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Abstract

This research project is an interdisciplinary investigation into river quality and 

recreational use of rivers in England. The study explores how people perceive and 

respond to river quality, and seeks to identify the characteristics of rivers that influence 

a specific form of recreation - angling. A range of river chemical, biological and habitat 

quality indicators are used, and the study also explores how these different indicators 

are related to one another.

The study uses an interdisciplinary ecological-economic model comprising three stages 

of analysis, linking the river quality indicators to catchment land use, then exploring 

how the river quality indicators relate to fish populations and finally how both of these 

sets of variables influence to recreational use of rivers for angling. A survey of anglers 

was carried out to obtain the recreational use data, which was analysed in an individual 

Random Utility site choice model, in conjunction with the environmental and ecological 

data on river attributes. The angling survey also elicited anglers’ motivations for choice 

of fishing site; an analysis of this data discusses how these preferences may reflect two 

different types of benefits gained during a fishing trip.

The research shows that catchment pressures from urban and intensive agricultural land 

use result in decreases in the chemical and biological quality of the river, and increases 

in the level of nutrient and organic pollution. Both the type of fish species present 

instream, and to a lesser extent the density of fish, were found to be related to the level 

of pollution and biological quality of the river. The Random Utility site choice model 

found that river quality, most significantly as measured by flow rates, the biological 

quality of the river and nutrient pollution, influences site choice. Using this 

information, recreational values (consumer surplus) for fishing trips and for marginal 

changes in river quality are estimated; these values are estimated for Upland, Lowland 

and Chalk rivers.
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Chapter 1

1. Introduction

This thesis is an applied research project into human -  environment interaction, 

focusing specifically on exploring the relationship between land use impacts, river 

quality and recreational use of rivers for fishing. The overarching aim of the study is to 

explore how people perceive and respond to their natural environment by investigating 

how river quality influences recreational use. One of the principal outputs of this study 

is an economic estimate of recreational use value for different levels of river quality, 

and an evaluation of how different river characteristics affect recreational value. This 

research is intended to provide useful empirical results for policy makers who need to 

weigh up competing uses of natural resources, for example in determining how a 

development proposal that impacts upon the environment, may also impact upon 

welfare by reducing the available rivers for recreational use, or conversely, in 

determining how a regulation for tighter controls on discharges to rivers may increase 

welfare by improving recreational opportunities.

It is hoped that the research will also be interesting to interdisciplinary researchers 

within the fields of environmental and resource management from a methodological and 

theoretical perspective, as it takes an innovative multi-disciplinary approach to 

exploring the relationships between a number of different indicators of river quality, 

types of human activity and perceptions of quality. An evaluation of the ecologically 

“coarse-scale” holistic model used in this thesis should also be useful background in 

developing and piloting other similar management or assessment approaches, for 

example the catchment based methodology that will be used in the Water Framework 

Directive’s ‘River Basin Management Plans’ (Wood et a l , undated).

The study also aims to develop our understanding of how we perceive and value the 

natural environment by exploring the benefits and values gained through recreational 

use of rivers in greater depth than previous studies. The benefits gained from 

interacting with or experiencing the natural environment in a recreational context are 

different from those that natural resources provide for other uses, such as industry or 

manufacture. Although both involve a direct ‘use’ of the natural resource, recreation is



something that people do for enjoyment rather than necessity, and as such expect and 

receive different kinds of benefits, including both productivity or ‘service’ related and 

psychological ‘wellbeing’ gains. This aim is thus to explore how specific aspects of a 

river angling experience are likely to contribute to these different types of recreational 

benefits.

1.1 Background to the research

An important part of this thesis is an application of environmental valuation to river 

recreation. Put simply, environmental valuation is the process of estimating monetary 

values for environmental goods. Because many environmental goods/services such as 

healthy river habitats and biodiversity are unpriced, they are not included in traditional 

decision making processes where a project’s costs and benefits are evaluated in 

monetary terms, and so their significance can be un- or under-valued. This often leads 

to their being excessively degraded or overexploited. The concept and practice of 

environmental valuation is described in detail in Section 1.2 below.

Because people’s preferences for a continued supply of environmental goods and 

services, for example natural landscapes, have to be weighed against using such goods 

for other purposes, such as housing or urban development, a means of assessing the 

costs and benefits of providing the environmental goods and services is useful to 

government, land use planners and other policy makers. The purpose of an applied 

environmental valuation study such as this is therefore to provide policy-makers with 

information on such costs and benefits, so that they can make decisions that reflect a 

more accurate and complete picture of society’s wants and needs.

Many valuation studies have been carried out in Europe, valuing both the costs of 

impacts to the environment, e.g. from energy production -  air pollution and health 

effects, crop and building damage etc. and the benefits of environmental goods, such asf 

the recreational use of rivers, forests etc. This thesis seeks to estimate the benefits to 

anglers of high quality river ecosystems and as such it builds on a number of past 

studies that have estimated the benefits of river quality for recreational use of rivers, 

including angling (e.g. Peirson et ah, 2001; Willis and Garrod, 1999), which are 

reviewed later in this chapter. Peirson et ah (2001) states that approximately 3.1 million 

anglers fish 26,000km of rivers and streams in England and Wales. However, they also



note that despite the widespread popularity of, and participation in, angling in this 

country, their study is the only one to have looked at a number of river types in the UK 

and consequently there are very few value estimates relating to different river types.

This study aims to fill some of these empirical gaps by using both ecological and 

economic data and an interdisciplinary methodology to value recreational use of a 

number of different river types. An ecological-economic model explores the 

relationships between a number of elements in the river catchment, namely the 

interaction between catchment land use and river quality, and then investigates how 

these characteristics are related to angling. Thus the study takes a broader approach to 

the estimation of environmental quality benefits than previous valuation studies, 

locating the value estimates in the wider context of human-environment-human 

interaction.

There are a number of potential benefits to such an approach. Principally, it entails the 

practical application of the kind of integrated thinking that is required for sustainable 

development. Although economic valuation does not necessarily result in 

sustainability, incorporation of environmental costs and benefits into resource 

management increases the likelihood of environmental protection and enhancement of 

environmental quality, which is inherent in an attempt to move towards sustainability. 

Sustainable decision-making involves an understanding of the links and relationships 

between human activities and environmental condition, i.e. understanding both how our 

actions affect the natural environment, and our subsequent ability to use it for our 

enjoyment. Related to this, it is anticipated that the interdisciplinary methodology will 

allow an exploration of the interrelationships between different spheres of human 

activity, in this case, land use and recreation.

1.1.1 Thesis structure

The rest of the thesis is structured as follows:

This chapter introduces the field of research and reviews the literature and previous 

studies estimating the recreational value of water resources. An introduction to the 

theory and practice of economic valuation is presented in section two, where a brief 

discussion of the benefits and criticisms of the approach is given. In sections three and 

four two of the main techniques used to value the environment, with reference to a

3



number of previous studies that have used them, are discussed. The chapter concludes 

with a summary of some of the gaps in the literature that this thesis aims to address.

Chapter two begins with a discussion of how this thesis aims to contribute to filling the 

gaps in the literature highlighted in chapter 1. The general aims and motivations behind 

the study are introduced, followed by a description of the objectives and hypotheses to 

be tested in more detail. In the third section the ecological-economic model that 

structures the thesis is introduced, followed by a brief introduction of the data used to 

test the model and a more in-depth description of the rest of the thesis.

Chapter three is the first substantive chapter and in it the first stage of the ecological- 

economic model is explored, investigating the relationship between two catchment 

pressures - land use and geology - and impacts on rivers. The process of selecting the 

study sample and the river catchment data is described, coupled with a more detailed 

description of the data to be used. The influence of catchment land use and the 

underlying geology on river impacts is then tested using various statistical analyses, 

followed by a presentation and discussion of the results.

In Chapter four the second stage of the model is investigated, which looks at the 

relationships between the various indicators of river quality used in chapter three, such 

as levels of nutrient pollution instream, and fish populations. The data used and data 

collection process is described and as with chapter three, relationships are explored via a 

number of statistical analyses. The results are described and discussed.

In Chapter five, stage three of the model is tested, which looks at the relationship 

between fish populations and angling, and also between angling and the chemical, 

biological and habitat quality variables representing river quality used in stages one and 

two. The design and implementation of the angling questionnaire is described and a 

number of preliminary, descriptive and spatial analyses are carried out.

The ecological-economic model is investigated more formally via estimation of the 

count model and Random Utility site choice model in Chapter six. The consumer 

surplus per trip and the consumer surplus for changes in the levels of environmental 

quality are calculated and presented in tables; these analyses are also carried out for 

three sub-samples of the study area dataset, Upland, Lowland and Chalk Areas. The



data on anglers’ site preferences and motivations is also explored, followed by a final 

Section discussing the results of stage three of the model.

Chapter seven assesses the success of the study and discusses the results of the thesis 

with respect to the wider valuation and policy context and gives some recommendations 

for future research.

1.2 Environmental Valuation

Since the middle of the last century, economic approaches have been used extensively 

for measuring the benefits and values people gain from the natural environment. For 

example, Wood and Trice carried out some early revealed preference studies in 1958, 

Clawson and Knetsch developing the methodology further in 1966. These 

methodologies look at the different ways in which natural resources are used, for 

example as inputs to industry or for recreation, assess how these uses of the 

environment affect individuals’ preferences/utility, and translate these utility impacts 

into monetary values. Environmental valuation techniques have numerous advantages 

and have been successfully applied in many countries and contexts around the world, 

some of which are discussed later in this chapter.

The theory of welfare economics underlies the principles of economic valuation. This 

theory states that a rational person will always make choices on how to spend their time 

and money in a way that maximises their welfare. An individual’s decisions (and thus 

welfare) are determined by their own set of preferences and these preferences extend to 

non-market goods and services, such as those provided by the environment, as well as 

by conventional markets (McMahon and Moran, 2000)1. Environmental goods and 

services are generally not captured by markets due to their “public good” nature. A 

public good is a good whose provision is not governed by the market, because the 

ownership rights either do not exist or cannot be enforced. Unlike private goods, public 

goods are non-excludable and non-rival in consumption: ‘A public good exists when a 

person cannot be excluded from its provision and when one person’s consumption of 

the good does not reduce its availability to anyone else’ (Hanley et al., 2001b). An

1 However people may not always know what their preferences are, for example if  they are unfamiliar 
with an environmental good/service, which can cause problems for stated preference methods as there is 
then potentially a situation where people’s preferences are formed in the context of the valuation exercise.
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example of a ‘pure’ public good is clean air, in that ‘using’ it cannot reduce the amount 

for everyone else; an ‘impure’ public goods is where the good is still non-excludable, 

but is partially divisible, for example resources that can become congested such as 

mountains or beaches.

Economic theory states that preferences can be measured by ascertaining the amount of 

money an individual is willing to pay for a certain level of a good or service, or 

conversely, how much money they would be willing to accept for a reduced level or 

quality of the good - for priced goods this is of course possible by observing market 

transactions. What environmental valuation attempts to do is to reveal people’s 

preferences for levels of un-priced environmental goods and services, and assign a 

monetary value to these preferences. Specifically, environmental valuation seeks to 

estimate individuals’ willingness to pay (WTP) or willingness to accept (WTA) 

compensation for a certain level of environmental quality or service. This is 

accomplished through a set of procedures or techniques that can be broadly divided into 

two main categories - stated preference methods and revealed preference methods.

Revealed preference methods infer value by observing the expenditure people make in 

order to receive given levels of environmental benefits, for example the cost of 

travelling to a recreational site or replacing damaged resources. Stated preference 

methods work by asking people directly to state their values, usually for a specified 

change in environmental conditions and through a survey format. These methodologies 

have been widely applied in the valuation of various types of resources e.g. rivers and 

lakes, forests, national parks, coastline, as well as of different types of human use of 

these resources.

In order to assess the strength of our preferences for a given level of environmental 

good or service in relation to other goods and services, we need to be able to convert 

these preferences into ‘matching units’. As other, market-based, benefits and costs are 

represented in monetary terms, environmental valuation provides a means of evaluating 

our preferences for an environmental good or service in the socio-economic context.

The output of a valuation exercise is a monetary estimate of the value people place on a 

given level of environmental goods or services, referred to as the ‘consumer surplus’, 

which represents the difference between the highest amount a consumer would be



willing to pay, for example for a recreation experience, and the amount they actually 

pay.

1.2.1 A taxonomy of economic value

The total economic value of an environmental good or service is made up of both use 

and non-use values, as an environmental good may still be valued by an individual even 

if they do not choose to use it, for example through walking or fishing. In terms of an 

individual’s total economic value, an individual may hold both ‘use’ and ‘non-use’ 

values for a resource. As the name suggests, ‘use’ value is defined as the values 

obtained from using a resource, and can be further broken down into direct, indirect and 

option value. An example of direct use is for example recreation or commercial use; 

examples of indirect use commonly cited are ecosystem services, such as the nutrient 

recycling of soils or the pollution diffusion capacity of oceans. Option use value 

describes a situation where although not currently using the resource, an individual may 

do at some time in the future and so values that potential future use. For example, the 

option value for preserving a piece of woodland for future recreational use. As such it 

is generally considered to be a part of use value (Turner et al., 1995; Bateman et al., 

2002). Non-use is defined as the value that an individual gains purely from knowing 

that it exists in a healthy condition, regardless of use. This is also thought to encompass 

a number of types of non-use values, such as bequest and existence value.

Use values for example, for recreational fishing, can also be decomposed into two main 

types of benefits/values - ‘consumptive’ or ‘extractive’, which might encompass the 

value gained from catching a fish, and ‘non-consumptive’ use values, which refer to 

‘value that individuals derive that is not conditional on consumption of, or physical 

change in natural resources’ (Peirson et a l , 2001), for example, the physiological and 

psychological benefits derived from outdoor recreation such as fresh air/exercise, peace 

and solitude which allow restorative mental processes (Hertzog et al, 1997; Kaplan and 

Kaplan, 1989).

1.2.2 Benefits of environmental valuation

The purpose of including people’s values for environmental goods and services is to 

provide a more complete picture of a project’s benefits and costs to those whom it
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affects. In other words, people’s preferences for non-market (environmental) goods can 

be brought into the decision-making process and thereby into the environmental policy, 

through the valuation exercise. The main benefit of this process is that, compared to 

‘traditional’ decision making, it potentially allows a more balanced evaluation of 

resource management, by allowing the welfare effects of environmental impacts to be 

incorporated into resource management decisions, and the opportunity to move towards 

more environmentally-sustainable decision making.

Managing natural resources means that often we have to weigh-up a number of 

conflicting uses for any given resource, for example, industrial use, recreation or 

conservation and the valuation process attempts to assess, using a common unit of 

measurement - money, the relative costs and benefits of the different uses for that 

resource. The argument of ‘opportunity cost’ states that ‘the costs of a project or policy 

involve losses in wellbeing because the money used for the project or policy could have 

been used to generate other benefits that are now forgone’ (Pearce, 2000). This 

suggests that clearly defining and expressing in monetary terms the benefits of 

environmental goods and services will increase the likelihood of money being allocated 

to ensure a continued supply of them . Economic valuation can thus provide a 

counterpoint to a development proposal for a resource, as it is possible to estimate the 

value of a natural resource in the current unchanged state, thus allowing us to compare 

the costs and benefits of the different uses.

A valuation study of low-flow alleviation in rivers in South West England was an 

example of a case where environmental values were included in policy appraisal and 

showed a net benefit for options that reduced environmental impacts. A Contingent 

Valuation study was carried out (Willis & Garrod, 1995) in which respondents were 

asked their willingness to pay for maintenance or improvement of river flows in 40 

rivers plus separately for a specific river (the Darent). The net present value (NPV) of 

use and non-use benefits associated with maintaining current flows exceeded costs by a 

factor of 15.9.

Another example of including the value of non-market environmental goods in policy 

appraisal is the work carried out recently by the Environment Agency to estimate the

2 However, supplies of environmental goods are also ensured through environmental legislation, which is 
not necessarily based on monetary costs and benefits.
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benefits of the proposed environment programme in the 4 Periodic Review of the 

Water Industry (PR04). Both use and non-use benefits were calculated for the proposed 

improvements in water quality and quantity, using per kilometre/hectare values from 

previous valuation studies. This work estimated the value of benefits as between £3 and 

£7 billion NPV, and costs of making the improvements around £4-5 billion.

In terms of practical application, one benefits of economic valuation is that the process 

is relatively time efficient compared to public participation/consensus-building 

processes (McMahon and Moran, 2000). Perhaps more importantly however, it is 

considered to be a democratic process: as a valuation exercise essentially involves 

calculating individuals’ total monetary ‘votes’ for a given level of environmental 

good/service, it allows people a ‘voice’ or a way of expressing their preferences, as long 

as the differences between people’s available money ‘votes’ is taken into consideration. 

There are, however, other democratic ways that people can express their preferences for 

environmental goods and services such as citizens’ juries (discussed further in Chapter 

5) and stakeholder consultation, which are being developed as a partner to economic 

valuation methods.

1.2.3 Criticisms of environmental valuation

The process of applying economic valuation to a large number of different management 

scenarios over the last few decades has highlighted the many factors involved in human- 

environment interactions and has provoked a huge amount of thought on the process of 

environmental valuation and what constitutes a meaningful and useful way to go about 

it. Both revealed and stated preference methodologies have their particular practical 

and conceptual problems, which are discussed in the following sections. Some of the 

more general criticisms of economic valuation are briefly discussed here.

Much of the controversy and critical debate surrounding environmental valuation is 

concerned with the inherent utilitarian basis of the economic approach to measuring the 

benefits and values people gain from the natural environment. As noted in Section 2, 

economic methodologies investigate what people are prepared to give up in monetary 

terms for the benefits/values they gain from the natural environment; it is this idea of 

representing these benefits/values in terms of cash sums that many people find difficult. 

The issues surrounding peoples’ values, perceptions and preferences towards natural



resources have been discussed in a large body of literature, from the standpoint of 

philosophy and psychology as well as economics.

The controversies are partly due to the nature of environmental goods and how we think 

and feel about them. For example, as many environmental goods and services are 

public goods, it has been argued that people do not consider them in the same way as 

market goods: Sagoff (1998) maintains that the way we relate to the natural 

environment is not as consumers concerned with maximising our utility through market 

transactions, but as citizens who think in a moral/ethical way, and one which is broader 

than the individual in context and more community-oriented in scope.

One assumption underlying welfare economics that some authors have difficulty with is 

the idea that different goods or services are substitutable and that people can make 

trade-offs between these different goods and services to keep their utility levels 

constant. For example, Rothman (2000) asks ‘Is it possible to equate the values of such 

disparate entities as an oil field, a polar bear and a forest?’ (p364). Value 

commensurability (O’Connor and Spash, 1999) implies that different goods/experiences 

give the consumer the same kinds of value. In other words, it is assumed that all values 

stem from one ‘pot’ of value and that we apportion out our (limited) supply to different 

things/experiences. For example, this implies that the pleasure or value of walking in 

an ancient woodland is of the same type, and therefore can be substituted by, the 

pleasure/value obtained from eating a good meal. A number of authors (e.g. Martinez- 

Alier et al., 1999) have suggested that our preferences for and values of the natural 

environment are incommensurable and thus cannot be compared on a ‘single yardstick’ 

or be substituted for cash or other goods.

That a proportion of the population have problems with substitutability is suggested by 

many Contingent Valuation studies, which have found that there are a number of 

respondents who register ‘protest’ bids, in that they refuse to state a monetary amount, 

or state an infinite amount of money (Spash, 2000). Lockwood (1999) proposed that 

what these studies essentially point to is the discomfort people experience when asked 

to express moral and ethical values in monetary terms. The difficulty people have with 

placing cash sums on the value they hold for nature is also partly due to certain types of 

benefit which may be gained from interaction with the natural environment, which
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relate to psychological and spiritual wellbeing. These issues are discussed in more 

detail in Chapter 5 Section 5.1.3.

From a practical perspective, one aspect of the valuation process that many authors have 

highlighted is the problem of benefits transfer and site specificity (Rosenberger and 

Loomis, 2000; Bateman et al., 2002; Brouwer et al., 1999), when a value estimate 

obtained for a particular river or woodland for example, is used to represent the value of 

a different river or woodland. The value output of a study is temporally and spatially 

specific and if the original and new sites differ significantly, the validity and robustness 

of the new study becomes questionable, as it may not accurately reflect the value to the 

new population. For example if the temporal gap between the calculation of the original 

value and when it is transferred is large, public perceptions may have changed 

significantly.

Bateman et al. (2002) state that there are two main ways to transfer benefits, adjust 

original site values to more closely match the policy site, for example by applying the 

benefit function (the coefficients of the original study) to the policy site, or by using a 

sub-sample of the original study sample that is more similar to policy site. The other 

method of doing benefits transfer is by carrying out a meta-analysis, whereby the values 

from number of previous studies are analysed to find out what causes the variations in 

willingness to pay. For example, Brouwer et al. (1999) carried out a meta-analysis of 

valuation studies for wetlands, looking at how elicitation format, payment vehicles, 

income levels or specific ecosystems functions etc. affected WTP.

Benefit transfer is necessary because the number of valuation studies that have been 

conducted is limited, and therefore values for every resource do not exist. McMahon 

and Moran (2000) note this as one of the major limitations to the practical application of 

environmental valuation, but predict that recent policies will ‘drive forward practice and 

applied research in this area and further work will extend the presently rather limited 

database of values that may be useable for benefit transfer’ (pi 7). However, there is an 

ongoing debate into whether BT is a valid technique, in that a number of studies testing 

the accuracy of the process have found that it results in significant errors, ranging from 

20-40% (Hanley et al., 2004). Recently, a database of values for environmental goods 

and services -  the Environmental Valuation Reference Inventory (EVRI) - has been set 

up which will eventually hold the consumer surplus values for many different types of



resources and for a number of countries worldwide (www.evri.ca). which it is hoped 

will facilitate meta-analysis and more robust benefits transfer.

A related problem is that of value/benefit aggregation. Once a value estimate for an 

environmental good has been obtained for a sample of individuals, it is often necessary 

to apply this to a larger geographical region or human population. The question then 

arises of how the relevant population should be defined. This is partly determined by 

whether a study is attempting to estimate just the use value of a resource, or whether the 

study aims to calculate the total economic value, which is made up of use and non-use 

value. Some authors have suggested that a country’s entire population should be used, 

and others that only the population local to the resource/environmental good is relevant. 

Other authors have suggested that if the study surveys a population to discover their 

values, the percentage of the population that responded to the survey should be used as 

the aggregating value, as this shows that they do have some level of value for the 

resource (Gaterell et al., 1995).

This issue is in part determined by whether the environmental good in question is 

considered to be of value to the nation as a whole, for example a unique or heritage site 

such as Stonehenge, or whether it just has value for a local population. It is however, an 

important question to resolve, as it will of course have a huge effect on the final value 

estimate for a resource (McMahon and Postle, 2000). A recent example of this problem 

was during the public enquiry into abstraction rights on the River Kennet, where the 

Environment Agency was deemed to have aggregated values over too large a 

population, thereby inflating the total value of the river.

In response to this problem, recent studies have attempted to estimate ‘distance decay’ 

functions for use and non-use values; the aim of this is to find the relevant population 

for benefits aggregation by identifying at what geographical distance benefits cease to 

accrue, where people are no longer willing to pay. This is achieved by sampling survey 

respondents at varying distances from a resource and this distance is used as an 

explanatory variable in the willingness to pay equations. Previous studies that have 

estimated distance-decay functions are Bateman et al. (2000) and Georgiou et al. 

(2000). These studies found that values go to zero at distances of between 214km and 

58km, depending on the environmental good in question. A more recent example of 

this approach is described in Hanley et al. (2003), which looks at how values for the

12

http://www.evri.ca


River Mimram decay as distance from the river increases. The results of this study 

supports those noted above, and also finds that, as expected, use values decay faster 

than non-use values.

One of the most significant practical issues is the level of scientific uncertainty in 

estimating how an ecosystem will react to human influence and change over time 

(Toman, 1999; Bockstael et al, 2000; Ludwig, 2000), and therefore what the precise 

effects of the action/project that is being valued will be. An example of such 

uncertainty exists regarding the levels of industrial effluent that can be safely discharged 

into rivers without unacceptable damage to the biodiversity of the aquatic ecosystem. 

This is due to the complex and inter-dependent nature of ecosystems, where removing 

or disturbing one or more elements often has unforeseen or unknowable effects. This 

uncertainty of ecosystem response is then linked to the uncertainty over how to estimate 

the benefits people will gain from ecosystems in the future once change has taken place 

(Toman, 1998).

As economic valuation techniques have been put into practice over the last few decades, 

these concerns, as well as the general trend towards a more integrated/interdisciplinary 

outlook, have led many authors to look at valuation of natural resources in a broader 

and more interdisciplinary fashion. Instead of attempting to come up with a purely 

economic ‘answer’ to a resource management or decision-making question, they are 

beginning to consider - for example through multicriteria evaluation techniques - a 

wider range of non-economic factors, such as social, cultural and ethical values 

(O’Connor and Spash, 1999; Spash, 2000; Rothman, 2000; Toman, 1998).

It has been acknowledged for example that an environmental resource can have cultural 

significance, which contributes to an individual’s sense of identity (O’Connor and 

Spash, 1999) and Toman (1998) states that ‘An economic assessment is one important 

element of the information set that must go into social decision making’ and goes on to 

suggest that other types of non-economic data be used ‘where economic information is 

lacking, unreliable or provides an incomplete description of the problem’ (p59). Recent 

valuation studies have tried to identify and take account of social and cultural benefits 

of natural resources, for example by using focus groups and eliciting more qualitative 

information from survey respondents (Spurgeon et a l , 2002).
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Despite these criticisms, environmental valuation, if done with care and sensitivity to 

the issues raised, provides a method for incorporating our preferences for a given level 

of environmental goods and services in a policy or project decision-making process in 

such a way that it can be directly compared to other costs and benefits. In practical 

environmental management and policy-making, environmental cost benefit analysis is 

often primarily used as a part of integrated policy appraisal (IPA). Policy and 

regulation appraisal, or regulatory impact assessment (RIA) has a broader scope than 

project appraisal and seeks to identify and quantify (where possible) the economic, 

social and environmental impacts of a policy or proposed regulation. A recent example 

of an RIA where monetary estimates of the environmental costs and benefits have been 

used is the EC Bathing Water Directive; in addition, the Environment Agency have 

published RIAs for Waste Charging and Water Abstraction Charging. However, whilst 

government guidance stresses the importance of the cost-benefit aspects of policy or 

regulation appraisal, the impacts are not always expressed in monetary, or even 

quantitative, terms.

In summary, given the finite nature of both environmental and financial resources, and 

the necessity of managing these resources in a responsible way, environmental 

valuation offers a key strategic input into ensuring that funding to protect environmental 

quality is available. It is therefore arguably preferable to have some measure, albeit 

imperfect, of our preferences for the environment incorporated into benefit-cost 

assessments than to have none at all.

1.3 Stated Preference Techniques - the Contingent Valuation 
Method (CVM)

The Contingent Valuation Method (CVM) is referred to as a stated preference method, 

as it obtains people’s preferences for a given level of environmental good/service by 

asking individuals to state their values directly in an interview situation or via a 

questionnaire. The technique was first introduced in the early 1960’s and has been used 

increasingly widely since then. Hanley et al (2001b) state that by 1995 over 2,000 

surveys using CVM had been carried out across the world.

CVM has been widely applied in the field of economic valuation, partly because it is 

able to capture both use and non-use values. The CVM can capture these non-use
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values because the method asks people to state their value for a resource, in terms of 

their Willingness To Pay (WTP), or conversely their Willingness to Accept 

Compensation (WTAC) for the loss of it, without reference to any use they make of it, 

and thus is more likely to capture all aspects of an individual’s value, both use and non

use. In addition, the method can be applied to many different types of environmental 

goods and resources, and at different spatial scales, from the global to the local.

The CVM method works by creating a hypothetical ‘market’ or pricing system for the 

environmental good in question. Individuals are asked to state how much money they 

would be willing to pay to preserve, for example, a piece of land or species in its current 

state or how much they would be prepared to accept as compensation for a reduction in 

it’s level or quality. Payments are elicited through a ‘bid vehicle’, for example in the 

form of donations to a charitable organisation, via taxes or an entry fee. A number of 

frameworks for obtaining payments have been developed, such as iterative bidding or 

payment ladders, where respondents are shown a list of amounts of money and are 

asked to tick amounts they are willing to pay, leave blank those they are unsure about 

and cross those they are definitely not prepared to pay. Another option is to ask 

respondents to state whether they would or wouldn’t be prepared to pay a given amount 

for a given level of the environmental good/service, or for a described policy option, 

which is known as ‘dichotomous choice’ or referendum style value elicitation. When a 

positive response to a given amount, a range of values or a maximum amount 

(depending on the elicitation format) has been obtained, this is taken to be the 

individual’s value for the stated level of the environmental good, and after a 

representative sample of individuals have responded, mean values can then be 

aggregated by the relevant population figure.

In recent years, a variation of a stated preference valuation methodology - ‘choice 

experiments’ or ‘choice modelling’ - has been developed . In this method, respondents 

are asked to choose between sets of goods that are composed of different 

attributes/factors at varying levels, one of which is a price or cost attribute. For 

example, respondents might be asked to choose their preferred option between options 

A, B or C, each of which represents different aspects of river quality at different costs. 

Thus in choice experiments, respondents are not asked to state their willingness to pay

3 See Hanley et al. 2001c, for a discussion and examples of recent studies.
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for a particular good or bundle of goods directly, but to trade-off between different 

scenarios containing these goods. The empirical benefits of choice experiments over 

contingent valuation are that they ‘allow the researcher to break down the relevant 

attributes of the situation and determine the respondent’s value for each attribute’ and 

each level of the attribute (Garrod et a l , 2000). Because the values are implicit and 

derived from the choices of options, this arguably reduces the likelihood of respondents 

registering ‘protest’ responses, which often result from asking people to make a direct 

money-environment substitution; survey respondents can still protest however, by 

consistently picking the status-quo option. It has also been argued that because choice 

modelling presents the trade-off between the environmental good and the price 

associated with it as inseparable it more closely reflects the choices people make in ‘real 

life’ than contingent valuation (Burton et a l , 2001). However, as choice experiments 

can be fairly demanding in terms of study design and analysis, they have tended to have 

lower sample sizes, which can reduce the general applicability of their results.

1.3.1 Criticisms of the Contingent Valuation Method

The application and development of the technique over the last 30 years has highlighted 

a number of problems that have been studied in depth. This has lead to a large literature 

that seeks to address these problems and propose various solutions. Many of the 

problems associated with this methodology are related to the fact that people are asked 

to value something which is a non-market good and which they have no experience of 

conceiving of or paying for in monetary terms. This is an unfamiliar situation and 

people’s responses reflect this: a certain proportion of respondents will enter ‘protest’ 

bids; these are disregarded as falling too far from the mean value, and excluded from the 

analysis, even though some authors have argued that such respondents do indeed have a 

positive WTP (Spash, 2000). The unreality of the hypothetical market in CVM can also 

result in ‘part-whole’ bias4, where the summed values of the component parts of a good 

are greater than the value given for the good as a whole. This has led some critics to 

state that a similar magnitude of value is always given, no matter the quantity of the 

good in question, and that people’s values are displaying a ‘warm glow’ effect, i.e. the 

moral satisfaction of contributing to a perceived good cause.

4 Bateman et al. (1997) have argued however that part-whole bias also affects private goods, and as such 
is consistent with economic theory, and not limited to goods that people are unfam iliar with trading or 
hypothetical markets.
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On the purely practical side, critics of this technique have identified several potential 

problems in the implementation of such valuation exercises, which can be categorised 

as various types of bias. For example in early surveys that used a bidding process, the 

way the bidding process was carried out, specifically, the amount the interviewer gives 

as a starting point for the bidding, influenced an individual’s stated value. This is 

known as starting-point bias. Some critics have also noted that an individual’s stated 

willingness to pay is affected by the ‘payment vehicle’ chosen in the questionnaire. 

That is, individuals are more likely to be willing to pay some amount if they are asked 

to pay money into a fund or to a charity set up to preserve the resource, than if asked to 

pay via higher water rates for example, as people’s (negative) perceptions of water 

companies may put them off paying. This is, however, less of a bias than a factor to be 

considered in the design of a CV study, and something that can be avoided by choosing 

an appropriate payment vehicle.

Two other recently-discussed potential biases are ‘ordering effect/list direction’, which 

describe where respondents are presented with a list of goods, the goods at the top of the 

list often receive the highest values; and ‘visible choice sets’, which refers to where 

values for the same good differ according to whether the respondents are told about all 

the goods they are going to be asked to value in the survey first (‘advance disclosure’) 

or whether they are presented with each valuation scenario one-after-the-other without 

being told first how many they will have to value (‘stepwise’ disclosure) (Bateman et 

al., 2002).

A practical issue relating to the ‘unreality’ problem of a hypothetical market, is whether 

people will state higher or lower willingness to pay depending on how they believe their 

answers will determine an actual future payment. For example, if respondents believe 

that their answers will affect how much they will end up paying, they may be tempted to 

understate their value; on the other hand, if they feel that their answer will not affect any 

future payment, then they might give a higher value to increase the chances of a desired 

outcome (Hanley et al., 2001b). This is referred to as strategic bias.

The amount of information about the environmental good is also a factor that has been 

found to affect the amount of money an individual is willing to pay: the better the 

respondent is acquainted with the resource in question, the more highly they value it,
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and vice versa. This is related to the distance-decay affect (see page 13), where people 

who live closest to a resource have a higher value than those who live further away5. 

This suggests that individuals who are familiar with a resource are likely to value it 

more highly than the general population, thus biasing the value of the resource upwards 

if the estimates are aggregated to the general population. It could be argued however, 

that respondents could also know about ‘bad’ aspects of the resource, which would 

reduce their WTP to protect it, for example if it was in bad condition from littering.

The issue of how much information about the environmental good is provided to the 

respondents is difficult, since if a large amount is presented, respondents may feel they 

are being steered towards stating a high amount. On the other hand, if respondents are 

ill-informed about the resource, then there is a risk that the resource will be 

undervalued. The amount of information presented to the respondent in contingent 

valuation studies will depend on the resource that is being valued: if it is a complex one, 

people are likely to need more information to appreciate all the benefits it provides; 

valuation of a ‘simple’ resource will require less. Despite these problems, we may 

prefer to accept that the democratic benefits of a CVM study outweigh the benefits of 

relying on, for example, a panel of experts to give a value.

Good questionnaire design6 can generally overcome the practical issues described above 

and if the limitations are taken into account, Contingent Valuation is a very useful tool 

for gaining insight into the values that people hold for non-market goods. The next 

section reviews a number of recent studies in the UK and US that have used the 

Contingent Valuation Method to value water quality. The value estimates obtained by 

these studies are summarised at the end of the section in Table 1.1 and Table 1.2.
/

1.3.2 Valuation studies of recreational use of freshwater using the 
CVM

Peirson et al (2001) conducted a study which estimated economic values for three 

different types of recreational fisheries: non-use values for a game fishery on the River

5 However, several studies (e.g. Hanley et al., 2001) found that the distance-decay affect is not constant 
for both use and non-use values, where non-use values are more constant across the population, i.e. less 
affected by distance decay than use values.
6 For example, starting point and ordering bias can be avoided by using dichotomous choice format.
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Thames; total angling-related expenditure within a region for a game (rural) fishery, 

which encompassed a figure representing a consumer surplus per individual per trip; 

and finally, use value for a coarse (urban) fishery. Their study was also interesting in 

that they asked the both the rural and urban survey respondents which aspects of the 

fishing experience they felt were most valued; they found that in the rural fishery, the 

aesthetic value of the fishery was considered to be the most important aspect of the 

fishing trip, and that the likelihood of catching fish was less important. As might be 

expected, respondents to the urban fishery survey felt that catching fish was the most 

important aspect, although ‘being in a pollution-free environment, peace and seeing 

wildlife were almost as important’ (p422). This finding supports the many other studies 

that have found that the visual and aesthetic qualities are very important in contributing 

to the value of a recreational experience. Their results showed that the urban fishery 

anglers experienced a Tower level of satisfaction with their sport’ than the rural anglers, 

and that they were willing to pay less to ensure a continuation of the fishing. The 

values obtained are shown in Table 1.1.

Spurgeon et a l (2001) conducted a national survey of anglers to estimate the maximum 

they would be willing to pay to preserve the current levels of fishing quality at their 

usual fishing site, with respect to the number (density) of fish, the diversity of fish 

species and the size of the fish. The survey differentiated between coarse and game 

(salmon & trout) anglers, and also by the type of water body fished, i.e. river, canal or 

lake. The authors found that, as expected, game anglers were willing to pay more per 

trip than coarse anglers -  an average of £3.60 per trip compared to £2.80 per trip. The 

study also found that anglers were willing to pay more for river fishing than for canal or 

lake fishing. The study is relevant to this thesis as anglers were also asked their 

motivations for fishing, in terms of what aspects of a trip were most important to them. 

They found that ‘relaxation’, wildlife’ and ‘the landscape’ were considered to be the 

most important motivations for a fishing trip.

Willis and Garrod (1995) carried out a UK study for the Foundation for Water Research 

(WRc) looking at angling and river water quality, which explicitly made the link 

between the ecological state of the resource and human use/value of it, using fish 

population data as an indicator of quality. The study estimated the value anglers place 

on potential improvements to river water quality via improvements to fisheries. The 

aim of the study was to elicit WTP for improvements to fisheries of varying qualities,
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thus the questions asked were designed to determine how likely anglers were to visit a 

fishery of better quality than their usual fishery. They defined hypothetical fisheries of 

different quality classes - low, medium and high quality, based on fish species density, 

which was thought to capture both human and ecological aspects of water quality: “It 

was necessary to define the standards of fishery classes in ways which reflect both 

anglers’ perceptions of what makes a good fishery and which could be related to 

biochemical and biotic indices of water quality” (p3). The study found that WTP did 

vary with quality of fishery - anglers were prepared to pay more to fish at good quality 

sites, and therefore that anglers place a higher value on good water quality.

Willis and Garrod conducted a further study in 1999, again looking specifically at 

angling. It differed from their previous study in that the quality variable was river flow 

rather than fishery quality. The authors divided recreational activity into two categories, 

formal (angling for example) and informal such as walking or picnicking. The study 

found that flow levels do affect the level of angling on rivers - 80% of club anglers said 

they would fish more often if flows were improved: “the survey of anglers suggested 

that they would be willing to pay on average an additional £68.03 per year more for 

improved fishing brought about by low-flow alleviation” (p76). The authors also 

concluded that the inclusion of both formal and informal users of rivers was important 

when calculating the value of rivers, since each have significant values for natural 

resources such as rivers. Two other interesting aspects of this study are, firstly that the 

authors identify the importance of catch rates to anglers and, secondly, as with other 

studies e.g. Bowker et al (1996), House and Sangster (1991) and Duffield et al (1992), 

they highlight the link between the natural appearance of the river and the 

aesthetic/amenity value of the river.

Davis and O’Neill (1992) carried out a dichotomous choice Contingent Valuation study 

of recreational fishing in Northern Ireland and found that anglers were willing to pay 

approximately 25% more than the price they were paying for a fishing permit, an 

average consumer surplus of around £8 per angler per annum. They also found that 

respondents who had not previously bought a fishing permit were not prepared to pay as 

much as those who had, leading the authors to conclude that bias resulting from 

unfamiliar valuation scenarios may be significant.

ECOTEC Research and Consulting conducted a study for the Department of the
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Environment in 1993 to value increases in biodiversity in Upland aquatic ecosystems. 

The study sample was split into three sub-groups; users, anglers and non-users, to 

explore whether there were differences between the groups willingness to pay. The 

authors found that, indeed, of the three groups, anglers were willing to pay the highest 

amount (£39) per household per annum to improve biodiversity, and non-users the 

lowest (£25).

A desk study carried out by Gaterell et al. (1995) to calculate the total economic value 

of a lake in the UK highlights the problems of benefit transfer and relevant populations. 

The authors multiplied a non-use estimate obtained in a previous Contingent Valuation 

study for a U.S. lake (Loomis, 1987) by two sample population figures, one which 

represented the whole population within a 30 mile radius of lake, and one which used 

the survey response rate as the relevant population, i.e. 44% of total population. Even 

using the lower population figure, this resulted in a non-use value estimate far greater 

than the ‘use’ values - £69 million and £53 million respectively. The authors concluded 

that as well as the practical problems inherent in the Contingent Valuation (CV) 

methodology used to obtain the original use value estimates, there were a number of 

problems involved in applying values from one site to another, namely calculating to 

what extent valuations are dependent on the specific characteristics and context of the 

site, and also on the time period in which they are obtained.

A US study by Sanders et al. (1990) sought to estimate the total economic value of a 

resource by including non-user (or ‘offsite’) values as well as user (‘onsite’) values. 

The authors state that in general, previous studies estimating the economic value of 

rivers have focused on recreational use and thus have only captured ‘user’ benefits. The 

study used a Contingent Valuation survey to test whether non-users, i.e. the general 

public, also value rivers. They conclude that non-users do have ‘preservation’ value 

and therefore that they should be included in the estimation of a resource’s total value; 

in addition, the authors find that non-consumptive, preservation values - the protection 

of the ‘quality of water, air and scenery’ - were factors rated as the most important by 

the public. The study concluded that the quality of the rivers was “positively associated 

with willingness to pay in all cases” (pi351), although the authors do not specify how 

quality is measured or what indicator(s) are used. Specification of quality is an aspect 

of valuation studies that this thesis seeks to address explicitly.
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Connelly and Brown, (1991) sought to estimate the current economic value of 

freshwater fisheries in the US. The study sample was selected from a database of 

fishing licence holders and the questionnaire asked how much they would have paid to 

go fishing over and above what they did pay. Whilst the authors did not attempt to look 

at the effects of environmental variables, they stated that their study had established a 

‘baseline’ value, from which further studies could be conducted to show changes in 

value as a result of environmental change. Although quality variables are not included 

in their analysis, the authors do note the effect of river water quality on the perception 

of fishing benefits, mainly through ecosystem disturbances, which impact negatively 

upon fish populations. The study is slightly different from other Contingent Valuation 

studies, as it is based on actual historical behaviour, and thus is closer in approach to the 

Travel Cost Method, which is discussed below. As with the study by Sanders et al. 

(1991) the study uses trip cost as the payment vehicle, and so is based on behaviour 

with which people are familiar, thus addressing one of the main biases of CVM 

described above.

The results of a study that looked at the recreational value of still water similarly 

suggested that site quality is an important feature in recreational choice: Cordell and 

Bergstrom (1993) found that the results of their Contingent Valuation study indicated 

that individuals’ willingness to pay for higher water levels that would permit 

recreational activities out-weighed the losses from re-allocating the water from power 

production.

A study by Green and Tunstall (1995) used focus groups to identify key points to be 

addressed in the Contingent Valuation survey on freshwater angling in the UK that was 

carried out by Willis and Garrod (1995) described above. As such it was intended to 

elicit qualitative information, rather than value estimates. The survey sample was 

selected on a geographical basis of four regions, capturing both coarse and game and 

still water and river anglers. They asked respondents a number of questions relating to 

their motivations and preferences for fishing experience. An interesting point that 

emerged from the initial focus groups was that some of the main problems perceived by 

anglers were flow impacts and the physical habitat of the river, i.e. the extent to which 

the river channel had been modified. Flow impacts, specifically, low flows, were seen 

as being more important to game anglers, and pollution levels as more important to 

coarse anglers.
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Lant and Mullins (1991) discuss the valuation of lakes and rivers in a review paper, 

which highlights a number of considerations relevant to this thesis. Firstly, the authors 

acknowledge the need for a broader definition of water quality in relation to river 

recreation. The authors emphasise that ‘quality’ is made up of many components, and 

the chemical composition of the water is only one of the factors that contributes to the 

recreational experience. They state that what is valued is “the stationary 

geomorphological, ecological and aesthetic character of the lake/river” (p454). The 

authors do however recognise that “measured water quality is significant indirectly 

through its influence on the aquatic ecosystem”. Secondly, the authors stress the 

importance of the land around the water body - the context in which the water is found 

in the natural landscape.

A further interesting aspect of this paper is its discussion of ‘psychological’ factors in 

the process of recreational choice, for example, social relationships, past experiences 

and environmental preferences and attitudes. In this respect, it broadens the concept of 

the individual as consumer by beginning to look at an individual’s reasons and 

motivations behind recreational choice, as opposed to the traditional economic model 

that focuses purely on the actions and stated preferences of the individual. The authors 

find that the most important reasons behind choice of recreational site were 

convenience, ease of access, good fishing, aesthetics, and good water quality.

Table 1.1 summarises the monetary results from the studies discussed above. Values 

were converted into per person per trip: **’ refers to where the value was divided by 2.4 

for the average no. of persons in a household and then again by 10, the average number 

of trips per year rounded to the nearest 10; ***’ refers to a per person per annum value, 

which was therefore just divided by 10. Values have been converted into £2002 using 

an inflation calculator and currency converter for US studies7. In addition, a number, of 

other UK studies that estimated informal recreational values for water bodies are also 

summarised in this table. The focus is on UK rather than US studies (many US studies 

are not shown); meta-analysis of these studies was not carried out as it was not felt to be 

justified given the limited timeframe of the study, and also 17 studies is likely to be too 

small a number to provide statistical significance, although it is a potentially fruitful

7 (http://www.thisismonev.com/calculators/mflatiori/new vs 1 .htrah
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avenue for future research.

Table 1.1 Recreational value estimates for ffeshwaters obtained using the CVM, in bold

where the study looks specifically at angling.

Type of 
Freshwater

WTP Value Values measuring Author/s and date

Rivers (US) £4.80** Fishing at 3 most 
‘valuable’ rivers

Sanders, Walsh and 
Loomis (1990)

Rivers £1.38 Clearing rubbish and 
creating gravel pathway 
by river

Coker, A. et a l , 
1990

Rivers and lakes 
(US)

£13 Mean across all N.Y. 
fisheries

Connelly and Brown 
(1991)

Rivers £2.04-£2.91** Angling opportunities 
in Northern Ireland 
(angling permits)

Davies J. and C. 
O’Neill, 1992

Rivers £1.61 -£3.68 Creation of new 
meander, plants, trees 
and reedbeds in river.

Tapsell et al., 1992

Lake (US) £4.80-£7.10** Higher water levels Cordell and 
Bergstrom (1993)

Rivers £25.84-£39.46 Increase biodiversity of 
aquatic ecosystems in 
Upland Areas

ECOTEC Research 
and Consulting, 
1993

Rivers £6, £12 & £22 Mean coarse, trout and 
salmon angling

Willis and Garrod, 
1995.

Rivers £7-£26.18 River restoration -  
pond/wetland area and 
landscaping to make 
appearance more 
natural

Gamer etal., 1995

Canals £0.32* Maintenance of canal 
network

Adamowicz et a l , 
1995

Reservoir £16.32 Angling Gaterell et al, 1995
Rivers £0.50* Improvement of flow 

levels
Garrod and Willis, 
1996

Rivers £0.20* 5cm increase in water 
level

EFTEC and 
CSERGE, 1998

Rivers £3.88 Improved fishing from 
more natural river 
flows

Willis and Garrod, 
1999

Rivers £1.84-£7.65 Urban (coarse) and 
rural (game) fisheries

Peirson et al, 2001

Rivers £2.86 - £3.67 Maintain existing 
quality of coarse and 
game angling

Spurgeon et al, 
2001

Rivers £12-£57 Improvements in river 
ecology, aesthetics and 
banks, depending on 
river and type of

Hanley et al, 2004
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improvement.

Table 1.1 shows a wide range within the WTP values, the angling values ranging from 

£1.80 to £39.46 per person per trip. As might be expected, Willingness to Pay for good 

quality and salmonid fisheries is the most highly valued at over £20 and coarse, urban 

area fisheries receiving a lower angling value of £1.80. The WTP elicitation format 

used often accounts for much of the variation in values, for example the value of £2- 

£2.8 (£20-£28 per annum) estimated by Davis & O’Neill (1992) for maintaining current 

game angling opportunities was derived using a dichotomous choice format and the 

mean value of £22 for good quality salmon fishing estimated by Willis and Garrod 

(1995) via an open-ended payment question; Garrod et al (2000) note that WTP 

estimates are often higher when derived using open-ended questions than through 

dichotomous-choice format.

This review has shown that some studies value maintenance of current situation and 

others a change in the level of environmental quality, such as low flows or fishery 

quality, while in others the quality of a recreational site is referred to  but the authors do 

not define what they mean by it (Sanders et a l , 1990; Connelly and Brown, 1991). 

Only one of the valuation studies (Hanley et al., 2004) acknowledge the influence of 

landscape or the physical state of the river/corridor, and only two have they included 

questions to determine motivation for recreational choice/behaviour (Peirson et al.9 

2001 and Spurgeon et al., 2001).

1.4. Revealed preference techniques - the Travel Cost Method 
(TCM)

Indirect or revealed preference valuation techniques avoid some of the biases of the 

Contingent Valuation Method, for example, they do not require hypothetical markets to 

be constructed as they infer value from observing market-based actions that relate to or 

impact upon an environmental good or service. One such method, the Hedonic Price 

method, attempts to isolate the benefit that is gained from an environmental good or 

service by comparing the prices individuals are willing to pay, e.g. for a house near a 

lake against a similar house further away from the lake. The difference in price, 

corrected for all other factors, is then taken to be the value of the recreational and 

amenity benefits of living near the lake (e.g. Lansford and Jones, 1995). The difficulty
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with this approach is in ruling out the many other variables that influence house 

purchase decisions, to be sure that any discrepancy in willingness to pay is due to the 

environmental good in question and not to some other factor8.

The Travel Cost Method (TCM) is a revealed preference technique and forms the basis 

for the methodology used in this study. The idea was first proposed by Hotelling in 

1947 as a way of capturing the value of unpaid outdoor recreation activity at a site, by 

using people’s travel cost as a proxy for the value of a recreational experience. As such 

it looks at actual, albeit indirect, expenditure - how much people are prepared to ‘pay’ in 

time and money travelling to a recreational site. The economic theory behind this model 

is that the opportunity cost of travelling to the site increases with the distance travelled, 

and so the higher the cost of travelling to a resource, the less likely the individual is to 

visit it, and thus if they do, the more highly they value the recreation experience.

