of the 

ecosystem.  It is recognized that tensions and debate surround the concept of ecosystem 

services and their valuation (Baker et al. 2013; Costanza et al. 1997).  On the other hand, 

introducing economic values for these services begins to recognize the vital importance of 

natural ecosystems, which through much of human history have provided services essentially 

for “free” - meaning that economies have benefited from ecosystem services worth many 

trillions of dollars without ever having to pay for them (Daily et al. 1997).  Economic 
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development that treats ecosystem services as an externality - something that does not need to 

be paid for - can lead to ecosystem degradation and destruction, creating future costs to 

humanity that may greatly exceed the short-term economic benefits of the development (Daily 

et al. 1997).  

3.3.2 Natural heritage system planning 

As discussed in detail in Sections 2.3.1 and 2.3.3, Natural Heritage Systems (NHS) have been 

identified within the Ontario Provincial Policy Statement (PPS) since 2005 (OMMAH 2005).  NHS 

have been established both by jurisdictions (such as Halton) and for specific features on the 

landscape, such as the Ontario Greenbelt. NHS in Ontario can include parks, conservation areas, 

and other natural landscape features such as woodlands, wetlands and watercourses that are 

identified as essential to support natural ecosystem function and structure.  A key 

consideration in NHS planning is the need to maintain ecosystem function, including the 

delivery of ecosystem services, on the landscape over the long term (Whitelaw & Eagles 2007; 

Whitelaw et al. 2000; Costanza et al. 1997).  Most recently, the Growth Plan for the Greater 

Golden Horseshoe identified the need for robust Natural Heritage Systems that can provide 

ecosystem services and increase the resilience of these areas to climate change (OMMAH 

2019).   

Ontario’s Provincial Policy Statement (PPS) directly refers to the need to maintain, restore or 

improve ecological function (OMMAH 2020; OMMAH 2014; OMMAH 2005), and as such the 

need to protect these services needs to be balanced with development needs, giving rise to 

tensions within the Ontario planning system.  At the current time, however, planners charged 

with building the NHS do not have access to detailed information describing ecosystem services 
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on the landscape.  Instead, planners identify landscape features (e.g. forests, wetlands, and 

other areas with perceived high conservation value) to serve as core areas of the NHS, and 

identify additional areas around and between these cores to serve as buffers and corridors 

within the system (see Chapter 2 for a more detailed description of the NHS planning process).     

3.3.3 Challenges in determining economic values for ecosystem services 

Quantifying and valuing ecosystem services can be challenging, for a variety of reasons.  Four 

major issues are evident from a review of the literature.  A brief summary of these issues, and 

the steps taken within this study to address them, are found below. 

The first critical issue is that of scale.  For example, two of the most commonly valued 

ecosystem services are carbon sequestration and carbon storage; about 100 gigatonnes of 

carbon (GtC) are sequestered (with 3 GtC stored) by terrestrial ecosystems every year, and 

another 100 GtC are sequestered by marine systems (with 1.7 GtC stored) (Matthews et al. 

2005).  Similarly, Parish et al. (2008) estimate that 25 percent of the world pool of soil carbon 

(550 GtC) are stored in peatlands around the world; an additional 0.3 t/ha of carbon may be 

sequestered every year by this landcover type, depending upon location (Peña et al. 2009).   

At the global scale, however, tremendous variation in rates of uptake are certain.  Recent work 

suggests that net terrestrial ecosystem production, measured in grams of C per m2, ranges 

between 0 (at the poles) to as much as 80 g C closer to the equator, but also highlights 

incredible variability due to elevation and precipitation patterns (Keenan & Williams 2018).  

This work suggests that a strong understanding of local geographic conditions is required to 

accurately assess carbon sequestration and storage, and parallels can be drawn between these 
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and other ecosystem services.  For this reason, data collected in this study were limited to 

primary valuations of ecosystem services carried out in southern Ontario.   

A second challenge is that converting ecosystem values from quantity (e.g. tonnes of carbon 

sequestered) to an economic value is highly dependent on currency used and the year in which 

the service is measured; furthermore, these values are highly subject to political interpretation 

and influence.  This is particularly evident when ecosystem services related to carbon are 

considered.  For example, the David Suzuki Foundation released a report in 2012 that estimated 

that the Ontario Greenbelt sequesters an estimated 86.7 million tonnes of carbon (MtC) worth 

$366.7 million per year, and stores 0.2 MtC worth $10.7 million per year (Tomalty 2012).  These 

values, however, are directly related to the price placed on carbon; this particular study was 

carried out in 2012 and used $52/tC, a value determined by the Intergovernmental Panel on 

Climate change (IPCC) and reported in their 2007 Assessment Report (IPCC 2007).  It should be 

noted that this value, determined in 2007 in US currency and converted to Canadian currency in 

for use in 2012, already is distorted by factors of inflation and exchange.  Even so, the nominal 

$52/tC remains significantly higher than the 2020 federal Canadian price on carbon - $30/tC in 

2020, rising to $50/tC in 2022 (ECCC 2019).  While the amount of carbon sequestered or stored 

on the landscape can be physically measured and validated, the value of this carbon storage is 

highly dependent upon the dollar value prescribed.  In this study, all values for ecosystem 

services have been normalized to 2018 Canadian currency values using a process laid out in the 

Appendix (see Section 3.7).      

A third challenge with placing economic values on ecosystem values is that these values are 

relative to local conditions and needs (both social and ecological), and thus reporting on these 
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services is not always consistent.  Different ecosystem services can be described for similar 

landcover types depending on the values and needs of those describing the service. For 

example, mangrove forests have an estimated annual value of US$300,000 per kilometer as 

coastal defenses in Malaysia (Finlayson et al. 2005), while in the Gulf of Mexico mangrove 

forests are valued at US$37,500/ha/year for their role in supporting local fisheries (Aburto-

Oropeza et al. 2008).  Flood control services provided by Sri Lanka’s Muthurajawela marsh (a 

coastal peat bog covering some 3,100 ha) were valued at US$1,750/ha/year (Emerton & 

Kekulandala 2003), while the values of similar landcover types in the Philippines were 

estimated at US$223-455/ha/year (Paris & Ruzicka 1991).  Differences in the year that these 

services were reported, and the changes in land values, population density, and local 

environmental conditions, all contribute to the different values observed in these studies.  In 

this study, this challenge was mitigated by using ecosystem services classifications as identified 

by the MEA, and by restricting the studies analyzed to those published post-2005 (MEA 2005).   

Another important factor is the specific location of the ecosystem service, which can 

dramatically change the value of the service.  For example, the value of forests for preventing 

avalanches is estimated at around US$100/ha/year in the open areas of the Swiss Alps, but this 

value can skyrocket to more than US$170,000/ha/year around built-up areas, due to the need 

to protect major investments (ProAct 2008).  It is not unusual to see these ranges of values in 

reports, and is a strong reminder of the importance to understand the geography where these 

values are being applied.  The present study has focused on median values rather than 

maximum or minimum values for ecosystem services in order to avoid significantly inflated 

numbers that reflect very specific geographic areas.  
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Finally, many studies have commented on the importance of stacking ecosystem service values.  

For example, a global initiative examining the economics of ecosystems and biodiversity reports 

that tropical forest ecosystem services include climate regulation (US$1,965/ha), water flow 

regulation (US$1,360/ha), and soil erosion (US$694/ha), and a range of other services including 

timber and non-timber forest products, food and water provision, genetic information, and 

pharmaceuticals (US$1,313/ha), suggesting cumulative values of over US$5,300/ha (TEEB 

2009).  Cumulative ecosystem values can be very high; the Luzˇnice floodplain in the Czech 

Republic (one of the last floodplains with an unaltered hydrological regime) has been valued at 

US$27,068 per hectare for it’s role in flood mitigation, water retention, and carbon 

sequestration (Pithart et al. 2008).   In this study, the full range of ecosystem values are 

reported separately by individual services; median values for these services are used to create 

cumulative values for specific landcover types and/or types of ecosystem services.   

3.3.4 Ascribing values for ecosystem services in southern Ontario 

Based on a thorough literature review, twelve reports that provide primary data ascribing 

ecosystem service values to specific landcover classes, with a geographic focus on southern 

Ontario, were identified (Green Analytics 2016; Spatial Informatics Group 2013; Austin et al. 

2012; Tomalty 2012; Wilson 2012; Marbek 2010; Kennedy & Wilson 2009; Troy & Bagstad 2009; 

Voora & Barg 2008; Wilson 2008a; Wilson 2008b; EOMF 2007).  Reports were restricted to 

material published post-2005, and to reports that focused on areas of southern Ontario, in 

order to address some of the challenges identified in Section 3.3.3 above.  In some cases, these 

studies utilize landcover classifications from Ontario’s ELC (OMNR 2007), as used in the 

Southern Ontario Land Resource Information System (SOLRIS) (OMNRF 2015).  In other cases, 
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broad landcover classifications (e.g. “forest” or “wetland”) were used.  From the data in these 

reports, a list of generalized landcover classifications were assembled and ecosystem service 

values were reported based on these classifications.  All values were then converted to 2018 

Canadian dollar amounts for use in the analysis; the methodology for this is found in the 

Appendix (see Section 3.7).      

The data shown in the four sections that follow are reported by ecosystem service and by 

landcover type.  The median and mean values of data observed are both reported; median 

values may be more indicative in this study, as the influence of outlying data points are 

reduced.  The minimum and maximum values for each service are also reported by landcover 

type, and the number of observations (n) is noted in the table. 

3.3.4.1 Provisioning services  

Only one provisioning service was well described in the literature for southern Ontario - the 

provision of fresh water.  As shown in Table 3-1, the literature suggests great variability in the 

economic value for this service, ranging from less than a dollar per ha all the way up to a 

maximum of more than $58K.  While numbers at the high end of the range appear in multiple 

sources, the median values tend to skew to the lower end of the range across most landcover 

types (typically less than $600 per ha, although Environmentally Sensitive Areas (ESA) can 

provide higher values).  Note that built-up urban pervious areas (i.e. lawns, swales, etc.) were 

identified as providing significant value as contributing to the supply of fresh water, reflecting 

the scarcity of these types of lands within the urban setting and thus their relative importance 

to the overall hydrological system.    



  63 

Table 3-1 Value of provisioning services by landcover class, southern Ontario (2018 C$/ha/year) 
Landcover class Median Mean Min Max n Sources 
Fresh Water 

Urban Pervious   $ 1,962   $ 1,962   $ 1,962   $ 1,962  1 [1] 
Environmentally Sensitive Areas  $ 955   $ 955   $ 955   $ 955  1 [2] 

Wetland  $ 592   $ 19,776   $ 505   $ 58,230  9 [1,3-5] 
Forest  $ 427   $ 671   $ 260   $ 1,571  5 [1,3-5] 

Open water  $ 375   $ 6,213   $ 0.3   $ 21,053  5 [1,3,4,6] 
Table Sources: [1] Troy & Bagstad 2009; [2] Spatial Informatics Group 2013; [3] Austin et al. 2012; [4] Wilson 2008a; [5] Marbek 
2010; [6] Voora & Barg 2008 
 

The relative lack of data describing provisioning ecosystem services in the literature, at least in 

the context of southern Ontario, highlights significant gaps in assessing ecosystem services.  For 

example, ecosystem service values for the provision of ‘food’ (including ‘wild’ foods and 

domestic crops) were partially considered within ‘pollination’, which is a regulating ecosystem 

service (Wilson, 2012; Wilson 2008a; Wilson 2008b; Kennedy 2009).  Wilson (2008a) provides 

an interesting examination of the direct value of provisioning of food, but did not identify 

geographically specific values for food production; therefore, these values are not included in 

the table above.  Other provisioning services, including timber (fiber) or non-timber forest 

products like maple syrup, are not considered in these studies and thus are not included here.   

3.3.4.2 Regulating services 

A large number of regulating ecosystem services have been described for southern Ontario in 

the literature, as summarized in Table 3-2.  As shown in the Table, there is a dramatic range in 

the values - both across landcover classifications for individual services, and between the 

services themselves.  Some broad trends are evident.   
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Table 3-2 Value of regulating services by landcover class, southern Ontario (2018 C$/ha/year) 
Landcover class Median Mean Min Max N Sources 
Air Quality (Pollution)  

Hedgerow  $ 1,181   $ 1,181   $ 1,181   $ 1,181  1 [1] 
Urban Pervious   $ 708   $ 708   $ 234   $ 1,181  2 [1,2] 

Meadowlands/thickets  $ 611   $ 611   $ 611   $ 611  1 [3] 
Forest  $ 468   $ 550   $ 468   $ 1,181  6 [1-4] 

Grassland  $ 19   $ 19   $ 15   $ 23  2 [1,2] 
Wetland  $ 17   $ 17   $ 17   $ 17  1 [1] 

Climate (Carbon Sequestration) 
Environmentally Sensitive 

 
 $ 149   $ 149   $ 149   $ 149  1 [5] 

Valleyland  $ 92   $ 92   $ 92   $ 92  1 [6] 
Tilled land  $ 37   $ 37   $ 37   $ 37  1 [5] 
Old fields  $ 36   $ 36   $ 36   $ 36  1 [4] 
Grassland  $ 36   $ 36   $ 35   $ 36  2 [2,4] 
Hedgerow  $ 36   $ 36   $ 35   $ 36  2 [2,4] 

Meadowlands/thickets  $ 35   $ 35   $ 35   $ 35  1 [2] 
Forest  $ 33   $ 32   $ 1   $ 63  8 [2,7-9] 

Wetland  $ 16   $ 16   $ 16   $ 16  11 [2,4,8] 
Climate (Carbon Storage) 

Forest  $ 1,087   $ 1,087   $ 1,034   $ 1,140  5 [2,8,9] 
Wetland  $ 773   $ 908   $ 532   $ 1,687  11 [2-4,10] 

Grassland  $ 543   $ 543   $ 543   $ 543  2 [2] 
Hedgerow  $ 462   $ 367   $ 407   $ 543  3 [2,4,9] 
Old fields  $ 393   $ 393   $ 393   $ 393  9 [4] 

Erosion  
Forest  $ 927   $ 673   $ 6   $ 1,087  5 [1,3,5,11] 

Hedgerow  $ 7   $ 7   $ 7   $ 7  2 [2,4] 
Old fields  $ 7   $ 7   $ 7   $ 7  1 [4] 
Grassland  $ 6   $ 24   $ 5   $ 62  3 [1,2,5] 

Meadowlands/thickets  $ 5   $ 5   $ 2   $ 7  2 [2,11] 
Natural Hazard Regulation (Flood Control) 

Wetland  $ 5,009   $ 7,172   $ 5,008   $ 11,498  6 [3,4,12] 
Forest  $ 569   $ 455   $ 569   $ 797  3 [3,9] 

Hedgerow  $ 399   $ 399   $ 399   $ 399  1 [9] 
Old fields  $ 7   $ 7   $ 7   $ 7  1 [7] 

Pollination 
Urban Pervious   $ 8,851   $ 8,851   $ 8,733   $ 8,969  2 [1,5] 

Old fields  $ 1,375   $ 1,375   $ 1,375   $ 1,375  1 [4] 
Forest  $ 1,179   $ 962   $ 666   $ 1,375  6 [2-4] 

Grassland  $ 1,179   $ 708   $ 23   $ 1,375  6 [1-5] 
Hedgerow  $ 1,179   $ 861   $ 30   $ 1,375  3 [1,2,4] 
Tilled land  $ 32   $ 32   $ 32   $ 32  1 [5] 

Water Purification & Waste Treatment 
Wetland  $ 2,664   $ 2,690   $ 133   $ 5,635  26 [1,2,4,5,9] 

Open water  $ 728   $ 17,883   $ 64   $ 54,468  7 [1,5] 
Urban Pervious   $ 603   $ 603   $ 595   $ 611  2 [1,5] 

Forest  $ 595   $ 458   $ 72   $ 739  10 [1,2,4,5,9] 
Grassland  $ 30   $ 30   $ 30   $ 30  2 [1,5] 

Water Regulation 
Wetland  $ 36,610   $ 36,610   $ 36,610   $ 36,610  1 [5] 

Open water  $ 1,958   $ 1,958   $ 1,958   $ 1,958  1 [5] 
Forest  $ 1,523   $ 1,256   $ 459   $ 2,016  7 [2,4,5,10] 

Urban Pervious   $ 968   $ 968   $ 25   $ 1,910  2 [2,5] 
Grassland  $ 9   $ 9   $ 9   $ 9  1 [2] 

Table Sources: [1] Troy & Bagstad 2009; [2] Wilson 2008a; [3] Austin et al. 2012; [4] Wilson 2008b; [5] Spatial Informatics Group 
2013; [6] EOMF 2007; [7] Voora & Barg 2008; [8] Tomalty 2012; [9] Wilson 2012; [10] Marbek 2010; [11] Kennedy & Wilson 
2009; [12] Green Analytics 2016  
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Wetlands are consistently ascribed high values for water-related services, while forests do very 

well in storage of carbon and control of erosion.    Some landcover classifications which might 

occupy more ‘niche’ roles on the landscape (e.g. hedgerows, meadowlands, valleylands) are 

characterized by very high values for specific ecosystem services - for example, the literature 

identified hedgerows as having a value of almost $1,200/ha/year for the regulation of pollution. 