Simple travel cost models work by collecting data on individuals’ costs of travel, 

usually measured in terms of petrol costs plus a time cost calculated as a percentage of 

the wage rate, and the number of trips they make to a site. From these data a recreation 

site’s demand curve can be created showing the level of use (numbers of trips) for any 

given ‘price’ (travel cost). The basic travel cost model is shown below:

Tj =  / ( pTC j,e)

Where T = the number of trips to site j, TC = the observed travel costs of individuals to 

site j and e = an error term. This standard travel cost analysis is useful for calculating 

the recreational use value of a single site, but doesn’t permit any estimation of the 

influence of the site’s attributes, or the individuals using the sites, on recreation 

demand. In the real world however, people can generally choose between a number of 

different sites, with different costs and attributes. Thus a means of estimating the value 

of site attributes prompted the development of multiple-site travel cost models, and the 

development of the Random Utility theoretical framework for recreation demand 

modelling. The Random Utility theory is based on an approach to modelling choice that 

was developed by Daniel McFadden in the 1970’s. The theoretical basis of the RUM is 

that people’s choices are based on an evaluation of measurable alternatives, plus a

8 Econometric analysis is often used to identify the influence of these other factors.
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random component, which the researcher cannot measure. The basic RUM model is 

therefore specified as:

U,=/3P,+yX,+£,

Where £7/ = the utility of individual i; P is the travel cost of travelling to site i; X  is a 

vector of the characteristics of site i, and s is the random error term. An individual will 

choose the site that maximises their utility U, thus an individual will choose site i if Ui > 

Uj for all j = locally available substitute sites. In the RUM, utility is assumed to be a 

linear function of the price and quality attributes of the chosen site, plus the random 

component; in the basic TC model, the utility function does not include this random 

aspect, in that the errors are assumed to be related to the specified parameters not the 

result of a stochastic element.

The multiple site framework is well suited to modelling recreation demand where the 

individual is faced with a set of possible site choices with varying levels of attributes, 

one of them cost. Consumer theory tells us that a good’s qualities or characteristics are 

directly related to choice and thus welfare. In recreational context, a fishing site’s 

qualities are thought to be positively associated with the likelihood of making a trip, so 

that sites of perceived higher/better quality will be preferred over those of perceived 

lower quality. Multiple site travel cost models can be used to derive demand functions 

for individual site attributes - Pendleton (1999) states that because a site’s 

characteristics are considered in recreational choice9, from any given origin, the ‘price’ 

or value of these characteristics can be estimated from the ‘cost’ (travel cost) of 

experiencing them. In other words, by obtaining the amounts of money people pay in 

travel cost to experience different attributes/levels of attributes across a range of sites, 

the demand for each attribute can be calculated. This implies the need to have a sample 

of study sites that is sufficiently large to encompass a range of levels of quality: 

Pendleton (1999) notes in relation to one type of multi-site travel cost model the 

‘Hedonic TCM’ that it “is only useful if applied to recreation ‘markets’ with many 

destinations that vary in terms of cost and site attributes” ( pi 85).

9 Whilst it is arguably more valid to use perceived measures of environmental quality as this is what is 
likely to influence behaviour, studies (e.g. Sanders et al., 1991) have found a reasonable match between 
actual and perceived measures of quality.
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Bockstael et al. (1987) contributed to the development of the Random Utility Method 

for valuing changes in environmental quality. In this early paper, they review the 

econometric approaches developed during the 1970s and ‘80s for modelling recreation 

demand. They look specifically at the ability of the models to value site characteristics, 

i.e. different levels of environmental quality and to account for substitute sites. They 

discuss three types of recreation demand model, systems of demand, allocation models 

and (zonal) hedonic travel cost models. The allocation model is an early version of the 

RUM site choice model, and they identify the fact that neither this type of model or the 

hedonic travel cost model can determine the total number of trips made in a season. 

They discuss one way of dealing with this, which is to estimate the participation 

decision separately10, and then use the predicted number of trips in the site choice model 

welfare estimation equation. In their empirical comparison of the hedonic and site 

choice models, they conclude that the site choice model seems to be able to provide the 

best means of answering policy questions, such as predicting demand following a 

change in environmental quality, and valuing site quality changes rather than just site 

characteristics.

1.4.1 Criticisms of the Travel Cost Method

Like the Contingent Valuation Method, the Travel Cost Method has various practical 

and conceptual problems. On the practical side Layman et al., (1996) provide a good 

summary of the practical problems involved in constructing a Travel Cost Model. For 

example some debate has arisen over how, and indeed whether11, to assign a cost to 

individuals’ travel and/or recreation time - should it be a proportion of their income and 

if so, what proportion should it be? The idea of valuing the travel and recreation time as 

well as the physical costs of a recreational trip such as petrol comes from the idea that 

recreation has an opportunity cost, namely the cost of forgone earnings, which will vary 

from person to person, depending on their wage rate. This is more relevant to self- 

employed individuals who can trade off work and leisure at the margin, than for those 

who have a fixed amount of holiday per year. The sensitivity of a study’s value 

estimates to recreational time costing can be tested by calculating value using different

10 In their empirical example using data on bathing waters in the Boston area they use the Tobit model to 
do this
11 Feather and Shaw (1999) argue this is unrealistic because people cannot always trade their leisure time 
for money at their wage rate, and also this approach cannot deal with people who are unwaged.
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amounts of money and assessing the significance to the final output. Hanley et al 

(2001b) cite the most frequently used approach, which is to use a percentage -  usually 

33% or 43% - of the wage rate; Feather and Shaw (1999) note this practice originated 

from early empirical studies in transportation. However, as noted above, this assumes 

that the hours people want to work exactly match the hours they are able to work, and 

also that people don’t have a preference for leisure time over the wage rate; this may not 

be the case, and Feather and Shaw (op cit) cite studies finding that people are willing to 

trade work for leisure.

Some studies have encountered discrepancies in travel cost/time as reported by the 

respondents and those calculated by the researcher, raising the question of whether 

respondents should be trusted to report accurately or the researcher should calculate the 

distance themselves, and if so what is the most accurate way of doing this. Again, a 

generally accepted method is for various estimates to be used in a sensitivity test. In 

this study, respondents are asked to state their home postcode and fishing site, so a 

relatively accurate calculation of travel cost can be made by the researcher. This is 

discussed in more detail in Chapter 5.

A further problem involves how to calculate the value of a site if the trip encompasses 

more than one destination. One way to get around this problem is to ask the 

respondents what proportion of their total trip the site in question accounts for (Hanley 

et al., 2001b). In the context of this study, this issue is not considered to be a serious 

problem as anglers generally visit just one fishing site per recreational trip.

On the more conceptual side, a problem can arise if it is assumed that the more someone 

has paid in travel cost to visit a site the more they value it, as the flip side of this 

assumption implies that if someone has not travelled very far at all then their value is 

correspondingly low. This is unlikely to hold true for local resources that are highly 

valued and frequently visited by a community. In some cases, someone may value a 

landscape so much that they choose to locate their home there. This is related to the 

issue of how the study sample/population is decided: in general, value estimates 

generated from a geographically wide sample will contain both short and long distances 

and a ‘reasonable’ mean distance will emerge, whereas the marginal value generated 

from just a local population will be lower.
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Pendleton (1999) also mentions a potential problem involved in valuing a specific site’s 

attributes with the Travel Cost Method of ‘omitted variable misspecification’ -  in other 

words, whether you have accounted for all the variables in your model. Pendleton 

(1999) notes that the likelihood of omitted variable misspecification can be reduced by 

“surveying consumers about the site attributes that factor into the choice of sites”, for 

example through focus groups or pilot testing of a study. This study elicits consumers’ 

recreational site preferences to investigate whether perceived site quality matches with 

recreational behaviour -  this is described in Chapter 5.

1.4.2 Valuation studies of recreational use of freshwater using the 
TCM
In this section, the trip predictor type models used in early travel cost studies are 

discussed initially, with the more recent Random Utility Method site choice travel cost 

models in the second part of the section. The consumer surplus values from these 

studies are summarised in Table 1.2.

An early application of the travel cost method in the UK was documented in Radford et 

al. (1984). The authors carried out a large scale UK study using the Travel Cost 

Method, which sought to estimate the consumer surplus per individual per trip from 

fishing four game rivers: the Wye, Mawddach, Tamar and Lune. Single-site zonal 

models were constructed for each river, although substitute sites were accounted for by 

including the number of days fishing alternative sites in their model. River and angling 

quality was represented by catch statistics, i.e. the five-year mean catch or the weight of 

the salmon and sea trout catch. The authors estimated the visit rate to each river, using 

population data from local authority districts and data on the number of fishing trips 

gathered through a survey of anglers. Mean consumer surplus per trip estimates ranged 

between £17 and £26 for the Wye, Mawddach and Lune, but was considerably higher at 

£330 for the Tamar.

Interestingly, the survey also asked anglers about their motivations for choosing to fish 

at each study river, presenting respondents with six possible reasons plus ‘other’. These 

reasons covered the cost of travel; the membership of a club that owned the water or 

fishing rights; the likelihood of catch; the aesthetics of the river, including how 

‘peaceful’ the river was; and the relative ease of access and fishing. The reasons most 

frequently given as the most important to choice were: club owned waters, ease of
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reaching the river and the aesthetic and peaceful qualities of the river. This thesis builds 

on this early investigation of anglers’ motivations and preferences - the means of doing 

this are described in more detail in Chapter five.

Another study looking at the recreational value of freshwater in the UK that used the 

TCM was that carried out by Willis and Garrod (1991) who looked at a range of 

recreational activities on canals. Their study also included a Contingent Valuation 

question in the survey, so is summarised in Section 1.4.3 below.

Bowker et al. (1996) calculate the demand for rafting in Southern USA. The study used 

a sampling technique similar to that of Connelly and Brown (1991) but instead of using 

a fishing licence database to select the survey population they randomly selected people 

from ‘outfitter’ shop records. They then constructed a questionnaire that asked 

respondents to give details on numbers of trips made, costs etc. Their model was run 

with the travel cost variable calculated in six different ways, to investigate differences in 

time costing approaches. The authors concluded that consumer surplus estimates are 

sensitive to different methods for calculating the cost of time and suggest that 

‘researchers should estimate and present results using both reported and imputed travel 

costs’. The authors also refer to river ‘quality’ in terms of the attributes of the rivers 

that affect the rafting experience, such as the amount of white water, but these attributes 

are not factored into their model. The authors discuss two early types of TC model that 

were used, the individual, which does not include zero trips to a site, and the zonal 

models, which do, as the number of trips or visit rate in zonal models is calculated as a 

proportion of the population based on geographical distance to the site.

The study by Leones et al (1997) used a variation of the TCM, which calculated total 

recreational expenditure rather than just individual travel cost. The study estimated the 

effect of flow on two variables - the amount of money spent on a recreational trip and 

the numbers of people visiting a river. The authors found that levels of stream flow 

significantly affected recreational use (visitor numbers and expenditure) at one site but 

not at the other, concluding that this was because the two sites used in the study were 

very different in terms of physical / ecological characteristics such as topography, 

scenery and river attributes, even though they were geographically close together. The 

authors thus highlight the problems involved in benefit transfer, in that care must be 

taken when transferring economic impact values even between sites that are spatially

31



closely matched.

Bhat et al. (1998) use ecological variables in their Travel Cost Model in a different way. 

In this study, ecological data is used to classify the sites rather than to describe their 

quality or characteristics. The authors used a number of variables, both 

geomoiphological and biological, to divide North America into a set of ‘eco-regions’ 

and then aimed to determine whether recreation varies across these eco-regions. The 

study looked at around 300 different sites and concluded that the values they obtained 

for ‘cold-water fishing’ - ranging from $20.97 to $25.70 - did not vary significantly 

across the eco-regions, although the authors did discover value differences between eco- 

regions for other types of recreation.

Kahn and Buerger (1994) investigate the link between environmental pollution - 

specifically, levels of phosphorous in St. Albans Bay in the U.S. - and consumer 

surplus, via fish populations. By doing so, the study makes explicit the link between 

levels of anthropogenic pollution, ecological state and human use of the environment. 

The methodology is a variation on the Travel Cost Method, where the authors ask 

respondents to estimate the number of trips they are likely to make that year, to 

establish recreational demand in the current degraded condition. The authors then 

compared this figure with numbers of trips that took place before the pollution occurred. 

They discovered that the demand for recreational fishing trips was significantly lower - 

the demand curve shifts leftwards - with the environmental deterioration, and present 

some estimated annual losses in dollar amounts (see summary in Table 1.2). Although 

the authors make the link between high levels of phosphorous in the Bay and reduced 

fish populations/quality, they do not include data on fish population figures in their 

analysis.

Young and Shortle (1989) also conducted a study on the effects of phosphorous 

pollution in St. Albans Bay, but attempted to estimate benefits from improved water 

quality as opposed to costs of pollution. The recreational values were estimated as part 

of a wider cost-benefit assessment. The assessment calculated the benefits of a 

reduction of the amount of phosphorous, focusing on three areas where benefits of water 

quality improvements could be measured: appreciation of property values, recreational 

benefits and reduced maintenance costs. To calculate the recreational benefits, the 

authors took a similar approach to Kahn and Buerger, in that they used a Travel Cost
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Method that looked at visitor number figures to derive demand curves for both former 

and current users of the Bay and compared these two curves. They found that indeed 

more people had visited the Bay before the pollution occurred and that significant 

recreational benefits would be gained by reducing levels of phosphorous pollution in the 

Bay.

Two Random Utility site choice models looking at angling in the US were those by 

Morey (1993) and Chen et al. (1999). Morey estimated a number of versions of discrete 

site choice travel cost models in order to explore the impact of include income affects 

using a nested structure for participation and site choice. They estimate CS for three 

different conditions related to recreational fishing for Atlantic salmon at the Penobscot 

River -  no fishing, double the catch rate, and half the catch rate. The choice set is eight 

salmon fishing rivers in Maine and Canada. The study found that amongst others, catch 

rate significantly increased the probability of visiting a river and that cost significantly 

decreased that probability. The authors found that modelling non-participation, i.e. the 

repeated and nested versions of the model, produced lower and more realistic estimates 

of compensating variation. They also conclude that including income affects in the 

model increases CV estimates by between 1 and 18%.

In their paper, Chen et al. (1999) compare several kinds of logit and probit models using 

data gathered in a study of recreational fishing in the Great Lakes (Michigan). They 

compare the results of five different models with respect to trip prediction and welfare 

estimates for various policy scenarios, such as site closure, change in site quality. There 

aim was to investigate the IIA assumption and how it affects welfare measures in terms 

of the extent to which it predicts site substitution affects in response to site closure or 

site quality changes. The authors found that their correlated probit models were the 

most flexible and the standard MNL the least flexible. The nested-logit was found to 

provide the best fit of the data, a finding that the authors note highlights the importance 

of making the distinction between the participation decision and the site choice 

decision.

There are also a number of applications of the Random Utility Method to other types of 

recreation and resources that are worth noting in this section. Parsons and Massey 

(2003) describe in their paper an application of the RUM to recreational use of beaches 

in mid-Atlantic USA. The authors model the affect of beach closures and beach
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erosion, using a MNL and a mixed-logit model. They use observed data on visits to 62 

beaches in the area and estimate values of between $0.06 and $5.27 per trip for the 

loss/closure of a beach. These relatively small values are explained by the large number 

of substitute sites -  61. They also found that the mixed logit produced smaller welfare 

losses for single beach closures than the MNL, but larger losses for closures of small 

groups of beaches. The authors conclude that the mixed logit takes better account of 

similarities between sites, and therefore substitution effect. Losses for beach erosion 

were of a similar magnitude, ranging from $0.75 to $3 for small groups of beaches.

u
Two studies that applied the RUM to rock climbing are Shaw & Jakus (1996) in the US, 

and Hanley et al. (200Id) in the UK. Shaw & Jakus estimate both a Random Utility 

Model (RUM) and combined RUM and Count Data Model to produce welfare impacts 

of site characteristics (site choice model) and total seasonal trips for a rock climbing 

area in New York. The ‘quality’ variable is the number of available climbs at the 

climbers ability, which they find to be a significant predictor of site choice at the 99% p 

level, and they estimate the per trip compensating variation (CV) for a 10% decrease in 

available climbs to be $0.02, and using the combined RUM and Count Data Model, 

$1.76 per season/annum. They conclude that the large number of substitute climbs 

results in the relatively small welfare losses.

In their paper, Hanley et al. (200Id) model choice of rock climbing site in Scotland 

using a Random Utility Model. The RUM estimates the likelihood of people’s choice 

of recreation site based on the site attributes, which include travel costs, plus a random 

‘error’ component. The study looked at eight climbing areas and assigned values for 

these for seven different site attributes including average length of climbs, crowding and 

travel costs (distance and a time cost). They estimate a MNL model and a Random 

Parameters Logit Model. The results showed that most of the site attributes were 

significant determinants of site choice -  although in the RPL model the length of climb 

was not significant, an unintuitive result. Mean CS per trip was £25 in the MNL model 

and £17 in the RPL model. The change in CS estimated from a 50% increase in 

approach time (time spent walking to the climbing site) was estimated to be between 

£0.13 and £1.90 for winter climbing and £0.005 and £0.32 for summer climbers. The 

authors conclude that the RUM provides a useful means for assessing rock climbing site 

choice but point to the weaknesses in RUM models in that they can’t estimate total 

seasonal trips.
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Table 1.2 below shows the recreational values from the studies summarised above. As 

with Table 1.1 above, values were transformed into per trip £2002 using Consumer 

Price Index’s Inflation Calculator and US values with currency converter.

Table 1.2 Water-based recreational values obtained using the TCM; in bold where

studies look specifically at angling.

Type of water 
body

CS Values Values measuring Author/s and date

Rivers £32.81 -£50.18 Fishing trip Radford et al. (1984)
Coastal £38.80** Charter boat angler 

(Montauk fishery)
Kahn and Buerger 
(1994)

Coastal £440,000* Annual value for region 
for an increase in water 
quality

Young and Shortle 
(1989)

River £614,000* Annual value of overall 
increased expenditure 
for region from 
increased flows

Leones et al. (1997)

River £67-£214 White water rafting Bowker et al. (1996)
Rivers and Lakes £15-£18 ‘Cold water’ fishing Bhat et al. (1998)
River £16-£53** Double catch rates at 

Penobscot River 
(depending on model)

Morey (1993)

Coastal £0.03 - £2.80 Closure of a beach in 
mid-Atlantic USA

Parsons & Massey 
(2003)

* No population/aggregation figure available to determine individual consumer surplus.

** Annual values per individual divided by 10 to obtain per individual per trip measures

Table 1.2 shows that, as with the values derived using the Contingent Valuation 

Method, the consumer surplus estimates obtained with the Travel Cost Method vary 

widely (£15 - £388) and are in general higher than the WTP estimates. Unfortunately, 

as no population estimates were available to allow the regional figures to be broken 

down into individual values, this precludes a comparison between the regional values. 

However, Table 1.3 (p42) summarises studies that have used a combination of both 

methodologies, and the range of value estimates calculated using the TCM range 

between £27 and £69, which, with one exception of an extremely high-end value 

estimated by Smith et al. (1986 -  discussed below), is roughly approximate to those 

estimated by Bowker et al., (1996), Bhat et al (1998) and Radford et al. (1984) shown 

in Table 1.2 above. The UK value of £32-£50 calculated by Radford (op. cit) is 

comparable in magnitude.
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This overview has shown that as with the contingent valuation studies, the early travel 

cost studies were limited in terms of their ability to value measures of environmental 

quality, and if quality was valued, only a single variable was used. For example, some 

authors refer to the use-related qualities of a site, such as access provision, or the size of 

usable water frontage, as influencing its level of demand, but this is not specifically 

included in the model or analysis. However this review has also shown that, 

particularly over the last decade or so, the revealed preference approach has been 

developed so as to be able to value various aspects of recreation site quality using the 

RUM approach. Nevertheless despite these theoretical advances in econometric 

modelling and a growing number of applications of it, relatively little mention is made 

of the influence of landscape quality or aesthetics, or how natural the water body 

appears.

1.4.3 Studies including aspects of both TCM and CVM techniques

This section reviews some studies that have used aspects of both revealed and stated 

preference techniques. These are distinct from the contingent behaviour approach 

however, which is dealt with separately in Section 1.4.4 below. As with Sections 1.3.2 

and 1.4.2 above, the values estimated in these studies are presented in a summary table 

at the end of Section 1.4.4.

Willis and Garrod (1991) carried out a travel cost survey to estimate the consumer 

surplus associated with informal recreational use (walking, sightseeing etc), of inland 

waterways and canals in England. They also included a contingent valuation question 

to determine maximum additional willingness to pay for the recreational use as a 

‘check’ on the calculated travel cost consumer surplus estimates. The authors included 

a range of different activities as dummy variables to explore how these activities 

determined the level of use/value. They study results revealed that local people’s 

willingness to pay was generally lower than that of non-locals (people living further 

than 10 miles away), and that respondents’ willingness to pay varied significantly with 

the type of recreational activity - people were prepared to pay the most for activities 

such as fishing, boating and wildlife viewing. Methodologically, they found that the 

consumer surplus estimates derived from travel costs were higher than, but comparable 

to, the Contingent Valuation Willingness to Pay values. Data for multiple sites were
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gathered but the study did not include environmental quality variables in the regressions 

to explore whether use varied with quality, although they do mention that higher 

consumer surplus figures were seen for sites perceived to be more aesthetically 

pleasing.

Smith et al. (1986) carried out an important early study that sought to measure the effect 

of differing water quality, in other words to test Freeman’s proposal that a site’s 

characteristics will influence demand and that "water quality contributes to the 

productivity of site services in certain activities, such as fishing and swimming" (p281). 

The authors were interested in the variance between using direct and indirect methods to 

estimate value, and so they compared the estimates generated from three travel cost 

models and a CV model. In the CV model, the effect of quality was measured by 

looking at how recreational activity changes in response to variations in quality, as 

measured by the change from boating to fishing to swimming; the TC models used 

various site characteristics.

The study employed a simplified TC model and a generalised TC model: the simplified 

model used only one independent variable, dissolved oxygen (DO), ignoring other 

differences across the sites, and used regression analysis to calculate how levels of DO 

affected demand for these sites. The generalised TC model first estimated a demand 

function for each site and then regressed this demand coefficient against a range of use- 

related characteristics such as access, size of pool surface in relation to total site area, as 

well as DO. Because these characteristics are related to human use of the resource they 

were thought to influence a site’s ‘service productivity’, and thus its perceived quality. 

They found that when the generalised model was used with two separate sets of sites 

that varied widely in these use-related characteristics, it produced widely varying 

consumer surplus estimates.

The results suggested that the human or physical attributes of a site are significant and 

will affect demand. The study also concluded that demand and willingness to pay were 

affected by water quality - the CV model results indicated that people were prepared to 

pay for improvements in quality i.e. a move from a level of water quality that allowed 

boating to one that allowed fishing to one that allowed swimming. The authors also 

found that the simplified TC model indicated that levels of DO did correlate with 

demand and that the estimates generated by this model were closest to those of the CV
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models and also to previous studies.

Sanders et al. (1991) also carried out a study that compared actual and hypothetical 

demand for river recreation. They compared the consumer surplus estimates derived 

from a CV exercise with actual historical behaviour. The model also allowed for the 

‘probability of participation’, in other words, a distance-from-site adjustment could be 

made, on the basis that the further away from a resource you live the less likely you are 

to visit it. This is an important consideration if a model is to be applied to the whole 

population of a region/country rather than simply the study population.

As with the study by Smith et al., the study looks at several different recreational 

activities, but differs in that the authors do not use an ecological or environmental 

measure of quality to compare sites but instead ask people to rate the sites in order of 

preference. The authors state "replies indicate considerable accuracy in valuing choices 

with respect to the quality of rivers. Their valuations are not significantly different from 

an index of the quality of study rivers derived by Government agencies..." (pi389). In 

other words, they found that people were good at identifying the ‘high quality’ rivers, 

although they do not state the ecological variables on which the quality index used by 

Government agencies was based.

An interesting aspect of the study is the observation that the landscape and natural 

surroundings at the study rivers are important factors for recreational users of rivers: 

"the physical features of the region contribute to the quality of the recreational 

experience at the study rivers" (pl388). The empirical results of the study were that the 

quality of the resource did affect the consumer surplus estimates, in that people are 

prepared to pay more for what they perceived to be ‘high quality sites’. 

Methodologically, the study found that the TC and CV models generated similar values, 

concluding from this that the hypothetical bias of the CV method was minimal. 

However, in this case the CV survey was given to individuals who had used the 

resource in the past and thus were well acquainted with it, thereby reducing the potential 

for lack of information bias.

Duffield et al (1992) carried out a study using both the TCM and the CVM to study the 

effect of flows on river recreation. The study sought to expand upon previous studies 

by looking at both participation rates and perceived quality, instead of one or the other.
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The authors carried out a survey by questionnaire to discover how many recreational 

trips had been made to the rivers in their sample, including a question to determine the 

perceived effect of flow on both number of trips taken (participation rate) and the 

quality of the recreational experience. The study concludes that flow did have a 

significant effect on both of these variables. In this study the authors use the term 

‘quality’ in respect to both the ecological condition (via the flow variable) and also to 

the ‘quality’ of the recreational experience. As in the study by Willis and Garrod 

(1999), they identify the relationship between flow levels and the aesthetic value of the 

river.

1.4.4 Studies combining revealed and stated preference techniques -  

Contingent Behaviour techniques

These types of studies differ from those described above in that instead of simply 

including both a revealed preference component and a stated preference component, the 

combine the two to create a new technique, ‘contingent behaviour’. The benefits of 

contingent behaviour studies is that they are grounded in actual behaviour, such as 

making recreational trips, but are able to extent the valuation scenario beyond what 

actually exists.

An early version of this approach was the study by Ribaudo and Epp (1984) in a study 

to calculate the impacts of phosphorous pollution at St. Albans Bay in Vermont, US. 

They used a combination of the TCM and the CVM to estimate willingness to pay for a 

hypothetical improvement to water quality from the current degraded state. Their study 

also splits the sample group into current and former users and tests whether differences 

in values exist between these two groups of users. They find that current users would 

be willing to pay more for an improvement to water quality than former users, 

hypothesising that the two groups have varying levels of ‘pollution tolerance’, current 

users having higher pollution tolerance levels as they continued to use the resource 

despite the deterioration in quality. The authors conclude that it is very important to 

look at both types of user in order to avoid over-estimating the value of a resource.

Layman et al. (1996) use a variation of the TCM -  Hypothetical TCM - to estimate 

consumer surplus under various hypothetical management conditions. This involved 

surveying current users of the site and asking them how much they would use the site
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(how many trips) under varying conditions, namely the amount of fish that anglers are 

allowed to catch and keep. They argue that the basis for the use of this methodology is 

the TCM’s limitation to actual historical data - its inability to be applied to the valuation 

of hypothetical situations/possible scenarios, and the shortfall of CVM in being unable 

to provide estimates of angling days (fishing ‘effort’). The study refers to quality in 

terms of the consumer surplus from different angling experiences - specifically different 

rules regarding permitted catch quota, their quality variable being the 3 different types 

of hypothetical management scenarios. The authors found that the consumer surplus 

estimates under all of the hypothetical management conditions were higher than under 

the current management regime.

Englin & Cameron carried out a study in 1996, which used data gathered on actual and 

contingent fishing trips in Nevada. Anglers were asked to state how many fishing trips 

they’d made in 1988, and how many they would make if the price of their trips were 25, 

50 or 100% higher. The authors pool the actual and contingent data and estimate both 

fixed and random effects Poisson models. Fixed effects models allows the researcher to 

‘net-out’ individual respondents heterogeneity, but cannot capture the effect of any 

variable that doesn’t vary across observation for an individual, such as age, income etc.
n
I**

Adamowicz et al. (1994) gathered data on actual behavioural recreational choices and 

also ask respondents to state their choices between 3 options in a contingent behaviour 

method/choice experiment. Both are discrete site choice models and the RUM 

framework is the theoretical underpinning to the study. ‘The model explains the choice 

of site as a function of travel distance, and quality attributes of the sites’ (p.273).

The authors applied this RUM to the valuation of improvements in environmental 

quality associated with changes in river flow. Whilst not exclusively looking at 

recreational fishing, it is included in the set of recreational opportunities that are 

presented to respondents. Characteristics that were valued included fish size (large or 

small), fish catch rate (4 variables), fish species and water quality (good or bad). These 

characteristics are related to river flow levels, thus welfare estimates for changes in flow 

rate could be calculated. The authors found that quality characteristics affecting site 

choice were: water quality, fishing success (catch rate), presence of swimming areas, 

availability of boating and presence of beaches. The authors estimate the revealed and 

stated preference models separately first and then jointly. Per trip recreational values
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ranged between $0.21 and $5.29 for the joint model. Values for changes in the site 

attributes were not reported.

Cameron et al. (1996) looked at how recreational use, in terms of both probability of 

taking a trip and the numbers of trips, is influenced by the water levels at the site. Their 

study used actual historical trip data supplemented by questions as to how their 

recreational behaviour would change in response to changes in water levels - their 

survey looked at demand across a number of different geographical regions and with 

respect to nine federally managed lakes. They found that the water level at a recreator’s 

usual site was highly significant in predicting whether they were likely to visit one of 

the nine lakes, and in addition that it was important to control for survey non-response 

bias.

Two more recent studies were Hanley et al., (2003a) and Eiswerth et al. (2000). Hanley 

et al. estimate the predicted number of trips following a change in coastal water quality 

and estimate the welfare associated with such a change. They combine data on actual 

recreational trips made to beaches with data on intended (contingent) behaviour under 

improved conditions. The authors look at improvements to coastal water quality in 

South West Scotland. A count data model was used, which was random-effects panel 

data negative binomial specification. CS per trip was estimated at £0.48 for the 

improved level of water quality, reflecting a 1.3% increase in trips over the sample.

In Eiswerth et a l, (2000), the authors estimated the value of changes in water levels at a 

Nevada lake using a pooled contingent behaviour/revealed preference approach. Survey 

respondents were asked how many actual trips they took to the lake and then were asked 

to state how many trips they would make with either the increased or decrease water 

levels. The authors ran two versions of a Poisson count data model to test whether the 

source of the data, RP or CB, had an effect on the other model parameters coefficients. 

A Wald test indicated that it did not, thus they concluded that their results show support 

for convergent validity between these two data types, i.e. that similar results are 

obtained from either type of data. They present estimates of the reduction in 

compensating variation (benefit) associated with a 1ft drop in water levels of between 

$12 and $18 per person per year.
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Table 1.3 Recreational value estimates obtained using both the TC and CV methods

and Contingent Behaviour, in 2002 £s12. Expressed as per person per trip values*.

Type of water 
body

WTP/CS Values Values measuring Author and year of 
study

Canals and 
waterways 
(UK)

CVM 48p 
TCM 74p

Average across 
different types of 
recreation

Willis and Garrod 
(1991)

Rivers CVM £1.7-£2.8* 
TCM £1.5-£62.5*

Improvement from 
boatable to fishable 
water

Smith et al. (1986)

Rivers CVM £29 
TCM £27

River recreation Sanders et al. (1991)

Coastal CB £13.9** Reduced levels of 
phosphorous

Ribaudo and Epp 
(1984)

Rivers CVM £42-£180 River flows 
(depending on 
whether resident or 
non-resident of area 
and type of river)

Duffield et al. (1992)

Rivers CB £ 2 7 - £110 Values vary 
depending on the 
number of fish 
allowed to keep

Layman et al. (1996)

Rivers TCM £28.7* 
CVM £4*

River flows Douglas and Taylor 
(1998)

Rivers TCM £0.12-£3.3 Fishing trip Adamowicz et al. 
(1994)

Coastal TCM £0.50 Improved level of 
water quality

Hanley et al. (2003a)

Lake TCM -£0.67--£1** 1ft drop in lake 
water level

Eiswerth et al. (2000)

* Divided by 2.4 to convert from per household to per person per trip; ** Divided by 10

to convert from per annum to per trip estimate

As with Tables 1.1 and 1.2, Table 1.3 shows that previous studies have resulted in a 

reasonably wide range of value estimates. Most of the lower-bound estimates however 

are roughly comparable, starting around £20-£30. The only significantly different 

estimate is that calculated by Willis and Garrod (1991) which is around £10 per year; 

this may be partly due to the fact that the values cover a range of types of informal 

recreation e.g. dog-walking, which the researchers found to be valued less highly than 

activities such as angling. Also, the Willis and Garrod value is for recreational use of 

canals rather than rivers, and as such are generally considered to be less desirable

12 US values transformed using Consumer Price Index’s Inflation Calculator and currency converter.
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(Spurgeon et al., 2001). The upper-bound Travel Cost value calculated by Smith et al. 

(1986) is the only value that is markedly different from the others, which tend to follow 

a similar pattern. The importance of study design and model choice is apparent in these 

figures, a finding that has been highlighted by many researchers.

1.5 Literature Review Conclusions

This chapter has introduced the concept of economic valuation, discussing both the 

theory and practice with reference to a number of previous studies in the field. While 

economic valuation has a number of flaws, it is generally accepted that if it is used as 

one of a number of evaluative ‘tools’ it provides an effective method of incorporating 

social and environmental concerns into policy making. Valuation studies of 

environmental goods and services produce an ‘output’ in the form of monetary values, 

that allows direct comparison with monetary costs and benefits. A further considerable 

advantage is that the process can provide an indication of the welfare impacts of 

resource management decisions in a relatively transparent and democratic fashion, 

although as mentioned above it is not the only way of doing so. For these reasons, it is 

considered to provide an extremely useful input into the policy making process.

This review of the literature indicates that, as we would expect, demand for a particular 

site is affected by its quality, as measured by a variety of different ecological and use- 

related indicators. These studies suggest that people do consider the quality 

characteristics of a river site in deciding where to spend their leisure time, and that 

people value those sites which are of a higher environmental quality, or more natural in 

appearance, over those of a lower quality. It is to investigate this general finding in a 

more in-depth and applied way that this thesis was conceived.

Accepting that ecological or perceived quality does influence an individual’s choice of 

site suggests the need to include some form of ecological quality variables in a 

valuation exercise. If this is accepted, the first and most significant ‘gap’ in the current 

theory and practice of environmental valuation centres around omitted relevant 

variables or misspecification of variables included in the Travel Cost Model. This 

encompasses two main issues: a) what variables to use, and b) how many to include.

Several early valuation studies (e.g. Sanders et al., 1990; Connelly and Brown, 1991)
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refer to the ‘quality’ of a river or lake but few define what they mean by this, or attempt 

to measure the influence of quality explicitly through environmental variables. Both 

Wilson and Carpenter (1999) and Green and Tunstall (1995) identify the problem of 

what variables or indicators should be used to summarise water quality in 

interdisciplinary studies that seek to estimate a change in quality or compare across sites 

of varying quality. Green and Tunstall (1995) state that they should be simple enough 

to be explained to the general public, especially for CVM studies, and yet be detailed 

enough to capture the intricacies of ecosystem function. Whilst some studies have 

looked at fish populations as a general measure of environmental quality (e.g. Kahn and 

Buerger, 1984), only a few -  Adamowicz et al., (1998) and Green and Tunstall (op cit.) 

-  used fish population data directly in the form of species density estimates as an 

indicator that links both ecological and human perceptions of quality.

A related issue is the number of indicators that should be used to represent quality. 

Some studies have used an indirect quality indicator - river flow levels - and a few have 

directly included ecological variables such as phosphorous or dissolved oxygen. These 

are however single measures of quality that do not capture the full range of factors that 

define and influence choice of recreational site. Only Lant and Mullins (1992) 

acknowledge the necessity of taking a broader and more inclusive view of river quality, 

which recognises the importance of habitat quality, both from an ecological perspective 

and a human, aesthetic perspective.

The need for a broader focus is backed up by the results of several studies (for example, 

Green and Tunstall 1995; Tunstall et al. 1997; Sanders et al., 1991) that have identified 

that anglers and the general public do feel that the habitat and natural setting of rivers is 

important in influencing their perceptions of quality and thus their value. Lant and 

Mullins (1992) identify a further concern related to the broader definition of river 

quality and the factors that influence public perception of quality, which is the lack of 

attention paid to the land use around the river. Whilst a catchment or river basin 

approach to water quality monitoring and improvement has been adopted in other areas 

of resource management and the river’s catchment is acknowledged to be an important 

influence on the condition of the river, this broader focus on catchment processes has 

not been integrated into valuation study design.
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As mentioned in Section 1, there is also the wider issue of eliciting information on the 

types of values that are gained from a fishing trip. Including this type of data would 

start to redress the balance in valuation studies that has overemphasised the 

behaviouristic elements and that could potentially give a fuller understanding of choice 

of site and what individuals value in the recreational experience. Several studies have 

attempted to determine what aspects of a recreational trip are important to anglers, for 

example, catch rates (Willis and Garrod), habitat quality/extent of river modification 

(Green and Tunstall) and access issues. Although Wilson and Carpenter (1999) identify 

aesthetic and cultural benefits of natural environments as a use benefit involved in such 

‘near stream’ recreational activities as hiking, picnicking and photography, they do not 

explicitly acknowledge this as an aspect of in-stream recreational use such as angling.

Whilst qualitative information on the types of benefits gained from recreation in nature 

has been elicited in previous CVM studies and one TCM study (Radford et al, 1984) 

and these studies suggest that aesthetic and wellbeing benefits are an important part of 

the angling experience (e.g. Peirson et a l, 2001; Spurgeon et a l, 2001), these issues and 

ideas have not widely been incorporated into travel cost surveys and this is something 

this research seeks to address.

The following Chapter sets out the general and specific aims of the thesis, the structure 

and methodological approach and the data to be used.
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Chapter 2

2.1. Introduction

This Chapter introduces the general and specific aims of the study, the methodological 

approach and the data to be used to test the model. The first Section summarises the 

gaps in the literature as identified in Chapter 1 (and which this thesis aims to address); 

Section two describes the aims and hypotheses to be tested; Section three introduces the 

ecological economic model that is used to test the study hypotheses; Section four 

outlines the environmental variables that are used to measure river quality -  more detail 

on these data is given in Chapter three. The final Section gives a structural overview of 

the rest of the thesis.

The review of existing environmental valuation studies in the previous Chapter 

concluded that the most significant ‘gaps’ in the practical application of these studies 

can be summarised as follows:

• The lack of studies using a number of different river quality variables to describe 

the environmental condition of a river, and the focus on in-stream environmental 

variables as indicators of quality and lack of attention paid to habitat level data;

• The lack of qualitative information elicited in travel cost studies to provide 

insight into people’s motivations for recreational choices and environmental 

values, such as is frequently used in contingent valuation studies;

• The restricted number of travel cost studies designed to value river quality 

(Random Utility Models) and consequent lack of robust values for different 

levels of river quality in the UK.

The following paragraphs address these points.

Early valuation studies tended to use a single variable to indicate river environmental 

quality and the most commonly used was flow levels. With the exception of the 

Adamowicz et al. (1994) RUM contingent behaviour study which used 4 angling / river 

quality related variables, only a few studies have used other types of variable such as 

phosphorous levels, fish density and dissolved oxygen (Ribaudo & Epp 1984; Green & 

Tunstall, 1995; Smith et al., 1986), all of which have informed the choice of variables to 

be used in this thesis. This relatively limited number and range of variables used in
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valuation studies is not, however, mirrored in the field of ecological appraisal, where a 

range of approaches to measuring ecological & environmental quality are employed. 

For example, the Environment Agency regularly reports on both chemical (including 

nutrient levels) and biological river quality, has been involved in developing a system of 

assessing the physical condition and habitat of a river and has piloted an aesthetic 

quality classification system. It is generally acknowledged that there is no single or 

overall indicator that can capture the multitude of factors that influence a river system 

(Boon and Howell, 1997). Thus in light of the situation in these two merging fields of 

research -  economics and ecology -  this study seeks to address one of the most 

significant ‘gaps’ in the valuation methodology by explicitly incorporating several 

different kinds of data into the model.

From the review of the literature in Chapter 1 it is apparent that river quality is assessed 

by people in many different ways, for example “the setting (town or the open country); 

the amount (flow) of water; how clean (clear) it looks; and the variety of natural looking 

features in and alongside the channel” (Raven et al., 1998). The methodology used in 

this research includes 3 broad measures of river quality -  chemical, biological and 

physical/structural. The reason behind this stems from the situation described above - 

all of these factors potentially have an impact upon an individual’s choice and thus her 

welfare. We do not know yet which, if any, are the best predictors of recreational
1 “7  •choice, but we minimise the risk of omitted variable bias , and are more likely to 

determine what characteristics have a bearing on human recreational use of rivers, if we 

include a range of different measures in an exploratory fashion. In light of this, it seems 

sensible to leave the measure of river quality open rather than narrowing it to a single 

variable at the beginning of the research.

This research uses a variation on the travel cost method (TCM). As was discussed in 

the previous Chapter, the travel cost method avoids several significant biases of the 

contingent valuation method, as it observes actual rather than hypothetical behaviour. 

However, the drawback of many travel cost studies is that, unlike contingent valuation 

studies they do not generally attempt to gather any subjective qualitative data. This 

research attempts to bridge this gap by including in the travel cost questionnaire specific

12 Morey & Waldman (1998) propose a method for dealing with a related problem -  errors-in-variables -  
by combining observed trip behaviour and fish catch to reveal an unobserved variable, expected catch, in 
a RUM model of site choice and participation.
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questions on factors that influence an individual’s choice of angling site. These 

motivations can be roughly divided into two main categories of factors; the ecological 

productivity or ‘service’ aspects of a site, for example fish biodiversity and density; and 

secondly, the aesthetic quality, such as beautiful or unspoilt river setting. The purpose 

of eliciting such data is twofold. The first is to develop our understanding of the 

motivations/preferences behind recreational choice, and what aspects of the recreational 

experience are important to people. The second is to investigate whether the reasons 

stated in the survey correlate with the individuals’ behavioural decisions, for example, if 

anglers respond that the most important aspect of a fishing trip is that the river supports 

their preferred species of fish, does the model analysis show that the fish biodiversity 

variable is a significant predictor of a trip? This qualitative component of the study is 

discussed in more detail in Chapter 5.

A general concern with environmental valuation relates to the transferability of existing 

value estimates; because of the large resource and information requirements for studies 

that seek to value environmental quality, relatively few have been carried out. This has 

resulted in existing values being transferred to new policy sites, which may not provide 

an accurate profile of the value of the new site. This is known as site-specificity of 

value estimates. The difficulty arises when the value(s) obtained for a particular site are 

applied to a different site, when it is not known how far the specific set of attributes 

determines a site’s value. For example, how valid is it to apply the recreational values 

obtained for a river in Yorkshire to a river in Devon? In other words, to what extent do
1 'Irecreational value estimates vary across geographical and ecological regions? This 

study attempts to explore these issues by selecting, using environmental variables, a 

large number of sites across a range of environmentally varied areas. The aim of this is 

to extend the scale and scope of the empirical output and create more widely applicable 

value estimates. This process is described in Chapter 3, Section 3.2.2.

2.2 General introduction to study

This research project is an interdisciplinary study of how people perceive and respond 

to environmental quality that aims to develop our understanding of human-environment 

interaction. The study uses an interdisciplinary methodology, integrating ecology,

13
See Hanley et al. (2004) for a brief review of the benefits transfer literature and an empirical study 

exploring the differences in values across sites.
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environmental science and economics, as well as insights from other social sciences 

such as psychology, both in terms of the data used and the analytical approach, in an 

ecological-economic model as described in Section three below. The study develops an 

established economic valuation method that uses the frequency and cost of travel to a 

recreation site as a proxy for the value of the recreation trip and the associated 

environmental quality at the site - the Travel Cost Method. Empirically, the study aims 

to generate new consumer surplus estimates for recreational use of rivers at different 

levels of quality/pollutants for as large a range of river types as possible. The 

methodological approach used in the study links human impacts on the environment, 

such as pollution and land use, to the ecological condition of rivers and then relates this 

to human welfare impacts, via choice of angling site. The next two Sections describe 

the empirical and methodological hypotheses to be tested in the study.

2.2.1 Empirical Aims

Because a Random Utility Method Travel Cost study of river recreation has not 

previously been conducted in the UK it is expected to generate useful empirical results. 

The ecological and economic model developed in this research aims to provide 

economic estimates of the value people place on high quality river ecosystems, and 

conversely, estimates of the welfare impacts from environmental pressures. Specifically, 

the study will use econometric methods to estimate consumer surplus values for 

different levels of ecological quality. These estimates will be directly useful to 

regulators and policy-makers, who need reliable estimates of the value of preserving or 

restoring high quality river environments, for example in order to set discharge consents 

or to fund river restoration schemes.

Thus the principal hypothesis to be tested is whether people systematically choose, and 

are willing to pay more for, recreational sites of good ecological quality over sites with 

lower quality; that is to say, in what way ecological quality determines recreational 

(angling) choice. There are several issues to consider in answering this question, most 

importantly, how do anglers perceive ‘ecological quality’, for instance is it purely 

related to the likelihood of catching a fish? How important are the other factors that 

determine choice -  the intangible aesthetic values, such as the perceived condition of 

the river and the surrounding landscape? How important are more use-related issues 

such as time, cost, and the productivity or ecological services of the fishing site?
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These issues are explored in the second aim of the research, which is to investigate 

whether people have different motivations or preferences for choosing a particular 

recreational site and how important these different aspects of a fishing trip are perceived 

to be. It is hoped that this will begin the process of deepening our understanding of 

human-environment interaction and give a preliminary idea as to what types of value 

are gained from a recreational trip, for example psychological wellbeing benefits of 

experiencing a beautiful natural environment or the satisfaction and utility gained from 

catching a particular fish species.

A further related aim is to explore whether anglers’ behaviour matches up with their 

stated preferences, in other words to investigate whether for example, if anglers say 

their choice of fishing site is determined by the likelihood of catching a fish, they fish at 

rivers with a high number of fish per 100m .

The main ecological aims of the research are to explore the links between human 

activity and the natural environment, and between different aspects of the natural 

environment. Firstly, how the pattern of land use in a catchment influences river quality 

in terms of physical, chemical and ecological indicators of quality; and secondly, how 

river quality relates to fish populations. In terms of linking indicators of ecological 

quality such as habitat modification or presence of macroinvertebrates to fish 

populations, it is necessary to consider how sensitive an indicator the presence of a 

popular angling species is, and how to account for species that are considered 

‘marginal’ to anglers such as minnows and stickleback - are these species nevertheless a 

sign of ecological health? The study aims to explore the links between these different 

aspects of river ecosystems.

Testing the principal hypothesis will generate a number of useful non-economic 

empirical results. Firstly, the questionnaire will provide an indication of the most 

popular angling rivers from the sample of 230 rivers used in the study. Secondly, the 

questionnaire will give an indication of the factors anglers consider to be most 

important in their choice of recreational site. These two results will be useful to 

organisations involved in river protection and restoration, as well as bodies promoting 

angling and other forms of river recreation.
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2.2.2 Methodological Aims

The methodological innovation of this research centres on the inclusion of ecological 

and qualitative data in the travel cost valuation model, and the use of this data to 

supplement our understanding of how and why we value the environment. The 

methodological aim is to develop the valuation tool into a more useful and relevant part 

of the decision-making process by making it more inclusive, providing qualitative as 

well as quantitative data. The design of this research can be seen as a preliminary step 

towards future research and development into economic valuation methods.

The first methodological question to be answered is how the influence of ecological 

quality on the choice of fishing site and the number of fishing trips made to a site can be 

quantified and incorporated into the econometric travel cost analysis. A number of 

factors need to be considered in answering this question. For example, the study sites 

need to encompass a range of quality levels; the cost and quality of the other available 

rivers in the region, i.e. the substitute sites, need to be included in the analysis, so a 

‘true’ appreciation of whether people are choosing the higher quality rivers and 

avoiding the lower quality rivers can be gained.

Whilst not a primary aim of the research, the study will enable an evaluation of the use 

of a range of different types of ecological data in such a model. It is intended that the 

inclusion of a range of environmental/ecological data will shed some light on which 

variables are most appropriate and useful for this type of study. As this research relies 

heavily on data obtained from the Environment Agency, which has a statutory duty to 

report on and monitor the state of the natural environment, practical application of this 

gathered information is useful in evaluating the quality of the data, and to point to future 

information needs and gaps in the current knowledge base. The results of this research 

will thus help in the evaluation of whether current means of measuring and monitoring 

quality are meaningful and reflect what people actually feel is important to them in 

terms of river quality and their recreational experience.

2.3 Ecological-Economic Model

In order to answer the research questions, a model was developed that investigates the

relationships between human use of the environment and environmental quality. The

model maps the impacts from land use and geology on rivers, to the ecological
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condition of the river, and then to recreational use of the river for angling. It describes a 

process of human interaction with the environment in terms of a causal ‘flow’ of 

impacts, where human activities impact upon the environment, resulting in a changed 

environmental condition, which in turn results in changed use. The model identifies and 

quantifies a number of stages in the process of human-environment interaction, and is 

based on an impact pathway approach, which has been used previously to value the 

economic affects of environmental pollution, for example to estimate the impacts of 

energy use on natural and human environments (ExtemE, 1995).

The impact pathway approach “relates to the sequence of events linking a ‘pressure’ to 

an ‘impact’ and subsequent valuation” (p7). This methodological approach describes a 

series of steps or ‘linkages’ between economic activities (‘pressures’), environmental 

impacts, and the resulting economic cost. In terms of this study, the ‘burdens’ are the 

pollution emissions to water from various types of land use; the ‘impacts’ are captured 

in the measures of river quality and condition such as fish populations, habitat quality, 

and the ‘cost’ is measured through recreational choices:

e.g.
Pressures ----------- ► Impacts  ► Cost

(land use) (pollution to rivers) (recreational activity)

A number of environment-economy models taking different approaches have been 

developed. Moffatt and Hanley (2001), for example, look at a broad range of economic 

effects on the environment and use time-series data to model future 

impacts/sustainability. More specifically to this research, Wilkinson (1992) developed 

an ‘environment-recreation interaction model’, which looks at the interrelationships 

between recreation and natural systems. It is similar to the model used in this study in 

that both describe the human-environment interaction process in terms of the ‘bigger 

picture’ and as interdependent, but Wilkinson’s model differs in that it explores many 

different types of recreation and takes a broader context, both temporally and in terms 

of the types of impacts/issues perceived to affect recreation, whereas the ecological- 

economic model in this thesis looks in detail at a single type of recreation, and how it is 

affected by environmental condition.