By definition, hedgerows occupy very small areas on the land, but they are often positioned 

along transport corridors and thus play an outsized role in the control of air pollution and 

regulation of air quality.  By comparison, forests and grasslands, while potentially much larger 

landcover types within the landscape, are ascribed median values that are much lower for the 

same service. 

One landcover type plays an outsized role in a number of ecosystem services.  Urban pervious 

areas - parks, lawns, etc. - play an important role in regulating air quality, providing pollination 

opportunities, and regulating water on the landscape.  This reflects the extreme importance of   

these services in areas of the urban environment where “natural” features are few and far 

between.  

The range of values in the data, and the lack of multiple observations related to many of the 

ecosystem services under consideration, make it difficult to definitively identify the provisioning 

services with the highest values.  Certainly, wetlands play an outsized role in water regulation, 

and in water purification and waste treatment.  With only one observation, the $36.6K/ha/year 

ascribed to wetlands for water regulation may be an extreme outlier, but in the context of 

southern Ontario, loss of wetlands over many years has increased the importance of 

maintaining the remaining areas to control water across the landscape, in addition to providing 
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other important ecosystem services (Byun et al. 2018).  In examining the value of wetlands in 

water purification, a large number of observations (n=26) suggests that the medial value of 

$2.6K/ha/year is a more realistic evaluation of this service.  The ability of wetlands to provide 

flood protection also is made clear; with a median value of over $5K/ha/year and with relatively 

little variation across 6 observations, the impact of wetlands in controlling floods is 10-fold 

higher than other landcover classifications.  

It is interesting to note that median values for carbon sequestration were typically much lower 

than the other ecosystem service values reported in this table.  Only two landcover 

classifications had a significant number of valuations attributed to carbon sequestration in the 

literature, but these data suggest relatively little variation in these values.  Carbon storage, by 

comparison, is attributed much higher values, reflecting the relative importance of long-term 

capture pathways to our current climate plan.  Note that, as discussed previously, these values 

are extremely sensitive to political change; each of the values in this report are predicated using 

$52/t carbon sequestered/stored, which closely aligns with past IPCC valuations (IPCC 2007) but 

does not match current carbon pricing strategies employed by the Canadian government (ECCC 

2019).  If (for example) the Canadian government chose to increase the value of carbon to 

$100/t carbon sequestered/stored, the value of these ecosystem services would rise 

accordingly. 

3.3.4.3 Cultural services 

Cultural services, relating to direct human use of and interaction with the surrounding 

environment, are listed in Table 3-3.  Four cultural services are identified in this study, covering 

a wide range of activities and interactions on the landscape.       
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Recreation, tourism, and lifestyle services are ascribed the highest values in the studies 

reviewed.  Open beach bar, while a niche landcover class, is described by particularly high 

values on a per ha basis, at more than double the next highest landcover type (urban pervious).  

This reflects the relative lack of beach areas across southern Ontario, and the high demand for 

access to these areas for recreation during summer months.  Open water also ranks very high 

recreational services, and is ranked as important in delivering aesthetic and cultural heritage 

services as well. 

Urban pervious areas - parks, lawns, etc. found within the urban landscape - were rated as 

delivering very high value for three of the four cultural services listed above, including 

recreation as well as aesthetic and inspiration, and cultural heritage.  Indeed this landcover 

class ranked highest for aesthetic and inspirational services - reflecting the very high value that 

society puts on parks and green spaces as areas to reflect and contemplate.  The relative 

scarcity of green spaces within urban areas, and the very high demand for access to these 

places, leads to overlapping cultural services that dramatically increases their cumulative value.   

Wetlands deliver the highest value per ha for cultural heritage services, with median values that 

are more than 10-fold greater than the next highest landcover type (urban pervious).  Wetlands 

are also considered very important in delivering aesthetic and inspirational values (ranked 

second) as well as recreational values (ranked fourth).  Forests and grasslands also deliver 

important recreation, cultural heritage, and aesthetic services.   

For the most part, cultural ecosystem services in southern Ontario are well documented in the 

literature, and a number of observations are available for most services that are present on the 

landscape.  There are some limitations; for example, only one study reviewed included spiritual 
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and religious values, and that work only ascribed values to two landcover types (hedgerows and 

old fields).    

Table 3-3 Value of cultural services by landcover class, southern Ontario (2018 C$/ha/year) 
Landcover class Median Mean Min Max n Sources 
Aesthetic and Inspiration 

Urban Pervious   $ 4,202   $ 21,123   $ 764   $ 51,816  4 [1-3] 
Wetland  $ 2,267   $ 3,939   $ 146   $ 11,898  11 [1-3] 

Grassland  $ 1,527   $ 1,527   $ 1,527   $ 1,527  1 [2] 
Forest  $ 971   $ 971   $ 415   $ 1,527  3 [2,4] 

Open water  $ 656   $ 794   $ 275   $ 1,534  7 [1-3] 
Open beach bar  $ 571   $ 1,161   $ 286   $ 3,300  4 [1,3] 

Cultural Heritage Values 
Wetland  $ 2,721   $ 4,935   $ 57   $ 11,224  4 [1,3] 

Urban Pervious   $ 290   $ 290   $ 283   $ 296  2 [1,3] 
Forest  $ 283   $ 280   $ 272   $ 286  3 [1,3] 

Old fields  $ 171   $ 171   $ 171   $ 171  1 [4] 
Grassland  $ 158   $ 158   $ 156   $ 159  2 [1,3] 
Tilled land  $ 110   $ 110   $ 110   $ 110  1 [3] 
Hedgerow  $ 90   $ 90   $ 8   $ 171  2 [1,4] 

Open water  $ 33   $ 33   $ 30   $ 35  2 [1,3] 
Recreation, Tourism, and Lifestyle 

Open beach bar  $ 30,570   $ 43,951   $ 155   $ 115,005  6 [1,3,4] 
Urban Pervious   $ 13,535   $ 10,363   $ 1,527   $ 19,015  4 [1,3,4] 

Open water  $ 4,139   $ 28,743   $ 11   $ 205,520  10 [1-4] 
Wetland  $ 1,527   $ 3,774   $ 138   $ 11,736  18 [1-4] 

Forest  $ 415   $ 694   $ 219   $ 2,054  10 [1-4] 
Tilled land  $ 207   $ 207   $ 207   $ 207  1 [3] 
Grassland  $ 71   $ 417   $ 63   $ 1,527  3 [1,3,4] 

Environmentally Sensitive Areas  $ 9   $ 9   $ 9   $ 9  1 [3] 
Spiritual and Religious Values 

Hedgerow  $ 171   $ 171   $ 171   $ 171  1 [4] 
Old fields  $ 171   $ 171   $ 171   $ 171  1 [4] 

Table Sources: [1] Troy & Bagstad 2009; [2] Wilson 2008a; [3] Spatial Informatics Group 2013; [4] Wilson 2008b 
 

On average, most cultural services were found to have higher average or median values than 

provisioning, regulating, or supporting services on the same landcover classifications.  This may 

reflect the methodologies used to place economic values on these services, and the need to 

adopt a variety of approaches to estimate social values (e.g. Rewitzer et al. 2017; Sangha et al. 

2017). 
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3.3.4.4 Supporting services 

A limited number of supporting ecosystem services are described in the literature for southern 

Ontario; they are listed in Table 3-4.  Nutrient cycling and soil formation are both described by a 

number of studies.  The value of wetlands for nutrient cycling is found to be almost four-fold 

greater than for other landcover types; open water and forests are also ascribed relatively high 

median values for this service, while other landcover types are given relatively nominal values.   

Table 3-4 Value of supporting services by landcover class, southern Ontario (2018 C$/ha) 
Landcover class Median Mean Min Max n Sources 
Nutrient Cycling 

Wetland  $ 2,686   $ 2,998   $ 2,686   $ 3,307  3 [1,2] 
Open water  $ 729   $ 729   $ 729   $ 729  1 [1] 

Forest  $ 610   $ 610   $ 610   $ 610  1 [1] 
Hedgerow  $ 30   $ 30   $ 30   $ 30  2 [3,4] 

Meadowlands and thickets  $ 30   $ 30   $ 30   $ 30  2 [1,3] 
Old fields  $ 30   $ 30   $ 30   $ 30  1 [4] 

Soil Formation 
Environmentally  Sensitive Areas  $ 631   $ 631   $ 420   $ 841  1 [5] 

Forest  $ 21   $ 21   $ 21   $ 21  1 [3] 
Grassland  $ 12   $ 12   $ 12   $ 12  1 [3] 
Hedgerow  $ 7   $ 7   $ 7   $ 7  2 [3,4] 

Meadowlands/thickets  $ 7   $ 7   $ 7   $ 7  1 [3] 
Old fields  $ 7  $ 7   $ 7   $ 7  1 [5] 

Table Sources: [1] Austin et al. 2012; [2] Marbek 2010; [3] Wilson 2008a; [4] Wilson 2008b; [5] Spatial Informatics Group 2013  
 

Soil formation is typically given a relatively low value by landcover classification; however, on 

lands described as Environmentally Sensitive Areas (ESA), soil formation may deliver 

significantly higher values.  These areas are likely limited on the landscape; the SOLRIS 

classification scheme does not identify ESA as a specific landcover classification.  The difference 

range in values for soil formation likely indicates the lack of data available to support valuation 

of this service on all landcover classifications.  

Overall, there are fewer studies available that provide details on supporting ecosystem services 

than there are for provisioning, regulating, or cultural services.  This may reflect the ‘internal’ 
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nature of these services, or perhaps a lack of understanding of the importance of these services 

to overall ecosystem health.    

3.3.4.5 Summary of ecosystem services by landcover class, southern Ontario 

In Figure 3-1, the data presented in the previous sections are summarized.  Median values by 

landcover class for all provisioning, regulating, cultural, and supporting ecosystem services are 

provided.  The chart at the top of Figure 3-1 provides an overview of all services, while the four 

smaller charts underneath highlight provisioning, regulating, cultural, and supporting services 

individually. 

Based on this analysis, it can be seen that the landcover classification providing the greatest 

cumulative ecosystem services - on a per hectare basis - are wetlands, followed by open beach 

bar, urban pervious, and then forests and open water.  Cumulative ecosystem services provided 

by wetlands is calculated to be almost $55K/ha/year, using median values of each individual 

service.  The vast majority of the value ascribed to wetlands is associated with regulating 

ecosystem services ($45K/ha/year), followed by cultural services ($7K/ha/year), supporting 

services ($2.5K/ha/year), and provisioning services ($0.5K/ha/year).  Wetlands are ascribed the 

highest values of any landcover classification for regulating and supporting services.   

Urban pervious land is ascribed the highest value for provisioning services (almost 

$2K/ha/year); open beach bar is attributed the highest value for cultural services (over 

$30K/ha/year).  As discussed previously, the relatively scarcity of these landcover types and the 

high demand for these types of services explain the high values observed here.   
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Figure 3-1 Value of ecosystem services by landcover classification ($ 000/ha) 
Figure shows ecosystem services by major classification; total value of ecosystem services (top) is further broken 
down into Provisioning (A), Regulating (B), Cultural (C) and Supporting (D) services 
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Some landcover classifications that are often thought of as being particularly important in the 

provision of ecosystem services, such as forests, grasslands, or old fields, have relatively low per 

ha valuations.  This can be due to several factors.  The ecosystem services provided from these 

lands may be harder to describe or quantify (such as soil formation), or may reflect political 

strategies rather than the level of service being provided (as explored previously in the 

discussion around carbon pricing).   

Perhaps most importantly, landcover types like forests, grasslands, or old fields are typically 

found across larger areas than wetlands, open beach bar, or urban pervious lands, particularly 

in the context of southern Ontario (see Chapter 2 for a discussion of the distribution of these 

landcover types).  With relative abundance, the value of the service being provided from these 

lands may simply be lower relative to those derived from landcover types that are more 

restricted in area.     

Most of the data reviewed for this study focused on regulating services and cultural services; 

very few studies focused on provisioning services and/or supporting services, and the relative 

valuation attributed to these services is very small on a per ha basis. While the data presented 

in Figure 3-1 are as current as the literature allows, it should be interpreted as an overview of 

what is available, rather than a comprehensive and complete list of all services provided by the 

ecosystem.   

3.4 Ability of Halton Region’s NHS to capture ecosystem services 

3.4.1 Approach to the analysis 

Halton Region is facing significant development and population pressures, as part of Canada’s 

fastest growing urban landscape (OMMAH 2019).  In Chapter 2, the Region’s Natural Heritage 
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System (NHS), first introduced in 2009, was assessed by landcover classification in order to 

determine what kinds of landcover classes were being selected for and delineated in the NHS.  

The Southern Ontario Land Resource Information System (SOLRIS), a landscape-level inventory 

of landcover types built on the framework of the Ecological Land Classification (ELC) system, 

was used for this work.  Two geographic datasets were employed to examine landcover 

classifications before the NHS was introduced (SOLRIS 1.2, produced in 2008 but reflecting 

landcover data current to 2002) as well as after the designation of the Natural Heritage System 

(SOLRIS 2.0, produced in 2015 but reflecting data current to 2011) (OMNRF 2015).     

The NHS designation is identified and delineated within the main and highest ranking planning 

document for the Region of Halton known as the Regional Official Plan (Halton 2009).  In 

Ontario, a municipal or Regional Official Plan (OP) - which in turn is guided by the Provincial 

Policy Statement (OMMAH 2005) - reflects community values and sets out the direction and 

spatial configuration of projected growth and development. Official Plan designations, such as 

the NHS, serve to guide land use decisions.  Consideration to compact urban form and intensity 

of development is necessary in order to retain natural areas on the landscape. To support the 

OP, planners and environmental managers would benefit from tools that can assist with the 

quantification ecosystem services (Hansen et al. 2015; Andersson et al. 2014). 

3.4.2 Quantifying ecosystem services within Halton Region from landcover type 

Using the dataset developed in Chapter 2 in conjunction with the ecosystem service analyses 

discussed in the previous sections, the proportion of ecosystem services are included within the 

NHS designation across Halton is compared to the amount of services provided across the 

entire Region.  This is done by multiplying the area (ha) of each landcover classification (as 
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summarized in Table 2-2) by the median value of each ecosystem service (per ha per year, as 

summarized in Tables 3-1 through 3-4) in order to determine the value of each ecosystem 

service, by landcover class, on an annual basis. Using the SOLRIS 1.2 and 2.0 datasets, further 

analysis is carried out to determine rates of change in the ecosystem services being provided by 

the protected areas of the NHS, as well as across the entire Region.  The overall valuation of 

ecosystem services, both within the NHS and across Halton, are shown in Table 3-5.  Note that 

valuation for ‘undifferentiated’ landcover areas was determined by using ‘old fields’ as a proxy, 

as most of these areas are in fact made up of current or abandoned agricultural land. 

Table 3-5 Ecosystem service valuation ($ 000,000/year) by landcover class for Halton Region's NHS, 2002, 2011 

Ecosystem value by landcover class 
(values in $ 000,000) 

SOLRIS 1.2 (2002) SOLRIS 2.0 (2011) Loss/Gain 
NHS Halton NHS Halton NHS Halton 

Forest $ 6.47 $ 7.52 $ 5.86 $ 6.80 9.4% 9.6% 
Coniferous forest $ 10.85 $ 12.02 $ 10.89 $ 12.04 0.4% 0.1% 
Mixed forest $ 27.24 $ 28.22 $ 27.35 $ 28.27 0.4% 0.2% 
Deciduous forest $ 90.43 $ 95.34 $ 90.37 $ 94.74 0.1% 0.6% 
Swamp $ 414.18 $ 427.21 $ 413.45 $ 423.94 0.2% 0.8% 
Fen $ 0.08 $ 0.08 $ 0.08 $ 0.08 0.0% 0.0% 
Marsh $ 27.64 $ 31.85 $ 27.28 $ 31.32 1.3% 1.7% 
Open water* $ 3.13 $ 5.01 $ 3.76 $ 6.40 20.1% 27.8% 
Plantations $ 4.97 $ 5.28 $ 4.95 $ 5.26 0.4% 0.5% 
Hedgerows $ 2.13 $ 3.97 $ 2.12  $ 3.86 0.5% 2.8% 
Transportation 
Built-up (Pervious) $ 21.51 $ 78.08 $ 22.61 $ 83.39 5.1% 6.8% 
Built-up (Impervious) 
Extraction 
Undifferentiated $ 33.67 $ 59.66 $ 33.59 $ 57.22 0.2% 4.1% 
Tilled $ 2.69 $ 7.61 $ 2.68 $ 7.30 0.2% 4.1% 
All landcover classifications Total $ 645.0 $ 761.8 $ 645.1 $ 760.6 0.0% 0.2% 

* includes Open Beach Bar under SOLRIS 2.0 only ($62,282)

By 2002, the analysis estimates that ecosystem services across the landbase to be included in 

Halton’s NHS were worth approximately $645 million per year; across the entire Region, these 

services have a valuation estimated at just over $760 million per year, suggesting that the NHS 

had captured almost 85% of the total value of ecosystem services.  By 2011, the estimated 
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value of ecosystem services across the Region had dropped slightly (by about $1 million per 

year), while the valuation of services within the NHS remained static at $645 million per year.   

Despite remaining constant, there are some significant changes from 2002 to 2011.  Perhaps 

the largest change on a percent basis is linked to the open water landcover class, which as 

reported in Chapter 2 saw gains in area between SOLRIS 1.2 and SOLRIS 2.0.  Open water is 

attributed with high ecosystem service values, and the additional area with this classification 

led to an increase in ecosystem services of 20% in the NHS, and almost 28% across the entire 

Region.  

Across all of Halton, the greatest percentage declines in overall ecosystem services were 

observed with relation to five landcover classifications.  Marsh lost 1.7% of ecosystem service 

value, hedgerows suffered a 2.8% loss, forests suffered a 9.6% loss, and undifferentiated and 

tilled lands each suffered a 4.1% loss.  The loss of undifferentiated and tilled lands can almost 

all be explained by the expansion of urban areas in Milton, Oakville, and Burlington, while the 

losses of forests and wetlands occurred primarily in Halton Hills and Milton, again due to urban 

expansion.  In absolute terms, the greatest losses were observed with undifferentiated 

landcover types and swamp landcover types.   Three landcover classifications gained value in 

terms of ecosystem services provided - coniferous and mixed forests each grew slightly, while 

the built up pervious areas across the region expanded dramatically, increasing the value of 

services provided by this landcover type.   

It should be noted that while built-up pervious areas do provide important and valuable 

services that are typically ascribed values at a per ha level that are greater than ‘natural’ 

ecosystems, the replacement of natural areas with developed areas across Halton Region did 
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ultimately lead to a reduction in the total value of ecosystem services across the landscape.  

Ecosystem services from built-up pervious areas increased by over $5 million per year between 

2002 and 2011, but other services declined by a total of $8 million per year.  This finding 

highlights an interesting challenge when utilizing ecosystem service valuations; increases in one 

set of services (e.g. cultural) may offset the loss of other service sets (e.g. regulating), and thus 

presenting a cumulative ecosystem value may obscure important changes.  As previously 

discussed, there is a great deal of uncertainty around the actual values ascribed to ecosystem 

services, and the list of services that contribute to the total value in this analysis may not be 

comprehensive.  It is possible that the addition of other ecosystem services (such as food 

production), or the revaluation of other existing services, might lead to significantly different 

results.            

A very positive finding of this analysis is that ecosystem services captured within the NHS suffer 

little to no loss compared to the rest of the Region, and the overall valuation of ecosystem 

services within the NHS remains fairly constant from 2002 through 2011.  Having said that, 

some significant losses occur when individual landcover types are considered.  Most 

importantly, forest and swamp landcover types are both characterized by loss of ecosystem 

services over the study period, as land is lost primarily to development and to the construction 

of transportation corridors.  Similarly, there is a small increase in the provision of ecosystem 

services from built up pervious areas within the NHS.     

3.4.3 Assessing changes in the nature of ecosystem services 

As discussed in the previous section, ecosystem service values across Halton’s NHS remained 

static between 2002 and 2011, indicating that the introduction of the Natural Heritage System 
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in 2009 helped to stabilize the provision of these services.  The landcover classifications 

responsible for providing these services changed, however, with significant differences from 

2002 to 2011.  Similarly, the type of services provided between these dates have been subject 

to change.  In Table 3-6, a breakdown of provisioning, regulating, supporting, and cultural 

ecosystem services are provided for the both the NHS and all of Halton.   

As indicated in the table, both provisioning and cultural services experienced gains between 

2002 and 2011, both within the NHS and across all of Halton.  During the same period, there 

were corresponding drops in regulating and supporting services.  Overall, these changes were 

small but represent a different focus in terms of how the landscape is valued.       

Table 3-6 Ecosystem service valuation for Halton Region's NHS, 2002 and 2011 
Ecosystem Service 
(values in $ 000,000) 

SOLRIS 1.2 (2002) SOLRIS 2.0 (2011) Loss/Gain 
NHS Halton NHS Halton NHS Halton 

Provisioning  Subtotal $ 12.8 $ 17.0 $ 12.9 $ 17.3 0.7% 1.5% 
Fresh water $ 12.81 $ 17.04 $ 12.87  $ 17.33 0.5% 1.7% 

Regulating  Subtotal $ 500.1 $ 565.0 $ 499.4 $ 561.1 0.1% 0.7% 
Air quality (pollution) $ 8.53 $ 10.86 $ 8.52 $ 10.88 0.1% 0.2% 

Climate (carbon sequestration)  $ 1.46 $ 2.40 $ 1.45 $ 2.33 0.7% 2.9% 
Climate (carbon storage) $ 29.23 $ 35.36 $ 29.14 $ 34.71 0.3% 1.8% 

Erosion control $ 14.36 $ 15.30 $ 14.30 $ 15.16 0.4% 0.9% 
Natural hazard regulation $ 49.42 $ 51.81 $ 49.30 $ 51.36 0.2% 0.9% 

Pollination $ 46.24 $ 80.70 $ 46.43 $ 80.45 0.4% 0.3% 
Water purification, waste treatment $ 31.28 $ 33.92 $ 31.26 $ 33.86 0.1% 0.2% 

Water regulation/quality $ 319.57 $ 334.66 $ 318.97 $ 332.38 0.2% 0.7% 
Supporting  Subtotal $ 32.2 $ 34.2 $ 32.1 $ 34.0 0.2% 0.6% 

Nutrient cycling $ 31.75 $ 33.68 $ 31.71 $ 33.49 0.1% 0.6% 
Soil formation $ 0.43 $ 0.54 $ 0.43 $ 0.53 0.0% 1.9% 

Cultural  Subtotal $ 99.9 $ 145.6 $ 100.7 $ 148.1 0.8% 1.7% 
Aesthetic and inspiration $ 36.31 $ 45.71 $ 36.41 $ 46.23 0.3% 1.1% 
Cultural heritage values $ 29.91 $ 35.03 $ 29.85 $ 34.58 0.2% 1.3% 

Recreation, tourism, lifestyle $ 30.97 $ 59.99 $ 31.73 $ 62.67 2.5% 4.5% 
Spiritual, religious values $ 2.72 $ 4.83 $ 2.72 $ 4.64 0.0% 3.9% 

All Services Total $ 645.0 $ 761.8 $ 645.1 $ 760.6 0.0% 0.2% 
 

During the period 2002-2011, provisioning services rose slightly both within the NHS and across 

all of Halton.  In absolute terms, these changes were very small (in the order of $0.1-0.3 million 

per year), and reflect slight increases in landcover types able to provision fresh water, 
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particularly built up pervious areas.  As only one provisioning ecosystem service was detailed in 

the literature, this estimate only represents a portion of the provisioning services actually 

obtained from the landscape; in this analysis, provisioning services represent about 2% of the 

overall valuation in both 2002 and 2011 (see Figure 3-2).   

The value associated with cultural ecosystem services also rises slightly, both within the NHS 

and across all of Halton.  Upon closer examination, it can be seen that increases in recreational 

values (2.5% increase within the NHS, 4.5% increase across all of Halton) and aesthetic and 

inspirational services (0.3% increase within the NHS, 1.1% increase across the Region) 

contribute most of this gain, offsetting losses in cultural heritage values (0.2% loss in the NHS, 

1.3% loss across all of Halton).  Spiritual and religious values were also lost in Halton (3.9% loss), 

but within the NHS these values were maintained.  In absolute economic terms, the gain in 

cultural ecosystem services was significant (about $1 million per year across the NHS, and $3 

million per year across the entire Region).  Cultural services saw a slight increase in overall 

contribution to ecosystem valuation between 2002 and 2011, from 15% to 16% (within the 

NHS) and 19% to 20% (across the entire Region) (see Figure 3-2). 

Supporting services declined across the board between 2002 and 2011.  Nutrient cycling 

declined slightly within the NHS and across the Region, while soil formation declined across the 

Region (but was maintained within the NHS).  Overall, the decline observed was minor in terms 

of absolute dollar values ($0.1-0.2 million per year).  Supporting services accounted for 4-5% of 

all ecosystem services in both 2002 and 2011 (see Figure 3-2).   

The most dominant ecosystem service classification in this analysis were regulating services, 

reflecting the large number of regulating services documented in the literature.  Across all of 
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Halton, these services accounted for 74% of the total valuation; within the NHS, they accounted 

for 77% of the total valuation in 2011 (down from 78% in 2002) (Figure 3-2).  For the most part, 

slight declines in individual regulating services were observed across the study period.  Within 

the NHS and across the Region, the most significant percentage declines were associated with 

carbon sequestration (down 0.7% in the NHS, and 2.9% across the Region); the largest absolute 

declines were in water regulation and in carbon storage.  Within the NHS, a slight increase 

(0.4%) was observed in pollination services, while across all of Halton, a very small increase was 

observed in air pollution regulation (0.2%).  

 

Figure 3-2 Ecosystem service classification for Halton Region's NHS, SOLRIS 1.2 and SOLRIS 2.0 
It is interesting to consider the role of pollination services, which are provided by a number of 

different landcover classifications including built up pervious, old fields, forest, grassland, 

hedgerow and tilled land.  Increased pollination services within the NHS from 2002 to 2011 are 

due to the addition of built up pervious areas, and the relative stability of other landcover types 

within the protected areas of the Natural Heritage System.  This highlights the importance of 

built up pervious areas to maintaining or even enhancing certain ecosystem services on the 

landscape, particularly in the face of urban development.  It suggests that the inclusion of built 
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up pervious areas as part of the NHS warrants further investigation, and offers the suggestion 

that Natural Heritage Systems can be tightly entwined within the urban fabric.   

3.5 Conclusions 

3.5.1 Ascribing ecosystem service value based on landcover classification 

This study has built on existing work to valorize ecosystem services within southern Ontario.  A 

thorough literature review has detailed a range of provisioning, regulating, supporting and 

cultural ecosystem services and used a standardized methodology to present these values in 

2018 Canadian dollars, on a per ha per year basis.  These values have been assigned to specific 

landcover classifications as detailed in the Ontario Ministry of Natural Resources Ecological 

Land Classification system.  The analysis highlighted some of the primary challenges with using 

economic valuations for ecosystem services, including the lack of standardized methodologies 

for assessing these values, the impact of geographic location on data collection and 

assessment, and the potential for political or social influences to distort valuations over time.  

The study suggests that wetlands are the most valuable landcover classification in southern 

Ontario, with a cumulative value of about $55K/ha/year.  This is followed by open beach bar, 

urban pervious, forest, open water, and grasslands.  Wetlands derive most of their valuation 

from regulating services, as do forests; open beach bar, urban pervious, and open water derive 

greater valuation from cultural ecosystem services.   

In terms of individual services, the landcover type with the greatest value for provisioning 

services was urban pervious.  However, only one provisioning service - fresh water - was 

identified in the literature, highlighting a major gap in the study.  The provision of food, timber, 
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non-forest products, and a variety of other materials has not been captured in this study and 

remains a limitation.   

Wetlands provide the greatest value (on a per ha basis) for regulating services and for 

supporting services, while open beach bar and urban pervious landcovers provide the highest-

value cultural services.  Overall, cumulative regulating and cultural services were ascribed very 

high values for many landcover classifications, ranging as high as $45K/ha/year (regulating 

services on wetlands) and $31K/ha/year (cultural services on open beach bar).  By comparison, 

supporting and provisioning services, which were less well detailed in the literature, had much 

lower valuations, reaching just under $2K/ha/year (provisioning services on urban pervious) 

and $2.7K/ha/year (supporting services on wetlands).     

3.5.2 Assessing ecosystem services in Halton Region’s Natural Heritage System 

The values for ecosystem services based on landcover classification were then applied to Halton 

Region, in order to assess the ability of Halton’s Natural Heritage System to capture and 

maintain ecosystem services on the landscape.  The data shows that the NHS captures 85% of 

the available economic value of ecosystem services, based on 51% of the Region’s land area.   

The NHS was highly effective at maintaining the overall value of ecosystem services, with very 

little change between 2002 (pre-NHS establishment) and 2011 (post-NHS establishment).   

The value of ecosystem services within Halton Region’s NHS is equivalent to $645 million per 

year, compared to about $760 million/year for the entire Region.  It is apparent that the areas 

captured by the NHS are ecologically important.  Placing this economic value on the NHS 

provides planners with additional information that can be used in maintaining the overall 

service; it is a strong justification for keeping the NHS intact, and even potentially expanding its 
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reach over time.  It is also a powerful counterargument against those that would exploit NHS 

lands for short-term economic gain.   

While the ecosystem service valuation associated with the NHS remains stable over the period 

of this study, the contributing services and the role of different landcover types does change.  

This is most evident in the loss of forests, marsh, old fields (in undifferentiated areas), and tilled 

land, and in the gain in built-up pervious areas within the NHS.  While the monetary value of 

these services remains constant, there is a loss of over $1 million/year associated with ‘natural’ 

landcover classifications, and a corresponding gain associated with built-up pervious areas.  This 

trade-off, suggests that the NHS still has problems with landcover change.   

Perhaps more importantly, the analysis shows some significant changes in regulating services 

and cultural services, which dominate the overall valuation of ecosystem services in this study.  

Regulating services in the NHS decline by almost $1 million per year; this is offset by a gain in 

cultural services.  This suggests that while social needs from natural areas across the Region’s 

NHS are being serviced well, the ability of the landscape within the NHS to regulate the 

environment is declining.  Should these types of decline continue, the ability of the NHS to 

contribute to a healthy environment for the people of the Region could be compromised, as 

could the ability of the Region to mitigate the impacts of climate change.  This finding illustrates 

the importance of tracking individual ecosystem services on the landbase; the cumulative value 

on a per ha basis can hide important trends in individual services or classes of services. 

3.5.3 Importance for planners 

The explicit use of values associated with ecosystem services can extend the use and concept of 

Natural Heritage System (NHS) planning.  The inclusion of a tool that can ascribe economic 
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values of ecosystem services to specific landcover types adds vital data about the contribution 

of these natural areas to overall human wellbeing, and provides a common basis for 

comparison between these services, which can help facilitate discussion between different 

groups as plans are made, modified, and implemented.   

The values identified in this study could also be used to justify consideration of different areas 

for inclusion in the study.  While the majority of ecosystem services on the landscape are 

incorporated into Halton’s NHS, some critical services are found outside the NHS, and may 

require protection over time.  The assessment tool developed here can help pinpoint these 

areas and provide guidance to stakeholder groups as they discuss their inclusion.   