The research model was designed to allow an interdisciplinary investigation into 

human-environment interaction rather than looking at the process in either purely
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economic or ecological terms. The interdisciplinary approach has meant that the 

extremely complex and ‘fuzzy’ nature of the ecological systems involved have been 

presented in a very simplified way: the intention of the model is primarily the 

quantification of the linkages or relationships between human activity and 

ecological/environmental quality, and was not intended to be a comprehensive 

predictive model but rather an exploration of certain important aspects. Including all of 

the catchment pressures that influence river quality would have required considerably 

more data and time, and was beyond the scope of this thesis. Thus, for practical 

purposes, the ecological systems have been simplified and the data representing their 

condition has been chosen to be informative and inclusive but is obviously only partial. 

The usefulness of this simplified model and the implications for the results it produces 

are discussed in Chapter three and again in Chapter seven.

The model was intended to facilitate an investigation into the relationships between 

(artificially constructed) stages of human-environment interaction, providing a cross 

Sectional ‘snapshot’ of what is actually a continually evolving, interactive process. As 

such, the model describes the links between the ecological condition and economic use 

of the natural environment at a particular “point in time”, or more accurately, over a 

time period of approximately 5 years. This is because it was not possible to get exact 

temporal matches for all of the data, for example the chemical and biological indicators 

used in the model analysis were for 1995 and the angling data for 2000/1. The extent to 

which river quality changes over this time period will depend on changes in the river 

catchment, such as a change in the pattern of land use, and will of course have 

implications for the model: more temporally commensurate ecological and economic 

data are likely to show stronger relationships14.

The structure of the model and the stages it encompasses are illustrated in Figure 2.1 
below.

14
Some discussion of the potential affects and importance of these temporal discrepancies are given in 

Chapter 7.



Figure 2.1 The Ecological-Economic Model
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The arrows in the diagram represent the primary theoretical relationships that the model 

seeks to test (i.e. stage 1 - stage 2 - stage 3), thus, stage three explores the relationship 

between both river condition (fisheries) and environmental impacts to rivers 

(organic/nutrient pollution). Although the principal theoretical relationship to be 

investigated in stage three is between ecological condition (as measured by fish 

populations) and economic use, this is just one, albeit an important, aspect of a fishing 

trip and there are many other factors which will influence angling choice, such as the 

landscape and how natural the river appears, the number of other anglers present at the 

site etc. Although the significance of these variables cannot be assessed in a 

quantitative way, they will be investigated in the angling survey questionnaire, which is 

described in detail in Chapter five.

The stages called ‘environmental impacts’ and ‘ecological condition’ are separated in 

this model, firstly because fish populations are an aspect of a river’s ecology that 

anglers could be expected to perceive and respond to the most readily; and secondly 

because one of the aims of the study is to investigate the relationships between various 

aspects of river systems, such as that between organic pollution and fish populations. In 

the ‘real world’, there is likely to be considerable overlap between these two model 

stages, for example it could be argued that the biological quality indicators could also 

have been placed at the ‘ecological condition’ stage.

2.4 Data used in the study

This Section outlines the data that will be used to test the ecological/economic model. 

More detail on these variables is given in the Chapters 3,4 and 5.
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2.4.1 Model stage one - catchment land use and river quality

i) Catchment land use
The catchment land cover/use data used in the study were based on the Land Cover Map 

of Great Britain, created by the ITE (now CEH - Centres for Ecology and Hydrology). 

The Land Cover Map describes the country in terms of a number of different land cover 

types, which for the sake of simplicity have been aggregated into six land use 

categories. These are forest, urban, arable, pasture, semi-natural and other - a full 

description of how these categories are composed is given in Appendix 3.1.

ii) River water chemistry
The most well-established means of measuring freshwater quality is through reporting 

on the chemical composition of river water. There are 3 determinants used -  biological 

oxygen demand {BOD), ammonia and dissolved oxygen {DO). These measures relate 

to levels of organic effluent in rivers, principally from sewage treatment works and to a 

certain extent agricultural businesses. Organic wastes are generally considered to be the 

most pervasive and widespread pressures on river systems. It is both a measure of 

human impacts and, because the level of organic pollution is directly related to the level 

of dissolved oxygen - which is a prerequisite for aquatic life - in rivers, it can also be 

seen as an indicator of the ecological condition of a resource. Indeed, as these three 

chemical measures describe, indirectly and directly, levels of oxygen in the water, they 

would all be expected to correlate with each other e.g. a sample with a high level of 

BOD or Ammonia would be expected to contain lower levels of dissolved oxygen.

iii) Nutrients
Two variables that affect the river water chemistry to be included in the study are levels 

of nutrients in-stream, namely levels of orthophosphates and total oxidised nitrogen, or 

nitrates. Although reported separately, they are in fact chemical indicators as they are 

derived from domestic and agricultural discharges such as sewage effluent, and affect 

the levels of dissolved oxygen in-stream. These two variables have been used in many 

valuation studies, partly as their impact on the aquatic environment is fairly well 

established and partly as these substances are widespread across the country, especially 

in areas of intensive agriculture and urban land use. As such, they are considered to be 

one of the most significant pressures on inland water bodies, and in many countries 

legislation now exists to curb the amounts discharged to freshwaters.
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iv) Biological condition
A different approach to measuring river quality was developed with the River 

Invertebrate Prediction and Classification System (RIVPACS). Whereas the chemical 

composition of a river may indicate whether the conditions present are likely to 

encourage or prohibit certain levels of aquatic life, the RIVPACS method directly 

evaluates the biological condition of the existing river ecosystem. This biological 

assessment of river quality is based on the presence of families of macroinvertebrates -  

animals such as snails, shrimps, mayflies/dragonflies etc. The system is based on the 

pollution tolerance of different species: “82 different groups of macroinvertebrates are 

given scores that represent their tolerance to pollution. Animals that are intolerant to 

pollution are given a high score, and those that are tolerant to pollution are given a low 

score.” (Countryside Survey, 2000). A high score indicates the presence of pollution 

intolerant species and thus a high quality river. This system is explained in more detail 

in Chapter 3, Section 3.

v) Flow
Flow is a categorical variable, i.e. classified in discrete categories ranging from 1-10, 

which represents the average flow rate of the river, measured in cubic meters of water 

per second, and so it measures the volume of water past a given point in a river at a 

given time. The categories range from 0-0.31 m/sec (category 1) to >80 m/sec 

(category 10), where each category is double the previous one, for example category 3 

is 1.25m /sec and category 4 is 2.5m /sec. In general, the higher categories describe 

wider deeper rivers, more likely to be found in lowland regions15, and the lower flow 

rivers describe narrower waters such as streams, brooks/becks and small drains.

vi) River Habitat
The environmental information discussed above describes aspects of the chemical and 

biological condition of the river in-stream. Whilst this is certainly a very important 

aspect of a river system both in terms of the perception of ecological and recreational 

quality, the physical structure or habitat is equally important as it provides the basic 

determinants of the aquatic environment, for example, whether the river bed is made up 

of coarse or fine particles, how much shade is provided or microhabitats such as tree 

roots for fish to hide within etc. These aspects, along with hydrological factors, 

determine the biodiversity and wildlife potential of the river system. As one author 

notes “If rivers are to be surveyed in terms of their ecological health.. .the logical focus

15 Although upland rivers can have a high flow if  the river is flowing at high speed.

56



should be the principal components upon which this health depends” (Boon, 1998 

p257). The ecological assumption inherent in this statement is that an unmodified, 

diverse habitat will support a high level of biodiversity, and so habitat quality can act as 

an indicator of biodiversity. However, it is possible that a river could be physically 

unmodified but still be unable to support high biodiversity as the water quality may be 

degraded through pollution incidents or be naturally low in nutrients. This study will 

also be investigating whether habitat quality of a river site influences recreational use of 

it, specifically, whether anglers prefer to fish at more unmodified river sites.

In recent years, there has been a move in river management towards a more integrated 

approach that has emphasised this habitat-level of evaluation and is based on the 

principles of integrated river basin management. In light of these changes in the way 

that river quality is assessed, habitat quality information has been included in this 

ecological/economic model. The habitat level data used in this research is a score 

generated through a standardised process of habitat evaluation known as the River 

Habitat Survey. There are two different habitat measures or scores, the Habitat 

Modification Score (HMS), and the Habitat Quality Assessment (HQA) score (Raven et 

al., 1998). The HMS is calculated by observing the number of artificial modifications to 

the river channel, describing the extent to which it has been modified from its natural 

state. The HQA score is calculated by aggregating a number of scores assigned to 

various natural features of a river’s channel and banks; reaches where these features are 

present to a greater extent are given higher scores (Chapter 3, Section 3.2.6 ii) gives a 

more detailed description of how these scores are calculated).

2.4.2 Model stage two - fish population data

A different type of data measuring the biological condition of the river to be used in the 

research is information on fish populations. As this research focuses on angling, it was 

felt to be important to have at least one variable (fish populations) which could measure 

both recreational, i.e. angling, and ecological quality and also to investigate if there was 

a relationship between these variables and other types of quality variables, such as 

chemistry, biology (macroinvertebrates) and physical structure of the river. It is 

however fairly unlikely that any straightforward relationships will emerge, due to the 

myriad of factors that impact upon fish populations, and the widespread practice of 

stocking fish in rivers. The data to be used are firstly, the Number o f fish species 

present in a river, which is a measure of species richness. Secondly, an estimate of the
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1

Number o f fish per 100m , which is a measure of density, and thirdly Status, a score 

given on scale of 1 to 7, where 1 represents game fishery (salmon and trout) only, 5 

coarse fishery and 7 marginal fish species only. This classification is explained in detail 

in Chapter 4 Section 4.2.1.

The species richness and density data are used by the Environment Agency to represent 

the health of river fisheries, which monitor and report on the state of freshwater 

fisheries as part of their statutory duties. The Environment Agency does also report on 

the condition of the fish, for example how healthy or diseased they appear, but as this 

data is in qualitative form and also is not consistently reported across all Environment 

Agency regional offices, it cannot be used in any statistical analysis.

The environmental and ecological variables to be used in this research can be 

summarised in terms of a (simplified) diagram showing the ecological structure of a 

river system:

Figure 2.2 Summary of the data to be used in the study 

Water Chemistry
Physical Structure determines ^ Invertebrates determinesp higher taxa e.g. fish 
Nutrient Levels

There is a more detailed diagram of how aspects of aquatic ecosystems interact in 

Chapter 4 Section 4.3.2.

2.4.3 Model stage three - angling data

The information on the recreational use of rivers in the year 2000/1 was gathered 

through a questionnaire survey that was widely distributed across the country. Anglers 

were asked to give some general information on their age and occupation, details of 

where they had fished and the approximate number of fishing trips. This information 

was needed in order to calculate the distances and times and thus travel cost of a fishing 

trip. Anglers were also asked to score a number of preferences relating to aspects of the 

angling trip. The design of the survey and questions included is described in detail in 

Chapter five, Section 5.2.2.
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The econometric model chosen is an individual Random Utility Travel Cost Model, 

which meant that travel cost and ecological/environmental data was obtained for all the 

local substitute sites that anglers had chosen not to visit. This involved obtaining a 

large amount of information on the distances and times of travel to these sites for each 

angler included in the analysis16; these data was provided free of charge by 

‘Multimap.co.uk’. This dataset and the process of generating it is described in Chapter 

five Section 5.4.1 iv).

2.5 Structure of the rest of the thesis

The next Chapter begins the exploration of the human/environment interface by looking 

at the links between human use of natural resources and the ecosystem impacts that 

result from these activities. This is stage 1 of the ecological-economic model shown in 

Figure 2.1. The focus of this investigation is on the relationship between two types of 

catchment pressures, land use and geology. The Chapter begins with a discussion of the 

process of selecting the study areas, and obtaining the river and catchment information 

in these study areas. The land use data is comprised of six categories of land use/cover -  

‘urban’, ‘forest’, ‘arable agriculture’, ‘pasture agriculture’, ‘semi-natural’ and ‘other’, 

generated by the Environment Agency from the 1990 ITE Land Cover Map of Great 

Britain. The river quality variables are those discussed in Section 4.1 above. A 

summary of the predictions for each study area is given, and then the relationships 

between land use, geology and river quality are tested using various statistical analyses. 

A number of descriptive analyses are carried out followed by regression analysis and 

diagnosis. The Chapter concludes with a discussion of results and key findings.

Chapter four is the second substantive Chapter and explores the second stage 

relationships proposed by the ecological-economic model. The biological quality of 

river systems is investigated in more depth, specifically the links between different 

aspects of river ecosystems - the levels of pollution/impacts to the river measured by the 

variables used in the previous Chapter and fishery quality. The fish population 

variables representing fishery quality - the higher taxa illustrated in Figure 2.2 and 

described in Section 2.4.2 above -  are introduced. Similarly to Chapter three, a

16 Bateman et al. (2003) describe a methodology for calculating distance and time costs using a 
Geographical Information System; this method could not be used in this study however, as the necessary 
software (extension) was not available.
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summary describing the predominant type and number of different fish species, density 

that might be expected in each study area is presented followed by some descriptive 

analysis of how the fishery variables vary across the areas. Correlation and regression 

analysis is used to test the relationships more formally, and a number of diagnostic tests 

carried out to check the distribution of the data and nature of the relationships. The 

results of these analyses are discussed in the concluding Section of the Chapter.

In Chapter five, the final stage of the human-environment interaction described by the 

ecological-economic model is explored and the principle research questions are 

answered. The Chapter begins with a discussion of the specific aims, both quantitative 

and qualitative, of stage three of the model. The design of the angling questionnaire and 

data gathering procedure are described. This is followed by a description of how the 

raw data were prepared for analysis in the travel cost model, leading on to a number of 

descriptive and preliminary analyses showing how the angling data are distributed over 

the study areas. A number of analyses looking at how recreational use (the angling 

data) varies with river quality are then carried out using a Geographical Information 

System (GIS), both for the study Area sample and for the entire set of survey responses.

In Chapter six the more formal estimation of the travel cost model is carried out. A 

number of econometric models are estimated and reported in the process of selecting the 

best fitting model. The results of the preferred model are used to calculate the consumer 

surplus per angler per trip and with respect to changes in the level of the river quality 

variables, which are presented in a number of tables. Consumer surplus estimates are 

also produced for two sub-samples of the dataset, Upland and Lowland Areas. The 

qualitative data on anglers’ site preferences and motivations for fishing trips are then 

analysed and the Chapter concludes with a discussion of the results of stage three of the 

ecological-economic model.

Chapter seven is the final Chapter of the thesis and contains a general discussion of the 

empirical results of the study, along with an evaluation of the model and methodology, 

highlighting areas for future research. The consumer surplus estimates are applied to a 

number of policy areas such as valuation of changes in river ecology quality, valuation 

of fisheries and abstraction.
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Chapter 3

3.1 Introduction

The primary objective of this research is to evaluate how environmental factors 

influence our interaction with natural environments and our perception of their quality, 

by exploring how river condition affects recreational use of rivers for angling. The 

focus of this research is thus on the relationship between people’s perceptions of the 

quality of natural resources and their use of these resources. Moreover, as described in 

Chapter two, in addition to looking at how river quality affects recreational use, this 

study takes a ‘step back’ from this primary investigation and explores how human 

activities have contributed to the environmental condition at the river site in the first 

place. Specifically, the first stage of the study looks at how the anthropogenic and 

environmental pressures in a river catchment (defined in Section 3.2.1 below) affect the 

condition of the river site.

As the ecological-economic model below illustrates, these interrelationships will be 

explored in a series of stages, of which this Chapter is the first. The specific aim of this 

Chapter is to investigate how catchment pressures specifically land use and geology 

impact upon river quality. The substance of this Chapter fits into the overall model as 

outlined in Figure 3.1 below: the bold type indicates the focus of this Chapter.

Figure 3.1 Ecological-Economic Model highlighting the focus of this Chapter - stage 1
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The rest of the Chapter is split into four Sections as follows:

In Section 3.2, the process of selecting the study sample is described and the spatial 

units to be used in the study are defined. This Section also gives a more detailed 

description of the datasets to be used. In Section 3.3, how the environmental variables
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collected might be expected to vary across the study Areas, based on the land use and 

geology in each is discussed. The following Section, 3.4, begins with some initial 

descriptive analyses exploring the relationships between catchment pressures and the 

river quality variables, and then goes on to test the relationships more formally with 

regression analysis and present the results. Finally in Section 3.5, the implications of 

the results in terms of previous study findings and the overall model are discussed.

3.2 Sam ple selection

3.2.1 A catchment approach to river quality

This study uses three different types of spatial units: a) rivers b) rivers divided up into a 

number of reaches, and c) the river reach catchment. A river catchment has been 

defined as “a river together with its associated drainage area...a clearly definable land 

unit (that) is delineated by a topographic divide that isolates it from adjacent 

catchments” (Petts, 1985 p8). The catchment of a particular river reach is determined 

using digital terrain data, which shows the topology of the land. Based on the principle 

that water will always flow downhill, the catchment is determined by using the slope of 

the land and drawing a boundary line to define the divide where rain would drain to 

each river reach as opposed to other reaches. The chemical and biological condition of 

the river reach is therefore influenced by the land use upstream in the catchment, as the 

rainwater has had to drain over the land to enter the river (see Figure 3.2 below).

Figure 3.2 Examples of catchments and sub-catchments for a river reach and its 

tributaries

1

---------------Catchment for whole reach

___________Sub-catchments for tributaries and sub-sections of reach.
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In the Environment Agency dataset that was used in this research, the reach catchment 

is defined as the land that drains to a ‘sample point’ on the reach. A sample point is a 

point on a river where water quality is monitored; they were traditionally set up where 

the chemical quality of the river water was thought likely to change, for example 

downstream of a sewage treatment works, at a point source discharge, or at a major 

confluence.

The importance of considering the river catchment as a whole in the management of 

rivers has been highlighted by several authors (e.g. Allan et al, 1997) and recent 

European water quality policy directives such as the Water Framework Directive 

(WFD), which comes into force in 2003. These acknowledge that the environmental 

attributes (geology, soils, vegetation, climate) as well as the human impacts in a 

catchment have a significant effect on the chemical and biological quality of the river, 

in that they will determine the rates of flow and erosion, etc. The WFD aims to take a 

holistic approach, where “improvements in water status are to be achieved through a 

system of analysis and planning based upon the river basin, called River Basin 

Management Planning (RBMP)” (Wood et a l , undated, p3). This study shares a 

number of features of River Basin Management Plans, including a focus on how the 

natural characteristics of the river catchment, including geology, the environmental 

condition of the catchment in terms of ecological and physico-chemical indices, 

together with an assessment of the impacts of human activity such as land use in the 

catchment, interact and affect each other. A catchment-based approach was considered 

to be appropriate, as the integrated nature of such an approach (Soulsby et al, 2001) 

reflects the interdisciplinary human-environment model used in this study.

In Chapter two the measures of river quality to be used in the study were introduced; in 

this Chapter, how pressures in the river catchment, principally land use and geology, 

determine the levels of those measures is investigated. A number of previous studies 

have looked at the effects of catchment pressures such as land use, geology etc. on river 

systems. The importance of including both environmental influences (factors that are 

independent of human activity, such as geology, soils, hydrology, topography etc.) and 

anthropogenic influences such as land use in assessing river quality is acknowledged 

(Allan et a l, 1997; Johnes et al, 1996; Bis et al, 2000; Blanchard & Lerch, 2000).
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It is widely recognised that the impacts of the environmental factors that affect river 

systems are modified through interaction between different variables; consequently, 

studies vary in emphasis. For example, a number of studies have looked at the factors 

affecting nutrient levels in rivers, some concluding that the extent of riparian buffer 

zones (i.e. the amount of undisturbed land between for example agricultural areas and 

the river channel) is the most significant factor (Mander et al., 2000), whilst others have 

found that the intensity of agricultural land use is likely to be the main determinant 

(Johnes et al, 1996; Fisher et al., 2000; Cuffiiey et al., 2000)15. In a study of river 

vulnerability to agricultural chemicals/pesticides, Blanchard and Lerch (2000) found 

that the specific type of chemical, in addition to hydrology and land use, was the most 

significant factor. All of these studies do, however, agree that the pattern of land use in 

the catchment significantly influences the ecological condition of the river.

The environmental and river quality variables included in this Chapter cover a range of 

spatial scales. River water chemistry will be broadly determined by catchment-level 

characteristics such as land use and geology (Allan & Johnson, 1997), whereas the 

Habitat Modification Score, which describes the physical structure of the river channel 

and corridor such as riparian vegetation relate to factors at reach-level (River Habitat 

Survey, Raven et al., 1998). Some authors have argued however, that even the habitat 

and biological quality of a reach are influenced more by catchment-level factors such as 

nutrient inputs, riparian cover and hydraulics (Allan et al., 1997; Bis et al., 2000).

The spatial scale of impacts on rivers is significant as it has implications for 

management of the environment and policy-making decisions, in that it will determine 

the level at which actions are taken to alleviate environmental pressures. The 

significance of the different spatial effects inherent in the catchment or reach level data 

is an aspect of the research to be evaluated in Chapter 7, after the model has been tested 

and the data explored in each Chapter.

3.2.2 Study Area selection process

The process of site selection used an existing classification system of the landscape 

called ‘Natural Areas’ developed by English Nature in 1988, which divides England up

15 Adams et al. (1995) describe an application of a fine-scale catchment hydrological and land use 
modelling system for predicting levels of contaminants such as nitrogen to data for the River Tyne.
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into 97 terrestrial and 23 maritime eco-regions. Eco-regions have been formally defined 

as: ‘biogeographic zones which reflect the geological foundation, the natural systems 

and processes and the wildlife in different parts of England’ (English Nature, 1999). 

The aim of the classification system is to provide “A way of interpreting the ecological 

variation of the country in terms of natural features.. .interaction of wildlife, landforms, 

geology, land use and human impact” (English Nature, 1999). Other landscape 

classification systems such as the ‘Countryside Character Initiative’ developed by the 

Countryside Agency in conjunction with the English Nature Natural Area project, 

which include historical and cultural influences on landscape character, were used to 

give additional background information on the study Areas. The Natural Area 

classification system was chosen as the most appropriate for this research, as here the 

focus is on the relationships between ecological and environmental conditions and 

recreational use, and in addition, one of the aims is to investigate how these 

relationships vary over different eco-regions, e.g. upland and lowland areas.

The Natural Areas system was used to identify a number of geologically varied areas. 

This was considered important as geology, along with factors such as topography and 

hydrology will determine to a large extent the land use and the condition of the rivers in 

an area. One of the study aims is to investigate how environmental impacts to rivers 

vary across different regions; in order to explore this question, the study rivers were 

chosen to ensure as wide a range of river site types as possible. The study Areas 

therefore contain a range of different river types (e.g. lowland, upland etc.) and 

encompass a range of environmental quality.

The first stage in the selection process was to filter the Natural Areas dataset to select 

the largest areas, i.e. those that are 108 km square or larger. The largest areas were 

selected bearing in mind the requirements of the recreational use data collection, namely 

that if the relationship between angling and river quality was to be explored separately 

in each Area, more observations would be able to be gathered for larger areas. This 

filtering process created a subset of 46 Areas. From these, 10 Areas were picked to 

represent six major geological types in England - limestone, sandstone, peat/sands, clay, 

chalk, and igneous (although only a small amount of igneous bedrock exists in England) 

and to get a reasonable geographical spread across the country. The total surface area of 

all ten study Areas is 1.9 million hectares, which is approximately 15% of the surface 

area of England.
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The ten study Areas cover both coastal and inland regions, and vary widely in terms of 

urban and rural settlements. Ecologically, the Areas cover a broad range of habitat 

types from intensive agriculture to unimproved heath and moor land, woodland and 

coastal zones. The geographical location of the study Areas is shown in Figure 3.3 

below.

Figure 3.3 Map showing the geographical location of the ten study Areas (copyright 

Environment Agency, 2001)
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The size in thousands of hectares and broad geological type of the Natural Areas are 

summarised in Table 3.1 below.

Table 3.1 Natural Areas selected as study Areas (English Nature, Natural Area

Classification system, 1988).

Full English Nature ‘Natural Area’ 
Name (abbreviations)

Size of Area in Hectares 
(thousands of ha)

Geological type

Berkshire & Marlborough Downs 
(BM)

110 Chalk

Exmoor and Quantock Hills (EQ) 138 Devonian
Sandstone

Midland Clay Pastures (MC) 172 Clay
Midland Plateau (MP) 305 Sandstone
South Downs & South Coast Plain 
and Hampshire Lowlands (SC)

193 Chalk

South Devon (SD) 122 Devonian 
shales/slates etc

Southern Magnesium Limestone 
(SML)

137 Magnesium
Limestone

Southern Pennines (SP) 120 Gritstone
The Fens (TF) 383 Peat/Sands
Yorkshire Dales (YD) 240 Carboniferous

Limestone

3.2.3 Study Area River Characteristics

Once the ten study Areas had been selected, it was relatively straightforward to identify 

the rivers contained within those Areas. Ordnance Survey records about 170,000 

kilometres of river network in England and Wales, including rivers and streams, of 

which the Environment Agency holds data on the chemical and biological quality for 

approximately 40,000kms. The EA gathers this data by point sampling. As noted 

above, these are points on a river where samples are taken for the purpose of monitoring 

water quality, which represent that reach of river up to the preceding sample point. 

Sample points occur where there is likely to be a change in the composition of the 

water, for example, where there is a river confluence, or a known pollution input such as 

at a sewage treatment works.
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represent river habitat quality and the extent of river channel modification. A 

Geographical Information System - GIS - (ARCV1EW) was used to map the RHS sites 

onto the river network in each Area. This was achieved by running a query to select the 

RHS sites that were within 200m of the river lines and then linking the two datasets 

using an ID number. In other words, a sub-sample of reaches in each Area that had 

RHS information were selected. The accuracy of this process depends on the accuracy 

of the spatial information contained in each database, namely the grid co-ordinates, and 

as with all such databases, an element of error is present. The purpose of selecting the 

reaches that had RHS data was so that information on the physical condition of the river 

contained in the two RHS scores could be used in the study. Once the rivers with RHS 

data had been selected in this way, a separate file was created for each Area.

Figure 3.4 Example of two study Areas’ river networks shown cartographically in a 

GIS. Different colour river lines represent different river qualities, as shown in the key

(copyright Environment Agency, 2001).

River Q uality  Key
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R iver Q uality  K ey

The set of rivers selected for the study comprises a wide range of river types, in terms of 

flow, width, altitude etc. The means and standard deviations for some of these 

attributes are given in Table 3.2 below. As this table shows, the upland type of rivers, 

for example in the Southern Pennines, Yorkshire Dales or Exmoor possess significantly 

different attributes to the Lowland Rivers found in the Fens or Midland Clay Pastures. 

These differences will be discussed in more detail in Chapter 4. In each Area, for some 

smaller streams and brooks the whole watercourse is included, with just one or two 

reaches for the larger rivers.

Table 3.2 Range of river attributes by type: means, std. dev. 's.

Attributes Upland (EQ, SP, YD, Lowland (BM, SC, SML,
SD) TF, MP, MC)

Slope (meters per kilometre) 19.6 2.71
27.13 4.07

Altitude (metres) 159.95 52.11
108.54 47.36

Flow category 2.59 2.60
1.77 1.93

Distance from source 10.93 28.84
(kilometres) 11.48 42.18
Height of source (metres) 407.07 122.76

144.15 86.05
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This table shows that slope and distance from source are not normally distributed as 

their standard deviations are greater than the mean values. This suggests there may be 

some very high and/or very low values in the dataset skewing the means, and indeed a 

closer inspection of the data shows that there are two very large ‘outlier’ values in the 

slope variable, and a very large range of values in the distance from source variable (0.4 

- 206).

Table 3.2 shows the significant differences between upland and lowland rivers in all of 

the attributes listed, except flow category, in which they are almost identical. As noted 

in Chapter 2, the variable Flow category is composed of ten categories, which range 

from 0-0.31 m /sec (category 1) to >80 m /sec (category 10). The category represents 

the average flow rate of the river measured in cubic meters of water per second, thus it 

measures the volume of water in the river passing at given point and time. Because it 

represents a rate, or speed, of water flow, it is difficult to assign flow categories to 

particular river sizes, as a stagnant river could have large volume of water but low a 

flow, and a shallow fast-flowing stream could have a low volume of water over the 

length of the reach but high flow due to its torrential speed. However, in general, the 

lower categories are more likely to represent small brooks and streams, and the high 

categories wide, deep rivers. Each category represents a doubling of river flow, e.g. a 

change from flow category 6 to flow category 7 is from 10 to 20 cubic metres per 

second.

Median and mode flow categories were also examined to see if there were any 

differences between upland and lowland rivers, but again they were found to be 

identical. This is likely to be due to the fact that both upland and lowland areas contain 

water bodies with a wide range of flow rates, i.e. both small brooks and streams and 

large major rivers. Although it is expected that there would be slightly more large wide 

rivers in lowland areas, upland areas will also contain such rivers, for example, in South 

Devon there are large tidal rivers, and in the Yorkshire Dales there are major rivers such 

the Aire, Wharfe etc. Also, as mentioned above, the rivers in the higher flow categories 

in upland areas are likely fast-flowing but shallow.

By definition, upland rivers are closer to the river source and are generally more likely 

to have a steeper slope, to be at a higher altitude and for the height of the source to be 

greater. The categories ‘upland’ and ‘lowland’ are coarse, and encompass a number of
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different types of rivers and streams. Table 3.3 gives a number of more detailed 

descriptions of river types and the Areas where they might be found.

Table 3.3 Examples of river types (adapted from Raven et al, 1998).

River types Study Areas river type found in
Chalk rivers Berkshire & Marlborough Downs, South Chalks
Clay rivers Midland Clay Pasture
Coastal streams South Devon, South Chalks
Drains & dykes The Fens
Gorge rivers Southern Magnesian Limestone
Groundwater fed sandstone rivers South Devon; Southern Pennines
Large lowland rivers The Fens; Midland Plateau
Limestone rivers Yorkshire Dales;
Small, lowland riffle dominated rivers South Devon
Steep streams South Devon; Exmoor & Quantock Hills
Upland plateau rivers Exmoor & Quantock Hills;

3.2.4 Catchment land use

The methodology used thus far produced a set of rivers and reaches for each study Area, 

with data on the physical attributes such as flow, length of reach and information on the 

habitat quality for each stretch. The next stage was to obtain the land use data for each 

reach. The land use dataset was one that had been created for a previous Environment 

Agency project, using a digital terrain model and the ITE 1990 Land Cover Map of the 

UK. The digital terrain model (DTM) ‘consists of height values at each intersection of 

a 50 metre horizontal grid...mathematically interpolated from the contours of 

landranger maps’ (Ordnance Survey, 1997 p l.l). The process the EA use to create this 

dataset was as follows: using GIS software, digital catchments - a ‘digitised’ polygon 

shape - for each reach/sample point were created. Once the EA had produced this set of 

polygons, they then overlaid the 25m Land Cover Map on the polygon layer and ran a 

query to identify the percentage land cover for each reach catchment. This created a 

reach-level catchment land cover database for most of the country. They then 

condensed the 25 categories of land cover into 6 categories of land use -  forest, urban, 

arable, pasture, semi-natural and other. A fuller description of how these categories are 

made up of the original ITE classes is given in Appendix 3.1. An example of these 

digitised reach catchments for one of the study Areas is illustrated in Figure 3.5 below.
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Figure 3.5 Example of digitised river catchments and river lines in a study Area -  

Midland Clay Pastures (copyright Environment Agency, 2001).

In order to obtain the river catchment land use for this study, the sample points of the 

rivers dataset were matched to the land use data from the dataset described above using 

Microsoft Access (97). The land uses were given as percentage cover of the catchment. 

However, not all of the reaches in the study dataset had digital catchments, and 

therefore it was not possible to obtain land use information for these reaches. The total 

land area of the study reach catchments available was approximately 810,230 hectares, 

which is under half of the total surface area of the study Areas, which as noted above is 

approximately 1,900,000 hectares. The lack of catchment data for many of the study 

reaches also meant that the study sample was reduced to a total of 303 reaches, as 

shown in Table 3.6 below. It is important to note that the land use data relates to the 

river reach and not the Natural Areas exactly. This is because the reaches at the edge of 

the study Area will have catchments that extend beyond the Natural Area boundary, as 

shown in Figure 3.5 above.

The catchment land use obtained through the process described above generally 

matched the descriptions of land cover given by English Nature (1999) (see Appendix

3.2 for summaries of each Natural Area). This supports the use of this land use data in 

the study. The range of land use types covered by the ten study Areas reflected both the 

underlying geology and soils and the population density of the Area. To give a
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preliminary idea of the range of land use types encompassed in the study Areas, the 

predominant land use for the reaches in each Area is given in the table below:

Table 3.4 Predominant land use type by study Area (Environment Agency, 2000).

Study Area Predominant Land Use
Berkshire & Marlborough Downs (BM) Arable
Exmoor & Quantock Hills (EQ) Pasture
Midland Clay Pasture (MC) Arable
Midland Plateau (MP) Pasture/Arable/U rban
South Chalks* (SC) Pasture/Arable
South Devon (SD) Pasture
Southern Magnesian Limestone (SML) Arable
Southern Pennines (SP) Semi-natural
The Fens (TF) Arable
Yorkshire Dales (YD) Semi-natural/other
* composed of South Downs and South Coast Plain and Hampshire Lowlands Natural 

Areas

Table 3.4 shows that in most of the study Area catchments arable or pasture agriculture 

is the main land use. This suggests that a significant impact to the study Area rivers 

will be nutrient pollution as a result of agricultural run-off and other pressures 

associated with arable farming, although the intensity of these land uses, e.g. in terms of 

numbers of livestock per hectare or amounts of nutrients applied, is not known. 

Appendix 3.3 gives a description of the types of impacts likely to be associated with 

each of the six land use categories. Table 3.5 compares the percentage cover of the six 

land use types in the study sample with those for the whole of England, which shows 

that the study sample is broadly representative of the country as a whole, with a slightly 

higher percentage of semi-natural and other categories, and slightly less arable, pasture 

and forest.

Table 3.5 Comparison of land use percentages between study sample and average for 

England (ITE Land Cover Map, 1990).

Type of land use Percentage of land use 
type in sample

Percentage of land use 
type in England

Forest 6 8
Urban 11 11
Arable agriculture 31 34
Pasture agriculture 31 34
Semi-natural land 13 10
Other land 8 3
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The sample selection process so far resulted in an overall dataset of 303 

reaches/observations, with Area subtotals as follows:

Table 3.6 Numbers of selected river stretches/catchments for each study Area.

Area Number of 
rivers/reaches

Total length of river 
network in km

Total reach catchment 
size (hectares)

BM 10 84.9 12,000
EQ 29 157.4 16,130
MC 30 291.1 33,260
MP 51 357.3 207,200
SC 21 193.0 27,510
SD 23 94.8 20,380
SML 24 156.6 106,320
SP 25 110.9 24,140
TF 56 496.3 285,960
YD 34 243.4 77,330
Totals 303 2,186.0 810,230

Having identified the study sample of catchments, the next objective was to generate a 

database from which data could be used to explore the relationships between catchment 

pressures and river quality. The rest of this Section describes how the environmental 

and ecological river quality data were collected.

3.2.5 Catchment geology

As noted in Section 3.2.2 above, the Natural Areas were defined as forming distinct 

ecoregions, based on a number of environmental features, including solid geology. As 

such, the Areas are fairly homogenous, with only slight variations in geology within 

study Areas (although some Areas are more homogenous than others, for example, 

South Devon is the most diverse geologically). Thus each Area’s rivers could be 

coarsely identified as one of six geological categories; this resulted in the following 

classification:

Table 3.7 Study Area classification by geological type.

Geological category Study Area
Chalk BM, SC
Clay MC
Igneous EQ, SD
Limestone SML, YD
Sandstone MP, SP
Peat/sands TF
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As this information is in the form of qualitative or categorical information, the 

categories were represented as dummy variables for each Areas rivers, for example, the 

BM and SC rivers were assigned ‘1* in the chalk category and ‘O’ in the other five 

categories.

3.2.6 Collation of environmental data

The time periods for the environmental data used in this study ranges over a period of 

approximately ten years, from early 1990’s to late 1990’s, where the land use data is the 

oldest, deriving from the Land Cover Map 1990 (ITE, 1990). The water chemistry data 

were for the years 1993-95, as these were the most up-to-date available data at time of 

collection (early 2000). These data are roughly comparable to the RHS data (1994-97) 

and the biological quality (RTVPACS) data (1991-95), but then there is a five-year 

difference between these and the nutrient {Nitrates & Orthophosphates) data, which 

were for the year 1999. Over a five year period (1995-2000), the Environment Agency 

estimate an average net change for the whole river network of approximately 20% in the 

chemical quality of river water and a net change of approximately 34% in the biological 

quality indicators. Over a ten year period (1990-2000), the net change in chemical 

water quality is around 43% and 36% as measured by the biological indicators, thus the 

biological quality data appear to be more stable over longer periods of time.

i) Water chemistry data
There are three water chemistry determinants used by the Environment Agency (EA) to 

measure organic pollutants, for example, from sewage treatment works -  Biological 

Oxygen Demand (BOD), Ammonia and Dissolved Oxygen (DO) (EA, 1998). These 

three chemical measures are used together to give the Environment Agency’s General 

Quality Assessment (GQA) chemistry classification. The ranges in values of these 

measures and how they relate to their GQA grade are shown in Table 3.8 below.

The BOD indicator reflects the requirements that micro-organisms have for oxygen as 

they decompose organic matter in the water. By measuring how much oxygen is used, 

the level of organic matter present in the water can be assessed, where the more oxygen 

is used, the higher the levels of organic pollution. The oxygen demand in a water 

sample is obtained in a laboratory by measuring the level of oxygen in a sample of 

water on day 1 and again after 5 days of being kept at a temperature of 20°C (EA, 

1998). The difference in the oxygen levels on day 1 and day 5 is then taken to be the
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biological demand for oxygen. BOD is measured in milligrams per litre (mg/1) - a high 

numeric value indicates greater levels of organic matter in the water.

Ammonia is produced during the breakdown/decomposition of organic wastes and like 

BOD is a measure of sewage effluent and agricultural run-off. Ammonia is present in 

river water in two forms, ionized (NH4) and un-ionized (NH3), and the proportions of 

the two forms are principally determined by the pH and the temperature of the water, 

although NH3 generally only accounts for a small proportion of the total ammonia levels 

in water. While the un-ionized form is more toxic to fish as ‘it diffuses more readily 

across the gills’ (Jobling, 1994), ionized ammonia may also produce toxic effects in fish 

if present in high concentrations in water of low pH. The measure used by the EA is 

mgN/1 (ammoniacle nitrogen), or total ammonia, which includes both NH4 and NH3. 

Jobling (1994) notes that reported ‘safe’ levels of ammonia vary widely, but proposes a 

maximum of lmg/1 of total ammonia.

The third chemical measure of the chemical quality of the river used is the concentration 

of dissolved oxygen (DO). Oxygen (O2) gets into the water by diffusion from the 

atmosphere, aeration (as from weirs or riffles in the riverbed) and is also a by-product of 

aquatic plants photosynthesising. Adequate levels of DO are necessary to support 

aquatic life - below 5.0 mg/1, aquatic life is put under stress and this stress increases as 

concentrations decrease.

Table 3.8 Chemical quality determinants (adapted from ‘The State of the Environment 

in England & Wales: freshwaters’, EA, 1998).

GQA Biochemical Ammonia Dissolved Dissolved
grade Oxygen Demand 

(mg/1) 90- 
percentile

(mgN/1) 90- 
percentile

Oxygen (% 
saturation) 10- 
percentile

Oxygen (mg/1) 
equivalent

A 2.5 0.25 80% 8mg/l
B 4.0 <0.6 <70% 7mg/l
C 6.0 1.3 60% 6mg/l
D 8.0 2.5 <50% 5mg/l
E 15.0 9.0 20% 2mg/l
F - - <20% 0-1 mg/1

In a recent report on nutrient levels and aquatic eutrophication (EA, 2002) the EA 

highlighted the importance of nutrients in freshwaters as ‘one of the key issues to be 

addressed in order to achieve a more sustainable balance between the needs of society
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and those of freshwater ecosystems’ (p5). The report identifies as ‘the main sources of 

phosphorous and nitrogen...sewage effluents and agricultural inputs’. Although Table 

3.9 reports nutrient data, namely, the levels of orthophosphate and total oxidised 

nitrogen in-stream, separately from the water chemistry indicators discussed above, they 

are also a measure of the chemical quality of the water, and therefore distinct valuable 

measures. The nutrient data were obtained from the EA, who collect information on 

levels of these two substances as part of their statutory duty on water quality monitoring 

and assessment. The data were gathered by running a query matching study reaches 

with the EA nutrient database, using the EA’s ‘stretch code’. The data are measured in 

mg/1.

The following table gives acceptable limits of annual average orthophosphates 

suggested in the EA’s ‘The State of the Environment in England and Wales: 

Freshwaters’ (1998) for each grade of river:

Table 3.9 Concentrations of orthophosphate and their corresponding General Quality 

Assessment (GQA) grade.

Grade Orthophosphate concentration (mgP/1)
A 0.02
B 0.06
C 0.10
D 0.20
E 1.00
F >1.00

A recent report estimating the costs of eutrophication in freshwaters (Pretty et al., 

2002), states that under the guidelines of the Urban Waste Water Directive, a river is 

deemed to be eutrophic if the levels of phosphorous are greater than 0.1mgP/l; in the 

period 1993-5, between 6 and 50% of rivers in England and Wales were above this 

limit.

ii) Habitat data
RHS data was the first to be gathered in this study; indeed it was used to select the sites

for study (see Section 3.2.3). As was stated in the previous Chapter, including RHS

data was considered to be important in that it describes the physical/structural as well as

the habitat characteristics and quality of a reach. The RHS database of sites was

compiled after surveys were carried out for more than 5,600 river sites in the UK and

Isle of Man in the mid 1990’s. During each river site survey, information on the river
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channel, bank and riparian zone was collated, as well as data from maps, such as 

altitude, slope, geology etc.

There are two main quantitative outputs from the RHS database that summarise the 

information collected during the surveys: the Habitat Modification Score (HMS) and the 

Habitat Quality Assessment score (HQA). The scores assess different aspects of the 

physical characteristics of the reach, and work by consistently applying a set of rules or 

criteria to a site, so different sites/reaches can be compared.

The HMS describes the extent of physical modification of the channel, while the HQA 

score is derived from the condition of both the channel and the river corridor. The river 

channel is the area normally covered by the river, whilst the corridor refers to the bank 

sides, bank tops, and the river floodplain up to 50m distance from the channel. 

However, HQA scores can only be compared between rivers of similar type, for 

example, the broadest division being between upland and lowland rivers, and 

‘Comparison of HQA scores across different river types is not meaningful’ (Raven et 

al., 1998, p i4). For this reason, the HMS is used in this study, as this output can be 

compared across different river types. In addition, the extent of artificial modification 

of a river channel will have a strong influence on river habitat quality.

There are three main types of artificial modification -  reinforcement of the river banks 

to prevent erosion; ‘reprofiling’ the river banks for example by covering with concrete 

to create a smooth angled slope to facilitate river flow; and regulation of flow by 

impounding structures such as dams (Raven et al., 1998). The HMS is calculated by 

assigning a score to the different types of modification present at a site and then 

aggregating the scores to give a site score that reflects the extent to which the physical 

structure of the river channel has been changed. This score is then compared to a 

baseline site that matches the sample site’s attributes in terms of altitude, slope and 

geology. Table 3.10 below gives an idea of how the scores for a reach relate to its 

physical condition.

Table 3.10 Descriptions and scores for different levels of habitat modification (Raven 

e ta l , 1998).

HMS Descriptive category of channel
0 Pristine
0-2 Pristine / semi-natural
3-8 Predominantly unmodified
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9-20 Obviously modified
21-44 Significantly modified
45 or more Severely modified

iii) Biological data
‘The ultimate consequences of environmental stress can only be determined by an 

appraisal of the biota’ (Wright, 1999, p2). A biological assessment of rivers and aquatic 

life gives a more complete picture of the ecological health of a river system, as the 

chemical and physical measures cannot account for other types of environmental 

stresses, for example, heavy metals and pesticides. RIVPACS is a system that predicts 

the taxonomic composition and diversity of macro invertebrate communities in rivers. 

The RIVPACS process was developed by the Institute of Freshwater Ecology (IFE -  

now Centres for Ecology and Hydrology, CEH) over a period of approximately 20 years 

from 1977 -  1997, from initial conception to the latest procedures and additions of new 

reference sites that cover the whole of the UK. The data used in this study were 

obtained from CEH, by using Microsoft Access to run a query linking the research 

dataset of rivers with the RIVPACS database.

Section 2.4.1 iv) in Chapter two gave an overview of how the RIVPACS scores are 

calculated. The system results in two numerical indicators of biological quality and in 

both cases higher numerical values indicate a higher biological quality at the site. The 

NTaxa score is a measure of the number of macroinvertebrate species at a river site 

based on predictions of how many species would be present in that type of river if it 

were unpolluted, in other words, is an indicator of species richness and indirectly, 

habitat quality (personal communication, 2001). The other value generated by 

RIVPACS is the ‘Average Score Per Taxon’ or ASPT for short. This is based on the 

pollution tolerance of the different taxa present, where higher scores are given to more 

intolerant species and lower scores to species more tolerant of pollution. The ASPT 

score is obtained by aggregating the pollution tolerance scores of the different families 

of invertebrates at a site and dividing by the number of families present. This gives an 

average pollution tolerance of animals at the site, and can be viewed as an indicator of 

organic pollution level’s at the river site.

Table 3.11 below shows how the two RIVPACS scores relate to the EA’s GQA biology 

grades, and also shows the percentage of rivers in England & Wales that fall into each 

category. The data show that most of the rivers are classed as of ‘very good or ‘good’ 

quality.
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Table 3.11 Biological quality indicators in relation to the EA’s GQA Biology

classification scheme.

GQA biology 
grade

ASPT NTaxa Percentages o f rivers 
in each class (1995for 

England & Wales)
A - Very good 1.00 0.85 35
B - Good 0.90 0.70 32
C - Fairly good 0.77 0.55 18
D - Fair 0.65 0.45 8
E - Poor 0.50 0.30 5
F-Bad - - 2

The data collection process for the river reaches and catchments resulted in nine 

measures of environmental condition plus six land use categories, which are 

summarised in Table 3.12 below:

Table 3.12 Environmental and ecological quality variables.

Measure No. of variables
Chemical & nutrient 5
Biological 2
Habitat 1
Flow 1
Land Use 6

3.3 Study A reas -  catchm ent pressures

In this short Section, a system of river classification based on their sensitivity to 

pollution and how this relates to what might be expected of the rivers in each study 

Area is discussed, in terms of the river quality indicators described in the previous 

Section. The natural characteristics of a river catchment will influence the extent to 

which anthropogenic factors affect river quality, in other words, rivers will differ in 

response to effluent pollutant inputs depending on the geology, soil and vegetation type, 

and flow regime. For example, the EA describe how variation in the underlying 

geology affects rivers:

“In general terms, the relatively impermeable rocks in the higher regions of the North 

and West (of England) have led to slightly acidic, nutrient poor streams, a 

predominance of surface waters and a lack of important aquifers. The limestone and 

chalk of the south and east of England have led to well-buffered, nutrient rich waters 

and the occurrence of major aquifers” (EA, 1998, p22).
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Haslam (1990) expands upon this broad geographical division and describes how rivers 

can be categorised into 4 bands reflecting their sensitivities to pollutants based on their 

geology and their distance from source. These are -  fertile streams of robust quality; 

moderately robust, moderately fertile; moderately fragile and fragile. The basis of this 

classification is that “...the greater the buffering and neutralising capacity and the total 

solute content of the stream, the more extra substances can be added without changing 

the stream character” (p32).

• Fertile and robust streams are naturally high in nutrients and organic solutes. They 

are middle-order or lowland rivers with clay bedrock. These types of streams can 

tolerate “a wide variety of substances of low toxicity” and remain undisturbed. “A 

good coarse fishery is supported” (p31).

• Moderately robust, moderately fertile rivers are found in areas of lowland limestone 

and sandstone. They support a higher biological diversity and can support both 

game and coarse fisheries (the term ‘game’ fish species generally refers to salmon, 

trout & migratory trout). These rivers are more susceptible to change following 

pollutant inputs.

• Moderately fragile streams are upland or middle-order streams in limestone or 

sandstone or harder rock areas. They have low levels of nutrients and organic 

matter, and when un-polluted can support game fisheries. Examples of fragile 

streams are streams in hilly grassland areas. They are “easily altered by incoming 

discharges and major changes in land use”.

• Fragile streams contain very few naturally occurring solutes/nutrients, they tend to 

be slightly acidic are found in areas of resistant rock with poor drainage and peaty 

soils. They are easily affected by human impacts.

Table 3.14 below summarises the main features of the 10 natural Areas selected for 

study, in terms of predominant river type, land use and what we would expect in terms 

of pollutant loads. More detailed descriptions are given in Appendix 3.4.
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Table 3.13 Natural Area summaries.

Study
Area

Predominant river type 
and sensitivity to 
pollution

Predominant 
land use

Expected 
nutrient and 
organic 
pollution load

Expected 
biological quality 
indicator score

BM Chalk streams -  robust 
to moderately robust

Intensive arable 
farming

Moderate to 
high

Average to good

EQ Fast-flowing upland 
type streams -  
moderately fragile

Pasture and
semi-natural
vegetation

Very low to 
low

Very good to 
good

MC Clay lowland & middle 
order streams - robust

Intensive arable 
& pasture

Moderate to 
high

Average to low

MP Various sizes of 
lowland clay/sandstone 
rivers & brooks -  
robust to moderately 
robust

Urban/industrial Very high Low

SC Chalk streams & 
lowland/estuarine 
rivers -  moderately 
robust to robust

Intensive arable 
and urban

Moderate to 
High

Average to good

SD Mix of lowland & 
coastal, middle order & 
upland sandstone 
streams -  moderately 
robust to moderately 
fragile

Mixed low
intensity
farming

Moderate to 
low

Above
average/good

SML Upland & middle-order 
streams -  moderately 
fragile to moderately 
robust

Intensive arable 
& urban

High Below average

SP Upland streams -  
fragile

Pasture & semi
natural

Moderate to 
low

Average/good

TF Large lowland & 
coastal rivers -  robust

Intensive arable High to very 
high

Low

YD Upland streams & 
larger upland rivers -  
moderately fragile to 
fragile

Pasture & semi
natural

Low to very 
low

Good
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3.4 Analysis and Results

3.4.1 Descriptive analysis

The aim of the Chapter is to investigate the significance of land use and geology as 

catchment pressures on river quality. Before attempting to estimate the relationships 

between land use and environmental impacts on river quality, however, it is useful to 

look at how the variables are spread over the dataset. Carrying out preliminary, 

‘descriptive’ analysis such as creating scatter plots and graphs and finding mean values 

for variables can bring to light any outliers or discrepancies and give a better 

understanding of the data.