Over time, ecosystem services on the landscape can change; this study illustrates that in a short 

period, there were significant shifts between regulating and cultural ecosystem services within 

the NHS and across the entire region.  The tool developed here can help planners monitor these 

changes and adapt plans to slow or reverse the impacts that development have on the 

landscape.  
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3.5.4 Study limitations 

As detailed in the methodology, ecosystem service values were sourced from the literature by 

landcover classification.  The list of ecosystem services utilized was informed by the Millennium 

Ecosystem Assessment but is not comprehensive; important provisioning and supporting 

services are missing.  The lack of these services, such as the provision of food, has a significant 

impact on this study.  In future work, developing a comprehensive list of services and 

populating this list with geographically appropriate data would be helpful. 
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3.7 Appendix 

Table 3-7 Annual exchange rates, $C to $US (1983-present) 
Year $C (Canadian Dollars) $US (US Dollars) 
1983 1.16678 1 
1990 1.14605 1 
1991 1.20852 1 
1992 1.29022 1 
1993 1.36643 1 
1994 1.37251 1 
1995 1.36383 1 
1996 1.38495 1 
1997 1.48361 1 
1998 1.48581 1 
1999 1.48528 1 
2000 1.54793 1 
2001 1.57089 1 
2002 1.39545 1 
2003 1.30073 1 
2004 1.21071 1 
2005 1.13439 1 
2006 1.07439 1 
2007 1.06579 1 
2008 1.14143 1 
2009 1.03053 1 
2010 0.98932 1 
2011 1.00000 1 
2012 1.03008 1 
2013 1.10435 1 
2014 1.27916 1 
2015 1.32552 1 
2016 1.29785 1 
2017 1.29665 1 
2018 1.16678 1 

Source: OFX (2020).  
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Table 3-8 Canadian inflation rates (1983-present) 
Year CPI (2002=100) % Change from Previous % Change to 2018 
1983 56.6 - 128.98% 
1984 59.0 4.24% 119.66% 
1985 61.4 4.07% 111.07% 
1986 63.7 3.75% 103.45% 
1987 67.3 5.65% 92.57% 
1988 70.1 4.16% 84.88% 
1989 73.4 4.71% 76.57% 
1990 76.6 4.36% 69.19% 
1991 81.0 5.74% 60.00% 
1992 82.3 1.60% 57.47% 
1993 84.4 2.55% 53.55% 
1994 86.1 2.01% 50.52% 
1995 87.8 1.97% 47.61% 
1996 89.3 1.71% 45.13% 
1997 91.2 2.13% 42.11% 
1998 92.6 1.54% 39.96% 
1999 93.4 0.86% 38.76% 
2000 94.6 1.28% 37.00% 
2001 96.3 1.80% 34.58% 
2002 98.1 1.87% 32.11% 
2003 101.3 3.26% 27.94% 
2004 102.8 1.48% 26.07% 
2005 104.5 1.65% 24.02% 
2006 106.2 1.63% 22.03% 
2007 108.0 1.69% 20.00% 
2008 108.9 0.83% 19.01% 
2009 110.8 1.74% 16.97% 
2010 113.0 1.99% 14.69% 
2011 115.3 2.04% 12.40% 
2012 117.9 2.25% 9.92% 
2013 119.1 1.02% 8.82% 
2014 120.6 1.26% 7.46% 
2015 123.3 2.24% 5.11% 
2016 125.8 2.03% 3.02% 
2017 128.1 1.83% 1.17% 
2018 129.6 1.17% - 

Source: Statistics Canada (2020). 
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4 Examining the perspectives of stakeholder groups in adopting NHS and 
ecosystem services (social license) in Halton Region, Ontario Canada 

 

4.1 Abstract 

Natural Heritage Systems (NHS) are used by a number of jurisdictions around the world to 

delineate and protect natural areas as a system of core areas connected by corridors and 

includes natural areas such as woodlands, wetlands, waterways. These landcover classifications 

provide important ecosystem services.  The integration of ecosystem services into the NHS 

planning process is investigated as a means to increase social license for the process, and to 

improve communication and transparency about the NHS.  This research uses a case study 

approach and employs qualitative data collection methods including surveys, interviews, 

workshops and participatory mapping techniques to gauge stakeholder’s perspectives of NHS 

planning, ecosystem services and the integration of the two.  While stakeholders across the 

Region are aware of the need for NHS, strong negative perceptions of the process from 

industrial stakeholders suggest that the process has not yet achieved the threshold for social 

license.  While the use of ecosystem services may be helpful, respondents highlighted 

challenges; not all ecosystem services are valorized, and a number of services should be 

included.  The study concludes that integration of ecosystem services into NHS planning could 

improve transparency and communication around the process, particularly if framed as a 

response to an issue of common concern, such as climate change.         
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4.2 Introduction  

Natural Heritage Systems (NHS) are used by a number of jurisdictions around the world to 

delineate and protect natural areas on the landscape through a system of core areas that are 

connected by corridors (OMNR 2006).  NHS may comprise a variety of different landcover 

types, including woodlands, wetlands, waterways, and fields; built-up areas may also be 

incorporated into an NHS, as explored in Chapter 2.  Each of these landcover types deliver a 

variety of ecosystem services that range from provisioning and regulating services, through 

cultural and supporting services, as discussed extensively in Chapter 3.  In southern Ontario, 

Canada, development of NHS are mandated by the Provincial Policy Statement (OMMAH 

2005a) and carried out under the auspices of Official Plans (OPs) (e.g. Halton 2009a).  Creating 

an OP that is reflective of a community’s vision for land use and conservation requires 

consultation with a variety of affected stakeholders.   

The engagement of stakeholders as part of the planning for conservation-related initiatives is a 

fundamental requirement that is gaining global recognition (Spang et al. 2012).  In any location, 

there are a number of stakeholders that need to be part of the process, as the mandates of 

many different entities may overlap with conservation needs.  In Ontario, these entities include 

Conservation Authorities (CAs), non-governmental organizations (NGOs), and land trusts, as 

well as the municipalities themselves; all undertake conservation efforts but may lack formal 

coordination mechanisms to achieve a common conservation agenda and a natural heritage 

plan (Spang et al. 2012).  In addition, stakeholders such as industry, farmers, residents, and 

community groups must be consulted.  The identification and articulation of various responses 
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and modes of participation by these various stakeholders provide critical insights into the NHS 

planning process.   

One of the primary challenges with NHS planning in Ontario is related to the lack of 

transparency in how individual NHS are assembled, and how different systems connect (see 

Puric-Mladenovic & Strobl 2012).  This has created friction in the development and 

implementation of NHS at a variety of levels, and affects interaction among different 

stakeholder groups who need to be involved in the process.  Better knowledge of landcover 

classes incorporated into the NHS, and the kinds of ecosystem services provided, could help 

address the issues of transparency. 

It can be argued that real engagement of the local community in development of plans is a 

central covenant that embodies democratic approaches to urban planning (see Arnstein 1969).  

Following this tenet, various stakeholder groups involved in the NHS planning process - 

including planners, government (officials and politicians), industry, non-government 

organizations and residents - should feel ownership over the plan as it evolves.  This concept of 

true partnership, rather than simply acceptance, is increasingly known as social license 

(Thomson & Boutilier 2011).     

The primary research question posed in this study is, can increased knowledge of ecosystem 

services, and the values associated with these services, increase social license for Natural 

Heritage System planning?  To answer this question, the study assessed stakeholder 

perspectives on the effectiveness of NHS planning, as well as their knowledge of ecosystem 

services, and explored options to integrate ecosystem services data into the NHS planning 

process.   
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4.2.1 Region of Halton case study 

An overview of Halton Region is provided in Section 2.2.1.  Chapter 2 provides an analysis of the 

landcover classifications used to characterize Halton and the Natural Heritage System 

developed by the Region; that chapter also explores the ability of Halton’s NHS to capture 

critical landcover features such as wetlands and forests.  Chapter 3 examines ecosystem 

services in detail, and quantifies the different kinds of services that are derived from the 

landcover classes incorporated within Halton.  These chapters are used as the basis for the 

study that follows.   

4.3 Background 

4.3.1 Past work linking ecosystem services to planning  

Various approaches and methodologies have been used around the world with regard to the 

integration of ecosystem services into land use planning and the decision-making process 

within high growth urban areas (McHale et al. 2018; Plieninger et al. 2013; Schäffler & Swilling 

2013; Sherrouse et al. 2011; de Groot et al. 2010).  While there is a recognized need to 

systematically include these values in making planning decisions, a number of critical issues 

need to be addressed.  

One issue that is regularly raised is the need to engage a wide variety of voices, ensuring that all 

stakeholders are heard in the process; in particular, there is a need to build in cultural 

sensitivity in engaging with stakeholders, in order to allow diverse perspectives to be 

incorporated into planning (Cooper et al. 2016).   These perspectives may lead to changes in 

perceived value for ecosystem services within different areas, which in turn can lead to 

different outcomes of the overall evaluation.  Importantly, these perspectives may in fact 
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challenge pre-existing power dynamics within a system (McHale et al. 2018; Raymong et al. 

2009).  McHale et al. further suggest an iterative approach of engagement in order to better 

incorporate different perspectives in the valuation of ecosystem services.    

Another issue that arises in the literature are the difficulties associated with comparing 

different ecosystem services.  While it is widely recognized that conservation and development 

can coexist, and that sustainable use of ecosystems can lead to multiple social and 

environmental benefits (de Groot et al. 2010), assessing trade-offs between different services, 

or between environmental benefits and development revenues, remains a challenge.  In 

particularly, cultural ecosystem services can be difficult to quantify, due to the complexity of 

assessing individual enjoyment and experiences (Plieninger et al. 2013).  Scholars have 

recognized the importance of effectively incorporating social values into the context of 

ecosystem assessments; methods of uniting ecosystem service assessment and social values 

mapping have yielded results that consider both the physical and social context of values 

associated with ecosystem services (Sherrouse et al. 2011).    

Related to this challenge is the importance of geographic specificity when it comes to 

ecosystem service valuation.  Schägner et al. (2013) have pointed out the range of values in 

ecosystem services that can exist across different geographies; this is of course related to 

perceptions of values, as discussed previously (McHale et al. 2018).  For planners working on 

NHS, this highlights the importance of using values for ecosystem that reflect local ecological 

and social perceptions. 

A major gap identified in the literature is the lack of data available to help municipalities 

develop and implement comprehensive and coordinated NHS; it is suggested that stakeholder 
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engagement is a critical step in amassing the right data to support these efforts (Spang et al. 

2012). Collecting this type of data is particularly important given the rapidly growing population 

in the GTHA region (OMMAH 2019), and the need to develop integrated strategies to respond 

to changing climatic conditions (Gray et al. 2011).  

4.3.2 Definition of social license 

Social license - or more precisely, social license to operate - is a concept that dates back to 1997 

that was originally applied to resource extraction industries, and particularly mining companies 

(Moffat et al. 2016).    These industries, facing increasing challenges from nearby residents and 

environmental groups regarding their practices, recognized the need to have willing ‘hosts’ for 

their operations.  Since the term was introduced, it has been applied to a variety of sectors, and 

is now commonly seen as part of corporate strategy in product development and operational 

management (see Nelson et al., 2010).    

 

Figure 4-1 Representation of levels of social license, showing ‘ladder’ and ‘pyramid’ models 
Adapted by the author; ladder of citizen participation from Arnstein (1969); pyramid model from 
Thomson & Boutilier (2011)  
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At its core, social license really is defined by trust between the participants.  This may take the 

form of true partnership or co-ownership, and sometimes includes the ‘dominant’ party 

(whether this is government or industry) ceding control to other stakeholders (usually 

residents, but potentially workers or subsets of the population) (Thomson & Boutilier 2011).  It 

is important to note that ‘trust’ is seen as a significantly higher threshold than ‘credibility’ or 

‘legitimacy’; it is possible to approve projects after consultation, but this may not achieve social 

license if no trust is established between the parties.   

Planners are familiar with the concept of social license, and indeed Arnstein’s famous ‘ladder’ 

model (as shown in Figure 4-1), dating back to 1969, maps very closely to more modern 

‘pyramid’ models of social license.  Essentially, planners - particularly at the municipal level - 

have worked to achieve social license in their practice long before the term became popularized 

in the late 1990’s. In the planning world, social license to operate has been used with regard to 

the introduction of new technologies (Mann et al. 2020), transportation infrastructure 

development (Mottee et al. 2020), and even new aquaculture projects (Billing 2018).  

4.4 Approach 

This study investigates stakeholders perceptions of Natural Heritage Systems planning and 

explores their knowledge of ecosystem services, before assessing options to integrate 

ecosystem services that might increase social license for the NHS process.  In doing so, the 

research addresses critical challenges identified in the literature.  In particular, the focus on a 

range of different stakeholder groups within the Region of Halton helps to bring different voices 

to the table who can provide local perspectives on the values of different ecosystem services.  

By examining the region of Halton (an ‘upper-tier’ municipality with four ‘lower-tier’ 



  100 

constituent components, in which the NHS itself overlaps with other NHS developed for large 

geographic features in the area) the study begins to address challenges of transparency and 

identifies data that can better support coordinated planning over multiple jurisdictions.       

A 3-phase data collection methodology is employed, including (1) a survey, (2) semi-structured 

interviews, and (3) facilitated workshops.  Graduate Research Ethics Board (GREB) approval was 

granted for each of these phases in the research.  The on-line survey (phase 1) garnered 206 

respondents and was conducted between July 2018 and June 2019.  In the second phase, 20 

semi-structured interviews with various stakeholders were carried out between August 2018 

and February 2019.  Finally, two in-person facilitated workshops (phase 3) were held within the 

Region of Halton on May 28, 2019; they were attended by a total of 33 participants.  

Data gleaned from each phase of the research was assessed through a pattern-matching 

approach, linking responses back to the key research question and objectives detailed 

previously.  This case study draws on Yin’s (2017) design to test for construct validity, through 

the use of multiple sources of evidence and the establishment of a chain of evidence. Using this 

approach, tests for internal validity are constructed through pattern matching, explanation 

building and time-series analysis during the data analysis phase. Reliability of the data was 

ensured by applying Yin’s case study protocol and through the development of a case study 

database using the responses from the survey, semi-structured interviews and the facilitated 

workshops (Yin 2017).  

4.4.1 Overview of study participants 

Study participants in each phase of the research were asked to self-identify as belonging to one 

of five stakeholder groups: 1) Planners, 2) Government, 3) Industry (including farmers, and the 
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development industry), 4) Non-Governmental Organizations (NGOs), and (5) Residents. It is 

recognized that there may be overlap between these groups, but individual respondents were 

affiliated with the group of their choice.  This study did not attempt to characterize respondents 

based on gender, sexual orientation, race, Indigeneity, or age.  During the survey and interview 

phase, each respondent was also characterized by their place of residence and by their 

participation (or not) in the Regional Official Plan review which took place in 2009. A 

breakdown of the study participants based on these five stakeholder groups is shown in Figure 

4-2. 

 

Figure 4-2 Research participants by stakeholder group across three research phases 
 

4.4.1.1 Survey participant recruitment 

Over 200 participants were recruited for the survey (phase 1) as shown in Figure 4-2, part A.  To 

recruit these participants, a mailing list of the researcher’s contacts was used; an email was 

sent introducing the study and a link to the online survey.  In addition, a mailing list was 

developed through the use of staff directories for each municipality in Halton Region. Further, 

community, recreational and environmental action groups within Halton Region were 
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canvassed; these groups included Oakvillegreen, Burlington Green, Halton Environmental 

Network, Royal Botanical Gardens, and the Bruce Trail Association.  

To identify industry representatives, contact was made with the Halton Chapter of the Ontario 

Federation of Agriculture and the Halton Chapter of the Building Industry and Land 

Development Association. Emails were sent out through these groups to their members.  The 

survey was kept open for almost 1 year, as recruitment within this stakeholder group was very 

slow. 

To contact residents across Halton Region, municipal clerks/CAO’s office in each municipality 

were contacted for assistance in identifying the best locations to post information about the 

survey. Participants were asked to pass on the invitation to take part in the research to other 

potential participants (snowball method). Recruitment for NGO participants was carried out by 

posting the survey link and information on Non-Governmental Organization (NGO) websites, 

including the Bruce Trail Association and South Halton Peel Naturalist’s clubs.    

It should be noted that while participants from all stakeholder groups were recruited from each 

of the four lower-tier municipalities in Halton Region, some patterns emerged.  Most notably, 

the majority of residential respondents (70) identified as living in Oakville.  As the population of 

Oakville is only slightly greater than that of Burlington, it is important to recognize that a 

majority of residential voices did come from this municipality. Conversely, more planners (7) 

and government workers (6) identified as living in Burlington than in any other lower-tier 

municipality across Halton.   
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For those survey respondents who selected ‘planner’ or ‘government’ as their stakeholder 

affiliation, follow-up questions were asked to ascertain their affiliation (if any) with the 

municipalities within the Region.  Perhaps not surprisingly, the majority of these individuals 

worked at the Region of Halton or one of the lower-tier municipalities within the Region (all 

four of these municipalities were represented).  Other respondents in these groups reported 

affiliation with Conservation Authorities, consultancies, or municipalities outside the Region 

such as the City of Hamilton and City of Ottawa.   

4.4.1.2 Interview participant recruitment  

The interview participants (phase 2) were selected from participants in the survey as shown in 

Figure 4-2, part B.  Approximately 90% of interview participants were residents of Halton and 

many interview participants identified with more than one stakeholder group (i.e. industry, 

government, etc.); however, their primary stakeholder affiliation is shown in the Figure.   

4.4.1.3 Workshop participant recruitment 

The final phase of the research consisted of two facilitated workshops held in Halton Region, 

both held on 28 May 2019.  One workshop was held in the Town of Milton at a rented 

municipal meeting facility during the afternoon, and one workshop was held in the evening in 

the Oakville Town Hall.  The timing and location of the workshops was purposeful; the 

afternoon session in Milton was designed to attract people from the northern part of the 

Region, and to facilitate participation of planners and government officials, while the evening 

session in Oakville was proximate to greater populations and designed to allow residents to 

participate in their free time.  These workshops were advertised to all survey respondents, 

although it is possible that some of participants in the workshops did not take the survey.  The 
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breakdown of workshop participants is detailed in Figure 4-2, part C.  Each of the workshops 

were conducted in the same fashion, followed the same schedules, and used the same 

materials for presentations and for exercises.  The workshops consisted of three facilitated 

exercises i) dot democracy ii) participatory mapping and iii) group discussion.  At the end of the 

workshop each table was given an opportunity to present their ideas to rest of the workshop 

participants. It should be noted that while most participants in the workshop identified as 

residents when identifying their stakeholder group, many were connected to industry (3), small 

business (24), and government (2).  As with the survey responses, the majority of residents (20) 

who participated in the workshops reported living in Oakville.   

4.4.1.4 Participation in the 2009 Official Plan Review  

Participation in the 2009 Regional Official Plan review on the part of survey respondents is 

important, because during this review the first Natural Heritage System (NHS) for the Region 

was delineated. Participation in the OP review therefore could indicate increased awareness of 

the NHS planning process, and potentially would raise interest in ecosystem services.  About 

25% of the respondents in the survey took part in the OP Review; 85% of the respondents in 

the interview phase took part. As shown in Figure 4-2, the majority of the participants in the OP 

review were identified as planners or government workers.   

4.4.2 Survey components 

Phase 1 of the research aimed to survey a broad population of stakeholders with a minimum of 

160 participants across all stakeholder groups.  The survey was administered using an online 

tool (SurveyMonkey) in order to get initial feedback from stakeholders across the Region.  

Questions in the survey were used to determine levels of awareness around Natural Heritage 
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System planning and the delivery of ecosystem services from Natural Heritage Systems. The 

survey also provides insight into stakeholder preferences around a number of issues related to 

NHS planning, and explores opportunities to incorporate ecosystem services into future NHS 

planning.  

The survey was developed by the researcher and included 23 questions in a variety of formats 

(open-ended, slider, ranking, and checkbox). While the survey generated 206 responses, several 

of the entries had to be eliminated from final analysis.  The survey questions were informed by 

the author’s experiences as a Registered Professional Planner and as a participant in NHS 

planning in Halton Region. The survey also provided participants an opportunity to sign up to 

take part in phase 2 and phase 3 of the research.  A copy of the research survey is found in the 

Appendix (Section 4.10.1). 

4.4.3 Interviews 

Phase 2 of the research was designed to permit deep exploration into issues around Natural 

Heritage System planning and the delivery of ecosystem services from the NHS.  During this 

phase, semi-structured interviews were conducted in-person, by phone and by Skype. Twenty 

stakeholders were chosen from the database of contact information generated from the Phase 

1; interviewees were carefully selected to provide representation from each of the four lower-

tier municipalities within Halton as well as to ensure representation from all stakeholder groups 

identified in the survey (i.e. planners, government, industry, NGOs and residents). Each 

interview ranged between approximately 30 minutes to 3 hours in length.  The audio portion of 

all interviews was recorded with the knowledge and permission of the participant, and 

transcripts of the interviews were developed for analysis.       
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4.4.4 Facilitated workshops 

The facilitated workshops included three major activities.  First, a ‘dot-democracy’ exercise was 

used to identify important ecosystem services and landcover types.  Flip charts were placed at 

each workshop table consisting of a matrix with generalized landcover types down the side and 

ecosystem services across the top with a separate page for each of the categories of ecosystem 

services (provisioning, regulating, cultural and supporting).   Participants were asked to use the 

chart and dots to answer the following question for each category of services:  What natural 

features/areas do you think provide ecosystem services and what is most important to you in 

the face of climate change?  Participants were then asked to place a dot in the matrix where 

they think each service is provided on the landscape.  Participants were the asked to use a red 

dot to indicate the most important service and black dots to indicate the feature/natural area 

where they think each service is provided. 

The second component of these sessions was a mapping exercise.  At each workshop table a 

large colour map was placed showing the Southern Ontario Land Resource Information (SOLRIS 

v2.0) Ecological Land Classification (ELC) landcover classes for Halton Region.  Participants were 

asked to draw directly on the map using coloured markers to: i) highlight the areas that will be 

most vulnerable to climate change, and ii) highlight the areas of high value in terms of 

ecosystem services. 

The final exercise of the workshops was a facilitated discussion, in which key questions were 

asked of each participant: i) What are the best ways to protect and enhance ecosystem services 

on the landscape?, and ii) What are some mechanisms that can be adopted/incorporated to 

protect and optimize the delivery of ecosystem services to respond to climate change?  
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Participants were then asked to rank the mechanisms for climate change they developed in 

response to the second question.  Facilitators at each table took careful notes that were 

reviewed and utilized for analysis of the workshop outcomes. 

4.5 Stakeholder perspectives on NHS planning 

Throughout the project, it was clear that the identification, delineation and protection of the 

NHS within Halton Region remains a contested process.  After a decade, the NHS evokes strong 

views from various stakeholder groups, and there are differing opinions regarding the 

effectiveness of NHS planning as a tool to protect natural areas and the services they provide.   

4.5.1 Good environmental planning requirements 

Survey respondents were provided with a series of statements describing environmental 

planning, and asked to select the statement that most closely matched their viewpoint.  The 

statements described increasingly strong measures to protect landscapes.  Several trends can 

be discerned from the results, which are shown in Figure 4-3.   

A majority of residents (>50%), and a plurality of NGOs (>40%) and government officials (>30%), 

selected the strongest statement available, which stated that all natural areas (forests, 

wetlands, etc.), representative modified landscapes (old fields, built-up pervious), and corridors 

connecting these areas should be protected.  The second choice statement for each of these 

groups was a slightly softer statement, which eliminated the need to protect ‘all’ natural areas 

but still demanded coverage of both natural and modified landscapes.  The results suggest that 

NGOs and government officials, while predominantly in favour of very strong conservation 

measures, are more likely to include members with varying perspectives, possibly due to the 

influence their level of experience. 
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The response from planners was similar, but the majority (just under 50%) of planners selected 

the second statement, while another 30% selected the strongest statement available.  This may 

reflect the awareness planners have of the implicit challenges involved in capturing all of the 

natural areas on the landscape through conservation efforts.   

Industry respondents were perhaps the most interesting of all stakeholder groups.  While this 

group was small, it reflected a mix of agricultural (farmer) and developer (builder) perspectives.  

What is clear is that there is no unified position among this stakeholder group; some selected 

the strongest conservation statement, while others chose the weakest (that ‘some’ natural 

areas be protected).  This speaks to the challenge of engaging with this group, as many 

different perspectives need to be understood.   

 

Figure 4-3 Environmental planning requirements - preferences by stakeholder group 
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The interviews highlighted the long-term nature of these contested viewpoints around 

environmental planning for the Region.  During the development phase of Halton’s NHS (circa 

2008), interviewees recalled public meetings where landowners “…were not very 

complementary of anything that would restrict them from doing whatever they wanted on their 

own property…it was not the most friendly environment…” [R19].  Other interviewees suggested 

that while there was “…acceptance of Natural Heritage System planning, alternative viewpoints 

exist” [R18], emphasizing that not all stakeholders felt true ownership over the process - a key 

barrier to achieving true social license. 

The interviews also uncovered interesting perspectives on environmental planning within the 

context of Ontario’s policy strategies.  Interviewees highlighted the Ontario Greenbelt Plan 

(OMMAH 2005b), which facilitated the Natural Heritage System for the Greenbelt and which in 

turn was an important building-block in Halton Region’s NHS development (see Halton 2009b).  

According to one respondent, “…the Ontario Greenbelt plan [is] smoke and mirrors… not the 

environmental plan for the province” [R15].  The alternate perspective is that Ontario Places to 

Grow Plan (OMMAH 2019) is “…the [true] environmental plan for the province because it deals 

with the fundamental problem facing planning in Ontario today – that is more people and 

where are they going to go” [R15].  Others take a more moderate view but still highlight the 

importance of other policies to environmental planning; for example, stressing that “…the 

transportation plan [provides] structural elements for accommodating regional growth” [R17].  

These statements provide valuable insight into the perspectives of some stakeholders; for 

many, environmental planning is simply seen as a barrier to development, or at best, a hurdle 

that must be surpassed as part of the cost of doing business.   
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4.5.2 Knowledge of Natural Heritage System planning 

In another survey question, participants were asked to indicate their knowledge of NHS 

planning by moving a slider along a scale from ‘not familiar at all’ (0) to ‘familiar’ (50) to ‘expert 

knowledge’ (100).  None of the respondents selected 0 in their response; every stakeholder 

group except for industry had at least one respondent who indicated ‘expert knowledge’ and 

selected 100. Average (mean) selections ranged from 31 (residents) to 56 (NGOs), 66 

(government), and 71 (planners and industry).  The last finding is interesting; both industry and 

planners indicated very high levels of knowledge around the NHS process and familiarity with 

the system.   

The results shown in Figure 4-4 indicate the very wide range of responses from different 

individuals within the stakeholder groups.  While residents clearly have the least knowledge 

around the NHS process (generally speaking), there are large groups of respondents within 

government and the NGO world who only report some familiarity with the process.   

The interviews provided additional insight into some of these perspectives.  There is a sense 

among some respondents that the concept of NHS is not well developed to begin with:   

“…the ability of the staff to …implement the requirements [of the NHS] and 
understand the importance of them …I think there is a huge diversity across [the] 
regions in terms of how it’s done”. [R17]   

“…there is more concern is with those elements of the NHS that are left to the 
municipalities to decide about significance…it may be important at a local level but 
it may not have any provincial protections so you are into negotiating to protect 
that feature”. [R18]    
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Figure 4-4 Knowledge of Natural Heritage System planning by stakeholder group 
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What this emphasizes is that there are different perspectives among stakeholder groups 

themselves on how well the NHS is understood by other groups.  This is backed up by the 

findings shown in Figure 4-4, which shows significant variation among almost all groups in 

terms of their level of knowledge around NHS.  This means that planning decisions can be 

questioned, as the following statements make clear: 

“…so focused on rules and regulations that [they] don’t look at the big 
picture…[planners interpret] drainage along a ditch line…as a wetland…aggravating 
a lot of the developers as that is an unreasonable application of what the NHS 
planning is aiming for…it has put a bad taste in the mouth of some developers 
because it is not being done reasonably”. [R11]  

“…when you look at drainage systems that are 600 feet wide [that] started out as 
streams on farmer’s fields that were 6 inches wide…I think the natural heritage 
system is one of the most artificially developed Natural Heritage Systems in 
Canada”. [R20]   

If stakeholders in one group (e.g. residents, industry) are not confident in the ability of another 

group (e.g. planners, government) to carry out the NHS process fairly, it destroys trust in the 

process and leads to contentious decisions. 

4.5.3 Natural Heritage System and levels of policy protection 

Survey respondents were asked about the level of policy protection that should be afforded to 

the NHS.  In this question, they were asked to identify the statement that they best identified 

with; the statements described scenarios ranging from ‘full protection and no development’ to 

‘no protection, development is allowed’.  The responses to this question are illustrated in Figure 

4-5. 

The majority (>50%) of both residents and NGOs selected the strongest statement available, 

which indicated that NHS should be fully protected with no development allowed.  Just under 
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half of the planners opted for the second statement, which suggested that development could 

take place adjacent to the NHS itself, as guided by an Environmental Impact Assessment (EIA).  

The majority of government respondents opted for the third statement, which suggested that 

development could happen within the NHS if guided by an EIA; this is a very different response, 

and warrants further investigation. 

 

 

Figure 4-5 Level of protection for NHS - preferences by stakeholder group 
 

Industry provided an interesting range of responses to this question.  A third of the 

stakeholders in this group simply chose not to answer; among the remaining respondents, 

there was a wide range in responses, again suggesting that this group is characterized by a 

spectrum of different perspectives on environmental policy and conservation.     
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Given the wide range of perspectives between stakeholder groups, clear communication in the 

development of NHS is essential.  One way to do so is through effective mapping.  The 

development and implementation policies set out in the 2009 Official Plan (Halton 2009a) were 

intended to identify (i.e. show on a map) the Natural Heritage System as a land use designation, 

and to identify the limited land uses permitted within the NHS.  Various stakeholder groups had 

differing views on maps; one interviewee stated that “…when things are not shown on a map it 

is extremely hard to know what you are protecting and why” [R17], but others downplayed the 

significance of this, suggesting that extensive mapping of the Region could pose a barrier to 

existing activities.  For example, one respondent stated that “…[if] it is considered a 

grassland…species at risk and bobolink legislation [means one can’t] grow wheat as a crop in 

rotation” [R16].  From the perspective of some, full mapping of the Region is not desirable; the 

NHS “…should have been an overlay” that limited details to protected land [R16].   

When pressed, interviewees provided additional perspective on the level of protection that the 

NHS should provide.  Some had the view that even strong conservation measures are not ‘anti-

development’; in the words of one interviewee, “…criticism from developers that [the NHS] is a 

barrier to development…NHS planning dove-tails with so many objectives that we are trying to 

achieve” [R11].   Other interviewees felt that NHS as implemented was overly protective, and 

that there were other, simpler options to protect natural areas.   When commenting on the 

Official Plan process, one reviewer stated the following: 

“…farmers knew it was going off the rails [and made their] concerns known… they 
asked you if want status quo [NHS planning] or improved, super-duper maximized 
enhanced natural heritage system planning…we got the super enhanced natural 
heritage system”. [R15] 
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This particular interviewee suggested that inclusion in the NHS was the equivalent of “down-

grading” [R15] agricultural lands.  A perspective that came through from multiple interviewees 

was the sense that it was impossible to get any meaningful changes in the NHS, due to what 

some saw as overly-rigorous adherence to strong conservation strategies. 

The interviews provided some insight into the different perspectives that members of the 

industry stakeholders group hold.  While much of the landscape is seen as prime for 

development - one respondent stated that “…in fact natural areas at this time are viewed as 

opportunities for places to stick infrastructure” [R1] - the introduction of NHS may be curtailing 

existing activities.  One interview participant stated that “…we have developers who don’t want 

hay grown …for fear of species at risk” [R15], identifying potential conflict between builders and 

farmers.  Put succinctly: 

 “…the regime we are setting up is against good stewardship and enhanced natural 
heritage…we are doing the absolute opposite of motivating people with our natural 
heritage planning”. [R15] 

It appears that the different perspectives on land protection create a complex dynamic that 

impacts the potential to achieve social license among all stakeholder groups.  Interestingly, 

while residents and NGOs are represented as being most in favour of strong protection across 

the landscape, interviews revealed that the greatest tensions lie particularly between planners, 

farmers, and builders within Halton Region, as competing land uses are constrained through the 

introduction of NHS.  Addressing this dynamic requires additional examination of issues related 

to land ownership and development pressure. 
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4.5.4 Natural Heritage Systems and land ownership 

The perspectives of the stakeholder groups related to how different types of private or public 

land should be incorporated within the NHS are shown in Figure 4-6.  Four statements were 

presented to survey respondents, describing how the scope of the NHS could address land 

ownership.  Four of five stakeholder groups overwhelming (>70%) selected the statement that 

NHS could include private lands.  Industrial stakeholders were the sole exception; a plurality of 

these respondents indicated a preference that NHS be limited to existing public lands, although 

the survey uncovered a wide range of perspectives within this stakeholder group.   