The first stage of the analytical process was therefore to look at how both the 

environmental and the land use/population density variables were distributed across the 

dataset. One way to do this is to compare look at how the variables are distributed 

across Areas; this can give a coarse assessment of the effects of different types of land 

use on river quality: for example, by comparing Areas with high and low levels of urban 

land use, and noting how levels of BOD in-stream vary. It is also useful to look at 

Areas where land use percentages are roughly the same and note any discrepancies in 

levels of pollutants. For example, a comparison of Midland Clay Pastures and 

Berkshire and Marlborough Downs shows significant differences in the EQI scores, 

suggesting that factors other than land use may be a more important influence on river 

quality, such as the underlying geology and soils.

A useful way of getting an immediate picture of the data is to calculate the mean value 

for the river quality variables across Areas and across land use classes. Full tables 

showing mean and standard deviations across study Areas for both land use and 

environmental impacts are given in Appendix 3.5. Figures 3.6 and 3.7 below show 

some examples of the distribution of river quality variables and land use classes by 

study Area.
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Figure 3.6 Percentage cover of urban land use by Area
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Figure 3.7 Mean Levels of Biological Oxygen Demand (BOD) by Area
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Preliminary descriptive analysis showed that, as expected, in Areas where there is a 

higher percentage of intensive land use, such as urban, arable and to some extent 

pasture, the levels of nutrient and organic pollutants are higher, and the river habitat is 

more likely to have been modified. Midland Plateau, Southern Magnesian Limestone 

and The Fens are good examples of this relationship. Conversely, where intensive land
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use is minimal, such as in Exmoor, the Southern Pennines and Yorkshire Dales, there 

are lower levels of organic pollutants. The biological quality indicators ASPT, NTaxa 

and the chemical quality indicator DO, which are positive indicators, i.e. the scores are 

higher when quality is higher, are higher in areas of lower management intensity with 

more semi-natural and unimproved pasture.

In terms of relating the mean biological quality indicator values observed in the Areas 

(Appendix 3.5) to the national averages shown in Table 3.11, the mean NTaxa score 

ranged from 0.20 to 1.37 and the mean ASPT from 0.47 -  1.15; four Areas had mean 

scores of 0.8, four had mean scores of 0.9, and two had mean scores of over 1.00. 

Looking at the dataset as a whole, 44 rivers (14%) only had fair-fairly good biological 

quality and only 9 (3%) had below .65, which would be classed as poor-fair. Twenty- 

nine percent had an ASPT of over 1.00, which is classed as very good-excellent.

Interestingly, however, in terms of nutrient pollution, the river quality does not appear 

as high. Comparing back to Table 3.9, the mean values for Orthophosphates showed 

that a quarter of the rivers in the dataset have a ‘poor’ (i.e. very high) level of 

Orthophosphates, greater than 0.5 mgP/1, and 11% have ‘bad’ or extremely high levels. 

The Area Southern Magnesian Limestone was particularly poor, with a mean of 1.09 

mgP/1.

The final preliminary analysis was to plot the land use classes against the environmental 

variables to show the types of relationships that may become clearer with further 

analysis. For example, scatter plots will indicate whether the relationship is linear, and 

if so, whether it is a positive or a negative relationship. Figures 3.8 and 3.9 below show 

the relationships between two river quality variables and two different types of land use.
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Figure 3.8 Levels of Nitrates and percentage semi-natural land use
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Figure 3.9 NTaxa score and percentage of urban land use
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These graphs show that the relationship between levels of nutrient pollution and semi

natural land use is negative as expected and, similarly, high NTaxa scores indicating 

good habitat quality and species richness in rivers are negatively related to the 

percentage of urban land use in a catchment, although this latter is perhaps not as clear-

86



cut, in that there are a greater number of outliers. These outliers identified by the scatter 

plots can then be investigated further using statistical tests.

3.4.2 Correlation analysis

As we saw at the end of the last Section, each reach has a large number of associated 

descriptive environmental variables. At this stage, it was felt to be valuable to construct 

a correlation matrix of both the river quality and land use variables to identify if any 

were highly correlated with each other. Coefficients larger than .20 are significant at a 

probability level of 0 . 0 1  or lower.

Table 3.14 Correlations between environmental variables.

Orthoph Nitrates ASPT NTaxa BOD NH4 DO HMS
Orthoph 1 . 0

Nitrates 0 . 6 1 . 0

ASPT -0.4 -0.4 1 . 0

NTaxa -0.4 -0.3 0 . 8 1 . 0

BOD 0.3 0 . 2 -0.4 -0.4 1 . 0

NH4 0 . 2 0 . 2 -0.3 -0 . 2 0.3 1 . 0

DO -0 . 2 -0 . 2 0 . 2 0 . 1 -0 . 1 -0.3 1 . 0

HMS 0 . 1 0 . 2 -0 . 2 -0 . 1 0 . 2 0 . 2 -0 . 1  1 . 0

Flow 0 . 0 -0 . 1 0 . 1 0 . 1 -0 . 1 0 . 0 0 . 1  0 . 0

Table 3.15 Correlations between land use categories.

Forest Urban Arable Pasture Semi-natural Other
Forest 1 . 0

Urban -0 . 2 1 . 0

Arable -0.3 0 . 0 1 . 0

Pasture 0.4 -0.3 -0.5 1 . 0

Semi-natural -0 . 1 -0.4 -0.7 0 . 0 1 . 0

Other 0 . 1 -0.3 -0 . 6 -0 . 0 0.7 1 . 0

Table 3.15 shows that there are significant positive correlations between semi-natural

and ‘other’ land uses, and significant negative correlations between these (and to a 

certain extent, pasture) and arable categories. This means for example that stretch 

catchments that have a high percentage of arable land use have a correspondingly low 

percentage of semi-natural land use. This suggests that one category could be dropped 

without the loss of much information, and that it will probably be necessary to test for 

multicolinearity after regression analysis. There are fewer strong correlations between 

the environmental variables (Table 3.14), the most notable between ASPT and NTaxa,
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which again indicates that diagnostic tests should be run to check for violations of the 

assumptions made in the regression analysis.

The relationships between catchment pressures (land use and geology) and river quality 

are most usefully assessed with regression analysis, as is reported in Section 4.3 below, 

as regression allows a causal relationship to be defined and more detailed investigation 

of the relationships, such as plots, graphs and distribution/normality tests. However, a 

correlation matrix of these variables was created to give a preliminary indication of the 

relationships. Unlike regression analysis, correlations cannot show a causative 

relationship but can provide an indication of the degree to which variables occur 

together; correlations were carried out on the pooled dataset of 303 observations.

Table 3.16 Correlations between percentage cover of five land use categories and nine 

environmental variables (rounded to one decimal place); in bold where correlation is 

higher than 50%.

Forest Urban Arable Pasture Semi-Natural Other
Orthoph. -0.2 0.3 0.4 -0.2 -0.4 -0.3
Nitrates -0.2 0.3 0.7 -0.3 -0.7 -0.6
ASPT 0.2 -0.5 0.1 0.2 0.2 0.3
NTaxa 0.2 -0.5 0.1 0.2 0.1 0.3
BOD 0.2 0.6 0.1 -0.2 -0.3 -0.2
Ammonia 0.1 0.2 0.2 0.2 0.2 0.2
DO 0.1 -0.2 0.1 0.1 0.2 0.0
HMS -0.2 0.2 0.4 -0.4 0.2 0.2
Flow 0.2 0.1 0.1 0.1 0.1 0.1

The results support the preliminary analysis, which suggested that Areas where urban 

and arable land use is high such as MP, SC and SML, organic and nutrient pollution is 

high, and conversely in Areas of semi-natural / other land cover (EQ and YD) pollutants 

are low. Most of the correlation coefficients are significant at the 0.001% probability 

level or lower, meaning that the probability that the correlation is pure chance is less 

than one in a thousand. The river quality variables that do not seem to vary 

significantly with land use are DO and Flow. DO was only significantly negatively 

correlated with high percentages of urban land use in catchments, and positively with a 

high percentage of semi-natural land use. This suggests that it may not be as sensitive 

an indicator as some of the other quality variables, as it is only significantly affected by 

land use in catchments where there is either a very high or very low level of pollution.



The only significant correlation for Flow rates was in catchments with a high level of 

tree cover (forest).

3.4.3 Regression analysis

Regression analysis is used to identify the significance of a causative relationship 

between two variables. It measures the relationship between one variable and another 

single or group of variables, in other words it shows us to what extent we can predict 

the value of the dependent variable (river quality) if we know the value of the 

independent variables (land use, geology). Using a least squares regression analysis, a 

regression coefficient is generated that is similar to a correlation coefficient, in that it 

shows a linear relationship between the two variables.

In order to carry out this analysis, missing values were replaced with the mean values 

for the Area. The land use data are represented as percentage cover, where all six 

classes sum to 100%; to avoid multicolinearity, one category -  ‘other’ -  was omitted 

from the analysis and the regressions were performed with only 5 of the classes. 

‘Other’ was chosen as it was highly correlated with ‘semi-natural’ land use (.71) and 

only one area, SP, has a significant amount of this land use type. Similarly with the 

geology variables, one geological type -  clay -  was omitted. As the geology variables 

were dummy variables, it didn’t matter which category was left out, and ‘clay’ was 

chosen arbitrarily. Table 3.17 below shows the results for each of the nine river quality 

variables regressed against the land use categories and geology variables -  the 

dependent variables are shown in the top row of the table.

Table 3.17 Coefficients for Ordinary Least Squares (OLS) regressions. The coefficient 

is bold where it is significant at a p level < 0.05 or lower.

Orthophos Nitrates ASPT NTaxa BOD n h 4 DO HMS Flow
Forest 0.01 0.08 0.00 -0.01 0.00 0.00 0.58 0.03 0.07
Urban 0.01 0.07 -0.01 -0.01 0.04 0.01 0.14 0.28 -0.01
Arable 0.01 0.11 0.00 -0.01 0.00 0.01 0.25 0.12 -0.01
Pasture 0.00 0.05 0.00 -0.01 0.00 0.00 0.28 0.04 0.00
Semi-natural 0.00 -0.06 0.00 -0.01 -0.01 0.01 0.42 0.30 0.00
Limestone 0.30 2.23 0.01 -0.03 0.11 0.10 1.70 -3.40 0.57
Sandstone 0.13 1.67 -0.04 -0.11 0.26 0.06 1.25 -1.81 0.21
Chalk -0.39 -2.16 0.08 0.08 -0.26 -0.04 -0.49 4.05 -0.40
Peat&sands -0.25 -0.76 0.07 0.13 0.42 0.05 2.59 19.38 1.19
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Igneous -0.18 -0.44 0.07 0.04 -0.40 0.03 -0.78 -2.96 0.23
Adj. R2 0.33 0.68 0.40 0.34 0.38 0.05 0.07 0.34 0.05

F stat 15.9 66.51 20.90 16.36 19.43 2.70 2.35 16.63 2.23

Although all the models had F statistics that were significant at a p level of 0.01, some 

are clearly an overall better fit of the data than others. Notably, the F statistic for the 

Nitrate regression is much larger than the other models, and the Ammonia, DO and 

Flow models perform the worst.

A number of diagnostic tests were run to check whether the OLS model was acceptable 

for the data. Initially the variables were summarised, which showed the percentiles, the 

mean, variance, skewness and kurtosis. The residuals versus the fitted values were then 

plotted, to identify outliers that may distort the analysis. A further useful analysis to 

identify outliers is to look at the 10 highest and lowest values for each variable. These 

analyses showed that for the variables DO and BOD and Ammonia, there were a few 

outliers that seemed implausibly high; these were replaced with mean values for the 

relevant study Area. These were: one high value for DO of 184 (mean = 95); one high 

value for BOD of 13.2 (mean = 2); and top three highest values for ammonia of 5.20, 

2.35 and 2.16 (mean = 0.14).

The initial summary had suggested that the river quality variables were not particularly 

normally distributed as the skewness and kurtosis values were high and for some 

variables, for example Ammonia, very high. To explore this further, kernel density 

charts were produced for each variable, showing the distribution of the variable in 

relation to the normal distribution, which confirmed that the data was not normally 

distributed. Studentized residuals were also produced for each regression analysis to 

assess the extent of non-normality.

In order to make the data more normal, the dataset was transformed by square root and 

also for comparison, by natural logarithm. As the dataset contained some zeros (for 

example, where a river has a completely unmodified channel and banks, the HMS is 

zero, or where none of a particular land use type was observed in a catchment), a log 

transformation was achieved by changing the zeros to 0.000001 in 82 cells16 (1.8% of 

the dataset). The regressions were then re-run with the transformed dataset, and plots

16 The same result could also have been achieved by adding ‘ 1 ’ to each HMS score.
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and studentized residuals produced to assess whether there had been an improvement. 

The results showed that statistical normality of most of the variables had improved 

using a square-root transformation, except ASPT and NTaxa, and DO, which had 

become less normal (greater skewness). The transformation was most successful for the 

land use variables, which all became acceptably normal.

The log transformation was also assessed by producing summaries of the variables and 

running OLS regressions: taking a log version of the dataset normalised the distribution 

for BOD, ammonia and Orthophosphates (lower skewness & kurtosis) but worsened it 

for HMS', Nitrates and the biological quality indicators were the same or slightly less 

normal. In addition, the R for the log dataset regressions were lower.

Heteroskedacity was tested with the Cook-Weisberg test. Of the nine environmental 

variable regressions, the only variable that was not significantly (p < 0.05) 

heteroskedastic in the untransformed version of the dataset was NTaxa. The test was re

run after the square-root transformation: three variables were no longer heteroskedastic, 

the test statistics for four were lower, but were higher for NTaxa and DO. The Cook- 

Weisberg test was also performed after regressions were carried out using the log 

version of the dataset, which showed that the log transformation was more successful in 

reducing heteroskedacity than the square-root transformation, except for the variable 

Nitrates, which had become much more heteroskedastic.

Whilst the distribution of most of the river quality variables had improved with the 

square-root transformation, some were still slightly non-normal, i.e. the skewness and 

kurtosis were larger than for a standard normal distribution. However, this is likely to 

be due to the nature of the data itself, as cross-sectional environmental data often 

encompass large differences in values between observations, creating a dataset with 

outliers where some rivers are very high quality and some are very polluted. This is 

particularly likely with an extremely diverse dataset like this one. As such, the non

normality of the data is considered to be an inherent and unavoidable aspect of linear 

modelling of natural systems, and should be borne in mind in assessing the results of the 

analyses.

Multicolinearity between variables was assessed with a variance inflation factor (VIF) 

test, which showed that, as was indicated in Section 4.2, the land use categories arable

91



and semi-natural were moderately correlated. Generally, if the VEF is greater than 20 

and the tolerance less than 0.05 then there is multicolinearity: the VIF for ‘arable’ was 

21.43 (tolerance .046), which suggests that arable is indeed correlated with semi

natural, and to a lesser degree, pasture. The VIF test was rerun after the data were 

transformed by square-root, which showed that the land use variables were no longer 

collinear -  the highest VIF values were for natural (8.41) and arable (6.49). Table 3.18 

below shows the results of the regressions re-run with the transformed data, i.e. with 

outliers removed and transformed by square-root. These can be considered the best 

estimates of stage one of the ecological-economic model.

Table 3.18 Regression results with square-root transformed data -  coefficients are bold

if significant at a p level of 0.05 or lower.

Orthophos. Nitrates ASPT NTaxa BOD n h 4 DO HMS Flow
Forest 0.02 0.08 -0.01 0.00 -0.02 0.00 0.01 -0.13 0.13
Urban 0.05 0.09 -0.02 -0.04 0.05 0.03 -1.10 0.31 0.03
Arable 0.06 0.19 -0.01 -0.02 -0.06 0.00 -0.01 0.07 0.05
Pasture 0.03 0.08 0.00 -0.01 -0.02 0.00 0.00 -0.03 0.04
Semi-natural -0.03 -0.14 -0.01 -0.02 -0.07 -0.01 -0.01 0.29 0.08
Limestone 0.08 0.31 0.02 0.01 0.13 -0.01 0.08 -0.97 0.10
Sandstone 0.06 0.28 -0.01 -0.04 0.15 0.02 0.18 -0.64 0.01
Chalk -0.34 -0.47 0.05 0.05 -0.05 -0.07 -0.06 0.67 -0.10
Peat&sands -0.10 0.02 0.03 0.05 0.12 -0.06 -0.03 2.53 0.40
Igneous -0.21 0.05 0.04 0.02 -0.09 0.03 0.10 -0.51 0.12
Adj. R2 0.50 0.77 0.42 0.35 0.38 0.25 0.16 0.32 0.07
F stat 31.84 104.41 22.82 17.24 19.36 11.21 6.79 15.26 3.37

i) River quality variables
Looking at the results for the whole dataset, we can see that the regression coefficients 

confirm the influence of land use on environmental variables indicated in the correlation 

analysis. Overall, the environmental variable that is best explained by both the linear 

and square-root regressions, i.e. by variations in land use and geology, is Nitrates. The 

adjusted R2 for the linear model is higher than for any of the other variables, and the t 

statistics were significant at a probability level of 0.001 or lower.

As an indicator of biological quality, NTaxa might be expected to be positively related 

to higher levels of semi-natural land cover in a catchment, but semi-natural land use 

actually has a negative coefficient in this analysis. A positive relationship also might be 

expected as the correlation coefficient for NTaxa and semi-natural land use was 

positive, if not highly significant. Whilst the NTaxa score is a measure of the predicted 

species richness based on what would be expected for that river type, this result may in
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some part be due to the fact that Areas of predominantly semi-natural land in this 

dataset are upland regions, which typically support fewer species than middle-order or 

lowland rivers (Petts, 1985).

In addition, when NTaxa and semi-natural land use are plotted against each other, the 

plot shows that the distribution of NTaxa forms two distinct groups of observations, 

which are likely to be reflecting upland and lowland rivers. In other words, some of the 

reaches have a high NTaxa score and low levels of semi-natural land use -  as observed 

in the initial descriptive analysis, some lowland rivers such as TF and the chalk rivers 

have very little semi-natural land use in. their catchments, but have high biological 

quality. Thus we can conclude that in future such analyses, including an 

upland/lowland dummy variable in models explaining variation in river biological 

quality could be useful in identifying the influence of the broad river type, and could 

add explanatory power to the models.

Interestingly, semi-natural land use, which in the original untransformed regression was 

a positive if small predictor of ASPT (an indicator of unpolluted rivers) has a negative 

sign in the square-root regression. This rather unintuitive result may be due to the fact 

that the biological indicators ASPT and NTaxa were not improved by the square-root 

transformation and in fact worsened in terms of statistical normality. As such, the 

results of the initial regression (Table 3.18) are likely to be more robust and should be 

taken to be the final results for these two indicators.

ii) Catchment land use and geology
The regression analysis showed that the land use classes that have the most significant 

effect on the river quality variables are urban and arable land use. These two are 

associated with higher levels of pollutants, and lower levels of DO, ASPT and NTaxa, as 

might be expected. Urban land use is the only land use type that affects levels of BOD 

and Ammonia to any significant extent, and arable land use is the only type where a 

significant relationship exists for the HMS. This result is likely to be influenced by the 

study Area TF, where the vast majority of land use is arable and where watercourses are 

significantly or severely modified (see Appendix 3.5, which shows HMS across Areas).

The geology of the river catchment seems to be a significant predictor for some of the 

river quality variables, most notably for levels of Nitrates and the biological quality
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indicator ASPT. For example, there was a significant relationship between higher 

nutrient pollution levels in rivers with a limestone or sandstone geology and lower 

levels of Orthophosphates and Nitrates instream where the predominant geology was 

chalk or igneous rock. This result confirms river and landscape ecosystem theory, 

which states that chalk streams are less susceptible to nutrient pollution because of their 

groundwater buffering from aquifers, and rivers flowing from regions of igneous rock 

are often naturally low in nutrients because of the erosion-resistant nature of the rock 

type (Environment Agency, 1998). Chalk and upland-type streams are thus more likely 

to support macro invertebrates which are less pollution-tolerant, which fits with their 

significant positive coefficients for ASPT, as higher ASPT scores reflects more pollution 

intolerant species. This analysis suggests that some geological and soil types are more 

sensitive to organic and nutrient pollution, which supports previous findings in related 

studies looking at soil sensitivity to acidification (e.g. Homung et al., 1995).

3.5 Discussion

The aim of this Chapter was to investigate the relationship between two catchment 

pressures, land use and underlying geology, and river quality. The ecological-economic 

model can be seen as a cross-sectional snapshot of a process of anthropogenic use of the 

environment and its subsequent environmental impacts or ‘burdens’. The model 

predicts that where human use of the environment is high we would expect the impacts 

on river quality to be high. The analysis of the data supports this idea; where land use is 

intensive - in catchments with a higher percentage of urban and arable land use - levels 

of pollutants are correspondingly high, and the opposite is also true, in that where urban 

and arable is minimal then pollution is lower.

Considering the nature of data, the R2 values suggest a strong relationship between land 

use and river quality, in particular with regard to the levels of nutrient pollution in 

rivers: cross-sectional environmental data is often characterised by a lot of ‘noise’ as 

was noted above. This is partly due to the fact that it is difficult for the data collection 

to be perfectly exact, and also that there may not be a very good temporal match 

between dependent and independent variables, for example in this dataset between the 

land use information (1990) and the river quality variables (1993-99). It seems likely 

that a more accurate up-to-date dataset would yield even stronger results and that this 

would be a fruitful avenue for future research.
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As was noted at the beginning of the Chapter, previous studies have found that the 

quality of a river is influenced by the interaction of numerous factors -  geology and 

soils, vegetation, topography and climate. A model with more explanatory variables 

such as that developed by Johnes et al (1996) which looked at stock headage, 

population, fertilizer use and climate as well as land use in ten catchments around 

England and Wales covering both upland and lowland sites and a total of approximately 

95,500 hectares, can provide more accurate predictions of pollution (nutrients) levels -  

they found that their model explained over 95% of the variation in nutrient levels in 

rivers. However, as the model used in this thesis has only included land use and 

geology, the results give an indication of the relative importance of these factors on 

river quality.

The results confirm those of previous studies that have looked at the influence of urban 

and arable land use on river quality: previous studies have found that high percentages 

of arable agriculture result in high levels of nitrates instream, and orthophosphates are 

more related to domestic effluent impacts /the extent of urban land use. The strong 

correlation (0.65) between levels of Nitrates and percentage of arable land use found in 

this thesis supports both existing theory and empirical research (Johnes et al, 1996; 

Cuffhey et al, 2000; Fisher et al, 2000; Mander et al, 2000; Johnson et al, 1997 and 

Bis et al, 2000). For example, Johnson et al (1997), found that their model relating 

land use and geology to nutrient levels instream explained approximately 56% of the 

variation in nutrient levels, although this varied according to the season in which the 

data were collected. Bis et al (2000) found in their study that higher nutrient 

concentrations resulting from agricultural and urban impacts reduced biodiversity of 

aquatic ecosystems (R2 of model = 0.45) -  the negative correlation of -0.45 found in this 

thesis between macroinvertebrate diversity and urban land use and the (negative) 

regression coefficients significant at the 0.001 probability level support their findings.

The strong relationship between the organic pollution indicator BOD and the percentage 

of urban land use in a catchment found in this thesis (correlation = 0.60, regression 

coefficients significant at the 0.001 p level) and the positive relationship between the 

level of dissolved oxygen instream and the percentage of forested land also supports the 

results of the studies referred to above.
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The results for the river habitat variable used in this thesis -H M S  -  support the findings 

of a study by Allan et al (1997), which found that habitat quality correlated negatively 

(-0.76) with higher percentages of agricultural land use in a catchment. This analysis 

has shown that more modified or less natural river habitats are significantly positively 

correlated with arable agriculture, and conversely that in catchments with more semi

natural and pasture land use, rivers have a more natural and unmodified habitat.

Although the regression R2 values for the biological quality indicators ASPT and NTaxa 

are fairly strong, the R2 values for Nitrates and Orthophosphate pollutants instream are 

higher, suggesting that land use and geology in a catchment provides a better 

explanation of nutrient levels than of the biological quality indicators. In other words, 

in terms of using the model to estimate river quality from a given land use percentage in 

a catchment, it would be more accurate as a predictor of pollution levels than of 

biological condition. Predicting pollution levels could be useful, for example, for 

developers and planners who need to know the environmental impacts to rivers of an 

additional unit of urban or arable land in a catchment. One explanation for the lower R 

for the ASPT and NTaxa regressions is that biological quality is in general determined to 

a greater extent by the pre-existing non-anthropogenic environmental conditions, such 

as river gradient, substrate, and distance from source etc than by land use, as some 

Areas with high percentages of arable and pasture land use are also able to support high 

quality river ecosystems, as indicated by the high biological quality scores for The Fens.

One initially confusing result is the lack of correlation between the variable Flow and 

levels of nutrient/organic pollutant (Table 3.15). Ecological theory states that greater 

flows of water in a river channel will be more likely to dilute incoming pollutants, 

resulting in lower concentrations of these inputs (Haslam, 1990), thus we would expect 

higher flow categories to be negatively correlated with pollution. One possible 

explanation for this apparently contradictory result is due to the higher number of larger 

lowland rivers in Areas such as MP and TF, where nutrient and organic pollution is also 

higher. What was interesting was that, whilst river flow could be expected to vary with 

land use, for example urban areas might be expected to have a higher proportion of 

rivers subject to abstraction and impoundment, which would reduce flow, the results did 

not support this -  Flow was only significantly (positively) correlated to high 

percentages of forest cover in the catchment. However, the fact that the larger rivers are 

often, although not exclusively, found in densely populated lowland Areas, and small,
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shallow streams in Areas of predominantly semi-natural / unimproved pasture may 

explain this result.

The predictions for levels of organic pollution and biological quality given in Section 

three of this Chapter are largely borne out. Some exceptions were in the mean habitat 

modification scores, where it was predicted that urban Areas would have high HMS and 

rural Areas low HMS. This was not found to be particularly the case, for example in 

MP, which had a relatively low mean HMS, and SP a fairly high mean value.

To sum up, the purpose of this Chapter was to measure the impacts of land use and 

geology on river quality, as measured by the nine environmental variables used in this 

Chapter. What the analysis of the data has shown is that for most of these indicators, 

the land use and geology of a catchment has a significant and measurable influence, 

confirming Johnson’s (1997) statement that “relatively coarse spatial databases can 

provide useful descriptors of regional water quality” (pi93) and supporting the 

ecological-economic model that predicts that land uses, such as urban development and 

intensive agricultural practices, result in impacts to the ecological condition of rivers. 

The results of this stage of the model also lend support to the forthcoming Water 

Framework Directive River Basin Management Planning approach, which, as noted in 

the introduction, similarly takes a catchment-based approach encompassing catchment 

land use and attributes and using a range of river quality indicators.
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Chapter 4

4.1 Introduction

The previous Chapter looked at the relationship between catchment pressures and their 

associated impacts on river quality, such as organic pollutants and habitat modification. 

This Chapter moves to the next ‘stage’ of the ecological-economic model, which is to 

look at the relationship between the nine river quality variables used in the previous 

Chapter and a different measure of river quality, namely fish population data. The 

focus of this Chapter and its place within the overall model is summarised in the 

diagram below:

Figure 4.1 The ecological-economic model showing the focus of the Chapter

Ecological
Condition

Economic 
Use (A)

Envir.
Impacts

Catchment
Pressures

Fish
populations

Impacts to 
rivers S ta g e  3Stage 2S tag e  1

4.1.1 Chapter Aims

Fish population data are a gauge of both ecological quality and human use value, as the 

existence of healthy and diverse fisheries requires a certain level of ecological and 

environmental quality, and species richness and fish density are desirable qualities to 

anglers. If fish populations are indeed influenced by the condition of the river in terms 

of chemical, biological and habitat quality, this supports the link between catchment 

pressures and impacts to rivers and the recreational use of them for angling (the impact 

pathway described in Figure 4.1 above). The aim of this Chapter is thus to explore and 

quantify the extent to which fish populations provide a ‘robust’ link between the 

environmental measures of river quality and human perceptions of recreational quality.

As well as investigating how angling intensity, as measured by the number of trips to a 

river site, varies with the river quality indicators, a further aim of the thesis is to
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explore, on a coarse level, the relationships between different aspects of river 

ecosystems. In this Chapter, consideration is given to which, if any, of the variables 

used in the previous Chapter to describe river quality are associated with a form of 

higher taxa - fish populations. Previous authors have found that there are strong 

relationships between fish populations and catchment land use impacts (Cuffney et al., 

2000; Allan et al., 1997). Cuffney et al. (2000) used several indicators of fish 

population quality, which included the percentage of pollution-tolerant species, the 

percentage of non-native species and the percentage of external anomalies on the fish, 

such as lesions, sores and eroded fins. They therefore use only one similar indicator to 

this study, the percentage offish species tolerant to pollution, and they found that “fish 

communities showed an almost linear decline in condition as the level of agricultural 

intensity increased” (p268). Although this study looks at the relationship between fish 

populations and catchment land use indirectly via river quality variables, the results of 

the two can be compared.

Allan et al. (1997) review a number of previous studies that have looked at the 

relationships between catchment pressures and biological quality of rivers, and they cite 

a study by Roth (1994), that found that the ‘biotic integrity’ of the river, as measured by 

the ‘fish assemblages’ in the river, significantly (R of 0.50) declined with increases m 

the percentage of upstream catchment land in agricultural use. The authors do not 

describe explicitly how the ‘fish assemblage’ indicator is derived, but it is likely that it 

is related to the type of fish species (coarse or game) and fish species richness, in which 

case the results can be compared to this study, which also looks (indirectly) at the 

relationship between the type of fish species present in a river and the catchment land 

use.

However, there are a number of factors that are likely to adversely affect the probability 

of seeing strong statistical relationships between the river quality variables and the fish 

species richness and density data used in this study. Firstly, different fish species 

respond differently to pollution impacts, for example in general, coarse species are more 

tolerant of organic and nutrient pollution (see Table 4.1 below), and different river types 

have different carrying capacities, so we would expect fish species richness and density 

to vary ‘naturally’ across the dataset, for example to be higher in middle order and 

lowland rivers than upland rivers (Petts, 1985). As lowland rivers are also more likely 

to be subject to pollution impacts, it is possible that some initially counter-intuitive
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relationships will appear16. These issues and how they are addressed are discussed in 

more detail below in Section 4.2.1.

Secondly, whilst data on the major factors have been included in the model (see Figure 

4.2), the constraints of the project mean that it is not possible to include all of the 

variables that may influence fish populations and consequently there may be some 

potentially important factors that have been omitted, for example heavy metals and/or 

pesticides, although these impacts will show up to a certain extent in the biological 

quality indicators ASPT and NTaxa, as they can incorporate the influence of impacts 

that the chemical indices cannot. Thirdly, there are ‘confounding’ factors, which may 

prevent natural relationships between the river quality variables and fish populations 

from showing up. For example, many rivers are kept artificially stocked with fish for 

anglers. Whilst we can roughly test for stocking by excluding some data and or 

removing outliers from the dataset, information on the extent to which the study rivers 

are stocked is not available. A final but very important issue centres around the quality 

of the fishery data, as there was no standardised approach across the country, in terms 

of the indicators used, frequency of reporting and reporting format (this is discussed in 

more detail in Section 4.2.2 below). As such, it is unlikely that the analysis will show 

any especially strong relationships between river quality and fish populations, and any 

relationships that do appear should be interpreted in light of these issues.

This Chapter is divided into 5 Sections that follow the structure of the previous Chapter. 

In Section 4.2 the data to be used and how they were gathered is described, including a 

discussion of the associated issues. Section 4.3 ‘Natural Areas’ gives a description of 

the rivers of each study Area and a prediction of what could be expected in each in 

terms of fish populations, based on the natural and anthropogenic influences in each 

Area. In Section 4.4, the relationships between environmental impacts and fish 

populations are explored using statistical techniques and the results described. In the 

final Section, the results are related to the aims of the Chapter and to the overall modeL

16 Had the necessary data on fish populations been available, it might have been possible to have a fish 
diversity variable which was similar to the biological quality indicators ASPT and NTaxa, in that they are 
a measure of existing diversity that takes into account the level of diversity expected in the natural state 
of the river ecosystem.
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4.2 Model stage data

4.2.1 Fish population data

The data to be used in this Chapter are information on fish populations and the river 

quality variables that were used in the previous Chapter. The fish population data 

consist of three variables - the No. o f  fish species found in the river reach (a measure of 

species richness); the overall Fish density, as measured in numbers of fish peri 00m ; 

and a ‘subjective’ classification, Status, describing whether the river contains 

predominantly, by the number of species, game or coarse fish.

The Environment Agency (EA) uses both the number of species and density estimates 

as parameters for assessing the fish population quality of a river; although fish size 

(biomass/weight) is also often reported, it could not be used as a measure of fishery 

quality in this study, as not all Agency Offices report this. However it is acknowledged 

that this is an important aspect of fishery quality for anglers, especially coarse anglers, 

and that when these data are gathered on a country-wide basis, it is a variable future 

such studies should incorporate. The number of fish species in a river reach is directly 

related to the level of organic and nutrient pollution instream, in that the more polluted a 

river reach, the fewer species it can support; at its worst, gross pollution can kill off all 

river life. As pollution levels increase, the number of species decreases, with the most 

sensitive species decreasing first, and the more tolerant species enduring longer. The 

number offish, or fish density, a river can support is also influenced by pollution levels, 

but may be a less sensitive indicator, as some ‘marginal’ and coarse fish species can be 

veiy abundant in moderately ‘polluted’ (nutrient rich) waters (Haslam, 1990).

The river classification or ‘status’ developed for this research was included as a way of 

giving a broad indication of the type of fish species found in the river. It is based on a 

division between game fish, coarse fish and marginal/minor fish species. Game species 

are salmon, trout and grayling; coarse species are most other types of freshwater fish 

species such as roach, chub, dace, pike, bream etc. ‘Marginal’ fish are species that are 

generally more pollution tolerant and include stickleback, minnow, stoneloach and 

bullhead. The classification contains 7 classes and is structured as follows:

101



Table 4.1 Fishery status classification

River/reach 
score or class

Description of fishery status Examples of fish species found 
in river

1 game species only Salmon, brown trout, sea trout, 
rainbow trout, grayling

2 predominantly game with some 
coarse

3 mixed

4 predominantly coarse with some 
brown trout

5 coarse fish Roach, bream, chub, pike, carp 
etc.

6 predominantly marginal with 
some coarse

7 marginal species only Stickleback, minnow, 
stoneloach, bullhead.

These divisions were developed partially to take into account the pollution tolerance of 

these marginal species that can be widespread and abundant in numbers, thus giving an 

impression of high ecological quality in terms of fish density and number of species, 

which does not accurately reflect the level of impacts to the river ecosystem. Most EA 

Offices avoid this problem by listing fish species and excluding the numbers of 

marginal fish caught in the density estimates, or giving only a qualitative (subjective) 

estimate of density for the marginal species. The classes were decided based on the 

data received from the EA Offices as follows: class 1 was assigned to a stretch that 

contained only game species; 2 to a stretch that contained mostly (>50%) game species 

with some coarse; 3 where there were equal numbers of game and coarse species; 4 

where over 50% of the species were coarse; 5 where all the species were coarse (no 

game fish present); 6 where over half the species present were marginal with only a few 

coarse; and 7 where marginal species only were present.
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Table 4.2 The recommended or ‘guideline’ standards for freshwater quality of the EC 

Freshwater Fish Directive (Adapted from ‘The State of the Environment of England 

and Wales: Fresh Waters, Appendix 4, EA, 1998).

Parameter Game Coarse
Dissolved Oxygen (mg/1 O2) 50%>9 mg/1 O2 ; or 

100%>7 mg/102
50%>8 mg/102; or 
100>5 mg/102

PH 6 to 9 6 to 9

Biochemical Oxygen Demand (mg/1) <3 <6

Nitrites (mg/1 NO2) <0.01 <0.03

Total ammonium (mg/1 NH4) <0.04 <0.2

Table 4.2 shows that game species require lower levels of organic pollutants and higher 

levels of dissolved oxygen instream to exist. The data on dissolved oxygen obtained 

from the EA for this research was held in the form of the percentage saturation -  how 

these percentages relate to mg/1 is described in Table 4.3 below. The mean lowland 

percentage saturation is 93 with a standard deviation of 10.2; the mean upland 

percentage is 97 with a standard deviation of 9.8. Comparing the guidelines for BOD 

and NH4 in the table above to the study data gives an indication of the type of fish 

species that can be expected in the study Areas. The mean lowland (BM, MC, MP, SC, 

TF, most SML rivers) BOD is 2.45 and NH4 is 0.26; the upland (EQ, SD, SP, YD and 

some SML rivers) 1.48 and 0.05. The study Area data suggests that the upland Areas 

are more likely on average to contain game species. However, as relatively low 

concentrations of NH4 can be toxic to fish species in waters with a low pH, it is unlikely 

that all upland streams would be able to support game fish species. These mean values 

also indicate that the quality of some lowland rivers is sufficiently high to support game 

species, for example chalk rivers in BM and SC, which have mean BOD of 1.78 and 

NH4 of 0.1.
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Table 4.3 Equivalent values of milligrams per litre and percentage saturation of oxygen 

at 15°C at Om altitude.

Milligrams per litre Percentage saturation
5 50%
6 60%
7 70%
8 80%
9 89%
10 99%
11 109%

4.2.2 D ata collection

The fishery data were collected from EA Area Offices, which monitor fish populations 

and report the results. The first stage was to find out which rivers of the study sample 

were covered by which Area Offices, and then to contact these Offices with a request 

for the data. Some Offices held the data in electronic format, but the majority as paper 

records. Once the data had been received from the Area Offices the fishery data were 

matched to the river reach database. A spreadsheet was then created containing this 

information, so that the data could be analysed.

The data collection process highlighted some issues surrounding variations between EA 

Area Offices, in terms of what data is collected and how frequently, and how it is 

reported and presented. For example, in some Offices, monitoring fish populations is 

carried out every year and in some every five or even ten years. As mentioned above, 

some Offices collect data on fish biomass whilst others simply state numbers of fish 

caught and the dimensions of the site fished. This variation in reporting has been noted 

by the EA (EA, 1998).

Often the EA fish sampling sites on a river did not match with the study reaches, which 

meant that the data from the closest sampling point was used. In many cases, the study 

reaches were large, or indeed whole rivers, which involved taking the mean of the 

sample points covered by the reach. Another issue encountered during the collation of 

this dataset was where the EA could only supply data that was over 10 years old, it may 

not accurately reflect current fish populations. Overall, these issues of the fish data age 

and inconsistent quality are expected to cause some problems with the ‘linearity’ of the 

ecological-economic model, as they are likely to reduce the likelihood of seeing strong 

statistical relationships between the environmental and fish variables.
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4.3 Natural Areas - fish populations

This Section looks at each of the 10 study Areas in terms of how their catchment 

attributes might be expected to influence the fish populations. The two main catchment 

pressures on river quality that will be discussed here are non-anthropogenic influences - 

geology and soils (and to an extent landscape character), and anthropogenic impacts, in 

terms of the use to which the land is put. The purpose of this Section is to a) discuss the 

relationship between environmental pressures and the ecological health of the river in 

terms of fish populations, in other words to examine the model stage in more detail, and 

b) based on the information on the environmental attributes of the Area gathered so far, 

to predict what the fishery data collected for each Area may show.

4.3.1 Physical attributes

As noted in the previous Chapter, the baseline environmental variables are important to 

consider when looking at river types, as they determine the broad characteristics of the 

river, which will then affect other river qualities. For example, the underlying geology 

and landscape character will determine whether the river has upland characteristics 

(fast-flowing, with rocky substrate, cool temperature and low species richness) or more 

lowland attributes (slower flow, wider, finer substrate, submerged plants and higher 

species richness). The geology of a catchment determines the soils and the plant 

species present, which in turn will influence land use, for example the soil in hilly 

upland areas is generally not good for arable agriculture, but is well suited to sheep 

grazing. Areas of hard igneous rock such as granite, support acidic grass and moorland 

species and result in acidic waters with low concentrations of calcium, potassium and 

phosphates (Petts, 1985). Catchments in areas of predominantly sedimentary rock 

display higher concentrations of minerals, as the rock is weathered more easily and 

these minerals transferred to the water. Geology will also affect the amount of water 

contributed by groundwater stores or aquifers, as different rock types allow water to 

pass through more easily than others (Moss, 1988). The porous nature of chalk allows 

rivers to be fed by groundwaters, which will in general reduce the levels of pollutants 

in-stream.
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4.3.2 River ecology

Figure 4.2 Diagram showing some of the interactions between aspects of a river 

ecosystem -  adapted from Harper and Armitage, 1995.
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Figure 4.2 shows a number of different features of a river ecosystem and how they 

interrelate: the physical/structural attributes, such as the river substrate and flow levels; 

the chemical attributes such as the level of dissolved oxygen; the biota (plants) and 

finally higher taxa (fish and birds). The figure illustrates that while the higher taxa such 

as fish depend directly on the instream biota, for example to provide food and shelter 

from prey, the chemical attributes of the river system also have direct impacts on fish, 

most significantly levels of dissolved oxygen and pH. Research on the effects of 

acidification on fish populations has shown that in areas where soils are acidic and thus 

have a lower natural buffering capacity, low pH levels in precipitation can result in 

significant negative effects on fish populations (ExtemE, 1995). Game fish species 

such as migratory and non-migratory salmonids are most susceptible to this, as they 

tend to be found in the fast-flowing, lower temperature streams found in upland areas, 

which have acidic soils and lower levels of vegetation. The Areas in this study which 

have these types of rivers and geology/soils and could therefore potentially be affected 

by acidification are the Southern Pennines, Exmoor and to a certain extent the 

Yorkshire Dales.
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Organic and nutrient pollutants have a primarily indirect impact on fish populations, via 

their effect on dissolved oxygen levels, although of course in heavily polluted waters 

organic pollution will impact directly on fish health in that suspended solids can impede 

the passage of water through the gills. This diagram also shows that fish affect the 

biological condition of the river as well as vice versa, for example, fish stocks 

introduced to waters can disrupt the ecological balance in-stream. This has been found 

to be the case for the common carp, which can have a number of impacts potentially 

leading to de-oxygenation and eutrophication as a result of increased nutrient levels and 

reduced light levels in the water (EA ‘Stocking fish’, undated).

4.33 River zones

Put simply, the concept of river zones is that a river goes through several distinct 

‘stages’ in its progression from source to where it enters the sea, which are characterised 

by different environmental attributes in terms of substrate, temperature and biota. This 

classification is intended to help understand the features that can be expected at 

different distances from a rivers source.

Petts (1985) defines three river zones: headwaters17, which are often shallow and fast- 

flowing, resulting in low temperatures and river beds made up of coarse boulders/rocks. 

These characteristics also mean that there are naturally low levels of nutrients and 

correspondingly little or no vegetation in-stream. As a result, this stage of a river has 

lower species richness, due to the lack of nutrients and limited temperature range and 

game fish species are often found in such waters.

The second zone is composed of ‘middle-order’ or ‘middle-reaches’. These are slower- 

flowing and the substratum, whilst still coarse, will tend not to contain the larger 

rocks/boulders; they generally have a wider range of temperatures and greater depth. 

These factors give rise to a variety of habitats, water plants and invertebrates and they 

can thus support a greater species richness than the headwaters. Such rivers can, in an 

unpolluted/impacted state, support both game and coarse species.

17 Headwaters, strictly defined as distance from source, are thus also found in lowland areas; in this 
instance, the term ‘headwaters’ refers to upland type headwaters.

107



The third zone is characterised by large lowland rivers, which include coastal and 

estuarine waters. These will have fine silty sediment substrates, resulting in instream 

plants and invertebrates, and nutrient rich conditions. Their temperature range is not as 

wide as that of middle order streams however, which means that species richness may 

be lower. Where ecological quality is high, coastal rivers can support both game and 

coarse species, and inland rivers a fairly high level of species richness.

4.3.4. Study Areas -  fish populations

As Sections 4.3.1 and 4.3.2 above noted, certain environmental conditions/attributes 

will determine the natural ‘carrying capacity’ -  the species richness and density -  of a 

river ecosystem. This means that in comparing Areas in terms of ecological health 

using fish population data, one needs to consider the fact that river reaches in some 

Areas will be naturally more abundant in fish than others, regardless of the level of 

pollution/anthropogenic impacts. For example, we would expect the chalk rivers to be 

able to support a higher species richness than upland streams, and perhaps to have a 

higher fish density as well. A description of the types of river and fish populations that 

might be expected given their natural carrying capacity and anthropogenic impacts are 

given for each Area in Appendix 4.1; these descriptions are summarised in Table 4.4 

below.
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Table 4.4 Summary of predicted fish populations across study Areas.

Study Area Predom. river 
type

No. of fish species Fish density Fishery status

Berkshire and
Marlborough
Downs

Chalk High Moderate to 
high

Mixed

Exmoor Upland Low / Moderate Moderate to 
high

Predom. game

Midland Clay Lowland and 
middle order

Moderate Low Coarse

Midland Plateau Lowland and 
middle order

Moderate Low Coarse

South Chalk Chalk and 
coastal lowland

High Moderate to 
high

Mixed

South Devon Upland, middle- 
order and 
coastal

High High Mixed

Southern
Magnesian
Limestone

Upland and 
some middle 
order

High Moderate to 
high

Mixed, mostly 
coarse

Southern
Pennines

Predom. upland, 
some middle 
order

Low Moderate to 
low

Mixed

The Fens Lowland/Drains Moderate to high Moderate Coarse
Yorkshire Dales Upland Low Moderate to 

low
Predom. game

4.4 Analysis and Results

This Section describes the analytical techniques used to explore the relationship between 

the environmental quality variables and fish population data. The structure of the Section is 

similar to that of the corresponding Section in Chapter 3, with some descriptive or 

preliminary analysis first, to show up differences within and between Areas. Correlation 

analysis follows and finally regression analysis is used to answer the Chapter research 

questions more formally.

4.4.1 Preliminary Analysis

In this Section the average values for the fishery variables are compared across study Areas 

(Appendix 4.2 presents a table of the mean variable values across the study Areas). This
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initial analysis highlights the differences in fish populations between the study Areas, on 

each of the three fishery variables.

Figure 4.3 Mean Fishery status score by study Area

Mean Fishery Status

Study Areas

Looking at the mean fishery status, i.e. the predominant type of fish species present in the 

reach, between Areas (Figure 4.3), the results confirm the prediction for each Area in the 

previous Section based on the theory of river zones and existing environmental pressures. 

The middle-order reaches and lowland rivers have more coarse fish for example, in 

Midland Clay Pastures, Midland Plateau and The Fens. The predominantly upland Areas 

such as Exmoor, South Devon, Southern Pennines and the Yorkshire Dales have more 

game species. Berkshire and Marlborough Downs and South Chalks have mean values of 

around 3, confirming expectations that the chalk rivers are more likely to contain a mixture 

of game and coarse species. The values for the Areas with the highest levels of intensive 

land use and thus pollutants also show that they support predominantly coarse fish species, 

which confirms predictions, as these types of waters are not generally of a high enough 

quality to support game fish. These results also confirm the Freshwater Fishery guidelines 

shown in Table 4.2. The exception to this is SML, which whilst heavily polluted in some
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parts, does also contain some upland-type rivers such as the Wharfe and the Ure that 

support brown trout. This is reflected in the mean value of 3.65.

Figure 4.4 Mean Number of fish species by study Area
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Figure 4.4 above suggests that further analysis of the fishery and river quality data will not 

show a negative relationship between pollution levels and river channel modification and 

species richness, as might be intuitively expected. This is because two study Areas, The 

Fens and Midland Clay Pastures, which have high levels of organic and nutrient pollution 

instream, also have the two highest mean number of fish species. As such, we cannot 

conclude that these conditions are damaging species richness in all river types - it has been 

noted by Haslam (1990) that some coarse fish species prefer nutrient-rich waters. 

However, as Haslam (1990) also stated, it is likely that there is a threshold level of 

nutrients/organic pollution which, when exceeded, will inhibit such species richness. This 

non-linear relationship is suggested by the mean number of species for Midland Plateau, 

which in unpolluted conditions would be expected to have equally high species richness, 

shows approximately half the mean number of species. However, as the Midland Plateau 

Area has more land in urban/industrial use, it may be that there are other influences that
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affect the species richness, such as heavy metals or thermal pollution, which are not 

accounted for here.

Figure 4.5 Mean number of fish per 100m by study Area

Mean Fish Density (No. of fish per 100m2)
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The mean fish densities by Area results as shown in Figure 4.5 above also confirm 

predictions to a certain extent. The figure clearly shows that in the two Areas with the 

highest levels of urban land use pollutants, namely MP and SML, the fish density is the 

lowest. The fairly low mean fish density for the Areas BM and SC do support predictions 

for chalk rivers, in that chalk streams are more likely to support lower densities of fish, due 

to the restricted habitats for coarse fish and relatively low stable temperatures from 

groundwater aquifers. The results show that Areas with high biological quality also have 

the highest densities, most notably EQ and SD. It is also worth noting that some of the 

variation between study Areas is likely to be due to different fish sampling methodologies 

employed by the different EA fishery offices. Although electric fishing is the most 

commonly used methodology, certain river types, for example large slow flowing rivers 

common in East Anglia, are not suited to this method and thus other methods may be used, 

such as netting or hydro acoustics (personal communication, 2003). Thus, the difference
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between average fish density in The Fens and the other study Areas could be partly due to 

the use of different fishing methodologies.

These two charts also indicate that species richness does not necessarily correlate with fish 

density, as the Areas that have a lower mean number of species have a high mean fish 

density, for example, SP and SD. However, this result does support the river zones theory 

(Section 4.3.3) and the predictions made in Section 4.3.4, in that the upland areas (SP, YD, 

SD) show fewer species, and middle-order (MC) and chalk river (SC) Areas show higher 

species richness.