 

Figure 4-6 Extent of NHS in Halton - preferences by stakeholder group 
 

Views taken by stakeholders with regard to the inclusion of private lands within the NHS 

appears to vary with the interviewees experience with, and knowledge of, environmental 
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planning.  Various participants were concerned about the ability of a public authority to care for 

and maintain the land within the NHS: 

 “…[the NHS] doesn’t have to be in public ownership… there is nothing wrong with it 
being in private ownership…it is not who owns it but who is responsible for 
managing that resource”. [R18] 

“…public ownership is excellent however I don’t have a problem if it stays in private 
ownership either as long as it has the protections but what you find is if the land is in 
private ownership and they can’t do anything with it then they are willing to get rid 
of the property”. [R19]   

“…private ownership is better…there doesn’t seem to be an understanding that the 
ability to grow a good corn crop or soybean or switchgrass crop is the same as them 
growing trees…” [R16] 

“…sometimes private lands have more protection than the public lands… you don’t 
have that network of human disturbance that may have occur if it were a popular 
public park. Private landowners can put the resources into the removal of invasive 
species. The NHS does not need to put in public ownership …municipalities don’t 
have the resources to secure the entire NHS”. [R14] 

“…people assume public lands would be better maintained than private landowners 
but many private land stewards can maintain the land probably better than public 
ownership”. [R13] 

In contrast, many interviewees were strongly against private lands being included in the NHS 

and suggested that the entire NHS be publicly owned: 

“I am advocating that it [the NHS] all go into public ownership and it all be owned by 
one entity…like in this case it should be owned by the Regional municipality or 
controlled and owned by the 4 municipalities”. [R20] 

“…I think public ownership is a requirement in the urban area…[it] provides for a 
more uniform permanent protection of the features and functions”. [R17] 
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 “…you can all the plans you want but if you don’t have the property if you don’t 
have the land then it’s almost…well it’s just a conversation issue - you’ve got to 
secure the land”.  [R2] 

Some pointed out the benefit of specific public agencies, like Conservation Authorities, who 

play an important stewardship role on the landscape: 

“…the stewardship initiatives of Conservation Halton and the whole Cootes to 
Escarpment - you know - the eco-park…that is just pretty amazing what they have 
accomplished to date and encouraging land owners to contribute land…things like 
that are extremely important in my mind because if we develop those areas they are 
lost forever”.  [R5] 

“I’d like to see the Region work with the Conservation Authority together…both have 
securement programs…both have stewardship programs…and have public land 
already”. [R12] 

Many participants reported they believe that the development industry views the NHS as 

onerous and as a constraint to development.  Population pressures of growth within the GTHA 

at the expense of natural areas and open space including such things as golf courses, old fields 

and even hedgerows.  Many participants reported that the addition of identifying values and 

protection to features like old fields will be difficult if attempts are made to try to achieve a 

balance between dollars (quantified values) and intrinsic (intangible) values.  

Interview participants felt that the delineation of the NHS had created a source of conflict with 

the Region for land developers, and that dispute resolution mechanisms such as mediation 

might be required, both for land development adjacent to the NHS and even for how lands are 

used within the NHS.  Some participants expressed concern that limiting development to 

smaller areas after the introduction of the NHS created increased pressure to intensify these 

developments, a move considered to be “…too aggressive” [R2,R3].  Respondents characterized 
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the pace of development as “…too intensive - like developers are leaving just a token of open 

space” [R2], or too fast: “I think they are going really rapidly…I think the growth is really rapid 

and I don’t think that they are thinking about wildlife” [R3].   

Interview participants are aware of significant development pressures in the GTHA; “…prime 

land is disappearing at a frightening rate right across the GTA” [R2].  This respondent identified 

concern that open spaces found within the urban boundary such as golf courses (specifically, 

Glen Abbey in Oakville) are being converted from open areas into the built form, lamenting that 

“…they were for a long time the greenspace and now they are disappearing” [R2]. Golf courses, 

farms, and other privately held lands that currently provide significant ecosystem services and 

which may be incorporated into NHS are a particular source of conflict.  With respect to golf 

courses, one respondent notes that “…the delineation of the NHS over an existing…golf course 

and the NHS including all the infrastructure of the golf course…including club house and parking 

lots…there was a concern about how it was being applied based on current conditions” [R13].  

At a time when land prices are rising dramatically, developers and landowners who see 

opportunity may feel stymied by the inclusion of ‘their’ land into the NHS.   

Some other respondents implicitly recognize that protection is the only way that some 

greenspace can be kept on the landscape:  

“…a perception exists that the highest and best use for land in the Greater Golden 
Horseshoe is to develop it… nobody seems to be saying that the protection of the 
natural environment is a municipal issue – you need to get it on the top 10 or top 5 
issues – it has value”. [R1]   

Finally, the interviews uncovered some of the challenges in coordinating conservation efforts 

between different jurisdictions, in this case between the lower-tier municipality of Oakville and 
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the upper-tier municipality of Halton Region.  The Town of Oakville had created its own NHS for 

North Oakville, which was incorporated into Halton’s NHS (Halton 2009a, Halton 2009b). While 

one interview respondent suggested that the process of developing the North Oakville NHS as a 

“controversy…[which] has destroyed a very significant part of the buffer around Oakville…” [R2], 

other respondents suggested that the plan was successful:  

“…it was a bit of a victory because the bar had been raised substantially it was one 
of the first times I think in the province of Ontario where meadow was being 
protected as part of an NHS system… so it was really a ground breaking process and 
event and I know they didn’t achieve everything they wanted to but it was certainly 
advancing NHS planning for Ontario and for Canada”. [R11]  

The Oakville example suggests that controversial decisions about conservation at one level can 

affect planning at other levels, and highlights that lack of capacity that individual stakeholders 

have to assess tradeoffs between the loss of some green space and the protection of other 

areas.  There is a clear need to develop a better understanding of the value that NHS lands 

provide to the citizens of Halton; one approach to manage this is to consider ecosystem 

services.   

4.6 Stakeholder perspectives on ecosystem services 

Ecosystem services are a fairly well-established concept and were familiar to many of the 

participants in this study.  As shown in Figure 4-7, members of the NGO group were most likely 

(>50%) to express strong familiarity with ecosystem services, followed by planners (50%) and 

government (almost 40%).  About half of industry respondents indicated some familiarity with 

the concept, while residents showed the least familiarity; very few (<10%) of residents identify 
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as being fully familiar with ecosystem services, while 7% report having no idea about the 

concept.      

 

Figure 4-7 Familiarity with ecosystem services by stakeholder group 
 

Most interview respondents recognized that the land areas making up the NHS carried out 

various ecological functions and that humans are the recipient of benefits coming from 

ecological functions. There were differing opinions about how ecosystem services should be 

used, however, and the perspectives of different interviewees illustrated a wide range of 

potential ways in which ecosystem services could be taken up by planners. 

A select group of interviewees stressed that quantifying these services was essential to convey 

the importance of these services to all stakeholders: 

“…natural features are important because they are important and you shouldn’t 
have to place a value on them to make people understand that they are important, 
but…certain people that is how they think…that is how they wrap their minds 
around the importance of certain things but if you put a monetary value or a human 



  122 

health benefit on it they may be more likely to put policies in place to protect those 
[ecosystems]”. [R17] 

“…certainly there is a value in identifying benefits in economic terms of the 
ecosystem services provided by natural features across the landscape… there has to 
be a link to benefiting humans...” [R14] 

“…people think of things in terms of commercialized value…maybe putting a dollar 
value on the ecosystem may be something they could relate to”. [R5]  

“…when you put a dollar value on the goods and benefits from a natural area that is 
what the decision makers understand”. [R12] 

“…I think attributing a dollar value to sequestration will really help us in 
conversations that ensure we preserve the NHS”. [R10] 

Some feel that defining ecosystem service values early “…would be a fundamental improvement 

in the process” [R7] and suggested that clearly defining ecosystem values would lead to more 

collaboration between groups: “…I think you would get a lot of buy in” [R7].    

Cultural ecosystem services seemed to be particularly contentious.  One respondent expressed 

concerns about the tradeoffs involved in assessing these types of services against other 

ecosystem services, particularly regulating and supporting functions; while recreational service 

value of a woodland may increase if there is a trail through the woodland, the ecological value 

may be reduced [R14]. Other participants see the establishment of recreational use in a natural 

area as a means of protecting the feature:  

“…the development of recreational trails encourages just one route and discourages 
going through sensitive areas of endangered species from being eradicated because 
of irregular usage of the land…it minimizes people wandering around in the 
greenspaces and not being careful about what damage they may be doing”. [R2]   
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There is also acknowledgement among the interviewees that ecosystem services are 

undervalued or difficult to value.  In the words of one interviewee: “…I don’t think the average 

person has a clue about how important an open field is…to people who know better it is a filter 

– a sponge” [R2].  Another pointed out that“…some people just see an old field and may not be 

aware of how important it may be…some important prairie areas are very important on the 

landscape but you would not know to look at it…to some people it just looks like an unkempt 

grassy area without realizing how unique that feature is” [R18].  In considering the value of a 

shady tree, one respondent was emphatic that people would prefer a shady place to sit, but 

struggled to place a value on that service [R19].     

Multiple interviewees honed in on a critical issue, which is that the full list of ecosystem 

services is not necessarily known and thus difficult to value appropriately. One pointed out that 

“…ecosystem services attempts to be science based but like all science it is constantly evolving 

and tough to define scientifically…” [R15]; another stated that “…we do not have the ability yet 

to identify and quantify economically all ecosystem services provided by a particular feature” 

[R14]. It was pointed out that “there will always be trade-offs…there [are] quantitative and 

qualitative values [for ecosystem services]” [R20].  This creates an interesting challenge: if only 

some ecosystem services can be valorized, can those values be used appropriately in assessing 

tradeoffs?  It is a real concern among some respondents.  One interviewee sums it up as 

follows:  

“…my fear is with putting a monetary value on a feature is someone will say fine – I 
will cut you a check for that and you can go and create that somewhere else and let 
me cut this down and develop it”. [R17]   
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Some respondents were concerned about the ability of tools to capture realistic values of some 

services, particularly cultural services; one stated that it “…may be difficult to quantify in that 

some groups would consider some woodlots priceless for the experience of being in the woodlot 

and these softer services may be very challenging to quantify” [R6]. Similarly, others expressed 

concern that placing dollar values on ecosystem services could not represent the intrinsic value 

of certain features:  in speaking about woodlands, one respondent commented that “…once its 

gone its gone” [R1], while another stated that “…they are irreplaceable…those ancient 

cedars…if they disappear we can’t replace them…not in our life time” [R5]. 

Many respondents suspected that ecosystem service values would not be used to protect the 

landscape, but in fact would be used to assess compensation values to justify the loss of natural 

landscapes.  Not only would that reduce the benefit of quantifying ecosystem services, but 

given an incomplete list of services, there is a very real danger that ‘compensation’ for the loss 

of ecological services will not actually pay for the full range of services that are lost.   

Some respondents suggested that the best way forward would be to eliminate the economic 

valuation and focus on the actual service being provided: 

“...there are dollar values that have been assigned to woodlands and wetlands and 
look at all the dollars we are saving…some people may need that dollar amount to 
know how valuable they are but it may help the general public buy into it a little bit 
more – that makes good sense make people understand better why it is so crucial to 
protect the NHS.  The fact that the NHS is providing ecosystem services should be 
enough – the actual dollar amount may not be of importance.  Focusing on the 
services but not putting a dollar on it may be an approach to consider protection of 
the NHS”. [R9] 

“…people view environmental features as a negative on their property…like if a 
wetland is on your property people are thinking if I have to protect these features 
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from development look at the money that I could be making if I developed it but 
now you can get people thinking…oh it is filtering my well water and this is 
preventing flooding downstream… its contributing to the water quality, to the air 
quality…those things were not really being thought of before”. [R11] 

4.6.1 Moving forward with ecosystem services 

To better understand what landcover types should be protected to best enhance ecosystem 

services on the landscape, participants at the facilitated public workshops were asked to take 

part in an exercise to link individual ecosystem services to landcover categories.  Participants 

were asked to use black dots to indicate landcover types that they linked to specific ecosystem 

services; each participant was given one red dot to identify the service and landcover type that 

they felt was most important.  The results of this work, based on broad landcover 

classifications, is provided in Figure 4-8. 

The figure highlights the fact that woodlands are most often associated with ecosystem 

services, with the majority of participants selecting woodlands both in terms of overall 

ecosystem service provision and in terms of the ‘most important’ service (as indicated by their 

first selection).  This is an interesting finding; it runs counter to established science, which 

places higher values on wetland-type ecosystems (see Chapter 3), but also reflects the intrinsic 

values that humans place on different ecosystem types.  It is interesting also to note that the 

figure shows very little difference in total number of selections between water, wetlands, 

meadows, and agricultural areas, and only a slight drop in the responses for geological 

formations, suggesting that participants relate similar numbers of ecosystem services to these 

landcover classes.  
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Figure 4-8 Most important landcover types for ecosystem services - preferences by stakeholder group 
 

Participants in the workshops were also asked to rank individual ecosystem services, again 

through a dot-democracy exercise in which they were given one red dot (for first choice) and a 

series of black dots (for other choices).  The results of this exercise are shown in Figure 4-9.  In 

this figure, the column of figures on the left-hand side (in brackets) indicates the total number 

of responses logged for each ecosystem service.  Interestingly, it appears that all ecosystem 

services were identified as important to workshop participants; there is very little difference 

between any of the services, with total selections ranging between 31-41.  When first selections 

(red dots) are considered, however, an interesting pattern emerges.   

It is clear that there is a very strong preference among workshop participants to select the 

provision of fresh water as the most important ecosystem service to consider, with double the 

number of first selections compared to the next highest ranked service.  Ranked second, third, 

and fourth choices are one cultural service (sense of place), one regulating service (air quality or 



  127 

pollution abatement), and one supporting service (provision of habitat, followed very closely by 

another supporting service, provision of oxygen).   

 

Figure 4-9 Most important ecosystem services - preferences by stakeholder group 
 

This is an important finding.  It stresses the balance between provisioning, regulating, cultural, 

and supporting ecosystem services - each of these types of services ranked in the top four 

among the workshop participants.  It highlights a local concern (the provision of fresh water), 

which speaks to geographically-specific challenges with maintaining freshwater supplies for a 

rapidly growing population.   
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The data presented in Figure 4-9 also focuses attention on a number of ecosystem services that 

were not well documented in the literature, and which are not included in the data presented 

in Chapter 3.  In the top four services preferred by workshop participants, only two are well 

described in the literature and have values assigned in Table 3-6.  Sense of place and habitat 

provision are not described, and yet the high ranking that these services received in this 

exercise would suggest that they should be included in any assessment of ecosystem services 

within the Region.  Other services are also identified in the figure and yet not well described in 

the data, including oxygen production, food provision, climate regulation, genetic resources, 

primary production, and human disease control.  The fact that these services do not have 

locally-representative values currently available in the literature means that they may be 

undervalued, or worse, ignored, in any planning exercise. 

4.7 Incorporating ecosystem services into NHS planning 

Based on the survey results, the majority of respondents across all stakeholder groups agreed 

with the statement that ‘the identification and delineation of Natural Heritage Systems should 

explicitly recognize the ecosystem services they provide and the role that the NHS plays in 

delivering them.’  Planners, government, NGOs and residents were particularly strong in their 

support for this statement, while industry - slightly less enthusiastic - still indicated support, as 

the following statements demonstrate:  

 “…this [linking of NHS planning and ecosystem services] is absolutely needed…I 
think if we don’t show all the values of the NHS I think it is really hard for people to 
understand the importance…“ [R10]  
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“…anything that adds to the ecosystem service being delivered should be included in 
the NHS…you don’t exclude something because politically it is a hot potato to do so 
or because it has never been done before…” [R7] 

“…cities need to integrate with nature…however you need to communicate a 
message about the importance of NHS in the broadest sense through the lens of 
ecosystem services or to a particular stakeholder group in order to capture their 
attention and maybe get them thinking differently and perhaps behaving differently 
then I think the linkage of ecosystem services to the NHS would be valuable to do”. 
[R6]  

“ …[this] could look like another layer of study …perhaps it would help them buy into 
why it is important to protect features”. [R17] 

The survey followed up on this point by asking if the NHS planning process should be modified 

to recognize ecosystem services.  At this stage, the responses from industry were starkly 

different from the four other stakeholder groups; while planners, government, NGOs and 

residents expressed support for this concept, industry did not.  This fact - that the majority of 

industry stakeholders are not amenable to modifying the NHS in order to incorporate 

ecosystem service values - represents a major challenge moving forward. 

The interview responses cast additional light on the challenges with bringing ecosystem 

services into the NHS planning process, and may in fact help to explain the divergence in 

responses between the industry group and other stakeholders.  Some pointed to the challenges 

of working at the Regional scale, particularly if other jurisdictions do not also incorporate 

ecosystem services into their NHS [R7, R8].  Others argued for provincial-level (or greater) 

uptake of this approach: 

 “…ecosystem services are useless on a Regional basis - the ecosystem services that 
we are providing by our NHS are [made] completely null and void by the pollution 
coming in from everywhere else and the urban activities to the south and north of 
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the major portion of our NHS…unless it is done on a province-wide approach or 
international basis I really don’t see the homegrown benefits”. [R7] 

The most likely explanation for industry’s lack of enthusiasm for the incorporation of ecosystem 

services is simply the perceived impact that this might have on development.  In the words of 

one interviewee, “…if you were to develop a Natural Heritage System that includes all 

[ecosystem services] - a gold plated Natural Heritage System - you would have nothing left to 

develop” [R20].  

The lack of responses noted here is indicative of a lack of willingness on the behalf of industry 

to engage on this topic.  This is unfortunate, because - as discussed in previous sections - 

ecosystem services are potentially an important tool for fostering dialogue and achieving 

consensus, essential parts of getting to social license for NHS planning. 

4.7.1 Knowledge needed to include ecosystem services in NHS 

When asked what data would make it easier to incorporate ecosystem services into Natural 

Heritage Systems, the four ‘supportive’ stakeholder groups (planners, government, NGOs, 

residents) indicated a wide range of data, including more information about types of ecosystem 

services, their delivery and value, the scale of these services, their interconnections and the 

overall impacts of these services.  These results are shown in Figure 4-10.  Industry - already 

uncomfortable with the concept of adding ecosystem services into NHS - were reluctant to 

indicate options and few responses were logged from this stakeholder group.   
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Figure 4-10 Knowledge requirements for ecosystem services - preferences by stakeholder group 
 

The data shown in Figure 4-10 highlights two important findings.  The first is that there is not 

enough information about ecosystem services to make incorporating them into the NHS an 

easy task.  The question posed in the survey was linked to answers that categorized the full 

range of data that might describe ecosystem services; four of the five stakeholder groups 

overwhelmingly suggested that data was required in each category.  In addition, this figure re-

emphasizes the caution that industrial stakeholders show when considering integration of 

ecosystem services into Natural Heritage Systems.   

One issue raised in the interviews that not all stakeholders agree on the importance of various 

ecosystem services.  For example, respondents questioned whether cultural services should be 

considered ‘real’; “…I don’t see the value of adding cultural services to the NHS…I don’t see the 

benefit of adding ones that are not real and beyond environmental” [R7].   This perception, that 
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that only ‘environmental’ services (usually constrained to regulating or provisioning services) 

should be included in NHS, is a common refrain [R6, R8].   

Other stakeholders highlighted the need for data in order to move forward.  In the words of 

one respondent:  

“…it has only been in the past year that I have only come across the term, I don’t 
think it is well used across municipal staff…I think it is a term we need to become 
familiar with…” [R5] 

A perspective that should not be lost is that some stakeholders were very clear that they saw 

ecosystem services as being ‘bigger’ than NHS planning, and that perhaps the two should be 

kept separate: 

“… ecological services planning is much broader than NHS planning…you could 
almost say that ecosystem services are a societal benefit and that is different from 
NHS planning in my mind”.  [R4] 

4.7.2 Tensions and contested nature of the Natural Heritage System   

The survey and interviews strongly highlighted the tension that development pressures have 

placed on different stakeholders across the Region.  This was clear in the comments from 

individual stakeholder groups, for example: 

 “…the NHS wasn’t necessarily met with open arms; the agricultural community was 
very concerned that the NHS would put further restrictions on agricultural practices 
and farming operations themselves”. [R4]  

Developers had similar feelings; “…the development industry views the NHS as a burden” [R1].  

In 2011, the agriculture community appealed the Regional Official Plan Amendment ROPA 38 

(i.e. the implementation of Halton’s 2009 NHS), indicating their lack of acceptance of the 
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process (HRFA 2011).  While this appeal was unsuccessful in the end, the research indicates 

that any modification to the NHS would be similarly fought by industrial stakeholders:      

“…the NHS and the agricultural community…just how contentious it was when all 
those rural agricultural lands were designated NHS…when the agricultural 
community opens up that document and sees that swath of green across their lands 
there is a perception that their land use is not a legitimate land use and they don’t 
want to invest in their land and the perception becomes a reality…they are still 
unhappy….they are farmers… don’t have time to read through land use planning 
documents…some are getting it right some are getting it wrong”. [R8]    

“…there will be difficulties with that if it affects how people can use their land 
because landowners are already pretty constrained with the current policy regime so 
adding to that…its right to look at it…to look at that linkage [between NHS and 
ecosystem services] but how it gets implemented I think it is probably going to be 
the more difficult challenge”. [R13]  

At the same time, a number of groups are likely to support further inclusion of ecosystem 

services within NHS planning.  Interviewees made it clear that “…green groups in the Region 

applauded the NHS” [R4], which they found “…very progressive and forward thinking” [R4]. 

Another highlighted a common sentiment when they said “…I don’t think we went far enough 

[with the NHS] but I understand why… the first time is always difficult” [R7]. 

4.7.3 Framing NHS policy evolution as a response to climate change 

Natural Heritage Systems are already a key part of climate change mitigation and adaptation.  

As reported by various interviewees: 

“…NHS planning … supports the whole concept of climate change [response]...it 
means more of the landscape is left undeveloped and allows more of the landscape 
to absorb the climate change events”. [R4]  

“…some municipalities already consider the NHS part of their tools to address 
climate change…things like flood mitigation and erosion and municipalities are 
finally understanding that it costs a heck of a lot more money to have to go in and 
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retrofit things down the road than it does to just address it proactively by protecting 
upstream wetlands or putting in proper storm water controls, low impact 
development as part of their NHS to mitigate long term problems downstream”. 
[R17] 

While industry respondents were largely negative when asked if NHS should incorporate 

ecosystem services, they expressed more support when the question was framed in terms of 

combating climate change.  In the survey,  respondents were asked to move a slider along a 

scale with 0 representing disagreement and 100 on the scale representing agreement to 

indicate their response with a statement that the NHS and ecosystem services can be used to 

respond to climate change.  Participants indicated high levels of agreement by moving their 

sliders to numbers over 80 on the scale.  A large majority (>80%) of planners, government, 

NGOs and residents agreed with both of these statements.  Industry stakeholders were less 

supportive of these statements; however, 55% thought that NHS were a part of the climate 

change response, and 48% felt that ecosystem services should play a role.  Compared to other 

questions, this fact that about half of industry respondents felt that NHS and/or ecosystem 

services could be used to combat climate change suggests that identifying a common goal could 

be a powerful tool in uniting different sides and achieving consensus.   

In the interviews, participants across the stakeholder groups all agreed that ecosystem services 

could be a useful tool to help with localized responses to climate change, or to support 

municipal policy goals; there was a fair degree of consensus that “…NHS is one of the big tools 

to deal with climate change” [R9] and that “…linking [ecosystem] services to climate change and 

how they can help adapt to climate change will be extremely valuable…” [R14].  Respondents 

praised the use of green space and trees “…in terms of dealing with the heat island effect and 
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helping the pubic with some of those issues” [R18], implicitly recognizing the ecosystem service 

that these lands provide.   

Others pointed to the important role that landscape-level planning can play in climate change 

mitigation:  

 “…most people at the municipality already know that the NHS is a contributor to 
climate change mitigation and through some of our programs adaptation but there 
is always room to expand what people know and understand…and it might change 
the outcome of some decisions if it was framed from these different perspectives”. 
[R6]  

 “…you have the flood control provided by wetlands…the climate change prediction 
for Ontario is that we may have some wetter weather overall precipitation increases 
and warmer temperatures wetlands and valleylands for maintaining and holding 
water and releasing it at the right times as well as for mini droughts we are seeing 
on the landscape already just regulating that flow of water will become more 
important”. [R14]   

As a final exercise in the facilitated workshops, participants were asked to consider maps 

describing landcover classes across Halton Region (based on SOLRIS 2.0 datasets, current to 

2011).  Using markers, participants could highlight areas of concern from the perspective of 

climate change, point out important places for the provision of ecosystem services, and indicate 

areas for protection under current and/or future NHS.  The aggregated mapping result (Figure 

4-11) provides a sense of the perspectives of these stakeholders in terms of the most valuable 

landcover classifications on the landscape.  Most participants identified the Lake Ontario 

shoreline and the Niagara Escarpment as the areas within Halton Region most vulnerable to 

climate change.  The areas of high value in terms of ecosystem services are closely correlated to 

the woodlands, wetlands and watercourses across the Region, reflecting other findings of 

workshop exercises.  Some participants circled the entire Region as being of ‘high value’ with 
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regard to ecosystem services; others suggested that everything was vulnerable to climate 

change.  Copies of all maps produced from the participatory mapping exercise is found in the 

Appendix (Section 4.10.5). 

 

Figure 4-11 Composite map of stakeholder priorities for inclusion in Halton's NHS 
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The findings of surveys, interviews, and workshops strongly indicate emerging consensus for 

the importance of ecosystem services, and but highlight differing opinions about the ability of 

NHS to use ecosystem services, suggesting a significant disconnect between industrial 

stakeholders and other stakeholders across the Region.  It was suggested that municipal 

responses climate change could be used as an underpinning for an enhanced policy framework 

that embraces ecosystem services, and as a rationale for the long-term protection of the NHS 

[R8].   

4.8 Conclusions 

The research engaged with participants from five stakeholder groups in Halton Region.  Over 

the course of the project, 201 survey respondents, 20 interviewees, and 33 workshop 

participants provided insight into NHS, ecosystem services, and ways in which the planning 

process could be enhanced to better achieve social license. 

4.8.1 Stakeholder perceptions on Natural Heritage Systems 

The survey, interview, and workshop results clearly indicate that, while there may be 

acceptance of the NHS in Halton and awareness of the legislative requirement to have the NHS, 

that there is not a sense of true partnership or ownership over the NHS among all stakeholder 

groups.  Put simply, the NHS at present time has not achieved the threshold conditions to 

obtain social license, particularly from industry representatives.   

Industry respondents demonstrated a wide range of perspectives on what good environmental 

planning looks like, particularly compared to the other groups.  Industrial participants indicated 

strong knowledge about the NHS planning process; statements from the interviews, however, 

indicated that there is little trust between industrial (farmer and developer) respondents and 
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planners with regards to implementation of the NHS on the landscape.  Industrial respondents 

were far more likely than any other group to suggest that NHS be limited to public lands and 

that the NHS not be extended to privately owned properties, like farms. 

It is important to note that there is no indication that the industrial stakeholder group does not 

want to see the protection of lands across Halton.  These respondents were most likely to be 

characterized by a wide range of perspectives in terms of their vision for how land could be 

protected.  There was a sense from some respondents that the current iteration of the NHS is 

actually working in a counter-intuitive fashion, and that there are better ways to protect the 

land.  Some industrial respondents clearly view themselves as stewards of the landscape, and 

feel that they can do a better job than government, or planners.  This view was strongly 

rejected by respondents in other stakeholder groups; many interviewees expressed a clear 

preference for public ownership over protected areas.  Again, this disconnect - agreement on 

the goal of conservation, but lack of common ground in terms of how to get there - does not 

create the necessary conditions for social license around NHS implementation. 

Another important finding was concern over integration between NHS planning at different 

levels or between different jurisdictions.  Respondents expressed frustration over the 

challenges of managing landscape-level problems, and reported disconnects between NHS 

planning at the local level (e.g. North Oakville) and the regional scale (e.g. Halton Region).  A 

key issue that was identified was lack of transparency in how decisions were made at these 

levels, and the barriers to communication between planners at these levels that this lack of 

transparency creates.   
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4.8.2 Stakeholder perspectives on ecosystem services 

The stakeholders involved in this research were less aware of the concept of ecosystem services 

than they were of NHS planning.  Of the stakeholder groups considered, NGOs were most likely 

to be familiar with the use of ecosystem services, followed by planners and industry, while 

government and residents were much less likely to have prior knowledge of the concept.   

There was a great deal of consensus among the interviewees that ecosystem services were a 

useful tool for communications, particularly when expressed in dollar values, which allowed 

trade-offs to be assessed between different choices in a way that was both clear and 

understandable.  The use of ecosystem services could thus address some of the issues 

identified around NHS planning, particularly around the need for transparency in why decisions 

are being made in various places.  The use of ecosystem services could also help assess private 

conservation efforts vs. public protection of lands.   

A major concern about valuing ecosystem services was achieving consensus on the values that 

are used.  Many respondents pointed out that intrinsic value is difficult to assess, and it may be 

difficult to get agreement on the values that are used.  Not all respondents agree that all 

ecosystem services are valid; in particular, cultural ecosystem services engendered a significant 

amount of contentious discussion among participants in the various phases of the research.  It 

was also made clear that not all ecosystem services are currently valorized, including services 

that participants in the research found to be particularly important in the context of Halton 

Region.  Services that should be valued include sense of place, habitat provision, oxygen 

production, food provision, climate regulation, genetic resources, primary production, and 

human disease control.  The evolving nature of ecosystem services, and the fact that the list of 
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ecosystem services is not necessarily standardized or complete, was a concern to many 

respondents. 

A major concern that was raised was the idea that placing value on ecosystem services might be 

used to justify development - in other words, that the values would simply be seen as required 

compensation levels, and that this would create additional pressure on the landscape.  This is a 

concern that would need to be addressed through policy - either through an adaption to the 

NHS, or through additional levels of policy protection. 

At the present time the NHS is identified and delineated based on an ecological assessment (the 

ecology carried out by ecologists) of natural areas.  It appears that current approaches to NHS 

planning do not include the explicit identification and quantification of ecosystem services as 

planners and others are unaware of how to include ecosystem services into NHS planning.    

Development pressure in high growth urban areas necessitates that the identification, 

delineation and protection of an NHS take place prior to the principle of development being 

established on the land especially within the urban boundary.   

4.8.3 Integrating ecosystem services and NHS 

Through the survey, the planner stakeholder group indicated that they required a tool to be 

able to quantify ecosystem services in order to implement these services into NHS planning.  

Planners (and others) also indicated that at the present time they do not possess enough 

knowledge of ecosystem services to utilize them well.  There are complex data requirements 

that still need to be met, including a better understanding of services themselves - the types of 

services, their value, their scale, delivery mechanisms, and overall impact.   
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The use of ecosystem services as a means of augmenting NHS holds potential, but the 

contested nature of NHS planning in Halton remains a barrier.  Industry respondents showed 

little willingness to go back and change the NHS process.  From their perspective, concerns they 

expressed with the initial development of the NHS would not be addressed by simply 

incorporating ecosystem services into the NHS framework.  

A more constructive way of approaching this issue, and thus moving towards greater social 

license for the NHS planning process, would be to re-frame the NHS discussion as a means of 

addressing a common concern.  In the research, the issue of climate change was offered as a 

unifying concern that could be a focus for planning efforts.  When placed into this context, 

industry stakeholders were much more likely to provide some agreement.  In this scenario, the 

use of ecosystem services becomes a more palatable option, and could be used to address 

other critical concerns identified by stakeholders with regard to the NHS process. 

It is clear that the framing of NHS planning does not necessarily need to be viewed as a 

constraint to development; quantifying the benefits of the NHS by introducing the ecosystem 

services could help change perception around Natural Heritage Systems planning.  By 

quantifying the benefits of better conservation planning through the use of ecosystem services, 

and positioning the NHS as a response to a pressing common concern (i.e. climate change), it is 

possible to improve transparency and communication throughout the process, moving all 

participants closer to granting social license for the NHS process.     

4.8.4 Study limitations 

The study provides novel insights into the perspectives of a variety of stakeholder groups.  The 

limited representation from the industry stakeholder group, however, particularly in survey 
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respondents and workshop participants, limited the assessment of these groups; this was 

partially addressed during the interview phase of this research, which engaged a number of 

industry representatives in broad exploration of these issues.  

The stakeholder groups identified in this study were primarily identified by their employment or 

role with respect to the Region.  This study did not overtly consider different perspectives of 

race, sexual orientation, gender or Indigeneity.  
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4.10 Appendix 

4.10.1 General Research Ethics Board clearance letter   
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4.10.2 Survey 
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4.10.3 Interview script 

 
Quantifying Ecosystem Services to Enhance the use of Natural Heritage Systems in 

Responding to Climate Change 

 

Researcher: Thank you for agreeing to participate in our research project and participate in this semi-
structured interview.  

Researcher: This research is being conducted by Ph.D. Candidate Carolyn DeLoyde under the supervision 
of Dr. Warren Mabee, Professor and Head of the Geography and Planning Department at Queen's 
University.  

This study has been granted clearance by the General Research Ethics Board according to Canadian 
research ethics’ principles (http://www.ethics.gc.ca/default.aspx) and Queen's University policies 
(http://www.queensu.ca/urs/research-ethics). If you have any ethical concerns or complaints, you may 
contact the Chair of the Queen’s University General Research Ethics Board at 1-844-535-2988 
or chair.GREB@queensu.ca.  

Researcher: Have you read the letter of information regarding your participation in this semi-structured 
interview? 

Researcher: Do you give consent to proceed with this interview? – Thank you; let’s begin. 

1. Which stakeholder group do you identify with? 
a. (If necessary) Which jurisdiction do you work for? 

2. Do you live in the Region? If so, where? 
3. Did you participate in the 2009 Official Plan Review? 
4. Tell me about your experiences with the 2009 OP Review?  

a. (questions as necessary) Did you attend the Open Houses; Did you review the draft OP 
documents? Did you attend Regional Council meetings about the OP review? Did you 
make presentations to Regional Council about the OP NHS directions? 