Because the mean fish density value for TF is so much higher than for the other Areas, the 

raw dataset was re-examined to check for outliers which could be skewing the ‘natural’ 

relationship between pollution levels and fish density. This did indeed show that 

approximately 25% of rivers had more than 100 fish per 100m , and two stretches had 220 

and 294 fish per 100m . In addition to different fish sampling methodologies noted above, 

the high number of fish per 100m2 is likely to be partly due to natural populations of fish 

species that thrive in the nutrient rich waters of the study Area, and also to artificial 

stocking of the rivers with fish for anglers18. Although the analysis in Chapter three 

showed that The Fens Area had the fourth highest mean value for the biological quality 

indicators ASPT and NTaxa, indicating that biological quality is fairly good, and that as 

such we cannot be certain that those two very high values are not ‘real’, it is however 

highly likely that they are the result of stocking or a reporting error. These two variables 

were replaced with TF Area mean density value, 62.77.

The standard deviation across study Areas (see Appendix 4.2) shows that some Areas have 

a far higher variation in the fish population variables between rivers than others, most 

notably the Yorkshire Dales (YD) and Midland Clay Pastures (MC), where the standard 

deviation for fish density is greater than the mean. This suggests that the rivers in these 

Areas have a much greater variance in fish density than the other Areas, where some rivers 

have very few fish/are heavily impacted and some support high numbers of fish. This 

variation in fish populations is possibly due to the difference between urban and semi-
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natural or low-intensity pasture river catchments in MC, but as YD does not have any 

significant amount of land in urban use, in this Area it is more likely to be due to other 

factors not captured in the study dataset, possibly pesticides. It may also be a result of the 

data quality or different methods of fish population sampling used by the Environment 

Agency offices.

4.4.2 Correlation Analysis

As in Chapter three, where the relationships between the environmental variables were 

explored using a correlation matrix, the correlations between each of the 3 fishery variables 

was investigated (not shown in text). This showed that whilst significant correlations do 

exist, they are unlikely to be high enough to cause problems with linear regression analysis, 

for example with multicolinearity. The strongest correlation was between the type of fish 

species in the river (Status) and the No. of fish species (0.36), which suggests that rivers 

that support mainly coarse fish species will have greater number of species -  this is in line 

with ecological theory, as discussed above.

The correlations between each of the three fish population variables and the river quality 

variables are show in Table 4.5 below.

Table 4.5 Correlations between fish population variables and environmental quality 

variables (coefficients in bold where they are significant at the 0.05% probability level or 

lower).

River quality 
variable

No. of fish species Fish density Fishery status

Orthophosphates 0 . 1 1 -0.12 0.46
Nitrates 0.21 -0.01 0.65
ASPT 0 . 1 0 0.14 -0.41
NTaxa 0.17 0.19 -0.33
BOD 0.06 0.05 0.37
NH4 (ammonia) 0.07 0 . 0 0 0.23
DO -0.06 0 . 1 0 -0.17
HMS 0.23 0.27 0.31
Flow 0.18 -0.04 -0.03

18
Unfortunately data on whether, or to what extent, the study rivers were stocked was not available at the 

time this study was carried out.
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Table 4.5 shows that there are a number of statistically significant relationships, particularly 

between fishery Status and the river quality variables. The signs on the coefficients are as 

expected, in other words, higher levels of nutrient/organic pollution correlate positively 

with coarse fish species (higher scores for the variable Status) in rivers. Correspondingly, 

the biological quality indicators and levels of dissolved oxygen are negatively correlated 

with the higher status scores, confirming the theory that game species are present in river 

reaches where the biological quality is high and levels of organic and nutrient pollutants are 

low.

The strongest correlations are between the type of fish species in the reach (fishery Status) 

and the nutrient pollution variables, with the most significant correlation between Nitrates 

and coarse fish species. This relationship was suggested by the descriptive analysis in 

Section 4.1 above, which showed mean fishery Status by Area. The Areas that had the 

most coarse fish (class 5) also had the highest Nitrate levels - The Fens, Midland Plateau 

and Midland Clay Pastures. The significant positive correlation between nitrogen levels 

and the numbers of species in a river may be explained in a large part by The Fens Area, 

which has both the highest levels of nitrogen pollution and highest numbers of fish species. 

This could also explain the counter-intuitive correlation between the Habitat Modification 

Score (HMS) and the number of species -  all three of which are exceptionally high in The 

Fens.

Flow, which is a measure of the volume of water in the river channel at a particular point 

and time, i.e. the flow rate of the river, is also positively correlated with the number of fish 

species, which supports ecological theory: as discussed in Section 3, middle-order reaches 

and larger rivers are more likely to support a greater number of different fish species.

Interestingly, significant correlations exist between the number of species and one of the 

biological quality indicators, NTaxa. This result supports ecological theory, as NTaxa score 

is a measure of whether the number of taxa present is as high as you would expect if the 

river were unpolluted (EA, 1998). Thus both the NTaxa score and number of species 

variables are measures of species richness; NTaxa in terms of macroinvertebrates, and the 

number of species variable in terms of the different fish species that are present in a river
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reach. These results suggest that different measures of ecological quality do indeed 

correspond with each other, in that the ecological quality of a stretch does correlate with 

fish species richness. However, the analysis also shows that Areas with high biological 

quality, for example the upland Areas of YD and SD, do not necessarily have the highest 

numbers of species, and this is why the correlation is not particularly strong.

Fish density seems to be more affected by the biological condition of the river, as both 

biological quality indicators - ASPT and NTaxa - are positively and significant correlated 

with it. Although we would not expect increased river habitat modification (HMS) to 

correlate with Fish density, and so this is a counter-intuitive result, it could be explained by 

high values for both variables in The Fens as mentioned above19. Interestingly, the number 

of fish in a river reach is significantly negatively correlated with the presence of 

Orthophosphates, which does conform to theoretical predictions. The results of the linear 

regressions in the previous Chapter showed that levels of orthophosphates in rivers are 

most strongly related to urban land use. The correlation coefficient between Fish density 

and NTaxa is also significant and slightly larger than that of number of fish species. Figure 

4.5 suggested that we might see such a relationship, as the study Areas with high mean 

biological quality scores such as Exmoor and South Devon also exhibit the highest fish 

densities.

A canonical correlation analysis was also carried out, which yielded similar results to the 

analysis above. This analysis works by comparing two sets of data, in this case to identify 

the river quality variables that are most strongly correlated with each of the fishery 

variables. The No. o f fish species variable was found to be significantly correlated with 

Flow (.69), NTaxa (.53) and DO (.51); Fish density with NTaxa (.69) and HMS (.52); and 

Fishery status with Nitrates (.66) and to a lesser extent, BOD (.26). The analysis creates 

two hew sets of variables and gives an ‘overall’ correlation, which states the extent to 

which each of the ‘new’ fishery variables is correlated to the ‘new’ set of river quality 

variables (Appendix 4.3 contains the full results):

19 In the following Section the fish density regression is also performed with The Fens Area excluded.

116



Table 4.6 Overall canonical correlation coefficients for the fishery variables.

No. of fish species Fish density (no.’s fish per 
100m2)

Fishery status

.33 .42 .74

Table 4.6 suggests that we will see the strongest relationship between the type of fish 

(game, coarse or ‘marginal’) and the river quality variables. These relationships are 

explored further in the regression analysis below.

4.4.3 Linear Regression Analysis

As in the previous Chapter, a number of diagnostic tests were carried out after the 

regressions to test whether the assumptions in Ordinary Least Squares (OLS) held, i.e. 

whether the fishery variables were normally distributed etc. This involved looking at 

summaries of the variables to check Skewness and kurtosis and examining graphs and 

plots, such as kernel density graphs comparing the variable distribution to the normal 

distribution. It was found that the No. of fish species and Fish density variables were non

normal, although not to a large extent; Status is a categorical variable and so does not 

conform to the standard normal statistical distribution anyway.

Both logarithmic and square-root transformations were carried out and the variables re

examined: the No. of fish species variable had become acceptably normal after square-root 

transformation and the density variable after a log transformation. The regressions were re

run with the transformed data and the results are reported in Table 4.7 below. The Variance 

Inflation Factor (VIF) test was also carried out to test for multicolinearity and none was 

found (mean VIF = 2.27); a Cook-Weisberg test was also run to test for heteroskedacity, 

and it was found that the results for No. of fish species and Fish density were not 

heteroskedastic (chi2 = 0.01 and 0.47) but the results for fishery Status were. In order to 

stabilize the variance Status was also transformed by square-root and the analysis re-run; 

diagnostics showed that whilst its skewness had slightly increased by square-rooting, it was 

still acceptable for OLS and the results were no longer heteroskedastic (chi2 = 0.02).

117



Table 4.7 Linear regressions of fish population data by 9 river quality variables. The 

coefficient is shown in bold where its T statistic is significant at the 0.05% probability level

or lower; number of observations = 303.

No. of fish species Fish density Fishery status
Orthophosphates 0.03 -0.09 0.11
Nitrates 0.21 0.01 0.24
ASPT 1.12 -0.77 -0.30
NTaxa 1.13 2.18 0.04
BOD 0.18 -0.03 0.18
NH4 0.19 0.42 0.18
DO -0.10 0.02 -0.05
HMS 0.05 0.02 0.02
Flow 0.22 -0.10 0.00

cons -0.20 -0.53 1.61
Adj. RJ 0.21 0.13 0.57
Functional form Square root Semi-log (log density) Square root

The regressions show similar results to the correlation analysis -  in general the same 

environmental quality variables explain the variance in the fish population data. 

Regressing fishery Status against the environmental variables shows that the levels of 

nitrogen ‘Nitrates ’, BOD and the HMS are the most influential on this variable, which, as 

discussed for the correlation results, is expected, the prevalence of coarse fish being 

strongly related to higher levels of nutrient and organic pollutants instream.

Looking at the coefficients for the No. o f fish species regression, the four river quality 

variables that are having the greatest influence - Nitrates, NTaxa, HMS and Flow, are those 

that showed the strongest correlations with this variable in Section 4.2, with t statistics that 

are significant at the 0.01 level. As noted above, it is likely that the positive relationships 

between Nitrates and HMS and species richness, which are counter-intuitive, are due to the 

high values for these variables in The Fens Area20. NTaxa is significant and positive which 

both supports the link between stages one and two of the ecological-economic model, and 

suggests that different measures of ecological quality are, to an extent, commensurable.

20 However, there may be some occasions when a positive correlation between habitat modification and fish 
population variables is found, for example where fishery managers modify their rivers to increase the carrying 
capacity (EA, ‘Stocking Fish: a Guide for Fishery Owners and Anglers’, undated).
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The results of the regression of Fish density by the river quality variables are quite different 

from the correlation analysis, however, as three variables -  Nitrates, Orthophosphates and 

ASPT - that were significantly correlated are not significant explanatory variables. As we 

would not intuitively expect modification to the river channel (HMS) to have a positive 

effect on the number of fish instream, this relationship again may be the result of the high 

values for Fish density in The Fens. Interestingly, Flow has appeared as a significant 

negative predictor of Fish density, suggesting waters with lower flow rates (small streams 

and brooks) are likely to have more fish per 100m2 than the very large wide rivers. This 

result may be influenced by the smaller upland rivers in EQ, SD and SP that have relatively 

high densities of fish. A positive result in this equation is that NTaxa and DO are still 

positive explanatory variables, however, overall this model is disappointing compared to 

the other two in terms of the relatively low explanatory power of the variables/adjusted R .

In order to test the possibility that the extremely high fish densities observed in ‘The Fens’ 

Area might be the result of fish stocking practices and thus may be preventing a ‘natural’ 

relationship between fish density and river quality emerging in the regression, two versions 

of the fish density regression were tried, one excluding The Fens Area entirely, and one 

with the high values (over 100) excluded. As might be expected, the regression excluding 

The Fens Area gave different results, namely that whilst NTaxa was still a significant 

positive explanatory variable, HMS was no longer significant, and Nitrates and BOD 

become negative predictive variables of fish density. These results are more coherent in 

terms of the environmental conditions that might be expected to affect Fish density. The 

results of the version with The Fens Fish density values over 100 fish per 100m2 excluded 

were the same as those for the original model, i.e. NTaxa, DO and HMS are positive and 

significant at the 0.05% level.

The Fens also had a much higher level of species richness than the other study Areas, and 

as this could also be due to extensive stocking practices, or as noted above, different fish 

monitoring methodologies, a regression of the No. o f fish species by the river quality 

variables was also re-run excluding this study Area. The results similarly show that the 

variables predicting the numbers of fish species are more consistent with ecological theory, 

in that NTaxa and Flow are positive predictors -  NTaxa, which is also a measure of the 

number of (macroinvertebrate) species, and Flow, as larger rivers with higher flow rates are
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more likely to support healthy species-rich coarse fisheries (Moss, 1998). DO was a 

negative predictor of the number of fish species variable in this regression, which probably 

reflects the higher levels of oxygen in upland rivers and streams, which also have lower 

species richness than middle order and lowland rivers (Petts, 1985).

4.5 Discussion

The aim of the Chapter was to investigate the relationship between environmental impacts 

to rivers, as measured by chemical, biological and habitat characteristics of river reaches, 

and the ecological quality of the reach, in terms of the fish populations present.

In terms of analysing the relationships between stage one -  Chapter three -  and stage two -  

this Chapter -  of the model, these analyses have shown that the model can be used to relate 

land use impacts directly to two different measures of river ecosystem health, fish species 

richness and density, via the biological quality indicator NTaxa; and Fish density, via the 

level of dissolved oxygen (DO) instream. In other words, as high scores for NTaxa and 

higher levels of DO are determined by land use as shown in stage one of the model, we can 

infer that land use is having an effect on fishery quality. Thus we can cautiously conclude 

that there are significant relationships between land use and fishery quality. For example, 

where land use is predominantly semi-natural or unimproved pasture, we could expect to 

see high fish densities and, depending on the region (upland or lowland) high species 

richness.

These results support the studies mentioned in Section 4.1, especially the study by Roth 

(1994) in Allan et al. (1997) that found that 50% of the variation in fish assemblages could 

be explained by the land use in the upstream catchment. The R2 of 57% in the model 

relating fishery status (type of fish species present) to the river quality variables is 

comparable to Roth’s model results. The study results also support the study carried out by 

Cuffiiey et al. (2000), which found that the percentage of fish species tolerant to pollution 

was higher where agricultural land use was intensive: the analysis showed that coarse fish 

species, i.e. more pollution tolerant species, are dominant where agricultural and other 

pollutants are higher.
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Whilst the No. of fish species and Fish density in the reach can be explained to a certain 

extent by the environmental pressures in the catchment, as measured by the river quality 

indicators, the strongest ‘link’ seen in the model so far however is between a type of 

pollution associated with intensive agriculture, Nitrates, and the type of fish species the 

river can support: the analysis clearly shows that rivers with high levels of Nitrates are 

unlikely to contain game species. Thus we could predict with reasonable confidence that 

where catchment land use is predominantly urban or intensive agriculture, rivers will not be 

able to support game species.

However, because of the positive correlation between Nitrates and the No. o f fish species 

and Fish density seen in ‘The Fens’, caution needs to be exercised in using the model to 

predict how these aspects of fish populations will vary with levels of these pollutants, or 

with land uses that produce high levels of Nitrates such as intensive agriculture. In other 

words, high levels of Nitrates instream do not necessarily preclude the existence of high 

numbers of fish species or density for all types of rivers. Haslam (1990) noted that in 

certain situations, low levels of certain pollutants may increase species richness21. 

However, the relationship the analysis has identified in this dataset is likely in part to be 

caused by the differences in fish monitoring methodology (netting as opposed to electric 

fishing) and also may be due to an external factor on which we do not have data, such as 

fish stocking, as mentioned above. In addition, the results of the regression analysis 

suggested that the relationship between nutrient pollution and the number of fish species 

was positive up to a threshold, in other words, up to a certain point higher levels of Nitrates 

instream encourage a wider variety of coarse fish species, which then drops off as levels of 

Nitrates increase above this, as the result for the Midland Plateau Area suggests.

A second aim of this Chapter was to investigate how three different measures of the 

ecological quality of a river reach -  fish population data -  were related to the widely-used 

biological quality indicators ASPT and NTaxa. The results of this analysis indicate there 

are indeed strong relationships between these different measures of the ecological health of 

a river, most notably for NTaxa, which is itself a measure of the number of

21 This suggests that a different functional form such as quadratic or step-function might have modelled this 
relationship more successfully; this would be an interesting exercise for future research.
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macroinvertebrate species, based on predictions of the potential for the particular river type. 

Interestingly, although NTaxa and the chemical quality indicator DO are significant 

predictive variables with respect to fish species richness and Fish density, thus supporting 

ecological expectations, the regression analysis did not find that the level of organic (BOD) 

and nutrient pollution (Nitrates) instream has a statistically measurable negative effect on 

these two measures fish population quality, except as discussed above,, where The Fens 

Area is excluded from the analysis, and then Nitrates and BOD do indeed become 

significant negative predictors.

Although the regression results showed that neither of the linear models for species 

richness or fish density explained a large proportion of the variation in these variables, 

considering the temporal accuracy and the partiality of the data, the R suggest that there 

are probably strong relationships to be found, and provides support for future research if 

more accurate data were available. The next stage of the model is to look at how the 

condition of a river influences the recreational use of the river for fishing, and specifically 

to investigate whether any of the three fishery variables are significant predictors of the 

level of recreational use, as well as the other river quality variables included in the 

ecological-economic model.
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Chapter 5

5.1 Introduction

The thesis so far has tested the first two stages of the model. Chapter three -  stage one 

-  investigated how different types of human activity, such as urban development or 

agriculture affect various aspects of river quality. Chapter four explored the 

relationship between a number of variables representing habitat and water quality and 

three variables describing type, density and number of fish species.

The analysis of stage three - to explore and quantify how anglers perceive and respond 

to river quality - is split into two parts: the preliminary descriptive and spatial analyses 

are described in this Chapter, followed by the travel cost model, consumer surplus 

estimation and the analysis of anglers’ site preferences in Chapter six. The substance of 

this and the next Chapter and how they fit into the overall model is outlined 

diagrammatically below:

Figure 5.1 The focus of Chapters five and six in the ecological-economic model
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Stage 3

Figure 5.1 shows the primary relationship to be tested in this model stage is between the 

river condition in terms of the fishery quality and recreational use (angling). However, 

the relationships between environmental impacts to rivers, in terms of the chemical, 

biological and habitat variables used in Chapters three and four are also investigated, as 

is, indirectly, the relationship between land use and recreational use, as illustrated by the 

dotted arrows.
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A secondary methodological and theoretical aim of the research is to gain some 

understanding of the aspects of a fishing site that contribute to recreational value, and to 

explore how these aspects may represent different types of value gained from river 

recreation. A means of answering this research question is discussed further in Section

5.2.2 below.

This Chapter is split into four Sections. In Section 5.1 some general background to the 

specific recreational activity - angling - and a discussion of the Chapter’s aims is 

provided, including a theoretical background to the elicitation of motivation/preference 

data in the angling survey. This leads on to Section 5.2, in which the methodology used 

to generate the angling data and how the data were collected is described; specifically 

this Section discusses the design of the questionnaire and implementation of the angling 

survey. A short description of the level and type of angling predicted for the study 

Areas, based on the variables already seen, follows in Section 5.3.

Section 5.4 contains the descriptive and spatial analyses. Firstly, the preliminary data 

analysis is described, including how the travel cost variable was created, and how the 

travel costs for the sites in the study Areas that respondents did not visit were obtained. 

This Section gives some descriptive analysis of the data and describes how the data 

were mapped into a Geographical Information System (GIS).

Finally, the ecological-economic model is analysed spatially using a GIS to explore how 

respondent’s choice of fishing site varies with environmental quality, both for the study 

Area dataset and for the entire set of survey responses.

5.1.1 Brief summary of angling in the UK

In terms of numbers of participants, angling is one of the most popular sports in the 

U.K, with approximately 11% of the population and 21% of 12-16 yr olds22 actively 

taking part. There are more than 3.1 million recreational anglers in the UK, a figure that 

comprises several different types of angler, for example, match/competition anglers, 

freshwater, sea, coarse and game anglers.

22 http://www.environment-agencv.gov.uk/subiects/fish/569882/582380/?version=l&lang= e
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Under 3% of the total rod licences sold by the EA per year are for game fishing; the rest 

are for coarse fishing, thus it can be inferred from these numbers that the majority of 

anglers in England and Wales fish for coarse fish species, such as roach and chub. The 

following table gives some idea of how the two main types of angler varies across the 

country.

Table 5.1 Angling in England and Wales by type and region.

Rod Licence Sales 1999-2000 Coarse Salmon Total
Anglian 180,815 524 181,339
N West 115,699 6,922 122,621
N East 151,564 4,692 156,256
Midlands 232,073 2,109 234,182
S West 76,855 4,584 81,439
Southern 96,091 802 96,893
Thames 194,791 1,614 196,405
Welsh 53,207 7,885 61,092
Telephone sales 6,001
Total 1,101,095 29,132 1,136,228

This ratio of coarse to game anglers is likely to be explained in some measure by the 

proportion of game to coarse fishing rivers, as there are many more coarse fishing rivers 

than game. In addition, the licence fee for game fishing is almost three times as 

expensive as the coarse fish licence, and ticket prices are also often higher. The ‘direct’ 

costs (as opposed to travel, an indirect cost) of angling that vary from site to site such as 

ticket price23 were not included in the site choice model, as the limited timeframe for 

the study precluded gathering these data for all the study sites. It is however 

acknowledged that costs such as ticket price can be a significant proportion of the cost 

of angling, and that travel costs are typically only about one fifth of total angler 

expenditure (Spurgeon et al., 2001).

The species of fish an angler fishes for is important in that it is likely to influence their 

perception of and response to river quality, at least in terms of water quality as game 

species are intolerant to far lower levels of organic and nutrient pollutants (EA, 1998). 

The percentage of respondents in this research survey fishing at game rivers is higher 

than this national ratio, standing at approximately 20% (9 out of 46 rivers in the Study 

Areas). This sample selection effect is possibly explained by the proportion of rivers in

23 Other types o f  direct costs o f  angling such as rod licences or tackle expenditure would not have varied 
from site to site so would not have added anything into the site choice model.

125



the study sample supporting game species compared to the proportion containing coarse 

-  potentially over 65%. As games species require cleaner river water than coarse 

species, it is possible that the survey respondents may be more aware of and sensitive to 

the environmental quality of rivers, and perhaps value less polluted waters more highly 

than the national average. As such, a stronger preference for less polluted rivers might 

be expected to be identified through the model analysis, and to be found in respondents’ 

preferences and motivations for choice of fishing site.

5.1.2 Empirical aims

The first aim of this part of the research is to find out if river quality affects recreational 

use per se, and to investigate which environmental variables are most significantly 

related to use. If it is established that environmental quality as measured by one or 

more of the river and fisheiy quality indicators seen in Chapters 3 and 4 does affect use, 

then the subsequent aim is to investigate how river quality is related to the level of use.

The idea that people base their recreational choices on a knowledge of the recreational 

sites available to them and the environmental conditions at these sites seems sensible -  

for example, environmental conditions determine what sort of fish species they would 

expect to catch, how likely they are to catch a fish, whether site congestion is a factor, 

how aesthetically pleasing the landscape/river corridor and habitat are, whether the river 

water looks clean etc. There are a number of different ways that anglers can find out 

about the fishing and other amenities of a particular site, for example via the internet, 

which has an enormous number of websites dedicated to different aspects of angling; 

specialist magazines; or local angling clubs. Of course, not all of these factors will be 

important to all anglers, but it is likely that some combination of both site productivity 

and amenity/aesthetics will be a requirement, or at least a preference, for most anglers.

The overall research aim as outlined above can be broken down into a number of sub

aims or questions to be answered. The data gathered on recreational use of rivers 

consists of both the cost of travelling to the river site (which in turn is made up of a 

running cost and a travel time cost) and the approximate number of trips made to each 

site in a year. So, the first two specific aims are to find out whether people travel 

further/spend more travelling to higher quality river sites than lower quality sites and, 

secondly, whether people make more trips to higher quality rivers. Cost and trip data
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will be used in various statistical/econometric analyses in conjunction with the existing 

dataset of environmental variables to investigate these relationships.

Adding these new use variables to the existing dataset will enable us to examine the 

relationships between them and the river quality variables used in the previous 

Chapters, allowing us to answer the third question which is to identify which river 

characteristics are the best predictors of recreational use. Because this research focuses 

on angling, it is predicted that the fishery variables used in Chapter four would be the 

most strongly related to levels of use.

The literature review in Chapter one showed that both stated and revealed preference 

studies found that the demand for a site depends on its perceived value, both in terms of 

the environmental ‘services’ it offers, such as providing fish, and the aspects that 

contribute to psychological wellbeing, such as providing a beautiful setting/aesthetic 

benefits.

The studies looking at actual behaviour, both time-series and cross-sectional, found that 

demand / use decreased as quality decreased, and similarly the studies that were based 

on stated preferences also showed that people were willing to pay more for higher 

environmental quality, whether this was in the form of reduced nutrient levels in coastal 

waters or more natural rivers flows (Willis and Garrod, 1995 and 1999; Smith et a l , 

1986; Sanders et a l , 1991; Kahn and Buerger, 1994). These findings would lead us to 

expect that this study will find similar relationships, in other words that people do 

indeed perceive and respond to the environmental quality of freshwaters, and that the 

environmental attributes of a river site will affect people’s recreational choices. In 

Chapter six the travel cost model through which values of these river characteristics can 

be calculated is estimated.

5.13 Motivation/Preference data

The main aim of the thesis is thus to investigate how river quality influences 

recreational behaviour, as described above. A further aim is to investigate the types of 

value gained through a river angling trip and how these are related to anglers’
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motivations and preferences for recreational site. Section 5.2.2 discusses how this study 

attempts to explore the different types of value gained through angling.

The motivation behind this exploration of recreational value stems from a number of 

recent studies that discuss the nature o f human-environment interaction. These authors 

argue that it is possible for individuals to gain both economic (defined as ‘use’ and 

‘non-use’) and non-economic (psychological wellbeing and spiritual) values from 

interaction with the natural environment. The survey methodology has therefore been 

designed as a preliminary attempt to investigate whether individuals gain non-economic 

as well as economic values from a fishing trip, by eliciting preferences for a number of 

fishing site attributes that are thought to embody these different types of value, as 

described in Section 5.2.2. The following Sections review some recent literature on this 

subject and discuss how it applies to this study.

i) Defining environmental values
In recent years there has been a move within environmental economic valuation and in 

related disciplines such as environmental psychology and environmental ethics, to 

embrace a broader, more holistic perspective on human-environment interaction and the 

types of values and benefits gained from natural systems. One aspect of this is an 

emerging argument that economic methods should not be viewed as the only way to 

measure environmental values, but as one of a number of possible approaches (e.g. 

Toman, 1998; Rothman, 2000).

The studies reviewed below suggest that that there are at least two distinct and 

categorically different types of value gained through interaction with and experience of 

the natural environment, one which can be thought of as economic or ‘consumer’ value 

as measured by changes in utility level and referred to as use or non-use value. The 

other describes the benefits and values that contribute to a person’s sense of 

psychological and or spiritual wellbeing or that are based on people’s moral and ethical 

value systems. These are often referred to as ‘non-economic’ values, as they are not 

based on utility and so people are not willing to exchange them for other goods and 

services.

The distinction between economic and non-economic values centre is related to whether 

certain types of environmental value are non-compensatory, in that they reflect non-
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substitutable preferences towards the natural environment (Martinez-Alier et al., 1999). 

This argument is developed by Spash (2000), who argues that non-economic values can 

be distinguished from economic values by the beliefs and attitudes underlying them. He 

states that economic utilitarian preferences are based on a ‘consequentialist’ position, 

which takes the view that ‘goodness of results is the only factor with intrinsic 

significance and therefore they must always regard as permissible the act which leads to 

the best results’ (p477). In other words, that the ends can justify the means if  overall 

welfare is increased as a result of the action/trade-off. In contrast Spash identifies 

another position, which he calls moderate deontology, where the means are in 

themselves considered to be important, so substitution or trade offs would not be 

acceptable, if they affect something that the person considers to have rights or that they 

have a moral obligation to protect. With respect to environmental valuation, these two 

belief systems relate to the position where substitutability of environmental goods is 

accepted if welfare increases in the consequentialist position, and the non

substitutability or refusal to trade-off environmental goods of in the ethics, or rights 

based position of the deontologist.

Another way that economic and non-economic values can be distinguished is the 

presence of lexicographic preferences. These are defined as giving ‘absolute priority to 

one commodity over all others and therefore implying a strict ordering, as in a lexicon’ 

(Spash, 1998, p52). However, Spash (op cit) notes that strict lexicographic preferences 

are unlikely, and describes as situation where such preferences would come into play 

after a certain threshold of welfare is attained -  modified lexicographic preferences. 

Spash argues that people who have modified lexicographic preferences for aspects of 

the environment will refuse to trade these aspects, and that these preferences are often 

apparent in Contingent Valuation surveys, where people state that they would be willing 

to pay their whole income or an infinite amount. What he stresses as important is the 

acknowledgement of ethical and rights-based stances in economic valuation, and an 

acceptance within mainstream economics that people who hold these beliefs have a 

valid and reasonable motivation for doing so. While Spash rightly argues that ethics 

based values are a potentially significant part of peoples values for the environment, this 

thesis extends this position by attempting to understand why people have these values, 

and specifically, what aspects of the environment or interacting with the environment 

are associated with such values.

129



That people hold ethical environmental values for which economic approaches are 

limited has been acknowledged by a number of economists in recent years. For 

example the development of cost-benefit frameworks that recognise there are some 

environmental benefits and costs that are too problematic to place an accurate monetary 

value on (Hanley, 2001), and non-monetary approaches where people are asked to state 

their preferences for a number of alternative bundles of environmental goods, thus 

avoiding any direct trade off between the natural systems and money (Kahn, 1995).

One approach to valuation that has recently been developed and moves away from the 

economic ‘trade-off inherent in stated and revealed preference valuation 

methodologies, is the concept of a citizen’s jury. Kenyon et al, (2001) define a citizen’s 

jury as a ‘small group of people, selected to represent the general public rather than any 

interest group or sector, which meets to deliberate upon a policy question’ (p557). One 

of the benefits of such an approach is that it allows individuals to think about the value 

of an environmental good in a broader, more inclusive way, rather than in a purely 

economic way and as such it enables people to express non-economic or 

citizen/community values.

ii) The non-economic benefits of nature
Over the last few decades, empirical studies have begun to explore and identify non

economic benefits, such as psychological wellbeing and or spiritual benefits, as being a 

part of the wider range of benefits gained from nature experience. Some of these 

studies are briefly described below.

In their book ‘The Experience of Nature: A psychological perspective’ Kaplan and 

Kaplan (1989) document their research into people’s perceptions of and preferences for 

natural environments, and the psychological benefits gained from experiencing nature. 

The research investigates the ‘restorative benefits’ of interacting with nature, which 

they determine as having four elements or ‘levels’, requiring progressively greater 

amounts of time and aesthetic quality to achieve. The first two relate to mental health 

type benefits and are described as reducing cognitive clutter or clearing the head and 

attention recovery; the second two are psychological wellbeing and spiritual benefits 

such as thinking about personal issues, and finally, thinking about the self in relation to 

a wider context, both socio-culturally and temporally. In conclusion, the authors clearly
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relate the aesthetic quality of natural environments with opportunity to gain these 

wellbeing benefits.

Fredrickson and Anderson (1999) describe a study that looked at how natural 

environments inspired spiritual cognitions (thoughts and feelings), which they describe 

as feelings such as empowerment, hope, wonder, awe and humility. The study analysed 

the writings of study participants who were asked to think about how particular aspects 

of a recreational trip contributed to spiritual inspiration, and found that the ‘features of 

the natural environment’ in terms of an unspoilt and rich biota were considered the most 

important, followed by relationships amongst participants and feelings. They note that 

participants found the fact that the natural settings were pristine and unspoilt/removed 

from human activity to be highly important in contributing to spiritual inspiration, and 

that the periods of solitude during the nature interaction were important as motivating 

reflective and contemplative states.

In contrast to Fredrickson and Anderson’s findings, Williams and Harvey (2001) found 

that peoples’ ‘everyday’ experiences of nature were also perceived to contribute to 

spiritual cognitions: their study supported a number of authors who have noted ‘that 

many significant and relatively common leisure and aesthetic experiences in nature are 

characterised using the language of mysticism or transcendence’ (p250). Their study, 

which looked at spiritual or ‘transcendent’ experiences in forest environments, found 

that these experiences ‘were not limited to those occurring in remote or wilderness 

environments’. In support of Fredrickson and Anderson’s study however, they similarly 

found that the positive spiritual experiences were thought by the study respondents to 

stem from the attributes of the natural setting.

They also found that large numbers of respondents described having ‘restorative’ 

experiences during recreational activity -  ‘the refreshing quality of the forest, the 

benefits of peace and quiet, a sense of renewed energy and activity’ -  and that this 

restorative element was linked to attachment to a familiar place. Interestingly, they also 

found that their study provides ‘evidence of close relationships between transcendence 

and both aesthetic and restorative functions of nature’ (p256), supporting Kaplan and 

Kaplan’s (1989) findings that aesthetic quality is linked to psychological wellbeing and 

spiritual benefits.
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Herzog et al (1997) carried out a study comparing the restorative benefits of natural 

environments to urban or other leisure environments. They found that ‘ordinary 

natural’ settings provide two types of restorative benefits, attention recovery and 

reflection. They broadly use Kaplan and Kaplan’s (1989) definition of restorative, in 

that reflection benefits are described as a ‘deeper and more profound benefit’, including 

thinking about personal issues and ‘life’s larger questions, such as...one’s place in the 

overall scheme of things’ (pi 66). They found that natural environments were preferred 

by study participants over the two other settings, for both recovery and reflection 

benefits, but especially reflection. This suggests again that natural environments can 

confer psychological wellbeing benefits.

Brown et al. (1991) investigated the psychological benefits of leisure activities for 

respondents of different age, gender and level of leisure satisfaction. They found that, 

out of seven different types of leisure activity, outdoor recreation is jointly the most 

strongly correlated with psychological wellbeing, as measured by Bradbum’s Affect 

Balance Scale. Interestingly they find that outdoor recreation is more strongly linked to 

wellbeing in younger (18-34) males than any other respondent group. The authors 

conclude that how satisfied people feel with their leisure activity is more important for 

wellbeing than participation per se.

In his discussion of a ‘transactional perspective’ on how humans experience natural 

settings, Hartig (1993) gives a comprehensive review of previous research on the 

benefits gained from interaction with natural environments. He cites a number of 

authors who have carried out research into the motivations/preferences for outdoor 

recreation finding that motivations include ‘desires for religious/aesthetic 

experience...solitude...and enjoyment of nature’ (p25).

A number of previous economic valuation studies (House et a l 1994; Brouwer, 1999; 

Spurgeon et al., 2001; Peirson et al., 2001; Spurgeon et al., 2002) that have gathered 

information on peoples’ preferences for different aspects of recreational use of natural 

resources have found that often the aspects people value most highly are those that 

relate to aesthetic pleasure and psychological wellbeing. Peirson et al. (2001) and 

Spurgeon et al. (2001) found that relaxation, wildlife, landscape and the aesthetic value 

of the river site were considered most important to the enjoyment of a fishing trip. In a 

survey of anglers, House et al. (1994) found that “solitude, the catch and sociability”
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were the main factors underlying anglers enjoyment of the river, and define “solitude” 

as encompassing “peace and quiet, an attractive setting, a feeling of relaxation, a sense 

of freedom, seeing the wildlife” (p35). The authors also class solitude and sociability as 

‘non-consumptive’ aspects of a fishing trip. The results of a stakeholder consultation to 

explore the benefits of rivers and river flows identified that people considered the 

“spiritual/wellbeing” benefits of rivers to be of ‘high importance’ -  “Flows are life 

(quality) enhancing at all levels; river valuable for tranquillity/peace/quiet” (Spurgeon 

etal., 2002, p7).

That the peacefulness of a natural setting may be non-economic in nature and related to 

gaining wellbeing benefits was also highlighted in a recent study of the Norfolk Broads 

by Brouwer (1999), who found that 82% of survey respondents in a contingent 

valuation survey “felt that it is not possible to express the value people attach to the 

peace and quiet of the Broads in money”.

iii) Thoughts from related disciplines
Lockwood (1999) proposes integrating insights from three different disciplines -  

philosophy, psychology and economics -  to widen the economic valuation framework 

in order to take account of both economic and non-economic values for natural systems. 

The author discusses how contributions from philosophy and psychology can help us 

understand how a person’s environmental values are constructed. In this paper he 

focuses on a particular type of non-economic value that people hold - the intrinsic value 

of nature, although he does also note the existence of other ‘essential’ non

compensatory values, such as those relating to quality of life and support services.

Lockwood proposes that much of the controversy or ethical/moral ‘discomfort’ 

surrounding environmental valuation has arisen because a clear distinction between 

economic and non-economic value has not been made. Whilst he acknowledges that 

economic methodologies were never intended to measure moral/ethical or wellbeing 

values gained from the natural environment, his point is that if ‘non-economic’ or ‘non

utilitarian’ values are not explicitly set outside the scope of the economic valuation 

process, people may feel that valuation methodologies are implicitly including these 

non-economic values within their monetary estimates, thus causing moral/ethical 

discomfort.
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He suggests that economic or exchange value should be contextualised within a wider 

interdisciplinary framework/conception of value, in order to ‘enable participants to 

construct and express their assigned values in a manner consistent with their underlying 

beliefs’ (p398). His view that the value elicitation process should seek to understand 

and clarify types of values is relevant to the methodology proposed in this thesis, which 

is a preliminary attempt to do just that.

Likewise, Satterfield (2001) argues that the economic approach elicits only one 

particular type of utilitarian cost-based value and is not designed to allow ‘a fuller 

articulation of values (particularly ethics-based formulations of value)’. She proposes 

an alternative value elicitation methodology where people are given more ‘naturalistic’ 

every-day scenarios in which they are able to express a range of environmental values 

including ‘philosophic-spiritual-affective’ types of value. The findings of this study 

suggest that people do value natural environments in different ways and for different 

reasons, and that using such qualitative methodologies is effective for eliciting non

economic values.

Campos (2002) argues that an economic approach focusing simply on the ‘utility’ of 

nature for individuals ignores the many other services of the natural world, such as 

giving us a philosophical framework and sense of community from which to consider 

our relationship to the world and our place within it. Campos describes the economic 

view of value as divided into two conceptual parts, use and non-use value, both of 

which are related to utility, and therefore, he argues, insufficient to capture the full 

breadth of the human -  environment interaction. Specifically, he takes issue with the 

idea that existence value relates only to economic utility, citing writing from Emerson 

and Leopold to back up his argument for a fuller conception of the value of nature.

iv) Implications for this thesis
In terms of relating these ideas to an investigation of the values people gain through 

recreation in the natural environment, the question is whether non-economic 

environmental values are gained during river recreation, and if so, how we can identify 

them. The studies reviewed above suggest that people can gain wellbeing benefits from 

interacting with nature and that they are more likely to gain these types of benefits from 

a recreation trip through experiencing and appreciating the natural beauty or aesthetic 

quality of a place. In terms of relating this to recreational angling, river sites that are
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more natural in appearance, for example, set in a beautiful landscape are more likely to 

provide the opportunity to gain restorative and or reflective benefits. Preferences for 

such recreational settings could therefore indicate that anglers are gaining these sorts of 

restorative/reflective benefits and that this is one of the reasons they value them.

The purpose of relating these ideas to this thesis is to help to contextualise and provide 

insight on what the consumer surplus / economic estimates generated in this study 

represent, in terms of benefits as perceived by the individual. As an interdisciplinary 

research project that seeks to explore and estimate the values people gain from 

interacting with the natural environment, it is important to define what the economic 

values of the study represent, as this will affect how the results of this research are 

interpreted and used. In other words, the thesis seeks to provide a tentative initial step 

towards finding out how the part of an individual’s value that can be expressed 

monetarily fits within their larger framework of value. The purpose of exploring 

recreation benefits is therefore not to tiy to quantify a greater proportion of a person’s 

total value, but to contextualise, understand and define what it is we are able to value in 

monetary terms, namely, the consumer surplus.

The methodology used in this thesis attempts to define and describe in greater depth the 

types of values gained through interacting with the natural environment, and as such it 

is hoped that it will contribute to current debates addressing which valuation 

methodologies are appropriate for which types of value. For example, one possible way 

to develop valuation methodologies could be to determine, through qualitative methods 

such as surveys, interviews or focus groups, the types of benefits gained from 

interacting with the natural environment that people felt comfortable expressing 

monetarily and those they did not. Economic methodologies could then be used to 

calculate values for those benefits that people felt could be appropriately expressed in 

economic terms, such as consumptive use values, and non-economic methodologies, 

such as citizen juries, or qualitative frameworks such as those mentioned above, could 

be used to decide how to incorporate the ethics-based, psycho-spiritual dimensions of 

environmental value. This is outlined in Figure 5.2 below.
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Figure 5.2 Example of potential values gained from fishing trip

Aspects of trip

Associated benefits

Methodological
Approach

Qualitative
approaches

(citizen/
stakeholder)

Economic/Consumptive,
e.g. catching a fish, fresh air, exercise, 

relaxation

Non-Economic/Wellbeing,
e.g. aesthetics, peace/tranquility, sense 

of community

Restorative 
(psychological 

wellbeing), 
reflective (spiritual)

Competetive 
satisfaction, physical 
and mental health, 

food

Figure 5.2 illustrates the underlying assumption that if people do gain non-economic 

values from interacting with the natural environment, economic methodologies are not 

an appropriate tool for measuring them and vice versa - that qualitative approaches are 

not useful for utility-based consumer values. In other words, obviously it is 

inappropriate to express wellbeing or psycho-spiritual values in monetary terms, even if 

it is theoretically possible to do so. However, understanding the types of benefits and 

values gained from interaction with the natural environment, and consequently which 

methodologies are an appropriate means of measuring them is likely to require 

significantly more in-depth empirical research.

The survey design was thus motivated by the idea that different aspects of a fishing trip

confer different types of value and seeks to investigate whether it was possible to gain

some indication of their relative importance. The psychological studies discussed above

indicate that certain aspects of nature interaction can confer non-economic values. In

summary, these studies have found that the aesthetic and visual qualities of the natural

setting are linked to the opportunity for gaining psychological and/or spiritual benefits

such as restoration and reflection (Kaplan & Kaplan, 1989; Hertzog et a l , 1997;

Williams & Harvey, 2001; Fredrickson & Anderson, 1999). In addition, they found that
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the more natural or unmodified the natural environment, the more likely these types of 

benefits were to be realised. A further finding relevant to aspects of recreational 

angling is that time alone in a peaceful and tranquil environment is important to gaining 

these non-economic benefits.

In order to explore these issues, the questionnaire includes a Section in which 

respondents are asked to assign a score expressing the perceived importance to a 

number of motivations /  preferences that reflect both economic and non-economic 

aspects involved in choice of fishing site. This would give an indication of a) whether 

non-economic values are potentially gained; and b) approximately how important the 

different types of value are perceived to be in relation to each other. Based on the 

findings of the studies discussed above, the aspects of a fishing trip most likely to 

provide restorative/reflective benefits are thought to be: the opportunity for peace and 

quiet; the large-scale aesthetic quality of site (landscape/natural setting); small-scale 

aesthetic quality of site (how natural the river/river bank looks). How these aspects 

were included in the survey is outlined in Section 5.2.2 below.

In summary then, the questions to be answered are as follows:

• To investigate whether anglers prefer to fish at rivers with higher environmental 

quality over those of lower quality;

• If environmental quality does influence use, to find out which environmental 

attributes are most strongly related to angling;

• Based on this analysis, to estimate consumer surplus values for different levels 

of river quality;

• To find out whether different types of benefits are gained through an angling trip 

and how important they are perceived to be;

• To find out the extent to which peoples’ stated preferences for angling match up 

with their behavioural choices.
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5.2 Methodology

5.2.1 Data

The data used in this Chapter are the river quality and fishery variables seen in the 

previous two Chapters, plus data gathered through a survey on river angling in England. 

To test the first hypothesis that river quality affects demand, information on the 

recreational use of rivers for angling was gathered on a country-wide scale. This 

information is comprised of actual distance travelled from the angler’s home to the river 

site, which was used to obtain the travel cost of each fishing trip. Anglers were also 

asked to state approximately how many trips they had made to each river site. Thus this 

data could be transformed into amounts of money spent on an angling trip, and 

frequency of use of the river sites.

Data to enable an exploration of the second research question - whether anglers gain 

psychological wellbeing benefits from the recreational use of rivers and how important 

a part of a fishing trip they are perceived to be - are obtained through the use of 

questions in the survey on motivation/rationale for choice of river site, and are 

described more fully in Section 5.2.2 ii) below.

5.2.2 Questionnaire design

i) Travel cost questions

The questionnaire was designed to be as concise and simple to answer as possible and 

fits onto one sheet of A4 paper. The first side elicits the travel cost information, and the 

second side the questions on motivations for choice of river site (a copy is included in 

Appendix 5.1).

The first five questions ask the angler to state their age, gender, occupation and home 

postcode, and the names of any angling clubs they belong to. This information is used 

to calculate the respondent’s travel cost, in terms of the distance travelled to the fishing 

site, and their wage rate, in order to estimate the value of their leisure time24.

24 It is worth noting again here however that whilst the majority of valuation studies have and continue to 
apply this standard procedure, it has been argued (e.g. Feather & Shaw, 1999) that this process relies on 
assumptions regarding the labour market that are unlikely to hold in many cases.
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Respondents were not asked directly for their income level, as it was though that this 

might be perceived as intrusive and reduce response rate.

Question six is in the form of a table, where the respondent is asked to give three pieces 

of information for each river fished: the name of the river fished, the site on that river, 

and the approximate number of visits made to that site per year. The respondent is 

asked to give this information for the five main rivers they have fished in the past year; 

it is acknowledged however that ‘past year’ may not precisely equal the last 12 months, 

and so the sample-period may not be exactly the same for each angler.

ii) Motivation/preference questions

Question seven comprises a list of nine possible reasons for choosing where to fish 

which respondents were asked to score from one to ten, where one indicated that they 

felt the reason was unimportant, and ten that they perceived the reason to be very 

important. In his review of freshwater valuation in the UK, Spray (1998) notes that 

although previous researchers have employed descriptive methods for eliciting 

preferences for freshwater recreation sites, there is a lack of a structured means for 

assessing these preferences. A study by House et al. (1994) used a simple scoring 

system to evaluate anglers’ preferences for various aspects of a fishing trip; this study 

takes a similar approach, using scoring to structure the responses and to facilitate their 

analysis. Although it is a fairly crude way of eliciting such information, it is seen as a 

preliminary attempt to investigate environmental values, and as an invitation for further 

and more in-depth research.

The first two motivations concern the consumptive aspects of a fishing trip, namely, that 

the species of fish the angler is fishing for will be present at the site, and how likely it is 

that they will catch a fish. These questions relate to the ecological productivity or 

‘services’ of the site in terms of fish populations - the first question, which asks 

respondents to indicate how important it is that species of interest are present, can be 

roughly interpreted as a proxy for ecological and habitat quality. Although this will 

depend to a certain extent on the type of fish the angler is interested in (game species 

requiring less polluted waters than coarse) a certain level of river quality is necessary 

for most species. The second preference, which asks how important the likelihood of a 

catch is, relates to fish density i.e. the numbers of fish in the river.
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The next two motivations relate to the non-economic psychological wellbeing benefits 

that may be gained from a fishing trip. The third aspect asks respondents to score how 

important the natural surroundings and landscape at the fishery are to choice of site. 

This reason attempts to identify whether anglers gain benefit from the aesthetic quality 

of the river site, and how much this contributes to their overall enjoyment of a fishing 

trip. Previous studies have found that this is often an important aspect of the recreational 

experience, even for what might be considered a more ‘consumptive use’ type activity 

such as fishing (McAvory et a l , 1986; Reed-Andersen et a l, 2000; Peirson et a l, 2001, 

Spurgeon et a l, 2001, House et a l, 1994). As discussed in Section 5.1.3, being in a 

beautiful natural landscape has been linked to ‘restorative’ psychological benefits such 

as stress-reduction and also more ‘reflective’ spiritual benefits.

The fourth preference represents the opportunity to experience peace and tranquillity 

whilst fishing, and as such, this preference for a quiet and uncongested site represents 

the psychological benefits of time away from the stresses of everyday life. This reason 

may encompass the benefits some anglers gain from having time alone in a natural 

environment where they are able to experience a more peaceful, meditative or 

contemplative frame of mind (Fredrickson & Anderson, 1999). In addition, this 

preference also includes economic/ utilitarian aspects as well, as less congestion in 

terms of fewer anglers (and other types of recreationists) at a site may well influence the 

likelihood of catching a fish.

Reason five asks respondents to indicate how important the length of time it takes to get 

to the fishing site is. This question relates purely to the consumptive/consumer use 

aspects of a fishing trip.

Reason six investigates whether choice of fishing site might be related more to social 

context and habits than for ecological service or aesthetic benefits. Respondents are 

asked to indicate whether friends or family determine site choice. This may be the case 

for example in a family situation where a parent takes their son or daughter to a 

favourite site of theirs, or if someone is introduced to angling by a friend and they 

recommend a particular site. This reason may also capture those anglers who gain most 

value from the social or community aspects of the fishing experience, for example, 

being part of an angling club. Anglers who consider this reason to be the most
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important of those given may also be less concerned with the ecological condition of the 

river and be prepared to put up with poorer river quality.

Reason seven is similar to reason three but asks specifically about how natural the river 

and river banks appear. This environmental attribute of a river environment could 

potentially relate to both economic and wellbeing benefits of an angling trip. This 

reason aims to draw out the importance of aesthetics and the psychological wellbeing 

benefits associated with interacting with what is perceived to be a more 

natural/unmodified environment. Many authors have noted that the ‘naturalness’ of 

rivers is often a significant influence in determining choice of site (e.g. Tunstall et a l , 

1997) and as noted above, previous research in other disciplines looking at recreation 

benefits has identified a significant correlation between interacting -  in an ‘active’ or a 

‘passive’ way -  with what is perceived to be a natural environment, and feelings of 

wellbeing. Also, the perceived naturalness of the river and river banks could also be 

sought out because it could indicate a potentially higher level of fish species richness 

and density. Whilst both this reason and reason 3 relate to the sites’ aesthetic qualities, 

this reason differs from reason three in that it asks respondents to think specifically 

about the river and river banks as opposed to the broader or landscape-scale 

environment. As this study looks at how angling is influenced by the natural 

environment, it is expected that anglers would be more concerned with the river and 

riparian zone directly, in contrast to other types of recreation such as walking, which 

might be more influenced by large-scale factors/site characteristics.