5. Tell me about your experience with/knowledge of Natural Heritage System planning. 
6. What do you think about the current NHS planning policies under the provincial planning policy 

statement?   
a. (As necessary) Tell me your thoughts about the various components that can be 

included as part of the NHS, and the levels of protection afforded to the NHS within 
municipal Official Plans? 

7. Tell me about your experience with/knowledge of ecosystem services. 
8. What do you think about explicitly linking ecosystem service delivery with the identification and 

delineation Natural Heritage Systems?  
a. (Explore benefits and/or challenges associated with creating these linkages) 

9. Do you think there is a role for NHS (and the ecosystem services they provide) in developing 
responses to climate change?  

http://www.ethics.gc.ca/default.aspx
http://www.queensu.ca/urs/research-ethics
mailto:chair.GREB@queensu.ca
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a. (If necessary) How would you incorporate NHS and/or ecosystem services? 
10. What are your thoughts about public ownership of the NHS versus private ownership?  

a. (Explore positives and negatives of public vs. private ownership) 
11. Do you think stewardship initiatives such as the current Halton Region Greenland Securement 

Strategy (GSS) are appropriate tools to ensure the long term protection of the NHS on the 
landscape? 

a. (Explore other tools as appropriate) 
12. What changes do you think Halton Region should make with regard to the current update to the 

Regional Official Plan policies for the Natural Heritage System?  
a. (Explore changes and identify priorities) 

13. What changes should we make to strengthen the teeth of the Greenlands Securement Strategy 
with regard to the long term protection of the NHS? 

a. (Explore changes and identify priorities) 
14. Would you be willing to participate in a future phase of this research project, by attending a 

workshop within Halton Region to vet the findings of the research project and discuss future 
policy directions for Natural Heritage Systems?  

 

Researcher: Thank you for your participation in our research project.  We appreciate your time. 

 

  



  163 

4.10.4 Workshop agenda 

 

 

Research Workshop Agenda - May 28th, 2019 

Town of Milton 

Town of Oakville 

 

1. Welcome/Introduction of the Queen’s team – tone,  context, identification of deliverables – 
Warren Mabee 5 mins 
 

2. Overview of environmental planning and importance of public engagement in research- Graham 
Whitelaw 10 mins 
 

3. Presentation - Powerpoint – Carolyn DeLoyde 15 mins  
 

4. Break out tables:  8 tables of 6 – One member of the Queen’s team at each table with the easel 
template, map and markers at each table (1 note-taker and 5 participants at each table). Queen’s 
team facilitator goes through the material set out on the easel (and notes) and facilitates the 
map work. 45 mins 
 

5. Each Queen’s Team member will report back to the rest of the group of main findings 40 mins (8 
tables – 5 mins each 
 

6. Wrap Up and thank you/future directions – Warren Mabee 5 mins 
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4.10.5 Participatory mapping exercise 

 

Figure 4-12 Participatory mapping (1) - Milton 
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Figure 4-13 Participatory mapping (2) - Milton 
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Figure 4-14 Participatory mapping (3) - Milton 
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Figure 4-15 Participatory mapping (4) - Milton 
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Figure 4-16 Participatory mapping (5) - Oakville 
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Figure 4-17 Participatory mapping (6) - Oakville 
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Figure 4-18 Participatory mapping (7) - Oakville 
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Figure 4-19 Participatory mapping (8) - Oakville 
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Figure 4-20 Participatory mapping (9) - Oakville 
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Figure 4-21 Participatory mapping (10) - Oakville 
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Figure 4-22 Participatory mapping (11) - Oakville 
  



  175 

 

Figure 4-23 Participatory mapping (12) - Oakville 
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Figure 4-24 Participatory mapping (13) - Oakville 
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Figure 4-25 Participatory mapping (14) - Oakville 
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5 Conclusions 

5.1 Effectiveness of NHS protection on the landscape 

This work has quantified the ability of Natural Heritage Systems (NHS) in delineating, 

protecting, and maintaining important ecological features, such as woodlands and wetlands, in 

the face of urban development pressures.  In the Region of Halton case study, more than 90% 

of forest areas within the Region are captured in the NHS, comprising 30% of the entire system. 

Almost 90% of wetlands (including swamps, marshes, and fens) are captured, making up 

another 16% of the NHS.  In total, 46% of the NHS is made up of wooded areas and wetlands, 

comprising 22,800 ha out of the total 49,990 ha designated within the system.  

When comparing 2002 (pre-NHS) and 2011 (post-NHS) SOLRIS datasets, some changes in 

landcover types were observed within Halton’s Natural Heritage System.  The ‘forest’ landcover 

designation lost almost 10% of its area within the NHS73(67 lost in forest 6 lost in deciduous 

forest) significant areas of marsh (7 ha) were also lost.  While minor in terms of area, these 

losses do indicate the challenges of protecting specific landcover types on the landscape.  Other 

landcover types included in the NHS showed minor increases in area between 2002 and 2011.  

In all cases, it was found that the rate of loss of different landcover types was greater outside 

the NHS.  To summarize, the NHS protects the majority of ecologically important landcover 

types, and the rate of change on these landcover types is less than observed in non-protected 

areas, confirming the ability of NHS to preserve these features on the landscape.  

Halton’s NHS includes a significant amount of privately held land, including almost 7,000 ha of 

tilled areas (farms) and a small proportion of built-up pervious and impervious areas (i.e. 
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buildings).   The inclusion of these types of privately held lands in the NHS sets the stage for 

conflict between landowners and other stakeholders.    

5.2 Ability of NHS to capture and maintain ecosystem services 

The value of ecosystem services captured and maintained by the NHS was estimated by 

expanding on the landcover classification analysis.  A systemic and thorough literature review 

compiled data that present ecosystem service values in the context of southern Ontario.  The 

analysis utilized the Millennium Ecosystem Assessment framework for ecosystem services, and 

describes one provisioning service, eight regulating services, four cultural services, and two 

supporting services.  The number of services that were valorized in literature for southern 

Ontario is not a comprehensive list; critical services are likely missing, such as food provision.   

Based on the analysis, wetlands are the most valuable landcover classification in southern 

Ontario, with a cumulative value of about $55K/ha/year.  This is followed by open beach bar 

and urban pervious (about $31K/ha/year) and then forest and open water (about $9K/ha/year).  

Wetlands derive most of their valuation from regulating services, as do forests; open beach bar, 

urban pervious, and open water derive greater valuation from cultural ecosystem services.  The 

analysis highlighted the relatively elevated value of open beach bar and urban pervious 

landcover types in this area, and emphasized the role that relative scarcity of these landcover 

types plays in determining such high values.   

The application of these values to Halton Region, to assess the ability of Halton’s Natural 

Heritage System to capture and maintain ecosystem services on the landscape shows that the 

NHS captures 85% of the available economic value of ecosystem services, based on 51% of the 
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Region’s land area.   The value of ecosystem services within Halton Region’s NHS is equivalent 

to $645 million per year, compared to about $760 million/year for the entire Region.   

The analysis shows some significant changes in regulating services and cultural services, which 

dominate the overall valuation of ecosystem services in this study.  Regulating services in the 

NHS decline by almost $1 million per year; this is offset by a gain in cultural services.  This 

suggests that while social needs from natural areas across the Region’s NHS are being serviced 

well, the ability of the landscape within the NHS to regulate the environment is declining.  This 

finding is important, particularly as relatively little change in landcover type is observed during 

the same period (as presented in Section 5.1).  This strongly suggests that ecosystem services 

data would be a powerful addition to the NHS planning process, and would convey important 

information to planners above and beyond a catalogue of landcover classifications.   

5.3 Using ecosystem services to build social license for NHS 

The previous sections identify the potential for conflict that comes with inclusion of privately 

owned lands within the NHS, and the additional data that ecosystem service values might 

convey related to landuse changes observed on the landscape.  To determine if incorporating 

ecosystem services might increase social license for NHS planning, and help address issues of 

conflict, stakeholder perspectives on these topics were solicited and assessed. 

At the present time it is very clear that industry stakeholders do not feel ownership or 

partnership over the NHS process.  Landowners identify as stewards of the landscape, and feel 

that they are up to the job of protecting the land without need for the NHS.  Because of this, 

the study concluded that Halton’s NHS has not yet achieved the threshold conditions to obtain 

social license.  The feelings of the industrial stakeholder group were related in part to lack of 
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transparency in how decisions were made; this lack of transparency created barriers to 

communication between planners and other stakeholders.  

The evolving nature of ecosystem services, and the fact that the list of ecosystem services is not 

necessarily standardized or complete, was raised as a concern.  A series of services that should 

be valued were identified at the workshops: sense of place, habitat provision, oxygen 

production, food provision, climate regulation, genetic resources, primary production, and 

human disease control.   

Interviewees agreed that ecosystem services were a useful tool to improve communications, 

particularly when expressed in dollar values, allowing tradeoffs to be assessed between 

different land use choices.  Some were concerned, however, that these values might be used to 

justify development - in other words, that the values would simply be seen as required 

compensation levels, and that this would create additional pressure on the landscape.  Many 

stakeholders indicated that they do not currently possess enough knowledge of ecosystem 

services to utilize them well; there needs to be better understanding of services themselves, 

including type, value, scale, delivery mechanism, and overall impact. 

The use of ecosystem services as a means of augmenting NHS holds potential, but the 

contested nature of NHS planning in Halton remains a barrier.  Concerns expressed by some 

stakeholder groups with the initial development of the NHS will not be addressed by simply 

incorporating ecosystem services into the NHS framework.  A more constructive way of 

approaching this issue, and thus moving towards greater social license for the NHS planning 

process, would be to re-frame the NHS discussion as a means of addressing a common concern.  

In the research, the issue of climate change was offered as a unifying concern that could be a 
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focus for planning efforts.  When placed into this context, stakeholders were more likely to see 

ecosystem services as a valuable input into land use planning decisions. 

5.4 Lessons for planners 

This dissertation posed the question, ‘Can social license for NHS be increased by integrating 

ecosystem services into the NHS planning framework?’ It is clear from the project that 

quantifying the benefits of NHS by introducing ecosystem services could help change the 

perception of different stakeholder groups in relation to Natural Heritage System planning.  By 

quantifying the benefits of better conservation planning through the use of ecosystem services, 

and positioning the NHS as a response to a pressing common concern (i.e. climate change), it is 

possible to improve transparency and communication throughout the process, moving all 

participants closer to granting social license for the NHS process.  Some very specific findings 

from this comprehensive work present themselves, and are discussed below.     

5.4.1 Choices in defining benefits associated with ecosystem services 

An interesting finding is the idea that while the use of ecosystem services might improve the 

planning process, valorizing those benefits can create problems.  Ascribing economic values to 

different services is a powerful tool to increase transparency and aid in communications; many 

stakeholders from a wide variety of backgrounds also felt that these values could be viewed as 

the required level of compensation in order to allow development.  In this way, setting 

economic values could actually be seen as a tool that might decrease the overall level of 

protection on the landscape.  Stakeholders also felt that, because the list of ecosystem services 

that have been valorized is incomplete, the actual values being assigned to areas of land were 

not true values, and thus underestimated the values to be assigned.   
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An alternative pathway presented itself in discussion with the stakeholders - the idea of 

presenting ecosystem service by quantity instead of value.  For example, the total tonnes of 

carbon sequestered, or the litres of water purified, could be reported - rather than the implicit 

cash value.  Individual stakeholders in the process could use these data to help inform their 

decision-making, and to present their cases.  The benefits of transparency persist in this 

scenario; the tradeoffs between sequestering carbon or creating different uses for the land can 

easily be seen, but cash values need not be presented.   

The reporting of absolute service outputs - whether it be in tonnes, litres, # of trails, etc. - 

instead of economic value has other benefits.  It allows easier comparisons over time or space, 

as no currency adjustments need to be made; this permits data across multiple jurisdictions or 

currency zones to be utilized, as long as they are appropriate for the local geography.  It allows 

individual stakeholders to do their own calculus to determine the ‘value’ of the landscape; in 

presenting these values, stakeholders communicate more about their own perspectives and 

increase transparency about their decision-making process, which in turn can facilitate better 

outcomes and greater consensus.     

5.4.2 Improved Ecological Land Classification systems 

Definition of NHS in Ontario relies heavily on ‘features’ found on the landscape, which in turn 

are simply broad landcover types.  Environmental planners across southern Ontario use the 

SOLRIS database to help delineate NHS, which in turn uses the Ecological Land Classification 

(ELC) system to define different landcover types.  The ELC, however, is not associated with 

specific ecosystem services, which means that relating landcover classifications to ecosystem 

services is a challenging task.  
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In order to better support NHS planning on the landscape, it would be useful to consider the 

ELC through the lens of ecosystem services.  A more detailed ELC might include the 

incorporation of more data on soil type, species distribution, and other important ecological 

data that would better inform ecosystem service assessment.  NHS planning would still utilize 

ELC through SOLRIS, but modified (enhanced) ELC would help better identify the services 

associated with different areas on the landscape.  This would increase transparency in the 

process and allow all stakeholders to better understand choices made about what areas are 

delineated within NHS, and what areas are not. As NHS across southern Ontario are 

reconsidered and revised, and as urban development pressures on the landscape increase, 

having additional data on the level of services associated with different areas would inform 

better planning decisions and ensure long-term conservation of these services.      

5.4.3 Better reporting for Natural Heritage Systems 

NHS planning would benefit from a much more transparent approach to reporting on the 

landcover types delineated within these systems.  The research has shown that providing 

landcover classification data on areas both within and outside of the NHS over time can 

demonstrate the ability of the NHS to capture and maintain ecologically important and valuable 

areas on the landscape.  This data is not currently readily available to the public, or to other 

agencies involved in parallel NHS planning processes.  This is a major problem; it means that 

essentially agencies across Ontario are working in an information vacuum to create Natural 

Heritage Systems that should be developed in a complementary fashion.   

Coupled with the other recommendations presented in this section, a more transparent 

approach to NHS planning would have multiple benefits.  It would more clearly communicate to 
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all stakeholders the relative scale of the NHS, and the potential of the NHS to maintain different 

landcover types over time.  It would allow different groups to more readily assess their own 

perspectives on land use planning issues, and to more readily understand the views of others, 

creating common points of concern.  Finally, it would allow different agencies to more easily 

coordinate NHS planning, particularly in the face of pressing issues like population growth or 

climate change.  Sharing information widely before discussing policy options is essential to 

increasing transparency, building community consensus, and achieving lasting social license for 

long term NHS protection.      

5.5 Future work 

Base mapping used by planners and ecologists for Natural Heritage Planning within southern 

Ontario is the Ecological Land Classification (ELC); however land cover classification mapping at 

the present time exists for only two ecoregions in Ontario, the Lake Erie-Lake Ontario Ecoregion 

7E and Lake Simcoe-Rideau Ecoregion 6E.  As population pressures continue in southern 

Ontario growth and migration may increase into central and northern Ontario.  Consideration 

therefore should be given to extending ELC mapping to Georgian Bay Ecoregion 5E in order to 

facilitate the development of NHS in those regions of Ontario.  

Even with ELC mapping however, a disconnect remains with regard to the identification and 

valuation of ecosystem services and land cover classifications.  Consideration by ecosystem 

service researchers to the reporting of ecosystem service values by ELC land cover classes may 

improve future undertakings of this kind.  The reporting of ecosystem services by the service 

itself requires further study.  Literature values appear to be primarily reported in dollar values 

on a per hectare basis however consideration to reporting of more ecosystem service values in 
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terms of the service provided (e.g. litres of water) on a per hectare basis of land cover 

classification may improve future research in this area.  Areas in which data gaps exist include:  

i) Provisioning services: food and fiber, genetic resources, fresh water, fuel 

(including wood and biofuels).   

ii) Regulating services: climate (carbon storage, carbon sequestration, urban 

cooling and heating), air quality (pollution), water quality regulation, erosion, 

water purification and waste treatment, pollination, flood control 

iii) Cultural services: cultural diversity, spiritual and religious values, knowledge and 

educational values, aesthetic and inspirational values, social relations, cultural 

heritage values, recreation, tourism and lifestyle values 

iv) Supporting services: soil formation, photosynthesis, plant primary production, 

nutrient cycling and water cycling values  

Particular attention should be paid to determine the value of the provision of food.  Values of 

local food production in terms of crop values and local food security should be investigated 

together with further study regarding the resolution of tensions between agricultural 

production and activities and Natural Heritage System protection.    

With specific regard to NHS planning further work should be carried out to break out the 

remaining undifferentiated land cover classes within Halton Region to determine the extent of 

various land cover types for consideration and integration of ecosystem services from various 

land types into NHS planning for the Region.  
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