Reason eight relates to the productive ecological benefits of a high quality aquatic 

environment. The reason asks respondents to indicate how important it is that the fish 

they catch are edible. This of course primarily applies to game -  salmon and trout -  

anglers, as most coarse fish are not eaten. However, many game fisheries now have a 

policy of asking anglers to return any fish caught to the waters. In light of this it is 

unlikely that respondents would rate this reason highly in choosing where to fish.

Reason nine is similar to reason 5, in that it reflects the practical cost, in monetary 

terms, of travelling to the fishing site and is thus a purely consumptive or service-related 

aspect of a fishing trip. It asks anglers to indicate how important the cost of reaching 

the fishing site is in choosing a fishing site.
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The final reason ‘other -  please state’ is left open to give respondents an opportunity to 

give a different reason from the ones listed, or to make a comment. As a preliminary 

attempt at gaining a deeper understanding of why people choose a particular site, the 

nine motivations/preferences are obviously not an exhaustive list, but aim to provide an 

indication of the key aspects and an invitation for further research in the area.

The last Section of the questionnaire is similar to question seven above in that it asks 

respondents to indicate how enjoyable they find three different aspects of angling, but 

differs in that it asks them to rank in order from 1 to 3 against each other, where 1 is 

most enjoyable and three is least enjoyable. There are three reasons instead of nine, and 

they relate to similar aspects as were given in question seven. The aim of the question 

was to act as a check to confirm responses to the previous question, for example, 

respondents who scored catching a fish highly in question seven would also rate this 

aspect highly.

The three aspects were: enjoying the scenery/landscape/natural setting; catching a fish; 

relaxation/peace and quiet. In addition it was thought that it would be possible to use 

these ranking responses as a rough filter, to identify whether there were significant 

differences in general motivation and type of value gained amongst anglers.

The final question asks respondents to state their usual means of transport to the 

river/site. This information does not relate to motivation in choice of site specifically, 

but is data needed in order to calculate the travel cost of a fishing trip. The 

questionnaire ends by thanking the respondent and giving the freepost address to which 

it should be sent.

5.2.3 Data Collection

Because the aim of the research was to look at recreational use and value across a wide 

range of river types, ten geographically and ecologically varied areas were chosen for 

study, as described in Chapter 3 Section 3.2.2. As a result, the data requirement 

covered a spatially large area - the questionnaire had to be distributed widely, and 

preferably evenly, across all ten study Areas.
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The data were gathered in four ways. Questionnaires were sent to angling clubs and 

fishing tackle shops in the study Areas, an online version of the questionnaire linked to 

national angling websites, and as a regional insert into an angling magazine, Angling 

Times, to boost responses in two study Areas where very few responses had been 

received by the other means. The data collection process is described in more detail in 

Appendix 5.2. In total, 421 responses to the questionnaire were received, which 

represents approximately 10% response rate (around 4,500 questionnaires were sent 

out) . Although a disappointing rate of return -  the average response rates is between 

20-25% for mail-based travel cost surveys (Ward and Beal, 2000), it is perhaps 

unsurprising given the nature of the data collection method, which relied heavily on 

third parties (angling club secretaries, fishing tackle shop owners) distributing 

questionnaires and angling websites hosting the link. Out of these 421 only 9 were 

unusable due to missing data. The final total number of responses obtained in the 

survey is within the accepted sample size range for a study of this scale, i.e. between 

300 and 500 useable records (Ward and Beal, 2000).

5.3 Study Areas

This Section discusses the expected level of use in each of the Study Areas, based on 

what was discovered in the previous two Chapters. The geographical location of the 

study Areas is included again here in Figure 5.3 below. As noted in Section 5.1.2, there 

are a number of factors that are likely to influence use, perhaps the most significant 

factor being the presence of desirable fish species, and aesthetic/natural environment 

quality. These factors will differ in importance from individual to individual, 

depending on their motivations for going fishing, or what ‘type’ of angler they are - 

match, recreational, or primarily to enjoy the natural environment or wildlife at the site. 

Whilst all of these factors are likely to be considered in choice of site by most people, 

they will vaiy in importance. It is the purpose of the survey questions to determine the 

various motivations and their relative strengths.

25 It is possible that the low response rate means that the sample may be biased; however, as discussed in 
Chapter 7, compared to some recently collected statistics, the sample is broadly representative of the 
angling population.
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"igure 5.3 Map showing the geographical location of the Study Areas
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There are also a number of practical limitations to where a person chooses to fish, for 

example the distance of the site from their home, how easy the site is to access, and
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whether there are any facilities on site, or places to park a car26. Whilst we would 

perhaps expect areas of beautiful landscape to attract some types of anglers, remote 

areas where the natural setting is unspoilt, may also be more difficult/expensive to get 

to. However, some anglers, perhaps especially game anglers, will choose such areas as 

rivers in a more natural/unmodified area are more likely to contain the game species 

they are interested in. Thus there is a balance between the quality of the natural setting, 

and other factors such as access, service facilities, pubs/restaurants/hotels etc, which 

may be equally important. As a result we would expect Areas where rivers are good 

quality and have relatively easy access and some services to be the most popular.

We would expect rivers in more densely populated Areas to be more heavily used, but 

only up to a point, as if they are in areas of high percentages of urban development, it is 

less likely that any fish will be present in the water: as Chapters three and four 

indicated, rivers in urban areas are likely to contain higher levels of pollutants/be more 

severely modified, which can reduce or even prevent the presence of fish 

species/density.

Based on the ratio of game to coarse anglers inferred from the proportion of game to 

coarse rod licence sales (see Table 5.1), we would expect Areas with predominantly 

coarse fishing to be more highly used. As noted in the introduction to this Chapter, 

game fishing licences account for approximately 3% of total licence sales. This 

suggests that we might expect lowland rivers, which support predominantly coarse fish 

species, to be more popular, taking into consideration human population density and 

national type of angling species preferences. Table 5.2 below summarizes the attributes 

that are likely to influence the level and type of angling in each study Area and based on 

these attributes, gives a prediction on the level of use. Appendix 5.3 describes in 

general terms the use-determining characteristics of each Study Area, with reference to 

four main indices: fish populations and pollution levels, landscape/scenery, access and 

population density.

26 In addition, fishing rights on some rivers are privately owned (i.e. not by Angling Clubs with 
membership open to the public) and thus are not available to be fished. Respondents were not asked 
about whether they stayed overnight on their fishing trip, as this doesn’t change their travel costs.
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Table 5.2 Evaluation of factors influencing level of angling in each study Area.

Area Species
richness

Fish
dens.

Predom.
angling
type

Env. 
quality/ 
level of 
naturalness

Landscape 
/ scenery

Access Pop.
dens.

Level 
of use

BM + + + Mixed + + +++ +++ + + -H-+

HQ + + + + + + Game + + + +++ + + -H-

MC +++ ++ Coarse + ++ -H-+ -H-+ ++
MP + + Coarse + + +++ ++ + +
SC ++ + ++ Mixed ++ +++ -H-+ +++ +HH-

SD +++ + + + Game + + + -H-+ + + + + +++
SML + + + + Mixed + + + + + + +++ ++
SP + + + Mixed + + -H- + ++ +

TF + + + + + + Coarse + + ++ ++ ++
YD ++ ++ Game +++ +++ + + ++
+ low ++ medium +++ high

5.4 Prelim inary and G eospatial Analysis.

This Section is split into four main subsections, which analyse different sub-sets of the 

data. Section 5.4.1 describes how the data were prepared for analysis, including 

preliminary descriptive analysis exploring the distribution of trips by study Area. 

Section 5.4.2 briefly describes how the angling data were imported into a GIS and 

shows the distribution of the angling data across the country. Section 5.4.2 follows on 

from this with an analysis of how choice of angling site in the study Areas is related to 

river quality using a GIS. Section 5.4.3 carries out the same spatial analysis for the 

entire set of questionnaire responses, to see if the results confirm the study Area 

analysis.

All completed questionnaires were entered into a spreadsheet. Each field in the 

questionnaire was represented as a column in the spreadsheet, so that each respondent 

constituted one row of data. Once the data from all of the questionnaires had been 

entered into a spreadsheet, the qualitative data was separated and transferred to a 

separate spreadsheet for analysis.
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5.4.1 Preliminary analysis and data preparation

In this Section, the method of calculating the travel cost of each respondent and each 

fishing trip is described.

i) First stage data preparation

Each respondent had stated the name of the river, the site name and approximate 

number of trips to the site for at least one and no more than five rivers visited in the past 

year27. The distance travelled from their home address (postcode) to the river site, was 

calculated for each site and for each respondent.

To obtain the distances travelled and time taken, a website called ‘Multimap’ was used, 

which for a given start point and destination will calculate the distance and time along 

either the shortest or the quickest road route by car. This method was deemed 

appropriate as the vast majority of respondents had reported that they travelled by car to 

fishing sites .

Most respondents had given a full postcode and a relatively accurate site name, usually 

a town or village. However, 26 respondents had given only a general area or region, for 

example part of a county, ‘south Devon’ or ‘above York’; in these cases an average was 

calculated based on the most popular sites already observed. A number of respondents 

(47) had also given a range of sites fished, for example, they might have stated that they 

fished the River Severn from Bewdley to Arley. In this case, the average distance and 

time across the sites stated was used. It is acknowledged that whilst retaining these 

observations in the dataset might mean that the travel costs are not as accurate for these 

respondents, the benefits of the larger sample size was considered to be preferable to 

omitting them.

Ten respondents gave only the first Section of their postcode, and a further 7 gave an 

incorrect second Section; in these cases just the first Section of the postcode was used. 

Unfortunately, no data could be found that gave the respective size of the areas covered 

by the first and Sections of the postcode, but it will depend to some extent on whether

27 Five rivers was considered to be a reasonable upper-limit based on discussions with anglers.
28 283 respondents stated a means of transport to fishing site: 259 go by car or car share, 4 walk, bike or 
use public transport and 20 a mix o f both car and other means.
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the postcode covers a rural or urban area. In general, rural postcodes can cover much 

larger geographical areas than urban postcodes; again, no precise data giving the 

differences in spatial coverage’s in rural and urban areas could be obtained. A 

relatively small number of respondents (9) had failed to give any site information for 

some rivers. In this case, their data were left out of the analysis, as it was not possible 

to calculate their travel cost. If respondents had given all the other data except the 

number of trips made to a site in a year, the average number of trips for that site was 

substituted. This happened for 17 respondents.

During the process of analysis, a number of sites were unrecognised by Multimap. This 

was possibly because it was a colloquial name, or because the site name given was in 

fact the name of the fishery rather than an actual place name, or often it was simply that 

the respondent had misspelt the site name. When this happened, other geospatial 

websites were queried, such as ‘Streetmap’ to try and find the site. In addition, where 

several site names that were shared by a number of places in the UK, Streetmap was 

used as it displays rivers and river names as well as human settlements, so it was 

possible to identify the correct one by river.

Occasionally the site could not be found by Multimap or Streetmap, in which case a 

general search of the internet using a search engine such as ‘Google’, which can search 

angling websites, often yielded results. To calculate the distances and times using 

Multimap, sites were specified as accurately as possible, preferably using a six character 

Landranger grid reference (i.e. two letters and six numbers, such as SE445973), which 

could be used instead of a place name.

For all rivers where respondents had stated the fishing site, distances and times were 

calculated and added into the spreadsheets.

ii) Second stage data preparation

Once distances and times had been found for all respondents’ fishing sites and entered 

into a spreadsheet, it was possible to convert this information into a travel cost for each 

site. This was done by converting the distance figure into a ‘running cost’ in pence for 

car travel, based on 10 pence per mile (distance x 10/100). This figure was obtained 

from the (AA/RAC) website, which gives the marginal running costs for vehicles. It 

was chosen as an average figure representing the costs of travelling by car.
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The ‘time’ figure was also converted using a formula in Excel (% of hourly rate x time 

in minutes/60), to represent an opportunity cost of the respondent’s leisure time in 

minutes, which is calculated as a percentage of their wage rate. It is usual for studies 

using the travel cost method to vary between a rate of 30 -  50% (Hanley et al., 2001b). 

In this thesis time cost was calculated at 20, 40 and 60% of the wage rate, in order to 

test the sensitivity of the regression results to the method of travel cost calculation. The 

occupation and age data were transformed into a weekly wage for each respondent, 

using the New Earnings Survey 2000 data on mean weekly wages for a range of 

occupations and age brackets (ONS, 2000), which were then transformed into an hourly 

wage by dividing by 37.529.

These transformations resulted in two additional columns of data for each site ‘running 

cost’ and ‘time cost’, which could then be added together to produce a single figure 

capturing total cost of travel to the recreational site -  ‘travel cost’. Respondents ID, 

postcode, river name, site, travel cost & number of trips was then copied to a different 

worksheet for each of the three spreadsheets and arranged so that each site was on a 

separate row.

Once this had been done, all of the data (all three spreadsheets) were merged into a 

single worksheet. This resulted in 1287 rows of fishing sites (1320 minus 33 for which 

a distance/time could not be obtained). This merged spreadsheet was exported to a new 

Excel workbook for analysis.

iii) Preliminary analysis

The data preparation thus far had resulted in one large ‘list’ type dataset of all the rivers 

and river sites, the travel cost of getting to the sites and the approximate number of trips 

made to that site per year. An example of a row of the spreadsheet is shown below in 

Table 5.3.

29 Whilst this procedure is unlikely to precisely capture the income level of the respondent and the 
resulting estimates of wage rate will be veiy approximate, given the time and resource constraints of the 
study, it was considered to be the best available technique.
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Table 5.3 An example of the merged spreadsheet containing the angling data.

ID Postcode River Site Travel Cost Trips

A T N E l HX63BP Aire Knottingley £4.67 10

The next stage was to identity which rivers were within the Study Area boundaries and 

which were not (see Figure 5.4 for the geographical location of the study Areas). 

Sorting the list by river name and matching it against the existing dataset of rivers in the 

study Areas provided a preliminary selection of the angling data. Comparing the data 

obtained for the study Areas to all the data gathered in the survey, out of a total of 178 

rivers that respondents had reported fishing, 49 were study rivers, which represented 

approximately 28% of the total responses. The total number of individual sites/stretches 

within the study Areas was 374 or 29% of the total. An alternative approach which 

would have generated more data on the study rivers would have been to list them on the 

questionnaire and ask anglers to tick which ones they’d fished; however, given the large 

number of study sites (303) it is likely this would have reduced response rate 

considerably. A summary of the data for the 10 study Areas is given in Table 5.4 

below.

Table 5.4 Distribution of angling data by study Area

Study Area Original 
no. of 
rivers

No. of rivers 
visited

No. of 
respondents 
fishing in Area

Total 
Trips per 
annum

Mean 
no. of 
Trips

BM 7 2 (29%) 10 163 16
EQ 22 2 (9%) 1 3 -

MC 18 2 (11%) 9 132 15
MP 34 4 (12%) 22 385 18
SC 19 4 (21%) 27 515 19
SD 19 5* (26%) 14* 375 27
SML 20 6 (30%) 71 1702 24
SP 20 4 (20%) 22 247 11
TF 40 17 (42.5%) 43 1139 26
YD 27 3 (11%) 12 323 27
Total 226 49 (22%) 231 4,984 20
♦There were actually 31 respondents Ashing this Area, but 17 had Ashed rivers for which no environmental data was 

available.

A separate worksheet for each Area was created containing the rivers fished in that 

Area. A secondary selection was then carried out to identify which fishing sites fell 

within Area boundaries, and which were close to or just outside Area boundaries. This 

involved looking at the site on Streetmap and checking against Area maps containing
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Ordinance Survey data. This was important for example where a river runs over a large 

spatial area or a different study Areas, such as the Wharfe, Aire, Ure, Avon etc. Each 

Area worksheet contained a list of rivers, sites fished on that river, the travel costs for 

each site and number of trips made to each site.

Table 5.4 above shows that whilst the data collection process was as random as 

possible, an even spread of responses over the study Areas could not be ensured, and in 

general there were a higher number of responses from the eastern and southern regions. 

As the study Areas were chosen to represent a wide range of environmental, geological 

and land use types (lowland and upland, inland and coastal etc.) rather than purely on 

the basis of population density, it was unavoidable that some study Areas would have a 

greater number of fishing sites falling inside their boundaries than others.

A likely reason for the uneven spread of responses are that Areas where population 

density is higher could be expected to be fished more heavily and this is indeed the case 

for some areas with higher population density, for example the Areas ‘Southern 

Magnesian Limestone’ and ‘South Chalks’. However, the Area ‘Midland Plateau’ 

which has the highest population density does not have the highest number of fishing 

sites/respondents. This is perhaps also to be expected given the high levels of nutrient 

and organic pollutants in the rivers and corresponding low levels of biological quality. 

The reverse is also true, in that the Areas where population density is lowest (Exmoor 

and the Yorkshire Dales) also have a low number of responses/fishing sites.

As a consequence of the uneven spread of responses over the Study Areas, 

notwithstanding the RUM travel cost model used, some Areas did not contain enough 

responses to allow each Area to be analysed individually, and it was considered that 

pooling the individual Areas into broad river ecosystem types would generate more 

robust results. Therefore in order to explore broad differences in the demand for 

fishing, the Areas were pooled into three sub-sample datasets: Upland, Lowland and 

Chalk rivers; this process is described in Chapter six Section 6.3.1.

Comparing the expected level of recreational use indicated in Table 5.2, which was 

based on the factors thought to generate a high number of trips, with the observed mean 

number of trips by study Area (Table 5.4), shows that only one of the study Areas that 

was expected to have a high level of angling trips -  SD -  actually did. The other two
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Areas that had high mean number of trips were TF and YD, but which were expected, 

based on river quality and population density, to have only medium levels of angling. 

Table 5.2 indicated that in MP and SP, low levels of angling would be observed -  MP 

because of the high levels of pollution in rivers, and SP because pollution was fairly 

high and the area is not particularly well-served by the road network. Expectations 

were borne out for SP, but the mean number of trips in MP was fairly high, although 

concentrated on one main river in the western part of the Area, the Severn (see Figure 

5.4 on page 156 below). Interestingly, two of the three main game fishery Areas -  SP, 

YD and EQ -  had the highest mean number of trips, confirming that there was a 

relatively high proportion of game anglers amongst the survey respondents, and that 

therefore this type of angler is likely to be over-represented in the sample, compared to 

the national angling population. The other unexpected result highlighted in Table 5.4 

was for EQ, which was predicted to have a medium level of use, given the very high 

ecological quality of the rivers and game fish species they support, but mitigated by 

poor road access. In fact, only 3 trips were observed in this Area, which is far below 

even the next-lowest fished Area, MC. A possible reason for this is that there are more 

sea than freshwater anglers in that Area - the main population centres and angling clubs 

are on the coast; or it might be that as the freshwater fishing is almost exclusively for 

game species, it is predominantly private and too expensive for most anglers.

The final two preliminary analyses were to look at the number of sites fished by each 

individual, in other words, how many respondents had reported fishing at one, two, 

three etc. sites in a year (calculated for the study Areas rather than the whole dataset) 

and number of fishing trips taken in general over the course of the year. This 

information is shown in Table 5.5 and Table 5.6 below.

Table 5.5 No. of different sites respondents fish at in a year

One site Two sites Three sites Four sites Five sites
96 63 29 10 5

Table 5.6 No. of trips taken by respondents

No. trips per 
year

1-5 6-10 11-20 21-30 31-50 51-125

No.
respondents

172 102 56 22 18 14
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These analyses show that most of the survey respondents have one or two favourite sites 

and most take between one and ten trips to these sites per year -  only 4% of respondents 

make more than 50 trips per year. This suggests that most of the survey respondents 

who fished the study Area rivers, may be ‘pleasure’ or non-competitive anglers; match 

anglers fish on average between 50-100 times per annum (personal communication, 

2003).

iv) Adding in th e ‘non-trips’

As environmental data were available for all the study rivers, if travel cost data could be 

obtained for the substitute sites in each study Area, i.e. the available rivers/reaches in 

each study Area that respondents had chosen not to fish, a random utility model could 

be employed which would allow an analysis of how the environmental quality of the 

river had affected choice of site. In other words, it would provide a means of 

comparing the stretches that had been fished and those that had not, based on their 

environmental attributes. For example, if respondent X had fished only the Avon and 

the Tavy in the Area South Devon, the other rivers in South Devon they had not fished 

would receive a ‘0’ for trips but have data for all the other 15 variables. The not- 

visited/substitute rivers were added for each Area a respondent had fished, i.e. 9-107 

rivers per individual. However, most of the respondents had only fished in one study 

Area, so had around 20-60 substitute/non-trip sites.

In order to add in the substitute sites, travel cost data for each respondent to all of the 

other stretches in the Study Area that the respondent had not fished at were needed. 

Multimap kindly offered to cany out this calculation of the distances and times between 

respondents’ home postcodes and each river reach (using the reach grid reference 

eastings and northings in the ten Areas free of charge using their geo-referencing 

website. Once obtained, these distances and times to the ‘non-trip’ stretches were 

transformed into travel costs (as described above), each Area dataset was expanded to 

include these ‘non-trips’ and then the Area datasets were merged to create a single 

dataset of 7576 rows of data/observations.
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5.4.2 Mapping the data

The preliminary analysis described above identified that out of the 421 survey 

respondents, 231 (55%) of those reported fishing trips to rivers within the Study Area 

boundaries, which meant that approximately half of the data collected could be used in 

the model directly. This was because the environmental (river quality and fishery data) 

had been collected for the Study Areas and there was not time within the project to re

collect data for all these other sites around the country.

However, a relatively quick and straightforward way to use the data that fell outside the 

Study Areas was to import it into a Geographical Information System (GIS) and analyse 

it using the national river quality monitoring data from the Environment Agency. This 

would be useful in that it would provide a) a way to check whether the model results 

were supported by the spatial data analysis and b) a means of assessing whether the 

model results were consistent with/supported by the entire dataset. Using a GIS 

provides a method of directly correlating the level of recreational use of rivers with their 

ecological quality. This is achieved by overlaying visual representations or maps of 

various databases, in this case, a map of the sites fished onto a map showing river 

quality. Complementing the econometric analysis with a geo-spatial analysis was also 

considered appropriate in light of the interdisciplinary nature of this research, as GIS 

analysis is widely used in the field of environmental monitoring and assessment.

In order to import the dataset of fishing trips into the GIS (Arcview), the OS X and Y 

co-ordinates for each fishing site were obtained, using the website ‘ Streetmap.co.uk’, 

and added into a dataset. Once these co-ordinates had been added, the dataset was 

imported into Arcview ready for analysis (see Figure 5.4 below). The river lines 

network was added, which allowed a check on the accuracy of the fishing site co

ordinates, by using the measuring tool in Arcview to assess the distance between the 

points (representing fishing site) and the river lines, as we would expect the sites to fall 

on or very near to the river lines. Most of the sites were within 10-400 meters of the 

river line, with less than 10% further away than this.
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Figure 5.4 Distribution of respondents’ fishing sites in GB and the study Areas.
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5.4.2 Spatial analysis of study Areas

In this Section a GIS is used to investigate how anglers’ choice of fishing sites are 

related to their chemical and biological condition.

In order to do this, both the Environment Agency’s GQA river quality categories and 

the data on fishing sites were imported into Arcview. As described in Chapter three, the 

EA reports on the chemical and biological quality of rivers by using six categories of 

quality, ranging from ‘A’ highest quality, to ‘F’ poorest quality. These categories 

reflect the underlying chemistry variables seen in the previous two Chapters -  BOD, 

Ammonia, DO and the biological quality indicators, ASPT and NTaxa (Chapter 3, 

Section 3.2.6).

The database of GQA biology scores for the national river network for the year 2000 

was queried in Arcview to select all the sites on each grade of river, for each Study 

Area. Figure 5.5 below shows an example of a study Area (SC) showing the trips and 

the quality of the rivers in the Area.
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Figure 5.5 Map showing the distribution of trips and river quality in study Area SC
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A chi-square analysis was then carried out to compare the number of observed to 

expected sites using the number of stretches of each quality grade in the Area. The 

‘expected’ number of fishing sites is the number that would be expected for each quality 

category if the quality did not have an influence on choice of fishing site, i.e. the null 

hypothesis. The larger the chi-square value, the less likely that the sample could have 

been drawn from a population where the null hypothesis was true. As there are six 

quality categories, there were 5 degrees of freedom (df=k-l). Using the chi-square 

distribution table, the quality can be said to be having an influence on recreational use 

of rivers at a probability level of 0.01 if the value is greater than 15.09.
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Table 5.7 The chi-square value for the river quality categories on fishing site choice 

(values are bold where significant at the 0.01 level of probability or lower).

Area Chi-square value
BM 5.06
EQ 0.55
MC 0.00
MP 86.15
SC 52.15
SD 48.02
SML 137.99
SP 16.78
TF 4.12
YD 3.97

Table 5.7 shows that in the Areas MP, SC, SD, SML and SP the chi-square value is 

significant, and especially large in the Area SML. Areas EQ & MC do not have 

sufficient responses for the analysis to work. In the other Areas (TF, YD & BM), 

although there are slightly more respondents/fishing sites on higher-grade rivers, there 

is not enough of a difference between observed and expected numbers to be significant. 

SML has the highest chi-square value, followed by MP -  interestingly, these two Areas 

are also the most impacted by organic and nutrient pollution.

In order to get a better picture of how the fishing sites vary with river quality, the 

observed and expected numbers of sites were plotted in a graph for eight of the ten 

study Areas (i.e. excluding EQ and MC). These charts (not shown in the text) 

confirmed the chi-square values and show that in half of the Areas, there is a large and 

significant difference between the observed and expected fishing sites, in other words 

distribution of fishing sites in the study Areas suggests that river quality is at least one 

of the factors influencing which river stretches are visited and which are not. The 

analysis indicated that people are choosing to fish on rivers of quality categories 4 A’ 

and 4B’ and conversely that anglers are avoiding rivers where the biological quality is 

low (observed sites are lower than expected for 4D’ 4E’ and ‘F’ quality stretches).

These results are perhaps unsurprising in that we would expect anglers to be aware of 

the biological quality of the rivers in their region. Nevertheless it is a positive 

preliminary indication that the research hypothesis -  that the ecological quality of a 

river determines the recreational use of it -  is a sound one. Now that this initial look 

has confirmed this intuitive position, further and more in-depth analyses can be carried
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out to answer the other research questions, namely, can we determine which specific 

environmental attributes are influencing site choice, and can we quantify aspects of their 

value?

Interestingly, this chi-square analysis shows that anglers are not always choosing the 

‘A’ quality rivers, except in areas that contain chalk rivers and so are more likely to 

support game species such as trout or salmon, for example in the Areas BM and SC. 

Also, as was found in Chapter 3, the Area TF has a high percentage of land in intensive 

agricultural use and correspondingly high levels of nutrient pollution, and the observed- 

to-expected chart for the Area shows that, although not to a statistically significant 

level, people are choosing to fish at the highest quality stretches.

As stated above, the two Areas where observed numbers of sites varies most from the 

expected numbers of sites are also the two most heavily impacted Areas in terms of 

levels of intensive land use and organic and nutrient pollution, MP & SML. In these 

Areas, the number of sites on ‘B’ quality rivers far exceeds the expected number. The 

chi square statistics are more significant in these Areas, as people are still choosing 

predominantly to fish at the higher quality grade ‘B’ rivers, despite the relatively limited 

availability of rivers of this quality.

In the Areas SD and YD, we see that there are significantly more stretches of grade ‘A’ 

river than any other grade, but anglers appear to be choosing to fish at ‘B’ grade 

stretches more often. A possible reason for this might be that the ‘A’ grade stretches in 

these Areas are often headwaters (narrow fast-flowing upland type streams) where the 

number of fish species is not as high as middle order and lowland reaches.

A chi-square analysis and chart of observed-expected trips for all the study Areas as a 

pooled dataset was also carried out (see Figure 5.6 below). A similar pattern emerges -  

anglers seem to be choosing the high quality (‘A’ and ‘B’) stretches and not fishing at 

the lower quality stretches. While numbers of trips to ‘A’ grade rivers is approximately 

what would be expected, numbers of trips to ‘B’ stretches far exceeds the expected. 

This reflects the results for the individual Areas, but could also be because ‘B’ quality 

stretches are more likely to be easier to access, closer to centres of population or 

perhaps because these stretches are more likely to support coarse fish species, which are 

the predominant fish species fished for in England. Of course it is probable that all of
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these factors will have some influence on the choice of fishing site, and whilst we 

cannot include all of them in the model, the analyses in Chapter six can test whether 

these fishery variables are significant predictors of trips.

Figure 5.6 Observed versus Expected sites for all pooled study Area dataset.
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5.4.3 Spatial analysis of all responses by river quality.

The purpose of the analyses carried out in this Section is to determine whether the 

model results were supported by the results for the entire set of survey responses, 

namely 421 respondents instead of 231. In Section 5.4.2 above, the analysis compared 

the numbers of observed to expected sites in the Study Areas and the results graphed. A 

similar analysis was carried out for all of the responses / sites fished around the country, 

again using the GIS ‘Arcview’ to analyse the database of fishing sites geo-referenced by 

their eastings and northings coordinates in conjunction with the national river quality 

monitoring network used by the Environment Agency.

The analysis was carried out using both 1995 and 2000 data, to see if there were any 

significant differences between them - as the angling survey data relate to the year 

2000-2001, the 2000 dataset could be expected to provide a more accurate picture of
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how fishing site choice varies with river quality. The following table shows the 

Pearson’s Chi-square values for observed versus expected number of sites, for both the 

biological and chemical data.

Table 5.8 Chi-square values for all sites, for both GQA biological and chemical data, for 
1995 & 2000.
Data Chi-Square
GQA biology 2000 194.41
GQA biology 1995 133.30
GQA chemistry 2000 144.29
GQA chemistry 1995 169.54

As with the chi-squared analysis carried out for the study Areas, there are five degrees 

of freedom, so as these values are greater than 20.51, they are all significant at a 

probability level of 0.001 or lower. The observed to expected sites are graphed below.

Figure 5.7 Observed versus expected distribution of fishing sites by river quality, using 

the Environment Agency’s GQA biology data for the year 2000.
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Figure 5.8 Observed versus expected sites by river quality, using the Environment 

Agency’s GQA chemistry data for the year 2000.

Fishing Sites by River Quality 
(GQA chem 2000)

A B C D E F

River Quality

This analysis of all the questionnaire responses supports the model results (presented in 

the following Chapter), in that anglers seem to prefer to fish at rivers of ‘A’ and ‘B’ 

quality, as measured both by the chemical or biological indicators. And conversely, 

stretches of lower ecological quality (‘C’ -  ‘F’) receive fewer visits than would be 

expected if quality had no affect, except ‘F \  which has very few observations so may be 

being affected by a few ‘unusual’ responses30. The difference in observed to expected 

sites is greatest when quality is measured by the biological indicators, which suggests 

that anglers respond more to the biological quality of the river than the chemical quality, 

which is interesting in terms of evaluating which indices may be more useful in 

describing the value of a river for human use.

The chi-square values in Table 5.8 show that there are some differences between the 

observed to expected sites both comparing against the chemical and biological data, and 

also between the 1995 and 2000 data. The most noticeable difference is between the 

biological and chemical measures, in that when river quality is represented in terms of 

the chemical quality measures, anglers seem to choose to fish at the ‘second best’ (‘B’) 

quality rivers, but when the biological indicators are used, the highest number of fishing

30 For example, some anglers may choose to continue fishing a river even though the quality is poor. 
Equally, this result could be the result o f noise in the river quality dataset.
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sites is to the ‘best’ quality (‘A’) rivers. This may be because of the way that the quality 

categories are assigned, in other words, rivers categorised as being of biological quality 

‘A’ correspond to the ‘B’ category in terms of the chemical indices. In terms of 

ecological theory, this may be explained by the fact that rivers that have moderate levels 

of organic or nutrient enrichment can support greater species richness; this is what the 

biological indicator NTaxa measures.

A comparison between the 1995 and 2000 values shows how the river quality changed 

over this five year period: the number of fishing sites on ‘A’ rivers has increased and 

number of sites on ‘B’ rivers decreased. Thus although the graph appears to be showing 

a change in number of respondents/fishing sites on ‘A’ rivers over those to ‘B’ grade, it 

is in fact showing a change (improvement) in river quality for those particular rivers. 

As this survey only obtained recreational use data for the year 2000-1 and not for 

previous years, it is not possible to assess if the improvement in river quality over that 

time period resulted in higher numbers of respondents fishing on the improved rivers. 

However, improving river quality over this period may explain why some of the river 

quality variables are wrongly signed or non-significant (see Chapter six) -  because the 

indicator values relate to river quality in the mid 1990s, so stretches with lower 

biological and chemical quality would appear to be getting more trips than they actually 

did.

What it is possible to conclude, is that the chi-square analysis using the most temporally 

commensurate (2 0 0 0 ) dataset, shows that significantly more sites were observed on the 

high quality rivers, and that the highest quality category has the largest difference 

between observed & expected sites: anglers seem to be actively preferring to fish at 

sites on ‘A’ grade rivers.

i) Spatial analysis of trips and travel cost by river quality

Stage three of the ecological-economic model to be formally analysed in the travel cost

model in Chapter six is expected to show that the number of trips to a fishing site is

determined by the quality of the site. This brief Section investigates whether a spatial

analysis of the plotted fishing sites, in terms of the number of trips and the cost of those

trips, is related to the GQA river quality categories. The fishing sites dataset and the

GQA biology dataset for 2000 were queried in a GIS to select all the fishing sites in

each of the six quality categories, using a 100 meter ‘buffer’. This process selected a
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total of 763 sites out of a total of 1309, which comprises 58% of total sites31. Mean and 

median travel costs of the individual trips to each site for each grade of river were 

calculated; Table 5.9 shows the results.

Table 5.9 Average travel cost by river quality

River quality Number of observations Mean travel cost Median travel cost
A 317 £13.33 £8.55
B 319 £12.99 £7.75
C 79 £13.77 £6.84
D 17 £8.64 £4.64
E 19 £4.21 £2.40
F 1 2 £13.16 £13.04

Table 5.10 Average travel cost with quality categories grouped into ‘Good’, ‘Average’ 

and ‘Poor’

River quality Number of observations Mean travel cost
"Good" quality rivers (A&B) 636 £13.16
"Average" quality rivers (C&D) 96 £ 1 1 . 2 1

"Poor" quality rivers (E&F) 31 £8.69

This coarse analysis shows reasonably clearly that people are willing to travel further 

(and pay more) to fish at rivers of higher biological quality. The median travel cost 

shows a steady reduction in travel cost through the quality grades, except for category 

‘F’ which is counter-intuitive as it is the largest amount for the poorest quality river; 

however this may be explained by the very few ( 1 2 ) observations for this category, 

which may prevent estimation of a ‘true’ mean.

The mean travel cost shows a similar if not quite as clear-cut trend (travel cost to ‘C’ 

grade rivers is higher than for ‘A’ and ‘B’ and as with the median, travel cost to ‘F’ 

rivers is skewing the results), although when the six categories are grouped into ‘good’, 

‘medium’ and ‘average’ quality (Table 5.10) a similar pattern emerges.

Looking at the number of observations for each quality category, shows that the 

overwhelming majority (83%) of fishing sites/trips are to the ‘A’ and ‘B’ rivers. As 

such it confirms the chi-square analysis in the preceding Section: choice of fishing sites 

seems to be affected by river quality.

31 This reflects the fact that the OSX and Y coordinates for sites fished did not exactly match those o f the 
river itself, as fishing sites were usually cited as the village name or town district.
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The investigation of how recreational use is related to river quality is continued in 

Chapter six, with a number of statistical and econometric analyses followed by the 

formal estimation of the travel cost model. The results of the spatial analyses carried 

out in this Chapter are also discussed in the concluding Section of Chapter six.
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Chapter Six

6.1 Introduction

In this Chapter the analysis of stage three of the model -  the relationship between river 

quality and angling - is continued with the estimation of the site choice and trip prediction 

models and calculation of consumer surplus.

The Chapter is split into five Sections: in Section 6.2 the count data model is described and 

the estimates of the river quality variables on fishing trips are presented. In Section 6.3 the 

Random Utility site choice model is described, and the consumer surplus estimates 

associated with the river quality characteristics are given.

Anglers’ fishing site preferences and the types of benefits gained from a fishing trip are 

discussed in Section 6.4, including an investigation of the commensurability of anglers’ 

stated preferences and their behavioural choices. The Chapter concludes with a discussion 

of the results of model stage three, i.e. the results of both this Chapter and Chapter five.

6.2 Trip Prediction Model
This Section describes the trip prediction model that was used to estimate how the numbers 

of trips vary with levels of the river quality attributes.

As noted in Chapter 1, historically there have been two distinct approaches to multiple-site 

travel cost studies, trip predictor models and site choice models, which use different 

econometric techniques. Trip prediction models are generally are based on the Poisson or 

Negative Binomial distributions and the data is in the form of ‘counts’ of trips; the site 

choice models are based on Random Utility theory and often use a logit or probit 

distribution, such as multinomial or conditional logit, which requires discrete values for the 

dependent variable.
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Before estimating a number of different regression models, principal components and 

correlation analyses were carried out; the results of these analyses are reported in Appendix 

6.1. The independent variables are summarised in Table 6.1 below.

Table 6 .1 Summary of independent variables

Variable Mean Std. Dev. Min Max
Age 4.44 1.47 1 . 0 0 8 . 0 0

Wage 365.09 179.83 41.40 713.80
TC40% 19.84 15.33 0 . 0 0 103.69
No. species 5.96 2 . 8 8 1 . 0 0 14.00
No.lOOm2 34.70 47.41 0 . 2 2 294.20
Status (dummy) 0.38 0.48 0 . 0 0 1 . 0 0

Orthophos 0.60 0 . 6 8 0 . 0 1 3.72
Nitrates 6.99 3.63 0.32 16.76
ASPT 0.89 0 . 1 2 0.47 1.15
NTaxa 0.84 0 . 2 2 0 . 2 0 1.37
BOD 2.23 1.05 0.77 7.63
Ammonia 0.17 0 . 2 2 0 . 0 1 1.94
DO 93.56 8.82 44.92 112.95
HMS 18.14 15.64 0 . 0 0 60.00
Flow 2.89 2.03 1 . 0 0 1 0 . 0 0

The variable Age is a categorical variable reflecting the age group of the respondent, where 

l=teenager, 2=twenties, 3=thirties, etc; there are seven categories. Wage is the mean 

weekly wage for the respondent’s occupation and age, derived from the Office for National 

Statistics (2000). Travel cost is calculated as the marginal cost of motoring (petrol and 

wear and tear) plus the travel time cost at 40% of the respondent wage rate, calculated as 

described in Section 5.4.1 ii)30.

The trip prediction model is a random parameters model specified as:

Ts =fi 'xiJ+ e iJ (1)

Where Tjj = likelihood of individual ‘i* making a trip to site ‘j ’; py = travel cost of trip by 

individual i to site j, X is a vector of explanatory variables and s is an error term.

30 A sensitivity analysis was conducted for two different percentages o f the wage rate - 20 and 60 percent.
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Tobit analysis has been used in previous studies that have modelled recreation demand for a 

number of sites when only data on the active trips is available. This is because the Tobit 

model was designed for situations where the dependent variable takes some negative values 

that are censored at zero: “the Tobit model assumes that any observation for which the 

dependent variable is zero or negative is an observation for which the dependent variable is 

not observed” (Brouwer, 1999). This is not the case in this study as zero values for the 

dependent variable (trips) are observations of non-trips, not missing data, therefore the 

Tobit would not be appropriate.

Count data such as numbers of trips often follow a Poisson distribution, so a Poisson 

regression may be an appropriate analysis for the ecological-economic travel cost model. 

The Poisson distribution describes the occurrence of sparse events, for example in this case 

whether a river stretch will be fished or not, and can be written:

f ( y ( \x,) = e ‘(Y '  (2)
y f

Where the Poisson parameter, which is the expected (mean) value of y it is constrained

such that ln(Xj) = 0%. But whereas the Poisson distribution has only one parameter (the 

mean), the Negative Binomial distribution has two separate parameters, the mean and the 

variance («,■), giving it more flexibility, thus in the Negative Binomial distribution, X\ is 

extended to lnA-i + Inut = Thus the formula for the Negative Binomial model is:

f t y , \ x , ) = e (3>
y t'-

A summary of the response variable ‘trips’ was obtained to give an indication of whether a 

Poisson analysis would be appropriate.
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Table 6.2 Summary of trips

Percentiles Smallest
1 % 0 0

5% 0 0

1 0 % 0 0 Obs 7576
25% 0 0 Sum of Wgt. 7576

50% 0 Mean 0.6578669
Largest Std. Dev. 5.058694

75% 0 1 0 0

90% 0 1 0 0 Variance 25.59039
95% 0 1 2 0 Skewness 14.02652
99% 2 0 125 Kurtosis 251.9782

Table 6.2 shows that the variance of ‘trips’ is around 40 times larger than the mean. This 

indicates that for the Poisson distribution, which requires the mean and the variance to be 

the same, the data are ‘overdispersed’ and so Poisson analysis is not likely to provide the 

best fit of the data. However, for comparison purposes, a Poisson regression was run (see 

Table 6.3).

The scaled deviance and Pearson statistics allows an assessment of how well the model and 

parameter estimates fit the data. If the scaled deviance and scaled Pearson’s Chi-square are 

near to 1 , then the model provides a good description of the dispersion within the dataset. 

If the value is lower than 1 the data may be under-dispersed, and if the value is greater than 

1 the data may be over-dispersed. The Poisson regression produced a deviance statistic of 

2.91, suggesting that the data were over-dispersed.

A Negative Binomial regression was then carried out; Negative Binomial models can be 

used if the data are overdispersed, and the scaled deviance statistic of 0.69 suggests that this 

model provides a better fit of the data, although the data are now under-dispersed. A 

generalised linear Negative Binomial model with a log link (logarithmic relationship 

between response and predictor variables to normalise the data) was also carried out for 

comparison purposes -  the results were similar (not reported). The deviance and Pearson 

statistics for the generalised linear model were very different (1.08 and 190.60), indicating 

that the Negative Binomial distribution still does not provide the best fit of the data. This is 

partly due to the number of zeros in the dataset (95%) and partly due to the way in which
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the active trips have been reported by respondents, i.e. in rounded numbers e.g. ‘25’ rather 

than ‘27’ or ‘10’ rather than ‘13’, which makes the data ‘clumpy’ rather than a smooth 

count curve.

‘Zero-inflated’ Poisson (ZIP) and ‘hurdle’ Poisson models are designed for datasets with 

excess zeros created by a ‘dual regime’ data generating process (Zorn, 1996). In his paper, 

Zorn compares these two models, which he describes as having two distinct stages, firstly 

where a binomial probability distribution (logit or probit) is used in a ‘transition’ or 

‘hurdle’ stage, where the observation either moves from 0  to 1 or not -  in this case whether 

a person decides to visit a river stretch or not (the participation decision). The second or 

‘event’ stage is then either modelled with a truncated at zero (asymmetrical) Poisson in the 

‘hurdle’ model where the dependent variable has to take on a positive value, or in the ZIP 

model, with a symmetrical Poisson distribution in which the event could have a zero or a 

positive value.

Although the data suggests that a two-stage analysis process such as the hurdle Poisson 

would be more appropriate because of the non-negative integer nature of the trip variable, 

this involves two separate regressions, one where a probit model is used and a subsequent 

truncated-at-zero binomial model, and so would not allow the non-trips and active trips to 

be analysed at the same time. In other words, it would not allow all of the substitute sites to 

be included in the analysis of how environmental quality determines numbers of 

recreational fishing trips. This suggests that although in some regards the hurdle Poisson 

may be better conceptually, the ZIP will allow an analysis of the primary research question. 

Zorn (1996) notes that for the dataset he analysed, the hurdle Poisson and the ZIP produced 

very similar results, which suggests the choice of the zero-inflated analysis in this study is 

acceptable.

Table 6.3 below shows the results for all four count data models, namely the Poisson, the

Negative Binomial and their zero-inflated versions, ‘zero-inflated Poisson’ (ZIP) and ‘zero-

inflated negative binomial’ (ZINB). As the primary relationship to be tested in the model is

between the fishery variables and angling, and also because they are the variables most

likely to be perceived and responded to by anglers, the three fishery variables -  ‘No. of fish

species’ (fish species richness), ‘No. per 100m2i (fish density) and ‘Status dummy'' (game
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species present in the river or not), were inflated. The ‘inflate’ command is used to specify 

the variables the model tests to see if they determine a 0  or 1  observation for the dependent 

variable, i.e. the initial probit/logit stage of the model. In other words, the model tested 

whether the fishery variables at the site were determining whether a trip would occur there 

or not, then the second stage uses the Poisson or Negative Binomial distribution to model 

how the number of trips varied using all of the independent variables. Both logit and probit 

inflation models were used to see if it made any difference to the results: no significant 

differences were noted. The ZINB model was also run with the travel cost variable 

calculated as 2 0 % and 60% of the respondent’s wage rate, which also did not result in any 

changes in the overall model significance or the significance of the coefficients; the 

coefficient values changed very slightly.

Table 6.3 Results of the trip prediction models

Model
Variables Poisson Neg. Bin ZIP ZINB
Travel cost -0.13*** -0.05*** -0.03*** -0.04***
Age 0 . 0 1 -0.03 0 . 0 0 0.05
Wage 0 .0 0 * 0 . 0 0 -0 .0 0 ** 0 . 0 0

No. species 0 . 0 0 0.07 0 . 0 1 -0 .2 2 ***
No. 100m2 0 .0 0 *** 0 . 0 0 0 .0 0 *** 0 .0 1 **
Status (dummy) -0 79*** -0 . 1 2 -0.15*** -1.64***
Orthophosphates 0.04 -0.72** 0.04 -0.62*
Nitrates - 0  1 7 *** -0 .1 2 ** -0.04*** -0 .1 2 ***
ASPT -1.61*** 1.64 -0 . 2 1 -2.83
NT ax a 1 .6 6 *** 1.81 -0.07 2.40**
BOD -0.18*** -0.09 0.04 -0.17
Ammonia -0 . 0 2 2.35*** Q 0.13
Dissolved Oxygen 0 .0 1 *** 0.05*** 0 .0 2 *** 0.06***
HMS -0 .0 1 *** 0 . 0 0 0 . 0 0 0 . 0 1

Flow q  4 9 * * * 0.75*** 0.16*** 0.80***
cons -0.42 -10.52 -0.13 -4.26

1*1? (IS) 15555.28**
*

450.38*** 991 97*** 360.11***

Log likelihood 10955.6 -2605.58 -4644.67 -2523.56
Pseudo Adj. R2 0.41 0.07 0.11 0.09
Vuong - - 9.96 6.82
LR o f alpha (NB - 17000.00 - 4226.93
over Pois)
*** significant at the .0 0 1 % level or lower

** significant at the .0 1 % level 

* significant at the .05% level
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The highly significant (at a probability level of <0.001%) Likelihood Ratio (LR) test of 

alpha3 1 in the bottom row of the table show that the negative binomial distribution provides 

a better fit of the data than the Poisson distribution and the positive significant (>1.96) 

Vuong statistics in the second-to-last row show that the zero-inflated models are a better fit 

than the standard normal versions. Thus overall, these measures of fit suggest that the zero- 

inflated negative binomial model is preferred; this model also gives generally the same 

results as the others, in terms of which variables are significant and correctly signed, except 

for the fish species richness variable No. o f fish species, which has changed to be a 

significant negative predictor of number of trips. The results of the trip prediction model 

analyses shows that there are five variables that are consistently significant and correctly 

signed in all four models - travel cost, Status, Nitrates, DO and Flow, all of which are 

negative except DO and Flow. The relatively low pseudo R2  values suggest that the models 

do not explain much (less than 1 0 % in the preferred model) of the variance in trips: the 

explanatory power of the count data models is relatively low.

As the preferred trip prediction model, the results of the Zero-Inflated Negative Binomial 

(ZINB) can be used to predict the likelihood of a fishing trip: the coefficients measure the 

increase in the log number of trips that would occur, other things (such as travel cost) being 

equal, for a unit change in the variable. River quality variables that significantly decrease 

the likelihood of a fishing trip are higher levels of Orthophosphates and Nitrates and higher 

Numbers o f fish species instream. The significance of Status meant that the likelihood of a 

fishing trip is increased in rivers supporting coarse fish species. Significant positive 

predictive variables were NTaxa, Dissolved Oxygen (DO) and Flow, suggesting that anglers 

are more likely to fish at rivers with greater macroinvertebrate species diversity, higher 

levels of DO and higher flow rates.

The model coefficients can also be used to predict the total numbers of trips with the 

current levels of river quality and with respect to changes in the river quality levels. The

31 The Negative Binomial model command in Stata includes an ancillary parameter alpha ‘a ’ which is an 
estimate of the degree of overdispersion - when a  is zero, negative binomial has the same distribution as 
Poisson. The larger a  is the greater the amount of overdispersion in the data, the worse fit a Poisson 
distribution.
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expected numbers of trips with current levels of river quality based on the zero-inflated 

negative binomial count data model as described above is written as

Et{NTripsi \X t,TCosti} = exp{X.y—pTCost^ = t{ (4)

Where X, is a vector of explanatory variables, TCostj is the travel cost for individual i and y 

and P are coefficients. Using this formula, the expected number of trips as predicted by the 

count model is 5937, and the actual number of trips in the dataset is 4853, thus actual 

number of trips is 82% of predicted trips. This is similar to the results achieved by Hanley 

et al. (2003a), who estimated that actual trips were approximately 70% of their predicted 

trips.

The expected number of trips with an increase in river quality can be written

Where X* is the river attribute with the quality change.

The consumer surplus is calculated by dividing the expected number of trips by the 

coefficient on the travel cost variable, p ,

Thus the consumer surplus per trip can be calculated by dividing the total consumer surplus 

by the total number of trips, which gives a value of £25 per trip.

The consumer surplus from a change in river quality is therefore:

Et, {NTripsi \ X^TCost^ = exp{Jf*; y-pTC ost^  = ti<r (5)

exp {Xtf-pTCost,} 1,
* a nP P (6)

prCost,} _ exp{X tf-p rcost,}  _ t *. -t,

p  p
(7)
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In other words, the change in consumer surplus resulting from a change in river quality is 

the estimated number of trips in the changed condition minus the estimated number of trips 

in the original condition divided by the coefficient on travel cost. This procedure was used 

to estimate the percentage reduction in trips and the associated per trip consumer surplus 

values for a 10% increase in each significant river attribute, which are shown in Table 6.4 

below.

Table 6.4 Predicted changes in trips from a 10% increase in the correctly signed and 

significant river attributes from the ZINB count model

River attribute Percentage change in trips Consumer surplus per trip 
(£2 0 0 1 )

No. fish 100m2  (+) 2 0.51
Orthophosphates (-) - 2 -0.63
Nitrates (-) -7 -1.79
NTaxa (+) 26 5.21
Dissolved Oxygen (+) 79 11.06
Flow (+)* 123 13.72
* a 1 category increase, e.g. from 4 -5 .

In Section 6.3 below the RUM site choice model is estimated, and some welfare estimates 

for changes in the river quality attributes are presented. The RUM site choice model cannot 

predict total recreational trips taken in a season, so recently some studies have combined 

these two approaches (e.g. Parsons et al., 1999, Shaw & Jakus, 1996) in order to estimate 

both welfare gains from site characteristics and trip behaviour, for example, where the site 

choice model is expanded to include the participation decision, which is ‘nested’ inside a 

multinomial logit model. Hanley et al. (2002) have recently used this approach in an 

application to mountaineering in Scotland. In this study the trip and site choice models are 

linked by using the predicted number of trips from a change in water quality as estimated 

by the trip prediction model above in the site choice model and the welfare estimates 

compared. This approach was that put forward by Bockstael et al. (1987), later modified 

by Hausman et al. (1995) and recently compared to other such approaches in Parsons et al. 

(op cit.).
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6.3 Site Choice Model

In this Section, the Random Utility site choice model is estimated. Random Utility theory 

proposes that the likelihood that an individual will choose a particular site from a set of 

alternatives is a function of the attributes of all of the sites in the choice set plus an 

unobservable (to the researcher) random error component. The value to an individual from 

a recreational trip to site j is Tj, where j is any site in the choice set of n number of sites, i.e. 

in this study, any of the locally available river stretches in the dataset. The utility Tj is 

assumed to be a linear function of the characteristics of the chosen site, so

Tj = pPj + yXj + (8)

Where P is the travel cost of travelling to site j, Xis a vector of site characteristics, p  and y 

are parameter vectors and e is the random error term. An individual will choose the site 

that maximises their utility, thus individual will choose site j if Tj > Tj for all n = locally 

available substitute sites.

The regression model uses a maximum likelihood approach in searching for values of PP  

and yX that maximise the likelihood of the observed pattern of fishing trips. A regression 

model that is commonly used in RUM site choice models is the Multinomial Logit or 

Conditional Logit (CL) model32. The probability of an individual choosing site j out of the 

set of n alternatives is formally written as:

m , , , _ 2 p2 £ l L > 5 L  (9)
1> P
n =  1

This is the exponential of the utility of site j divided by the sum of all of the exponentiated 

utilities. The probability thus depends on the attributes of all the river sites in the

32 These two terms are used interchangeably in the literature, although there are subtle differences, in that the 
Multinomial Logit can incorporate individual specific variables such as age and income, i.e. variables that are 
constant within groups, whereas the Conditional Logit cannot.
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individual’s choice set, as well as the chosen site, in other words, the model takes account 

of the locally available substitute sites.

In this study, the dataset contains 319 respondent observations -  an observation is created 

for each respondent visiting a fishing site, and is composed of at least 1 trip to a site in a set 

of n number of locally available fishing sites. This n is the set of river stretches in the study 

Area where the respondent fished, and therefore will vary across individuals. The log- 

likelihood of observing the pattern of fishing trips using the Conditional Logit (CL) model 

is therefore

319 n

ln(i(yS)) = Z  E'-br
r=l i=l

expQSP, + yXj) 

2 > p W . + yX.)
(10)

1=1

Where tri is the number of trips to site i (expressed as ‘l ’s) and ‘0’ for the other sites not 

visited.

Once the data had been arranged for analysis with the MNL model, the dataset was split 

into three sub-sets. These broad categories were created to test whether significant 

differences in angling existed for different types of river and in different parts of the 

country, and to produce more specific and potentially policy relevant welfare estimates. 

The dataset was therefore divided into the following sub-samples: Upland (Exmoor, South 

Devon, Southern Pennines, Yorkshire Dales and the northern part of Southern Magnesian 

Limestone); and Lowland (Midland Clay, Midland Plateau, The Fens and middle and 

southern parts of Southern Magnesian Limestone). A third sub-group Chalk (Berkshire & 

Marlborough Downs & South Chalks) was created, as chalk rivers are one of the priority 

habitats identified under the UK Biodiversity Action Plan and estimates of the recreational 

value of changes in the environmental quality of chalk streams will hopefully provide 

useful input into policy making.
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Table 6.5. Results of the Conditional Logit Model for 3 sub-samples of the dataset
River type

Explanatory Variables Upland Lowland Chalk
Travel Cost -0.376*** -0.375*** -0 .2 2 ***
No. of fish species 0 .1 1 0 * 0.198*** -0.50
No. of fish per 100m2 0.024*** -0 .0 0 2 * -0 . 0 1

Status (dummy) -2.464*** -37.892 -9 3 4 ***
Orthophosphates 0.687 -1.733*** 3.44
Nitrates 0.119 0.128** 0.60
ASPT -5.431*** 16.917*** 29.84**
NTaxa 3 129*** _4 741*** -3.49
BOD _ -2.266*** 0.527*** -3.62
Ammonia 21.588*** -2.184*** 15.40
DO 0.152** -0.0302*** 0.23***
HMS 0.003 0.030*** -0.19***
Flow 1.173*** 0.602*** Q 71***
No. obs 4243.00 8042.00 1626.00
L R ^  (13) 2482.83 3681.20*** 1118.00***
Log likelihood -868.65 -1383.28 -238.46
Pseudo R2 0.59 0.57 0.70
*** significant at the . 0 0 1 % level or lower

** significant at the .0 1 % level 

* significant at the .05% level

On first inspection, the results of the Upland and Lowland site choice models give a rather 

mixed message, in that whilst travel cost is always negative and highly significant, most of 

the river quality variables are also highly significant and the models explain a relatively 

high proportion of the variance in site choice and trips, many of the river quality variables 

have the ‘wrong’ sign. The only river quality variable that is consistently correctly signed 

and significant is flow rate, which is actually a measure of quantity, although it is often 

used as a proxy indicator of river quality. As shown in Table 6.5 above, the sub-sample 

models Upland Lowland and Chalk produce markedly different results, and with the 

exception of Status, the river quality variables vary in terms of their signs and significance.

The Chalk model has the fewest significant variables -  Status, ASPT, DO, HMS and Flow -  

but the variables that are significant are intuitively ‘correctly’ signed, in that they confirm 

what would be expected, that rivers with lower levels of pollutants / higher biological and 

chemical quality would be chosen over those with higher levels of pollutants. This model
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also has the highest Pseudo R2 measure, explaining over two-thirds of the variance in site 

choice.

A possible reason for the conflicting signs on the river quality variables is that they are 

collinear. As noted in Chapter 3, some of the river quality variables are fairly highly 

correlated, particularly the biological quality indicators ASPT and NTaxa. In order to 

explore whether the ‘wrong’ signs are the result of multicolinearity, some of the variables 

that are known to be colinear were dropped from the Upland and Lowland models and the 

models re-run.

In the Upland model, omitting the wrongly signed river quality variables (ASPT and 

Ammonia) resulted in only Status, NTaxa and Flow remaining significant. Further re-runs
•y t

of the model dropping other variables shows that BOD, DO and No. 100m , whilst correctly 

signed are not robust, in that they depend on the presence of Ammonia in the model to be 

significant. Thus we can conclude that Status, NTaxa and Flow are robust and correctly 

signed, and Ammonia is robust but wrongly signed.

For the Lowland model, ASPT and NTaxa appear to be collinear in that when both are in 

the model one is wrongly signed, and when one is dropped they are both correctly signed. 

BOD seems to be correlated with ASPT in that when ASPT is included in the model it is 

significant but when ASPT is replaced with NTaxa, it becomes non-significant. DO appears 

to be robust although incorrectly signed; Ammonia whilst correctly signed is not robust in 

that it becomes non-significant when other variables are dropped. Although Nitrates is 

incorrectly signed (i.e. positive), it was also found to be correlated with Orthophosphates in 

that when Orthophosphates are dropped from the model, Nitrates is no longer significant. 

Thus we can conclude that the variables that are robust & correctly signed in this model are 

No.species, Orthophos, ASPT and Flow, and that DO and HMS are robust but incorrectly 

signed.

One of the shortcomings of the Conditional Logit model is that it assumes that all of the

substitute sites are just as likely to be chosen as any of the others, in other words it does not

account for the possibility that some sites are better substitutes for each other (more similar)

than others. This is referred to as the Independence of Irrelevant Alternatives (IIA)
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assumption. It is reasonably likely that correlation between sites exists in the study dataset, 

in that the rivers within a study Area are more likely to be better substitutes for each other, 

as they are more ecologically similar, than rivers in other study Areas, and that therefore 

the wrong signs on the variables could also be a result of the restrictiveness of the IIA 

assumption. However, it is worth noting that a number of recent studies that have 

estimated both the standard MNL and the Mixed Logit reported no differences in the 

explanatory variables signs and significance between these two models.

One way to deal with this is to use a slightly different modeling approach, a nested or 

mixed logit, for example as used in Parsons et al. (2003). Nested or mixed logit models 

partitions the choice set of sites into n number of groups, and thereby allows for correlation 

among sites by specifying separate price and attribute aspects of the error term. 

Unfortunately time constraints meant it was not possible to use this approach in this thesis; 

however it is a potentially valuable way the research dataset could be extended in the 

future.

6.3.1 Welfare measures from the RUM Conditional Logit site choice model

The Tog sum’ approach is used to calculate the consumer surplus associated with the 

changes in the river quality variables from the RUM site choice model. In this process, the 

total welfare each individual gains from each site under a hypothetical improved condition 

is compared to the total welfare from the original, unimproved condition. This can be 

written as:

W inpr= { W impr-Wong}A. (11)

Where Wjmpr is the consumer surplus with the improved river quality, Worig is the consumer 

surplus in the original river condition, and X is the individual’s marginal utility of income, 

which is the travel cost coefficient from the site choice model, and translates the utility into 

monetary terms.
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As the Conditional Logit was used, this is expressed for each individual i and each site j as: 

wimpr = 1  ln{exP03„/> + + yxX2 (12)
i j

' K «g = I Z ( »  ln{exp(>9^. + yxX\, + r ,*2,...+

Where P  is travel cost and XI -  Xk are the river quality variables, and in this example, X2* 

is the variable which captures the change in river quality, and tjj is the number of trips taken 

by individual i to site j. These welfare estimate calculations were carried out for each of the 

sub-sample models, Upland, Lowland and Chalk. Table 6.6 below presents the results: the 

values are in grey where the characteristic is not robust; non-significant and wrongly signed 

variables are not shown.

Table 6.6 Consumer surplus per trip for a 10% increase33 in correctly signed and significant 

river attributes (£2001).

Upland Lowland Chalk
No. species 0.53
No. 100m2 0.04
Orthophosphates -0.36
Nitrates
ASPT 3.93 0.32
NTaxa 0.32
BOD -0.40
Ammonia -0.13
DO 1.50 0.23
HMS -0.01
Flow 1.17 1.59 0.07

To calculate the welfare gain from the total trips the welfare in the original unimproved 

condition is divided by the coefficient on travel cost: Worig/ .̂ The welfare gain per trip is 

then simply {Worig/^}/£tjj, i.e. the total welfare gain divided by the total number of trips. 

Applying this results in an estimated welfare gain per trip of £47.31 for Lowland sites, 

£19.27 for Upland sites and £5.78 for Chalk sites.

33 A one category change for the variable Flow.
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Linking the count and site choice models

The count and site choice models can be linked by using the predicted number of trips from 

a 10% change in the river quality variables as estimated in the count data model (Section 

6.2 above) in place of the actual numbers of trips in Equation 12 above. In other words ty 

is replaced with ty1 in the improved condition Wimpr, as shown below:

w, ^ - 2  + + X,**)} (13)
« j

w~* = 2  2  h ln{exp ^ p pi + r‘X l‘ + r,X2,...+
i j

Table 6.7 shows the welfare estimates with respect to a 10% increase in the river quality 

variables using the predicted number of trips from the trip model. In general using the 

estimated number of trips in the improved condition results in slightly larger welfare 

estimates, except for ASPT and Ammonia which reduce the welfare per trip slightly; this is 

due to the opposite signs for these coefficients in the trip prediction model.

Table 6.7 Consumer surplus per trip for a 10% increase in correctly signed and significant 

river attributes using the predicted number o f  trips from the count model (£2001).

Upland Lowland Chalk
No. species 1.18
No. 100m2 0.05
Orthophosphates -1.77
Nitrates
ASPT 3.27 0.29
NTaxa 0.57
BOD -0.43
Ammonia -0.12
DO 2.09 0.29
HMS -0.01
Flow 1.97 3.70 0.15

The results of the count and site choice models and the welfare estimates are discussed in 

Section 6.5 below; in the following Section, anglers preferences and motivations for site 

choice are investigated.
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6.4 Analysis of site preferences

As discussed in Section 5.1.3, there were two main reasons for eliciting anglers’ fishing site 

preferences. The first reason was to investigate whether a) different types of value could be 

identified as being part of the angling experience and b) a coarse estimate of their relative 

importance could be made.

The second reason was to assess whether people’s stated preferences were consistent with 

their recreation behaviour, for example, if people stated in the questionnaire that the 

likelihood of catching a fish was important in deciding where to fish, has the model 

analysis shown fish density to be a significant predictor of trips?

6.4.1 Investigating recreational values

There were nine preferences listed in the survey, plus an opportunity to give an alternative 

reason for choice of site - ‘other’, which anglers were asked to score between 1 

(unimportant) and 10 (very important). Mean scores were calculated for each preference 

for the 421 respondents. Table 6.9 below shows the results.

Table 6.8 Mean, std dev., median and modal scores for the fishing site preferences, in the

order they appeared in the questionnaire.

Description of preference Mean score Std Dev. Median Mode

“The river supports a species that you 
are interested in”

7.80 2.59 8 10

“How likely you are in general to catch 
a fish”

6.59 2.42 7 8

“The natural surroundings/landscape at 
the fishery”

7.88 2.16 8 10

“How quiet/uncongested the fishery is” 7.84 2.24 8 10
“How long it takes you to travel to the 
site”

5.43 2.63 5 5

“Your family and friends have always 
fished there”

3.04 2.92 1 1

“How natural the river & river banks 
appear”

7.62 2.48 8 10

“Whether the fish are edible or not” 2.21 2.64 1 1
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“How much it costs you to get to the 
site”

3.72 2.53 3 1

“Other” 4.74 3.96 3 1

Figure 6.1 Mean scores for site preferences
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The three highest-scored preferences were very closely grouped in scores, all three 

receiving a mean score of around 7.8 and suggesting that they are perceived to be equally 

important in deciding where to fish. The fourth highest is only slightly lower, receiving a 

mean of 7.6.

Interestingly, the preference that might be considered to be the most important for a fishing 

trip, the likelihood of a catch, only rates fifth-highest out of the nine (plus ‘other’) possible 

preferences. Although the model analysis showed that anglers preferred to fish rivers 

containing coarse fish species (Status was negative and highly significant in all models) it 

is slightly surprising that the preference relating to whether or not the fish are edible was 

given the lowest mean score, given that the percentage (20%) of game species rivers 

reported fished in the survey was relatively high, suggesting that fish caught in these rivers 

would be trout/salmon and thus more likely to be consumed. However, as noted in the 

previous Chapter, many fisheries have policies of returning fish to the river, and also, the 

fish may not be perceived to be of a sufficiently high quality to be eaten. The preference
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for landscape quality had the lowest standard deviation, and ‘other’ the largest; this 

emphasises the consistent importance of landscape, and suggests that at least some 

respondents felt that an important reason in their choice of site had not been included in the 

questionnaire.

The results show that the respondents consider the visual/aesthetic quality and opportunity 

for quiet at a fishing site to be the two most important factors in choosing where to fish 

(they received the two highest mean scores). If, as previous studies have shown, aesthetic 

quality is linked to gaining psychological wellbeing benefits and, at least in this study, 

anglers prefer sites with aesthetic quality, we may conclude that these 

psychological/wellbeing benefits are important to anglers. Whilst we cannot assume from 

this that all anglers obtain psychological or spiritual benefits from fishing a river that has a 

high level of natural beauty/aesthetic quality, the fact that this research has demonstrated 

that anglers consider it to be very important suggests a need for future research to explore 

this in greater depth.

This preliminary analysis of anglers’ motivations and preferences has thus answered the 

first question that this part of the thesis sought to explore, in that it has indicated it is 

possible that both non-economic and economic values (as defined in Section 5.1.3) are 

gained from a fishing trip, and that the non-economic benefits may be perceived as 

relatively important. However, the ecological ‘productivity’ of the site in terms of the 

species richness of the river reach is also considered to be very important, in particular 

whether the reach supports the preferred species of fish, and to a lesser extent, the 

likelihood of catching one or more fish. In terms of assessing the overall importance of the 

different types of values, the nine preferences can be grouped into those that contribute to 

economic or ‘consumer’ value and those that could contribute to psychological wellbeing; 

Table 6.10 below shows how they might be divided.

Two preferences could be argued to contribute to both economic and non-economic

benefits, which are the preference for an uncongested fishery, and a natural or unspoiled

river site. As well as a preference for a peaceful fishing trip, an uncrowded/quiet fishery

could provide a greater chance of catching a fish as there would be less competition; and in

addition to providing aesthetic benefits/value, anglers may rate a natural looking river as
184



important if they believe that it may offer a greater likelihood of fish being present or a 

variety of species. The responses to the other preferences were used to aid interpretation of 

the results for these two preferences: because the quality of the natural landscape received a 

higher mean score than the likelihood of catching a fish, they were considered to be more 

likely to reflect these types of benefits.

In light of the points discussed above, these groupings are to be taken as a rough guide to 

evaluating the benefits of a fishing trip rather than an exact breakdown.

Table 6.9 Overall mean scores for the two different types of value gained from a fishing 

trip

Psycho-spiritual/wellbeing
benefits

Mean score Consumptive/service
benefits

Mean score

Landscape/natural
surroundings

7.88 Preferred species in 
river

7.80

Fishery quiet/uncongested 7.84 Likelihood of catch 6.59
Natural appearance of 
river/river banks

7.62 Travel time 5.43

Socio-cultural (family & 
friends fish site)

3.04 Travel cost 3.72

Fish edible 2.21
Overall mean 6.59 Overall mean 5.15

Anglers’ fishing site preferences were also analysed in two sub-samples Upland and 

Lowland Areas (Chalk was not analysed separately as there were only 50 respondents in 

this group, which was not considered a large enough sample size). This analysis showed 

that for seven of the ten site preferences (the nine given plus ‘other’), anglers in both sub

samples had similar preferences, and while the mean scores were slightly different, their 

rankings in order of importance were not. There were three aspects of a site where anglers 

in Upland and Lowland Areas differed: the landscape/natural surroundings at the fishery, 

how quiet and uncongested it is, and, to a lesser extent, likelihood of catch. The most 

notable difference was that anglers fishing in Upland Areas based their choice of fishing 

site on the expected level of peace and quiet, and anglers in the Lowland Areas preferred 

fishing sites with high quality landscape and natural surroundings. This is perhaps to be 

expected, considering that beautiful and unspoilt river sites are likely to be less available in 

Lowland Areas, which in general have higher levels of urban development, and so may be 

more sought-after. Upland Areas are often remote and away from centres of population so
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the importance of peace and quiet to anglers fishing in Upland Areas is also expected. The 

only other slight difference between mean scores was that anglers in Lowland regions 

ranked the likelihood of catch as fifth-most important to choice of site, and Upland anglers 

ranked this aspect slightly lower at sixth most important.

Sixty-two respondents (approx. 15%) gave an alternative ‘other’ reason for choosing where 

to fish (see Appendix 6.2 for a list of these reasons). These fell into six main groups:

Table 6.10 Other reasons given by respondents for choice of fishing site

‘Other’ preference group Number of respondents stating 
reason in group

The environmental ‘services’ of the site, for 
example “river is unstocked and free of alien 
species”, “size of fish”;

20

The facilities, access and conditions at the site, 
e.g. “comfy surroundings and pegging” “safe 
place to leave the car”;

13

Wellbeing/psychological benefits from 
interaction with natural environment e.g. 
“watching other wildlife and the environment”;

13

The type of angling undertaken, such as match 
angling or night fishing for eels;

7

Wellbeing/psychological benefits from human 
interaction/community e.g. “have fished same 
stretch since childhood”, “whole family 
activity”;

6

Cost, e.g. “not overpriced” “cost of ticket”. 2/3

This coarse analysis of respondents ‘other’ reasons suggests that they fall mainly into the 

consumptive, environmental ‘services’ benefit category (approx. two thirds) with the 

remaining third citing wellbeing type benefits. Some of the wellbeing benefits stated from 

interaction in a community were similar to the preference ‘Your family and friends have 

always fished there’ thus we would expect that those people to have given this preference a 

high score.

6.4.2 Comparing behaviour and stated preferences

There are two possible ways to answer the second question, which was whether 

respondents’ stated preferences as displayed in the scores attributed to the different
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motivations, match with their actual behaviour. The first is to directly assess any 

relationship by correlating the twelve environmental variables against respondents’ 

preference scores, and the second is to evaluate the relationship in a more general way, by 

comparing the mean preference scores with the regressions results. With respect to 

correlating the preferences and river quality variables, although these objective and 

subjective measures do not match exactly, they reflect the same underlying aspects. For 

example, the preference for ecological productivity in terms of the river supporting fish 

species of interest and the likelihood of catching a fish are similar to the fish population 

diversity {No.species) and density (No. 100m ) variables; and the preference for edibility 

links to the presence of game (migratory salmonids & trout) species in the river. It is also 

possible that the preference for aesthetic landscape quality at the river could be related to 

the extent of river habitat modification.

A correlation analysis was carried out between the stated preference scores and the 

environmental variables at the site that respondents had fished (see Appendix 6.3). The 

matrix showed that the strongest linear relationship was where respondents had said it was 

important that the fish.were edible: the preference for edible fish was most significantly 

correlated with the type of fish present at the fishery, the dummy variable Status (0= coarse 

species, 1= game species). It was positively correlated, which tells us that respondents who 

scored edibility highly also fished at sites with predominantly game species, which also 

makes sense intuitively as the fish species most likely to be eaten are trout and salmon. 

‘Edibility’ was also significantly negatively correlated with nutrient pollution, particularly 

high levels of Nitrates.

Other significant positive correlations were found between preferences for both ‘natural’ 

and ‘landscape’ aspects of a fishing site and the biological quality indicators and Flow, 

suggesting that people who rated the aesthetic appearance of the river site as important 

fished at rivers of higher biological quality, and higher river flows. High scores for non- 

environmental (social and economic) preferences were positively correlated with poorer 

quality rivers, confirming that anglers who rated these aspects of their fishing experience as 

more important were less concerned about the quality of the environment.
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A correlation matrix was also created to look at the consistency of respondents’ scores for 

the preferences/motivations (see Appendix 6.3). This showed that people who scored the 

landscape and natural environment at the fishery highly also gave a high score to whether it 

looked natural (.75), whether the site was quiet and uncongested (.56) and to a lesser degree 

that their family and friends had always fished the site.

It also showed that people who scored ‘species’ highly, also scored ‘catch’ highly (.6 6 ) and 

to a lesser extent ‘quiet’ (.2 0 ), and similarly, ‘time’ and ‘cost’ varied together, i.e. where 

time spent travelling to the site was considered important, so was the cost of the trip. These 

findings support the groupings of preferences/motivations in Table 6.10 above, e.g. 

respondents who felt a quiet river site was important also rated the aesthetic quality of the 

site highly, suggesting that all three of these preferences may be reflecting a single 

underlying type of value.

The river quality variables that were robust significant positive predictors of site choice in 

RUM model were the No. o f fish species in the river; the biological indicators ASPT and 

NTaxa, DO and Flow. Anglers are more likely to be aware of the quality of the river in 

terms of the fish populations than its biological or chemical quality, so the site preferences 

might be expected to be more likely to match up with the results for the fishery variables. 

This is confirmed in the Lowland model by the significance of the No. o f fish species 

variable, and to a lesser extent by the No. 100m density variable in the Upland model, 

although this is not as robust a predictor of site choice. Thus fish species richness is a 

significant positive predictor of trips, which matches up with the qualitative results that 

show ecologically productive rivers are preferred. The relatively low score for the 

preference relating to the ‘likelihood of catch’ also reflects the rather ambiguous model 

results for the Fish density variable.

Although there were a couple of coefficients that had unintuitive signs, the site choice 

model results showed that overall anglers prefer rivers of higher ecological quality to those 

of lower quality, and the qualitative results showed that anglers attach a high level of 

importance to the ecological productivity of the rivers, in terms of supporting the fish 

species they are interested in; thus in general, the quantitative and qualitative results do 

match up.
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What is perceived to be an ‘interesting’ fish species will of course depend on whether the 

angler fishes for predominantly coarse or game species. An inspection of the fish species 

that anglers had reported fishing for demonstrated that coarse fish species were most often 

cited as being the species of interest, which fits with the regression results that showed 

most trips were made to coarse fishing waters. The most popular fish species as reported 

by respondents are tabled in Appendix 6.4.

There are two preference scores that reflect the importance of the quality of the physical 

surroundings at a fishing site, ‘landscape/natural surroundings’ and ‘how natural the 

river/river banks look’. The latter is more likely to be related to the HMS variable, as both 

describe the riparian zone, and the former is related more to the environment on a larger, 

landscape scale. The preference for perceived naturalness of the river and banks was 

scored fourth highest and interestingly this does link with the Chalk model results, which 

found that HMS is correctly signed (it was negative) and a significant predictor of site 

choice. But in the Lowland model, it was positive and significant, in other words anglers 

were choosing to fish at rivers with greater levels of artificial modification. However, what 

is designated as artificial modification at the river site in the River Habitat Survey may not 

necessarily match with what anglers perceive to be a ‘natural’ looking river, for example, 

after a number of years, a river that has been straightened is likely to be softened by some 

erosion and build up of vegetation.

Question eight asked respondents to rate three aspects of fishing in order of enjoyment from 

one to three, where one is most important. These aspects were: the landscape/natural 

setting; catching a fish, and relaxation/peace & quiet. Average scores for each aspect were 

obtained - the mean suggests catching a fish is the most enjoyable, the mode that peace and 

quiet/relaxation is the most enjoyable, and the median that anglers get most value from the 

natural setting. As the responses were elicited in the form of a ranking, the mode should 

probably be used, as this identifies the most frequently assigned rank. As such, these 

results support the fishing site/trip preferences displayed in question seven. However, it 

was noted that many respondents did not feel comfortable with/know how to respond to 

question eight, as many gave each the same score or commented that they ‘enjoyed them all 

equally’.
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Table 6.11 Results of question 8 -  factors contributing to overall enjoyment o f fishing trip.

Scenerv catch auiet

mode 1.9 2 1

median 1.90 2 . 0 0 2 . 0 0

mean 1.93 1 . 8 6 1.93

6.5 Discussion of model stage three analysis

This Section discusses the results of the various analyses carried out in this and the 

previous Chapter. In the first part, the specific model stage that was tested in this Chapter 

is discussed; the results for the river chemical, biological and habitat quality variables are 

examined in the second, and in the final Section the overall model stage research questions 

are reviewed.

6.5.1 Model stage analysis -  fish populations and angling

The primary relationship investigated in this Chapter - stage three of the model - was the 

link between the ecological health of a river as measured by the fishery variables and the 

recreational use of them for angling. It is likely however, there will be river attributes other 

than the fishery variables that anglers respond to, for example, the physical appearance of 

the river/riparian zone (partly captured in the HMS), or particular environmental pressures 

on a stretch of river such as sewage effluent impacts that affect the chemical quality of the 

river. Therefore, the relationships between the river quality (chemical water quality, 

biological and habitat) variables and angling were also investigated.

In comparing the results of the RUM site choice model to the geo-spatial analysis, it is 

important to remember that the model used only the fishing trips that fell inside the study 

Area boundaries and not the entire set of survey responses, thus the dataset analysed in the 

GIS was almost twice as large as the sample used in the model analysis and was more 

evenly spread across the country. In addition, the chemical and biological data used in the
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model were not as well matched temporally with the survey data (a difference of between 4 

to 8  years) as the data used in the GIS analysis, which might explain why stronger 

relationships between angling and the chemical and biological river condition were not 

observed in the model. So because the spatial analysis of all the survey responses used 

more recent river quality data and also used a larger sample, the results could be expected 

to show stronger relationships between angling site choice and river quality, and indeed the 

highly significant chi-square values do appear to confirm this. Notwithstanding the lower 

sample size and less temporally commensurate data, in general the results of the site choice 

models do support the results of the geo-spatial analysis; this is discussed in more detail 

below.

Fish populations and angling site choice

Table 6.4 shows that the variable representing fish species diversity is positively related to 

site choice in the Lowland model. As a significant and positive predictor of site choice, the 

No. o f fish species variable supports the final ‘link’ proposed in the ecological-economic 

model between fish populations and angling. As well as providing empirical support for 

the ecological-economic model, the analysis also supports findings by previous authors, 

who have found that fish populations are significantly related to both catchment pressures 

(Allan et al., 1997; Cuffhey et al, 2000) and the level of pollution instream (Haslam, 

1990). That the number of fish species in a river is positively related to site choice also 

makes sense intuitively as a wider variety of fish species will attract a wider range and 

hence a greater number of anglers.

The Upland model results for the variable describing the number of fish in the river 

(No. 100m2) showed that that it was also a positive, although not particularly robust, 

predictor of site choice. This result can be interpreted as a preference for fishing rivers 

with higher densities of fish, and as such would seem to be a ‘sensible’ result, in that this 

would be expected to be a factor attractive to most anglers. In addition, the trip prediction 

model also identified fish density as a significant influence on the likelihood of a fishing 

trip. Rivers supporting higher numbers of fish instream are also likely to be the rivers 

supporting coarse as well as salmonid species, a finding which is borne out by the 

significance of Status, discussed below.
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Status appeared as a significant negative predictor of trips in the all three of the site choice 

models, which suggests that the majority of anglers who responded to this study prefer to 

fish rivers that contain coarse fish species. An inspection of the two variables trips and 

Status shows that approximately a third of the total number of trips were to rivers 

containing some game fish species and approximately two-thirds to rivers with only coarse 

species. This result was suggested by the preliminary analysis in the previous Chapter 

(Section 5.4.1) which showed that the rivers that anglers fished the most were in Areas 

which had predominantly coarse species with some brown trout (SML and TF); it also 

confirms the national preference in that most anglers in England fish for coarse species.

Although coarse fish species are more tolerant to certain kinds of pollutants than game 

species, particularly levels of organic and nutrient pollution, the number of species of 

coarse fish is reduced where levels of pollution are high -  as the analysis in Chapter four 

showed, it is likely that there is a threshold effect, where up to a point levels of nutrient and 

organic ‘pollutionVmatter in stream increase fish populations, but once that point is 

reached, then populations decline.

River quality and angling site choice

Table 5.4 in Chapter five showed that a higher number of responses were received from the 

study Areas The Fens and Southern Magnesian Limestone than from the other study Areas. 

As these Areas have high percentages of arable and urban land use, and correspondingly 

higher levels of organic and nutrient pollution, this suggests that nutrient pollution levels 

would be unlikely to be negatively related to site choice. This is in fact borne out for 

Nitrates, which were non-significant (although negative and significant in the trip predictor 

model), but not Orthophosphates, which were a robust negative predictor of site choice. 

Both Orthophosphates and Nitrates are associated with urban and intensive agriculture land 

use, therefore this result may therefore be interpreted as a preference for rivers with lower 

levels of pollution, which is commensurate with the results for the biological quality 

indicators. The overall preference for rivers with higher ecological quality shows that, 

despite constrained choice alternatives, anglers do value higher quality rivers, and that 

pollution levels have significant welfare impacts.
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i) Flow

All three of the site choice models presented in Section 6.3 (plus the trip prediction model 

estimated in Section 6.2) identified Flow as a highly significant and robust positive 

predictor of trips; this can be interpreted as a preference for rivers with larger volumes of 

water passing at a given point and time, i.e. a higher flow rate. Although all the study 

Areas have a mixture of rivers in all Flow categories, a detailed inspection of the study 

rivers with respect to the variable Flow indicates that lower Flow values are describing 

small narrow waterways (streams, brooks/becks and small drains) and the higher values for 

Flow are major rivers such as the Severn, Ouse, Test, Aire etc.

Whilst the volume of water flowing in a river is not a ‘direct’ indicator of quality, it is 

indirectly related to river quality, as river ecosystems require a certain minimum volume of 

water in order to be able to sustain healthy biotic communities. In addition, where rivers 

have higher flow rates, pollutants are diluted and so less likely to damage biotic 

communities. As Flow has been shown to be a robust significant positive predictor of both 

the likelihood of a trip and choice of fishing site, this has implications for abstraction from 

rivers, as reducing a rivers flow rate is likely to have a negative impact on angling and other 

recreational uses.

ii) Biological quality indicators

The variable ASPT is positively & significantly related to site choice in both the Lowland

and Chalk models, and NTaxa is significant and positive in the Upland model. NTaxa is an

indirect indicator of the habitat quality of the river, as it represents the number of

macroinvertebrates in the river system based on the predicted potential number of species

for that river type if unpolluted, and the number of species a river ecosystem can support is

a function of the ‘quality’ or naturalness of its physical structure (personal communication,

2001). This demonstrates that anglers are more likely to choose to fish at rivers with higher

biological quality than to those of lower quality, and the trip predictor model showed that

more trips were made to rivers with higher NTaxa scores. Whilst is unlikely that the

number of macroinvertebrates species present in a river would consciously determine

anglers’ choice of site, rivers with higher number of macroinvertebrate species are more

likely to be able to support good fish populations: NTaxa was found to be significantly

related to both the No. o f fish species and the Fish density variables in Chapter four.
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The significance of ASPT as a positive predictor of site choice emphasises the importance 

of the biological quality of rivers, in that it represents a preference for rivers with less 

pollution-tolerant macroinvertebrate species, and as such can also be interpreted as a 

preference for rivers with lower pollution levels. The significance of the fishery and 

biological quality variables as predictors of site choice provides strong support for the link 

between stage one and stage three of the ecological-economic model investigated in this 

thesis. In other words, these results support the hypothesis that the ecological condition of 

a river determines recreational choice, and that environmental pressures on rivers have 

significant welfare impacts.

iii) Chemical quality indicators

In general, the chemical quality indicators BOD, DO and Ammonia did not perform as well 

as the biological indicators in the site choice models, in that they changed sign and 

significance within and between models. It is possible that this is because the data for these 

is the least temporally commensurate with the angling data; in other words, if the rivers had 

significantly improved in the 5-7 years between when the chemical quality data and the 

angling data were collected, it could seem that anglers were choosing more polluted rivers 

when in reality their quality could be much higher.

The mixed results could also be partly related to the fact that rivers that are biologically 

more productive/robust do not necessarily have the lowest concentrations of pollutants, as 

was indicated by the geo-spatial analysis in Chapter 5; this may be particularly true for 

anglers that are interested in coarse species. Such anglers appears to be the majority of 

respondents in this study, as suggested by significance of the fish population indicator 

Status34. Similarly, a possible reason for the unintuitive result for Ammonia is that in the 

context of the relatively nutrient poor Upland rivers, this may show a preference for rivers 

with higher levels of organic/nutrient matter35, which would stimulate biological diversity 

instream.

34 It is also possible however that Status was significant because there were many more rivers in the study 
sample that supported coarse as opposed to game fish species.
35 Ammonia is a substance produced in the breakdown of organic matter.
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The level of Orthophosphates instream was found to be robust significant negative 

predictor of site choice in the Lowland model. These results indicate that nutrient levels are 

strongly related to site choice -  anglers are showing a significant preference for fishing at 

less polluted waters. As such these results confirm the significance of the biological quality 

indicators discussed above. In addition, rivers where nutrient pollution levels are lower 

were found to be highly correlated with the ASPT and NTaxa indicators (Chapter 3, Table 

3.14) and also are more likely to provide consumptive benefits, in terms of fish species 

richness and abundance.

The results for the level of dissolved oxygen (DO) instream were mixed, in that it was 

negative in the Lowland model but positive in the Chalk model, and also positive in the trip 

prediction model. It is unlikely that anglers are directly aware of a rivers’ level of DO, 

except perhaps in that waters with higher levels of dissolved oxygen are less likely to 

become eutrophic. However the level of oxygen in-stream is directly related to the health 

of the river in terms of its ability to support functioning ecosystems; thus the positive 

relationship as seen in the Chalk model is intuitively sensible. A possible explanation for 

the negative coefficient on DO in the Lowland model is that within the choice set of 

lowland rivers those that had higher levels of DO were inaccessible to anglers.

The results for the habitat quality indicator HMS were also mixed, in that it was positive in 

the Lowland model, suggesting sites with greater levels of modification were chosen, but 

negative in the Chalk model, suggesting the opposite. This is likely to be at least partially 

explained by the greater levels of modification in The Fens and Southern Magnesian 

Limestone Areas that received many visits and that Lowland rivers are generally more 

highly modified than Upland or Chalk rivers, often for flood defence or navigation reasons.

6.5.2 Summary of model stage research findings

This model stage set out to answer a number of research questions regarding the influence 

of environmental quality on recreational use of rivers. The primary research question was 

to explore the extent to which river quality determines recreational use of rivers for angling
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and which river attributes are perceived to be the most desirable. The model does not 

attempt to completely predict recreational choice, as information on potentially influential 

factors such as site access, facilities and proximity to urban centres was not available. As 

such, it is restricted to exploring the environmental factors that determine use, which should 

be bome in mind in terms of evaluating the model’s predictive power in general. The 

following paragraphs discuss how the results shed light on the specific research questions 

this Chapter sought to answer.

i) Do anglers choose to fish at sites with a high level of ecological quality over those of 

lower quality?

Before the ecological-economic model analysed in detail which river characteristics are 

most strongly related to angling choice, an initial premise was to determine whether anglers 

have a (statistically significant) general preference for higher over lower quality rivers. In 

other words, to determine whether recreational choice is affected by environmental quality 

per se. An appropriate means of answering this question was to map the river sites fished 

onto the national river quality database, which assigns each river reach to one of six quality 

categories, and then see if more trips are observed to the rivers of higher quality over those 

of lower quality.

This was carried out both for the study Area dataset and the entire set of sites (i.e. all the 

survey responses). Both analyses confirmed that anglers do prefer to fish at rivers of higher 

quality (quality categories A and B) and that they actively avoid lower quality rivers, as 

measured by both chemical and biological indicators. For the entire set of survey 

responses, the analyses showed that the observed to expected differences (as measured by 

the chi-square analysis) were greater when quality was measured by the biological quality 

indicators (ASPT and NTaxa), which suggests that a) the biological indicators may be better 

indicators of river quality as perceived by anglers and b) that rivers scoring the highest 

grade biologically may not be classed as the highest grade chemically.

Although both were significant at a p level of less than 0.01, the observed versus expected

sites for the study Areas in Section 5.4.2 did not show ecological quality to be as strong an

influence as for the entire set of sites (chi square value of 96.81 for study Areas compared

to 194.41 for all sites). The analysis for the study Areas (Table 5.7 in Chapter 5) showed
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that river quality only had an influence on the numbers of fishing sites in half of the Areas, 

and for one Area that had the second highest total trips -  The Fens -  the chi square value 

was not significant. These results were confirmed by the model analysis, in that not all of 

the environmental variables were significant and/or robust in all of the models.

The site choice model, whilst producing some slightly contradictory results in the Upland 

and Lowland models, did on balance suggest that anglers prefer rivers with higher 

biological quality, in that there were more ‘robust’ and correctly signed variables than 

incorrectly signed variables. This leads onto the next research question, addressed in point

ii) below.

ii) Can we identify any specific river quality attributes that influence demand?

The three site choice models demonstrated that in terms of the fishery variables which 

influenced choice of fishing site, anglers made more trips to rivers with higher numbers of 

fish species. The other river quality variables that were significantly related to the 

likelihood of choosing a site were higher macroinvertebrate species richness/habitat quality 

(as measured by NTaxa); and conversely, lower levels of nutrient and organic pollution (as 

measured by Orthophosphates and ASPT), which in effect are also showing a preference for 

higher ecological quality, as higher levels of these pollutants have a negative impact on 

both dissolved oxygen and instream biota.

Whilst the explanatory power of the trip prediction model was not as high, the results of 

this do confirm the RUM model in that nutrient levels are negative predictors of demand in 

terms of numbers of trips, and higher biological quality and river flows are positive 

predictors of trips. The following Section discusses how the economic value estimates of 

this study compare to previous studies in the field.

iii) Can the model results be used to estimate welfare impacts from a change in river 

quality?

The Random Utility Model site choice estimated in this study provides the first3 6  UK 

estimates of consumer surplus (i.e. willingness to pay minus what was paid) from changes

36 As far as the author is aware.
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in river quality and as such adds to the growing body of literature measuring welfare 

estimates associated with environmental quality changes. Thus it is hoped that the value 

estimates will be useful to organisations that need to measure the costs and benefits of 

environmental change. Some examples of how the results could be applied to resource 

management questions are given in the following Chapter.

The per trip consumer surplus calculation derived from the CL site choice model in Section

6.3 above resulted in a mean Consumer Surplus (CS) of £47 for Lowland rivers, £19 for 

Upland rivers and £6 for Chalk rivers (rounded to nearest whole pound); in addition, the 

trip prediction model for the pooled dataset produced a value of £25 per trip. These values 

are comparable to those estimated in previous UK studies using both Contingent Valuation 

(CV) and Travel Cost (TC) methods. Table 6.10 below shows a selection of previous UK 

studies that valued angling benefits, in ascending date order (see Tables 1.2 and 1.3 in 

Chapter 1 for explanation of what values represent).

Table 6.12 Summary of previous UK values for freshwater angling, converted into £2002

using inflation calculator37; values for game angling in bold.

Type of water 
body

Values - converted into 
per person per trip/day3 8

Valuation
technique

Author/s

Rivers £32.8 - £50.2+ TC Radford et al., 1984
Rivers £21.5 CV Radford A.F., et al., 

1991
Rivers £2 - £2.9** CV Davies J. and C. 

O’Neill, 1992
Rivers £6 - £ 2 2 CV Willis and Garrod, 

1995
Rivers £25.8 - £39.5 CV ECOTEC Research 

and Consulting, 1993
Rivers £1.8-£7.7 CV Peirson et al., 2001
Rivers £2.9 - £3.7 CV Spurgeon et al. 2001

The average of these values is £16.83 per person per trip, which is similar in magnitude to 

the Upland per trip value, although considerably lower (approximately a third of) the value 

for Lowland rivers estimated in this thesis. However, the values estimated by Radford et

37 (http://www.thisismoney.com/calculators/inflation/new_vsl .html)
38 * by dividing by 2.4 for the average no. of persons in a household and dividing by 10, the (rounded) 
average number of trips per year ** per person per annum value so just divided by 10 + indicates consumer 
surplus rather than WTP
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al. (1984) using the travel cost method are more comparable in size. The values estimated 

in this study are more similar in size to some of the lower bound values obtained using the 

travel cost method in the US (Tables 1.2 and 1.3, Chapter 1), where both the range and 

magnitude of US study values are higher, ranging from £15 to £214 per trip (excluding the 

extremely high value of £1,544 estimated by Smith et al., 1986).

The consumer surplus for a trip in the Chalk model is markedly lower for than the Upland 

or Lowland models. This result is slightly counter-intuitive in that anglers in general have a 

higher willingness to pay for game fishing on chalk streams than for other types of fishing, 

which is reflected in the ticket price and distance travelled to fish such rivers. However, as 

the number of observations in this model was around half those of the other models, these 

values should be viewed with some caution.

The range of consumer surplus values associated with changes in river quality estimated in 

this study (between £-0.01 to £4 for a 10% change), are also comparable to some of the 

those from studies using the RUM Travel Cost method carried out in the US. For example, 

Schuhmann (1996) found that the CS associated with an increase in expected fish catch per 

angler per trip ranged from $0.02 - $2.98 (1990 USD). Peters et al (1995) found that mean 

consumer surplus per trip from planting trees by water bodies ranged from $0.10 to $0.63 

and stocking trout from $0 -  $0.10 (1991 USD). In the same year, Kaoru et al found that 

mean per party per trip CS from a 36% decrease in nitrogen loading at all sites was $3.95 

(1982 USD, equivalent to £3.80 in £2002), which is comparable to the value of £3.04 per 

trip for a 36% decrease in nutrient pollution (Orthophosphates) or £5.21 for a similar 

decrease in Nitrates as estimated by the trip prediction model, in this study. However, 

Kaoru et al. do not report how many people make up a boat party, so their value per person 

is likely to be somewhat lower.
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iv) Did anglers’ stated preferences for fishing sites match up with their behavioural 

choices?

The correlation matrix showed some intuitively sensible results but also some unintuitive 

results, for example, whilst high scores for landscape quality/aesthetics and natural-looking 

rivers were positively correlated with the biological quality indicators and Flow, the 

correlations (although correctly signed, i.e. negative) were not significant between 

preferences for landscape quality and natural rivers and the HMS. Another unintuitive 

result is that there was a negative correlation between a preference for catching a fish 

(likelihood of catch) and rivers with higher fish density. This could be partly because rivers 

where Fish densities are higher were not readily accessible, for example in Exmoor. 

Interestingly, and in support of the preference groupings in Table 6.9, preferences for a 

quiet and uncongested fishery were significantly positively correlated with the biological 

quality indicators and Flow. This analysis also showed that where anglers had scored ‘non- 

environmental’ preferences highly, such as the time and cost of the fishing trip, or whether 

their family/friends go there, environmental quality was poorer (higher levels of organic 

and nutrient pollution) confirming that river quality is probably not a priority for this type 

of angler.

By far the strongest correlations were between the preference for edibility of the fish caught 

and the river quality variables, in particular a strong positive correlation was observed for 

the Status dummy variable (l=game, 0=coarse) and edibility, suggesting that rivers 

containing game species were visited when edibility was important, which seems intuitively 

sensible, as trout and salmon are more often fished for food than coarse species.

Thus in light of these results, we could conclude that to a certain extent people’s 

preferences do match up with their behavioural choices. However, whilst their preference 

might be for fishing rivers in a beautiful natural setting, in the real world it is likely that 

their choices will be constrained to an extent by what is available relatively locally, and 

how much time and money they have. In general, both the model and GIS analysis 

demonstrated a preference for rivers with higher ecological quality and the preference data 

supported these results, in that most anglers assigned a higher score to the environmental 

characteristics of a site over the non-environmental characteristics (time, cost, family).
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v) Can different types of benefits be identified and their significance assessed?

This thesis sought to explore whether both non-economic or wellbeing aesthetic benefits 

from intangible aspects of a fishing trip such as site aesthetics, as well as consumptive 

environmental service benefits were gained from a fishing trip. The results suggest that 

anglers perceive both of these types of benefits as important: in particular, the aesthetic 

quality of the landscape, the natural beauty of the river and how quiet/uncongested the site, 

were seen as important factors in site choice. These results are supported by previous 

studies (McAvory et al., 1985; Reed-Andersen et al., 2000; Peirson et al., 2001), which 

found that the aesthetic quality of the site was considered to be important and to contribute 

to value.

The results of this study thus suggest that both types of benefits are derived from 

recreational use of rivers, supporting the idea that non-economic values, defined as psycho

spiritual or wellbeing values, may be gained via the aesthetic and tranquillity benefits. 

Whilst it is beyond the scope of this research to explore in-depth the extent to which non

economic values may be gained from time spent alone interacting with the natural world, it 

is hoped that the results of this study encourage future research in this area.

The implications of these results for the interpretation of the consumer surplus is that, in 

terms of expressing the value derived from a fishing trip, it represents the consumptive / 

ecological service benefits, and as such may be only a partial picture (although a full 

encapsulation of the values that can be measured in monetary terms) of the benefits and 

values gained by anglers, in that significant non-economic benefits may also be part of the 

fishing experience and must be measured appropriately, in other words, through the use of 

non-monetary methodologies. The fact that the environmental service/productivity 

benefits, such as the fish species richness and density were also considered to be very 

important in site choice lends weight to the value of the consumer surplus estimates in 

representing these ‘consumptive’ aspects of a fishing trip.
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Chapter Seven

7.1 Introduction

In this Chapter, the overall results of the study are discussed in terms of the empirical 

and methodological aims set out in Chapter two. The findings of the study are also 

discussed in relation to practical policy-making and resource management issues and 

the general design of the study is evaluated.

There are a number of important findings of this thesis, which are briefly summarised 

here. Firstly, the ecological-economic model has shown that the effects of human 

activities, such as urban and agricultural land use, result in impacts to rivers that can be 

‘mapped’ through different environmental and ecological variables, which affect 

subsequent recreational use of rivers for angling. Secondly, both the geo-spatial and the 

econometric analyses showed that various (depending on river type) river characteristics 

such as species richness and levels of pollution, have measurable impacts on welfare in 

terms of anglers’ choice of recreational site. Thirdly, the angler survey showed that 

anglers consider the intangible or non-consumptive aspects of a fishing trip, which may 

contribute to a person’s psychological wellbeing, as at least, if not more, important than 

the consumptive or service-related aspects of a trip. Lastly, the methodological 

approach and data used in this thesis suggest that some indicators of environmental 

quality are more likely than others to accurately reflect both anglers’ preferences and 

ecological quality, and that interdisciplinary models can offer useful insights and 

provide valuable input into policy-making.

This Chapter is divided into six Sections: in the first the validity of the results of each 

stage of the model with respect to previous studies is discussed; an evaluation of the 

study in terms of the overall and specific aims of the thesis is provided in Section 7.2; in 

Section 7.3 the methodological approach is evaluated; in Section 7.4 the results of the 

study are discussed with respect to resource management issues; the implications of the 

results for future research are considered in Section 7.5 and Section 7.6 concludes with 

a summary of the main results of the thesis.
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7.1.1 Validity of study results

The results of the investigation into the relationship between catchment pressures and 

river quality - stage 1 of the model - concur with previous studies that have looked at 

the relationships between catchment variables and river quality. For example, it was 

found that there was a strong link between the percentage of land in arable agricultural 

use and levels of nutrients in rivers (e.g. Johnes et a l , 1996), and although not quite as 

strong, there was a significant relationship between the percentage of urban land use in 

a catchment and high Biological Oxygen Demand (BOD) instream, (e.g. Johnson et a l , 

1997). Conversely, there was also a strong relationship between the percentage of land 

in a semi-natural state and higher levels of river biological quality.

In terms of evaluating the importance of the spatial scale of the impacts to rivers, the 

thesis results appear to support the proposition by Allan et al (1997), who argued that 

catchment-scale impacts were likely to have a more profound influence on river quality 

than riparian or bank side variables. The results support this argument as the level of 

artificial modification at the reach level, represented by the Habitat Modification Score, 

was not significantly related to either the biological or fishery quality indicators. With 

respect to the use of rivers for angling, the HMS variable produced mixed results, in 

that it was positive in Lowland rivers but negative (i.e. correct) for Chalk rivers. This 

suggests a that anglers fishing chalk rivers have a strong preference for unmodified 

rivers. A preference for more natural-looking rivers does however correspond with the 

qualitative information gathered in the angling survey, which suggested that anglers do 

prefer a more natural looking river and river banks, which is substantiated by 

photographs of the top ten most popular river stretches (Appendix 6.5).

As only a few studies could be identified that have looked directly at the relationships 

between river quality indicators and fish populations, it is difficult to gauge the validity 

of the results of stage two of the ecological-economic model. However, previous 

studies looking at catchment land use and fish populations do (indirectly) support the 

findings of this thesis, i.e. that more intensive land uses (urban or agricultural) do 

determine, through their resulting impacts to rivers such as organic and chemical 

pollutants, the type of fish species in the river. The strongest relationship between river 

and fishery quality in the investigation of stage two of the thesis was that between the 

type of fish found in a river and the level of pollutants, i.e. rivers with higher levels of
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pollutants were found to only be able to support coarse fish species. This is not an 

unusual finding, and has been relatively well documented by organisations such as the 

Environment Agency (1998) and other researchers (e.g. Haslam, 1990).

Previous studies also found that the number of fish species present in a river reduced as 

pollution levels increased (Allan et at., 1997; Haslam, 1990), a relationship that 

although not contradicted by the results of this thesis, was not clearly confirmed either. 

As was shown in Chapter four, Areas with higher levels of organic and nutrient 

pollutants can only support coarse fisheries, which also tend to be more species rich 

compared to upland game rivers where the number of aquatic species is lower (Petts, 

1985). However, as was also discovered in Chapter four, the relationship between these 

types of pollutants and species richness was not straightforward, and was discovered to 

be heavily positively influenced by one of the study Areas (The Fens): when the 

analysis was carried out excluding this Area, nutrient pollution was significantly 

negatively related to the number of fish species instream.

The importance of river quality in angling site choice confirms what previous studies 

have found and the associated consumer surplus values generated in stage three of the 

model are of a similar magnitude to previous studies. The finding that the recreational 

value of a fishing trip in Upland rivers is higher is consistent with previous studies that 

found that anglers were prepared to pay more for salmon and trout fishing than for 

coarse fish species (e.g. Spurgeon et al., 2001; Peirson et al., 2001). Overall, most of 

the model results were ‘sensible’ in that more explanatory variables had the right signs 

and the travel cost variable was always negative, which confirms economic 

expectations. The statistically significant and positive relationship between Dissolved 

Oxygen (DO) and angling site choice in the Upland and Chalk models supports a 

previous study carried out by Smith et al. (1986), who also found this river quality 

variable was a significant predictor of the number of recreational trips to rivers. The 

importance of river flow rates on recreational use also supports a number of previous 

studies, for example Willis and Garrod (1999), who found that anglers preferred, and 

were willing to pay for, more natural flow levels in rivers.

The qualitative results of anglers’ preferences and motivations also confirmed the 

results of previous studies (e.g. House et al., 1994; Peirson et al., 2001), in that the 

wellbeing and aesthetic aspects of a fishing trip were considered to be equally, if not
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more, important to anglers than the consumptive aspects of catching fish or how 

ecologically productive the river is, in terms of providing a particular sought-after fish 

species.

7.2 General and Specific Aims

The overall aim of this thesis was to investigate how people perceive and respond to 

environmental conditions, to explore and quantify the inter-relationships between 

human activity and environmental quality. Specifically, the principal aim was to find 

out whether, in terms of recreational use, people prefer and are willing to pay more for, 

rivers of higher ecological quality and conversely, whether degradation of river systems 

has an active, measurable impact on welfare.

7.2.1 Economic estimates of recreational value and impacts to rivers

Peoples’ perceptions of and responses to environmental quality were explored both by 

analysing their behaviour - in the RUM site choice model - and through their stated 

preferences and motivations for choice of fishing site. The economic theory underlying 

the site choice model is that people choose to visit a recreational site based on the 

characteristics of the options available to them, such as how long it takes to get there, 

the anticipated quality of the recreational experience, plus a random component. 

Perceptions of quality are thus inherent in the model, as people are assumed to perceive 

and weigh up the qualities of each fishing site available in their local area. The site 

choice model estimated in this thesis suggests that people do perceive and respond to 

different levels of river quality, and that impacts to rivers such as nutrient pollution and 

impacts that result in reduced aquatic diversity, do indeed have measurable impacts on 

welfare. This thesis has provided a number of useful economic welfare impact values, 

including new per trip values for three different river types, Upland Lowland and Chalk 

rivers. In addition, the geo-spatial analysis of fishing site choice and river quality 

carried out for the entire set of survey responses provided support for the model results.

An important aim of this part of the thesis was to determine whether consumer surplus 

values could be estimated for marginal changes in river quality. The study has provided 

consumer surplus values for marginal changes in the levels of a number of river quality
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indicators (plus one measure of water quantity, Flow) at the margin, again for three 

different types of river, ‘Upland’, ‘Lowland’ and ‘Chalk’.

The RUM site choice models can also be used to calculate increases or decreases in 

welfare where more than one river quality attribute changes at the same time. As was 

shown in stages one and two of the model, the river quality variables are significantly 

related to each other (Table 3.14) and thus an improvement in one is likely to result in 

an improvement in another, e.g. if the number of macroinvertebrate species increases, it 

is likely that the number of fish species would also increase, as fish species richness and 

NTaxa were significantly related, and similarly if the level of Orthophosphates 

decreases then the level of ASPT is likely to increase. The Environment Agency’s 

monitoring data (EA, 2002a) shows that net changes in the GQA chemistry and biology 

grades are roughly equivalent, particularly in the Anglian, Midlands & North East and 

North West Areas; in Southern, South West and Thames regions the changes are less 

commensurate.

Thus to calculate the total impact on consumer surplus from an increase across all of the 

river quality indicators found to predict trips, for example from a 1 0 % improvement in 

overall quality in Lowland rivers, the Tog sum’ formula (Equation 12 in Chapter 6 ) is 

calculated with the improvement in all three indicators -  No. species, Orthophosphates 

and ASPT. This gives an additional consumer surplus of £4.09 per trip, for a 10% 

increase in species richness and a corresponding decrease in nutrient/organic pollution. 

This value could then be aggregated by the relevant number of anglers/trips, i.e. those 

that will benefit from the improvement in river quality.

The calculation of consumer surplus (CS) showed that the per trip estimate of CS was 

highest for Lowland rivers (£47), about half this per trip for Upland rivers (£19) and 

lowest in the Chalk Areas (£6 ). As noted in Chapter six, the higher value for Upland 

rivers is possibly due to the fact that this type of river is more likely to support game 

fish species, which previous studies have shown, people are prepared to pay more for 

(e.g. Willis and Garrod, 1995; Spurgeon et a l , 2001); as Chalk rivers also support game 

species, the low value for Chalk rivers is counter-intuitive and is possibly the result of 

some influence that was not modelled. However, as noted in Chapter six, the low 

sample size means these values should be used cautiously.
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The NRA 1994 angling survey showed that coarse anglers made an average of 87 trips 

per annum, and game anglers an average of 23 trips. The average number of trips made 

per annum in this study was found to be 13, reflecting the fact that a significant 

percentage of the survey respondents were game anglers38. Because game fish species 

are much more sensitive to land use impacts, it is possible that the survey respondents 

were more aware of, and affected by, the environmental and ecological condition of the 

available angling rivers than a sample of predominantly coarse anglers would have 

been.

The site choice models have also shown that, as would be expected, different river 

characteristics are important in predicting fishing site choice in the three sub-samples. 

In Upland areas, the variables shown to be significantly (p<0.01) related to site choice 

were NTaxa, (reflecting macroinvertebrate species richness and thus indirectly, habitat 

quality) and Flow (representing rivers with higher volumes of water); BOD, DO and 

Fish Density were also less robust predictors. The importance of aquatic invertebrate 

species richness (NTaxa) in choice of fishing site in Upland Areas confirms anglers’ 

preferences towards rivers with higher numbers of species in regions that are not 

predisposed geologically or physically to high species richness.

In lowland areas, significant variables were ASPT, which is a measure of 

organic/nutrient pollution levels; No.species, a measure fish species diversity; 

Orthophosphates, which are a particular type of nutrient pollution and Flow. These 

results - that nutrient ‘enrichment’ should be more of a determining factor in 

recreational use of rivers in Lowland Areas, where agriculture and human inputs of 

Nitrates and Orthophosphates are greater - are consistent with ecological theory. 

Upland aquatic areas are less prone to nutrient enrichment problems such as 

eutrophication as they have pre-existing lower levels of nutrients before anthropogenic 

inputs are taken into account (Petts, 1985).

A further specific aim of the study was to assess whether consumer surplus estimates 

for different types of rivers could be estimated, so as to increase the number of value 

estimates available for benefit transfer to meet future resource planning needs. 

Achieving this aim was primarily dependent on obtaining a sufficient number of

38 The much lower figure observed in this study is likely to have been affected by two environmental 
conditions in the year the data were collected (2000/2001) — flooding and the foot and mouth outbreak.

207



responses for each study area, and whilst it was not possible to estimate CS values for 

each of the ten ecoregions, as mentioned above, a coarse division of the study Areas 

into Upland, Lowland and Chalk river types was possible.

The consumer surplus estimates for the different river quality variables show that they 

have quite different impacts on consumer surplus. Flow is the variable that consistently 

affects fishing site choice, and also has one of the highest consumer surplus values per 

trip (except for Chalk rivers), suggesting that anglers have a strong preference for rivers 

with higher flow rates, i.e. a higher volume of water passing in a river at a given point 

and time. Whilst the values for Flow are high, the consumer surplus value is for a 

doubling in the quantity of river water passing a point at any one time, so does represent 

a substantial increase in volume. As mentioned in Chapter three, a high flow rate could 

represent a shallow, torrential upland-type river, or a deep, slow-flowing lowland-type 

river. Many previous studies, both ecological and economic, have found similar 

preferences for higher flow rates in rivers and that sufficient quantities of water in rivers 

is crucial in supporting aquatic ecosystems; as a result a number of previous valuation 

studies have used flow levels as a surrogate indicator of ecological quality (e.g. Willis 

& Garrod, 1999; Douglas & Taylor, 1998; Duffield et al, 1992).

Possible explanations of the importance of Flow in the choice of fishing site observed in 

this study are that rivers with greater volumes of water at a given point and time are also 

more able to diffuse the impacts of polluting discharges and effluents entering the river. 

Thus flow may be especially important in Lowland regions, where such impacts are 

more likely; this importance is suggested in the higher consumer surplus value for Flow 

in Lowland rivers. Rivers with higher flows of water, whether the fast, shallower rivers 

in Upland regions or deep Lowland rivers, are also more able to provide the conditions 

for fish to support healthy self-sustaining fisheries. Another possible indirect reason 

behind this relationship could be that large Lowland rivers are more likely to contain 

coarse fisheries and thus attract anglers fishing for this type of fish species, which is the 

predominant type of angling in England and in this survey39.

The variable Flow was significant in all three of the model sub-samples, although it had 

a much smaller effect in the Chalk rivers. It is possible that the lesser importance of 

flow in Chalk Areas is due to the fact that Chalk rivers are less affected by low flow
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problems because they are fed from groundwater aquifers and thus the rivers are more 

stable.

7.2.2 Investigation of environmental and ecological relationships

The ecological aims of the study were to investigate whether the relationships between 

different aspects of river catchments and ecosystems could be quantified and modelled 

at a relatively coarse spatial scale, and also whether different indicators of river quality 

were commensurate. The study has demonstrated that a relatively simplified 

environmental model, in terms of the scope of the variables included, can successfully 

identify relationships between different facets of river catchments and river systems. A 

further finding of this study is that environmental relationships may be easier to identify 

than ecological ones, as the relationships between fish populations and river quality 

(stage two) were not as clear-cut as those between catchment pressures and river quality 

(stage one). This is perhaps to be expected, as the nature of ecological systems are 

more dynamic and fluctuating, especially with respect to higher taxa such as fish that 

can move about in a relatively short space of time in response to environmental 

pressures, whereas variables such as land use and particularly geology, are more 

temporally stable and less adaptable. The ecological analysis of river quality and fish 

populations has also shown that the concept of ‘pollution’ is not always straightforward. 

For example as was noted in Chapter four, levels of Nitrates and Orthophosphates that 

would cause eutrophication in some areas might actually be a positive source of food 

for plants and invertebrates in Upland regions where rivers are naturally nutrient-poor.

These results do therefore suggest that simplified interdisciplinary models of higher 

taxa, such as the relationships between river quality and fish populations (in terms of 

fish density and number of fish species), are not likely to be as successful as 

environmental models. In modelling these types of ecological relationships, more 

detailed data, which were outside the scope of this thesis to obtain, for example on 

management practices such as fish stocking or pesticide levels instream, are likely to 

result in models with higher explanatory power. As a model is only as good as the data 

it uses, it is likely that the quality of the fishery data was a significant influence on the 

strength of the models. As was noted in Chapter four, the consistency and completeness

39 Although as noted above, a significant proportion of respondents were game anglers.
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of the fish population information obtained from the Environment Agency varied 

widely across the country; this is discussed further in Section 7.5 below.

Notwithstanding these issues, the fact that the regressions of the fishery variables on 

river quality did highlight some theoretically sound relationships, suggests that impacts 

to rivers do affect the biota and higher taxa in terms of species composition and density. 

As noted in 7.1.1 above, the model was particularly successful in showing the 

relationship between the type of fish species, namely coarse or game, and the physical, 

chemical and biological quality of the river.

The statistical analysis also identified that some of the environmental relationships 

explored in stage one, between the catchment pressures and river quality variables, were 

more suited to linear modelling than others -  the size of the R2  and F statistics varied 

widely between the different river quality variable regressions. Most notably, the 

relationship between level of Nitrates and Orthophosphates instream and land use and 

geology appeared to be well captured by Ordinary Least Squares regression. The 

biological quality indicators were also strongly linearly related to catchment pressures. 

The Variables that were least successfully modelled with OLS were Ammonia and DO, 

as their distributions were the furthest away from the standard Normal statistical 

distribution.

7.2.3 Understanding recreational values

The study also attempted to gain some insight into the different types of motivations 

behind anglers’ choice of fishing site and how important these various aspects of a 

fishing trip were perceived to be. The author attempted a ‘ballpark’ classification of 

these motivations as either ‘consumptive’ or ‘wellbeing’ in nature, based on the 

findings from previous studies and recent discussions of the subject. The limited scope 

of this thesis precluded a more in-depth exploration of such issues - instead the thesis 

sought to open-up the subject with an introductory, and relatively superficial, look into 

what benefits might be involved. These study aims were met, in that respondents took 

part in the exercise and some interesting patterns emerged during the analysis. It was 

proposed that three of the top four site attributes considered to be the most important 

provide the possibility of gaining psycho-spiritual or wellbeing-type benefits, namely:
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the natural surroundings/landscape, how quiet and uncongested the fishery is, and how 

natural the river and river banks look.

However, it is recognised that there are limitations to what can be inferred from this 

preliminary analysis, and there may be reasons that anglers felt were important that 

were not included the list, although the mean score for ‘other’ reasons was relatively 

low, suggesting that most of the main reasons had been included. It is also felt that 

using a more in-depth approach, such as in-person interviews based on a qualitative 

preference elicitation framework (for example similar to that used by Satterfield, 2001) 

would be likely to generate more useful information regarding the types of benefits and 

values that anglers perceive from river recreation. This thesis attempted a preliminary 

classification of the values and benefits of an angling trip into ‘economic, utility-based’ 

or ‘wellbeing, psycho-spiritual’ benefits. This classification was based on previous 

study findings and discussions on the subject and interpreted subjectively by the author; 

what might be interesting for future survey-based research in this area is for an explicit 

question to be included in the survey, which asks anglers to indicate the extent to which 

they feel they would be prepared to trade-off each aspect of a trip or site listed for a 

lower cost, i.e. to indicate the extent to which they feel that particular aspects of a trip 

are utility or wellbeing based, in addition to asking them to score their importance. This 

would then provide a more accurate reflection of how anglers perceived the different 

types of benefits gained from a fishing trip.

The purpose of expanding the focus of recreational values from a purely economic 

perspective to include other possible types of values is both theoretically useful and 

potentially practical. Previous authors (e.g. Toman, 1998 and Rothman, 2000) have 

noted that economic valuation should be but one tool amongst a number of different 

approaches for eliciting values for natural resources. Rothman (2000) concludes that 

the “strengths and weaknesses (of economic valuation)...be clearly acknowledged and 

understood and incorporated as one component in a larger decision-making process” 

(p372). To this end, this thesis has attempted to classify which types of recreational 

values are more appropriately valued through economic techniques and which are less 

amenable to this process. Can this classification assist with ‘rapid appraisal’ of 

environmental impacts and values? It is proposed that perhaps decomposing benefits 

into economic and non-economic could be useful if, in the initial stages of a resource 

planning issue, it is identified that use of the resource in question is likely to generate
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some psychological/wellbeing benefits, then these should be explicitly identified and 

then valuation efforts can be focused on the consumptive benefits. What this actually 

does is more clearly demarcate those aspects of the environment and their associated 

benefits that are uncontroversially economic/utility based, and allows economists and 

researchers to concentrate on the estimation of those benefits. Nevertheless, this is still 

worthwhile, in that valuation studies are expensive, so the more efficient and useful 

they are the better. It is also beneficial in that it makes economic valuation appear to be 

more robust and scientific, and thus will be perceived as less controversial. Moreover, 

it paves the way for a more interdisciplinary approach to values and valuation of the 

environment.

A secondary aim of eliciting anglers’ preferences and motivations regarding site choice 

was to try to find out if people’s behaviour and stated preferences would match up, i.e. 

whether if people choose to fish rivers with better quality, they also state that they 

preferred better quality. In a general sense we can conclude that behaviour and stated 

preferences did match, in that people rated ecological productivity and perceived 

‘naturalness’ as important, which corresponded to the finding that people chose to fish 

at rivers that were ecologically more species rich and had lower levels of organic and 

nutrient pollutants. However, the correlation analysis between the attributes of sites 

visited and preference scores did show that peoples’ behaviour did not always match up 

to what they said was important. This is to be expected to a certain extent, as the 

question did not explicitly ask anglers to score the reasons/motivations for their usual 

site/s, but was worded more generally (see Appendix 5.1), so may have been interpreted 

more as stating preferences for an ‘ideal’ rather than an actual site.

We may also ask, to what extent can the qualitative results of the survey inform an 

evaluation of the indicators of fishery quality that are currently used? In other words, 

assess the extent to which anglers stated preferences/motivations for site choice -  what 

anglers perceive as important in a fishing trip -  coincide with the indicators used to 

represent fishery quality. The aspects of a fishing site perceived to be most important 

were the landscape and natural surroundings, how quiet or uncongested the site, the 

ecological productivity of the site in terms of fish populations present, and how natural 

the river and river banks appear. Thus three of the top four preferences for fishing sites 

and sources of value for anglers are related to the visual aesthetics of the site and only 

one to the ecological productivity of the site. The indicators that are currently used to
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represent fishery quality are fish biomass for coarse fisheries, and fish density for trout 

fisheries (EA, personal communication, 2003). The results of this thesis suggest that 

perhaps indicators that capture the aesthetic quality and appearance of the river site 

might better reflect recreational (angling) value than those currently used to measure 

fishery / angling benefits.

7.3 Methodological approach

This Section evaluates the success of the ecological-economic model, the river quality 

indicators used and the design of the travel cost model.

7.3.1 General methodological approach

The model was an application of the impact pathway approach on a very broad level, 

both in a practical applied sense in terms of the spatial scale of the study, and also in its 

coverage of a number of different subject areas. Thus by necessity the analysis was 

‘broad brush’ and coarse with respect to the data used and types of analyses carried out, 

however it was also inclusive and interdisciplinary. The overall aim of the model was 

to explore the relationships and links between a number of different spheres of human 

activity and the condition of rivers, with the intention of estimating the value of 

environmental impacts on welfare. Testing the model has shown that intensive land 

uses do result in higher levels of pollution and reduced ecological quality, and that these 

environmental impacts in turn affect people’s welfare, in that anglers avoid fishing at 

rivers where pollution levels are higher and prefer rivers with higher ecological quality.

As such, this linear impact pathway type approach can be considered successful as it 

has shown a clear ‘pathway’ of impacts, and that there are links that can be quantified 

between these different spheres of human activity and ecological/environmental quality 

(illustrated again in Figure 7.1 below). Thus it can be concluded that an 

interdisciplinary approach to exploring resource valuation issues can provide useful 

insights into how people perceive and respond to natural systems. The results of this 

study support the integrated and holistic River Basin Management approach to water 

quality and resources management set out in the Water Framework Directive (WFD), as 

they have demonstrated that an interdisciplinary study based on a catchment approach
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can identify economic and ecological relationships and produce useful empirical data on 

the effects of such relationships.

Figure 7.1 The Ecological-Economic Model

Economic 
Use (A)

Ecological
Condition

Econom ic 
U se (B)

Environmental
Impacts

Catchment
Pressures

River
condition

Impacts to 
rivers

Recreational
UseStage 3Stage 2Stage 1

Stage 3

Whether the model can be used as a whole, in other words linking land use and 

recreational use directly, or whether the model is more useful as a series of analyses, is 

dependent upon the strength of the relationships quantified in each stage of the model. 

This implies an evaluation of a) whether there are river quality indicators that are 

consistently significant across all three stages, thus acting as links in the model and b) 

the statistical significance of the ecological and economic analyses carried out at each 

stage.

a) The river quality indicators that are consistently significant in all three stages of 

analysis and thus provide the strongest link between the three stages of the model is the 

biological quality indicator NTaxa, and to a lesser extent Orthophosphates40. The 

biological quality indicator variables link recreational use of rivers directly to the 

chemical and biological quality of the river and also provide an indirect, albeit less 

significant link, via fish populations, as the number of macroinvertebrate species 

{NTaxa) was found to be related to the number of fish species and, when The Fens Area 

is excluded, also to fish density.

b) The strength of the relationships between catchment pressures and river quality, in 

particular as measured by the nutrient pollution and biological quality variables, and the 

significance of these variables in the RUM model, suggests that it would be reasonable 

to directly link land use (‘Economic Use A’) to recreational use (‘Economic Use B’).

40 Orthophosphates were not found to be significantly related to fish species, however, as a measure of 
nutrient pollution, it is likely that with better fishery data, a significant relationship would emerge.
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The implications of these results in terms of various policy issues is discussed in 

Section 7.4 below. As noted in Section 7.2.2 above, the strongest link in the model was 

between catchment pressures and river quality. The analysis of the river quality and 

fishery variables showed that these relationships were not as strong, except in predicting 

the type of fish species present in the river. The strength of the RUM site choice 

models can be evaluated by the likelihood-ratio chi square values, which were 

significant at a probability value of less than 0.0001, indicating good overall model fit. 

The pseudo R2 statistics, another measure of the goodness of fit also confirms this. 

Thus as a whole, although the results of the second stage analysis were not as strong as 

the other two, the fact that the model showed that river quality impacts upon 

recreational choice directly means that the lower significance of stage two does not 

reduce the models usefulness in linking catchment pressures with welfare impacts.

In evaluating the success of each of the three stages of the model, it should be bome in 

mind that the relationships quantified at each stage were different. The relationships 

explored in the first two stages were perhaps always going to be more easily quantified 

(although as noted above, the ecological stage explored in Chapter four was less clear- 

cut) as much of the information involved in defining the relationships was available. In 

contrast, the relationship the model sought to predict or determine in stage three was 

that between ecological condition and human activity, which meant that there were a 

large number of variables in that equation that could not be included in the model, such 

as site facilities, access and proximity to population centres. Despite these 

considerations, the model did, in the main, successfully produce sensible and 

theoretically consistent results, supporting the case for future interdisciplinary research 

into this field - some suggestions for possible future work are noted in Section 7.5 

below.

The main purpose of the ecological-economic model was to explore the relationships or 

‘linkages’ between the three stages of the model. For stages one and two, the thesis 

used linear modelling analysis. Although it is acknowledged that the ‘true’ nature of 

these relationships are unlikely to be linear, perhaps especially the ecological 

relationships between river quality and fish populations, as a preliminary indication of 

the interactions and considering the quality of the data, the choice of linear statistical 

analyses used to model these linkages is acceptable.
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7.3.2 River quality indicator evaluation

A specific methodological aim was to determine, through the inclusion of a relatively 

broad scope of river quality variables, covering physical/habitat, chemical and 

biological indicators of river condition, which of these work best as indicators of quality 

in this type of study. It is perhaps unsurprising that the river quality variables that were 

the best predictors of site choice were those most temporally commensurate (the 

nutrient pollution variable Orthophosphates) and those most stable over time (ASPT and 

NTaxa). The No. o f fish species variable was also directly related to site choice in the 

Lowland model, and whilst not particularly robust, fish density was positive linked to 

site choice in the Upland model; as such it is encouraging that the indicators that 

capture both ecological and human perceived quality were significant. Neither fish 

species richness or fish density was significant in the Chalk model however. Thus 

overall, the only moderate link between fishery quality and site choice is perhaps not 

surprising given the quality of the fishery data, the temporal discrepancies between the 

fishery and angling data and the number of other important factors in determining site 

choice, highlighted by the survey finding that likelihood of catch was seen as less 

important than a number of other aspects.

As noted in the previous Chapter, it is also not perhaps surprising, given the temporal 

discrepancies between the water chemistry and angling data, that the water chemistry 

variables -  BOD, Ammonia and DO -  were not intuitively correctly signed or 

particularly in the Upland and Lowland site choice models. The analysis in stage two of 

the ecological-economic model showed that DO was positively and significantly related 

to higher fish densities and to the presence of game species. As such, the positive 

relationship between site choice in the Chalk model and DO may be reflecting a 

preference for these attributes, as in general Chalk streams have higher DO levels and 

support salmon and trout. However, because the indicator DO was not particularly 

strongly related to catchment impacts, except to urban land use, it does not provide as 

strong a link between model stages as the biological quality variables. We can 

nevertheless infer from these results that the impacts of urban land use in a chalk river 

catchment, such as discharges from sewerage treatment works which reduce levels of 

DO instream, do affect recreational choice and welfare.
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As discussed above, the rate of water flow in the river as measured by the Flow 

category was overall the most significant predictor of a fishing trip, and can be 

interpreted as a surrogate variable for overall/general river ecosystem health or viability. 

As such, it is probably the most successful river ‘quality’ indicator (although as noted 

previously it is more precisely a measure of quantity rather than quality) as it captures 

both human and ecological value. In future studies it might be more interesting, and 

provide more of an insight into the nature of the relationship between flow and choice 

of fishing site, to obtain the actual flow rate for each reach rather than including this 

information as a categorical variable 1-10.

The mixed result for the habitat variable HMS suggests that for some types of angling, 

such as game fishing in chalk rivers, anglers have a measurable preference for more 

‘natural’ or unmodified river banks; this is supported by the qualitative data gathered in 

the survey, which suggests that anglers do have strong preferences for more natural- 

looking rivers. A possible explanation of why this variable was positive and significant 

in the Lowland model is that it is related to the large number of respondents fishing in 

The Fens. It is possible that the other River Habitat Survey variable, ‘Habitat Quality 

Assessment’ score would have been more likely to correspond to this preference for 

more natural-looking rivers.

Thus we can conclude that the implications of this study suggest that in terms of 

relating freshwater quality monitoring in a sustainable way to human use of natural 

resources, indicators that are as up-to-date and as stable over time (such as the 

biological quality indicators ASPT and NTaxa), and those that represent both human and 

ecological quality such as fish population data, will provide the best indicators of both 

human and ecological quality.

7.3.3 The RUM Site Choice Model

The benefits of the RUM Site Choice Model used in this study were that it was designed 

so that it was possible to fully include the effects of the substitute sites available to each 

respondent within the study Areas in which they were observed to have made fishing 

trips. The models were able to evaluate the influence of the cost and quality attributes 

of the substitute sites on site choice, and the significance and coefficients of these 

variables reflect this. Overall, the model design can be considered to have been a
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success: the travel cost variable was always negative and significant and there were 

more robust correctly signed and significant river quality variables than incorrectly 

signed variables.

The results of the count data ‘trip prediction’ model generally corresponded with the 

results of the site choice models, in that biological quality as measured by both fish 

density and NTaxa was important in predicting trips, as was nutrient pollution, and the 

most significant variable was Flow. However, the relatively low explanatory power of 

the count model meant that the results in terms of predictions of trips and associated 

consumer surplus should be used with some caution. Linking the trip prediction and 

site choice models was successful in that the welfare estimates for improvements in 

river quality with the estimated number of trips from the trip model were slightly larger, 

as would be expected. In future research if sufficient observations were gathered, it 

would be possible to split the trip prediction model into Upland Lowland and Chalk, as 

was done for the site choice model, which would improve the accuracy of the estimates.

As noted in Chapter 6, it is likely that there will be some degree of colinearity between 

the recreational sites within study Areas, in that some river sites are likely to be much 

better substitutes for each other than others, and it would have been interesting to 

compare the standard Conditional Logit (CL) model estimated in Chapter six with a 

mixed/nested version which allowed for colinearity between sites, to see how this 

affected the results. However, in their paper, Parsons et al. (1999) find that the models 

that split the inclusive value term into price and quality terms result in significantly 

smaller welfare measures that are inconsistent with the site choice per trip estimates. 

Parsons et al. (op cit) also link the site choice model with count data models, where the 

inclusive value index from the site choice model is included as an explanatory variable 

in the trip prediction count data model; this is an approach that could be taken with the 

study dataset and would be an way to extend the analysis in the future.

It would also have been interesting extend the site choice model for example by nesting 

the participation decision, as is described in Hanley et al. (2002), although in this paper 

the authors find that the nested version does not provide significantly different results 

from the standard CL model; in other words, the decision on whether to participate or 

not was not found to be significantly different from the site choice decision.
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As such the site choice model used in this study provides some initial estimates of the 

likely impact of river quality on recreational use of rivers, and has usefully identified a 

number of ways this analysis could be extended with respect to rivers and angling in the 

UK.

7.4 Can the empirical results be practically applied to 
resource management issues?

An integrated and sustainable approach to managing natural resources involves linking 

the effects of human activities on natural resources to different spheres of human 

activity. This study has taken as an example a specific type of recreational use of rivers 

and looked at what affects both the rivers and recreational use and why. Whilst not as 

robust as the site choice model, the count model has shown that increases in river 

quality will increase the likelihood of a fishing trip, and the site choice model that 

anglers are more likely to choose to fish rivers that have higher ecological quality. 

Perhaps more significantly, the study has shown that impacts to rivers have measurable 

welfare impacts. As such, the results are useful for organisations that have to manage 

resources in an environmentally sustainable manner, for example central and local 

government and government agencies, that have to weigh up the costs and benefits of 

different resource options in planning and policy-making for environmental protection. 

Below the results are discussed in relation to a number of different resource 

management areas.

7.4.1 Valuation of river quality improvements

The economic values of changes in river quality could be used, for example by the 

Environment Agency (EA), which often needs to evaluate the economic impacts of 

river quality improvements, or conversely, degradations. The EA has recently done this 

in a project to value the benefits of the Environment Programme in the Periodic Review 

of the Water Industry (Fisher et a l , 2002). This work used previously estimated values 

to calculate the benefits of various levels of improvements in river ecology, based on 

eight indicators of chemical quality, including Dissolved Oxygen (DO), BOD and 

Ammonia. The authors present estimates of informal (excluding angling) recreational 

benefits from an increase in river quality as measured by changes in these indicators
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from ‘Fair’ (coarse fish species) to ‘Good’ (game and coarse fish species) as £0.80 per 

person per trip (2002 £s).

The value of improvements in the river quality as estimated in the site choice models 

can similarly be used as proxies for the value of improvements to coarse (Lowland) and 

game (Chalk and Upland) fisheries. So for example, to estimate the value of an 

improvement from ‘Fair’ to ‘Good’ quality in a coarse fishery, you could use the value 

of an equivalent change in ASPT or Orthophosphates (see below for example values for 

such as change). Because high quality coarse fisheries are often associated with high 

species diversity, increases in the number of fish species present in the river could also 

be used.

Similarly, the river quality variables found to predict trips in Upland Areas -  NTaxa, 

DO and BOD41 -  can be used as proxies to estimate improvements (or conversely, 

degradations) in game fishery quality; in addition, the analysis of stage 2 of the 

ecological-economic model showed that fish density was significantly related to NTaxa 

and DO, which supports the use of these river quality variables as indirect or surrogate 

measures of game fishery quality in Upland Areas. The EA use fish density as a 

measure of quality in trout fisheries, and whilst not as robust as NTaxa, the Upland site 

choice showed that fish density was found to be a significant predictor of site choice 

(£0.04/5 for a 10% increase in the numbers of fish instream). In addition, the trip 

prediction model showed that a 10% increase in fish density would increase the number 

of trips by approximately 2% with a consumer surplus of £0.51 per trip; however 

because of the relatively low explanatory power of the trip model these values should 

not be viewed as precise.

The EA also use the same biological quality indicator variables -  ASPT and NTaxa -  

that were used in this study in assessing the biological quality of rivers in England and 

Wales. The ecological quality of rivers is also an integral aspect of river quality 

monitoring under the Water Framework Directive, and has been used up until now in 

generating the six General Quality Assessment (GQA) biology classes from A to F. 

Thus the results of this study could similarly be used to value increases or decreases in a

41 Although the fact these river attributes were not as robust as the others means that they should be used 
with caution.
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river’s biological condition. For example, if there has been an increase in the biological 

quality of Upland rivers, say from ‘Fairly Good’ (GQA grade C, NTaxa score 0.65) to 

‘Very Good’ (GQA grade A, NTaxa score >0.85), the change in CS for the equivalent 

change in NTaxa can be multiplied by the number of fishing trips that take place on 

those rivers. For example the value of a 30% increase in NTaxa in upland rivers which 

receive 10,000 trips per annum, is £0.98 or £1.73 (depending on whether trips are held 

constant or not) x 10,000 = £9,800 - £17,300. Or, if Lowland river quality has 

improved by say 10%, going from ‘Fair’ (GQA grade D, ASPT of 0.70) to ‘Fairly 

Good’ (GQA grade C, ASPT of 0.80), this is calculated as £3.93 x 20,000 trips per 

annum = £78,600.

7.4.2 Regulation of point and diffuse effluent discharges.

As noted above, the river quality indicator that has consistently shown the strongest 

links between all stages of the model is nutrient pollution, specifically, levels of 

Orthophosphates in the site choice model, and to a lesser extent Nitrates in the trip 

prediction model. These two variables were the most strongly related to land use, 

strongly negatively related to the presence of game fish species and density of fish (with 

The Fens Area excluded), and both the site choice and trip prediction models showed 

nutrient pollution to have significant impacts on welfare. Chapter three reviewed a 

number of previous studies that have found levels of nutrients in-stream to be highly 

correlated with the percentage of catchment land in agricultural, particularly, arable use 

(Johnson et al., 1997; Allan et al., 1997; Bis et al., 2000; Johnes et al., 1996; Cuffiiey et 

al., 2000; Mander et al., 2000; Blanchard & Lerch, 2000; and Fisher et al., 2000). The 

results of this study thus confirm that arable agricultural land use results in higher 

nutrient levels instream compared to other land uses. The implications of the results of 

this study are therefore that arable land use has measurable welfare impacts, and that 

reducing the amount of nitrogen and phosphorous applied to the land is likely to result 

in increased recreational benefits. This may be useful, for example for policy appraisal 

of farming in a more environmentally sustainable manner: the estimated reduction in 

angling trips and associated consumer surplus values for marginal decreases in 

Orthophosphates, or to a lesser extent, Nitrates from the trip model, could be used as 

rough estimates of the recreational benefits of reducing the amount of land in 

agricultural use in a catchment.
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In a recent report, the economic and environmental/ecological impacts of 

Orthophosphates on ffeshwaters such as nutrient enrichment and eutrophication, have 

been researched and costed using previous estimates of levels and value of recreational 

use (Pretty et al., 2002). The authors state that ‘There is an urgent need for a greater 

analysis of representative catchments in order to understand better the nutrient 

budgets...and costs being incurred’ and they go on to ‘recommend further research on 

the value of water-based tourism and sports... and the specific value losses caused by 

eutrophication’ (op cit., p9). The Environment Agency’s General Quality Assessment 

(GQA) guidelines on phosphorous are that rivers with a phosphorous level of greater 

than 0.1mgP/l are deemed to be eutrophic. Table 5.9 in Chapter five showed that the 

sample mean was 0.6, with a very large standard deviation, and further analysis of the 

data revealed that 60% of the rivers in the sample would, according to these guidelines, 

be considered eutrophic.

The site choice model showed that anglers avoid fishing rivers where levels of 

Orthophosphates are high, thus the consumer surplus associated with changes in the 

levels of Orthophosphates can be used to assess the impacts on recreational use. For 

example, a (90%) reduction in the level of Orthophosphates from the mean of 0.6mgP/l 

to 0.1mgP/l or lower, would generate recreational benefits of £3.59 per trip, or £46.67 

per angler per annum in Lowland rivers. This value is of course dependent on the 

number of trips per annum, here the sample average of 13 is used.

Although the consumer surplus values for Orthophosphates per trip are relatively small 

compared to DO or Flow, the model showed that significant relationships existed 

between levels of Orthophosphates, land use, fishery and angling variables, suggesting 

that it is a robust indicator of both ecological and recreational quality.

With respect to land use planning, we can conclude that where urban development 

increases the amount of phosphorous in rivers, increases in the percentage of urban land 

use in a catchment will affect the recreational use of rivers and consequently impact on 

welfare. Thus the consumer surplus estimates for Orthophosphates could also be used 

to provide values for studies assessing proposed land use changes to housing or 

industrial development.
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7.4.3 Abstraction

The UK Biodiversity Action Plan states that one of the ‘primary threats to rivers and 

streams (is) excessive groundwater and surface water abstraction’ (‘Biodiversity: the 

UK Steering Group Report -  Volume 2: Action Plans’, 1995, p.291). Abstraction and 

subsequent potential low flows in rivers impacts on both the ecological -  in terms of 

habitat quality and levels of species richness (Willis and Garrod, 1999) -  and 

recreational quality of rivers. The positive influence of flow rates on recreational use of 

rivers has again been clearly established in this study, and the magnitude of the changes 

in consumer surplus from changes in flow category suggest that it is an important factor 

in choosing a fishing site. As such, these results have implications for abstraction from 

rivers, and from groundwaters where this affects the recharge into rivers.

The economic impacts of abstraction on recreation can be evaluated using the consumer 

surplus estimates generated in this study, where the amount of water taken from a river 

or groundwater source is predicted to result in a change in the flow category of the river. 

For example, if a river had an average flow of 5 cubic metres per second (flow category 

5) and abstraction reduced this to an average of 2.5 cubic metres per second (flow 

category 4) then this would result in a reduction in recreational benefits of between 

£0.15 and £3.70 per trip, or between £2 and £48 per angler per annum42, depending on 

river type. This is obviously a rather broad range, due to the much lower value for 

Chalk rivers -  the value for Upland and Lowland rivers are more similar at £26 and £48 

per angler per annum respectively. These values encompass user values for ‘natural’ 

river flows estimated in previous UK studies (ERM & Willis, 1997; Spurgeon et al., 

2002) of between £10-12 per annum. Spurgeon et al., 2002 also present average use 

values of £7-13 for preventing the river from drying up completely. Whilst these 

estimates are lower than those estimated for Upland and Lowland rivers in this study, 

they are for informal recreation rather than angling and as such would be expected to be 

significantly lower.

As noted above, there are however significant differences in the consumer surplus from 

a change in Flow category between Upland, Lowland and Chalk rivers, where welfare 

impacts are highest in Lowland and lowest in Chalk Areas. Thus, a change in Flow

42 Using the average of 13 trips per annum
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category has approximately twice the impact on consumer surplus in Upland and Chalk 

Areas than in Lowland Areas.

In terms of the strength of Flow as a linking variable between all three stages of the 

ecological-economic model, the analysis showed that higher flow levels were 

significantly related to the percentage of forest and semi-natural land use in a 

catchment, but that compared to the other environmental variables, land use did not 

explain much of the variation in river flow (adjusted R of 0.07) - the overall model 

strength was the lowest of all the land use and river quality models, although the 

model’s F statistic was still significant at the 0.01 probability level. This is likely to be 

explained in part by the fact that rivers of all flow rates are found in all of the study 

Areas, and thus not related to any one particularly land use type. In support of 

ecological theory, Flow was significantly positively related to fish species richness; 

however rather un-intuitively it was found to be negatively related to fish density. This 

negative relationship suggests that rivers with lower volumes of water contain more fish 

-  but this may be the result of the fairly high fish densities observed in the smaller 

Upland rivers in the study Areas EQ and SD and SP.

In summary, the Environment Agency uses economic benefits in a variety of ways to 

assess the value of environmental resources and to evaluate the potential welfare 

impacts from changes to those resources. Relatively few new studies have been 

commissioned by the Agency (the exception being the ERM and Willis (1997) low flow 

and the Spurgeon et al. (2001 & 2002) angling studies) and much of the organisations 

use of economic values is via benefits transfer from previous research. As such the 

Agency has experienced the challenges of benefits transfer ‘at the coalface’, and 

consequently is in a good position to feedback to the academic community the issues 

involved in applying environmental cost-benefit analysis on the ground. Encouragingly 

however, as noted above and in Chapter one, the cost-benefit analysis of the PR04 

Environment Programme has successfully shown that monetary values can be used to in 

decision-making in supporting the case for protecting and enhancing river quality.

7.4.4 Biodiversity and countryside management

Aquatic species richness, as measured by the No. o f fish species and NTaxa, was found 

to be important in choice of angling site, and NTaxa was negatively related to intensive
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land uses that result in higher levels of organic and nutrient pollution in rivers. This 

finding suggests land uses that result in increases in aquatic species richness will have 

welfare benefits, and conversely, land uses that decrease the numbers of species in 

rivers and streams will reduce recreational benefits. These results can be related to 

management of the countryside, as the estimated recreational benefits of aquatic species 

richness can contribute to our understanding of the value of species richness in general 

and be used in policy making concerned with promoting, species richness. For example, 

the consumer surplus values for NTaxa could be used in calculating the benefits of 

farming methods that enhance numbers of macroinvertebrate and fish species in rivers 

such as organic farming, if it can be shown that organic farming results in increases in 

the NTaxa score. Although no studies looking specifically at the affects of organic 

farming and aquatic species richness could be found, the Soil Association (2000) 

published a report detailing how organic farming practices, such as reduced application 

of fertilizers and pesticides and maintenance of field margins, trees and hedgerows, 

result in increased terrestrial species richness. As agricultural land use affects river 

quality though surface water run-off in catchments, it is intuitively sensible that farming 

practices that require lower levels of nitrogen applied to soils, for example through 

planting leguminous crops, will result in lower levels of nitrogen leaching to rivers. 

However these effects will of course be mediated by catchment soil and topology 

characteristics, as well as through fertilizer application practices.

The data gathered in the survey on anglers’ preferences for fishing sites also has 

implications for land use planning, as a clear preference emerged for landscape, high 

levels of ‘naturalness’, peace and tranquillity at a fishing site. The qualitative 

preference data also showed that the ecological quality/integrity of the river is 

considered to be important, in terms of being able to provide a higher number of fish 

species, support wild fish populations and other wildlife. As mentioned in Chapter six, 

these preferences support the model results, that land uses that promote and enhance the 

natural environment and species richness of river habitats will have positive welfare and 

wellbeing impacts.

7.5 General evaluation of study design

This Section identifies a number of possible ways the study could have been improved 

and discusses the implications for future research in this area.
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7.5.1 Data collection and manipulation

As noted in Chapter five, all of the survey responses could not be used in the model 

analysis because the river chemical, biological, habitat and fishery data used in the site 

choice model was not available. This was because the methodological design of the 

ecological-economic model meant that the study sites and their associated river quality 

data were selected first and the angling data was collected at a later stage in the project. 

Because the study aimed to investigate how river quality influenced site choice and 

numbers of fishing trips, the study sample had to incorporate a wide range of river types 

and qualities, so that the effect of the substitute sites could be included. Because it was 

found to be easier to collect the environmental and ecological data (with the exception 

of the fishery variables) than the angling data, in future studies, it is suggested that more 

efficient use of the available data could be made if the data collection process is 

reversed, in other words, the study sites are selected by obtaining the angling data first, 

and then the environmental and ecological information is gathered for the sites where 

fishing trips are observed. However, in this approach, it is not immediately clear how 

the substitute sites would be incorporated. This leads to the next improvement that is 

suggested for future studies, which is that of defining the relevant substitute sites.

If data gathering time and resources had permitted, the home postcodes of anglers as 

well as the river sites fished, would have been mapped into a GIS. This would have 

allowed a more accurate definition of the substitute sites for each individual, as all the 

rivers within a certain distance of the anglers’ home postcodes could be selected, 

instead of using the other reaches in the study Area. Also, if time and resources had 

permitted, a GIS could have been used to select the relevant chemistry, biological and 

fishery data for each reach fished, rather than by eye using paper maps, which would 

have saved time.

7.5.2 Study Sample

As noted above, it was difficult to gather sufficient numbers of responses in the angling 

survey, and this had implications for the disaggregation/site specificity of consumer 

surplus: as there were insufficient numbers of responses for each study Area, consumer 

surplus could not be estimated for each study Area as was originally hoped. The most
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effective method of gathering such data was found to be adding the questionnaire as an 

insert into Angling Times magazine, with the Freepost address. Although it was not 

possible in this study, a potentially effective way to collect such data would be in 

conjunction with the Environment Agency, as an insert into the fishing licence 

application, for example.

Possible self-selection bias in the survey responses means that the qualitative results 

may not be representative of the ‘average’ angler, meaning the anglers who chose to fill 

in a questionnaire might be more likely to consider the aesthetic and ecological 

productivity of the fishing site to be more important, thereby inflating the significance 

of these aspects. However, as mentioned above, the preferences for landscape, peace 

and quiet, natural river appearance and ecological quality have all been found in 

previous studies. The emphasis on these aspects by game anglers was also found to be 

consistent with previous studies, for example Peirson et a l (2001) noted that game 

anglers rated the aesthetics of a fishing site to be more important than coarse anglers.

The representativeness of the study sample can be gauged to a certain extent by 

comparing the age, income and gender distribution to the angling population as a whole. 

The Environment Agency give some more recent statistics on the angling population 

from a survey of the general public carried out in 2001 on their website, which can be 

roughly compared to the study sample: 1% of study sample is female compared to their 

estimates of between 5 and 20%; 72% are 40 years old or over compared to 70% over 

35 years old. The EA survey found that anglers were most frequently in social class C2, 

although the authors do not relate this class directly to income levels. An analysis 

showed that 37% of the study sample were retired, where weekly income was estimated 

to be £172 (ONS, 2000), 30% had weekly incomes of between £240 and £440, 32% 

between £440 and £640 and 1% earned more than £700 p/w. Thus in terms of age and 

income the study sample is fairly representative of the angling population as a whole, 

but is slightly biased in terms of gender balance, with male anglers over represented.

7.5.3 River quality indicators and environmental data quality

Whilst the study includes a fairly wide range of measures of river quality, it was not 

possible to incorporate all of the environmental or ecological characteristics of a river. 

In light of the potentially widespread impact of pesticides on aquatic environments it
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would have been interesting to explore whether the level of pesticides in rivers affected 

fisheries and angling. The pH of the river water is another potentially useful indicator 

of river quality that has been linked to fisheries and angling (e.g. ExtemE, 1995a; 

ECOTEC, 1993).

Although the results for the habitat quality variable HMS were mixed (i.e. negative for 

Chalk and positive for Lowland rivers), it is unlikely that the river habitat is unrelated to 

recreational use given the perceived importance of this aspect of a fishing site, and it is 

possible that a different variable would be more informative. For example, the Habitat 

Quality Assessment score could be used, as long as different river types were kept as 

separate study samples, e.g. Upland and Lowland and not pooled. Similarly on a habitat 

level, it would have been interesting to use the Environment Agency’s aesthetic 

classification, which is based on a number of parameters such as the presence of litter, 

odour and the visual aspects of a river reach.

In terms of the land use data, it would also have been interesting to be able to 

disaggregate further, for example to distinguish between conventional and organic 

agricultural land use to see whether this had an effect on river quality, or to have 

information on other farm-level practices, that could have been represented as an 

indicator of the intensity of land use for each reach catchment.

An important factor in assessing the quality of cross sectional data is its temporal 

consistency, an issue that has been highlighted in Chapter three, and also in Chapter six. 

Most of the river quality variables relate to the mid 1990’s, with the exception of the 

nutrient data, which was for the year 1999. As noted in Chapter three, there is likely to 

be a change in the river quality over the 5 years of between 20 and 30%, although these 

estimates are for the river network as a whole, and it is not possible to estimate the 

extent of change in the study Areas. In general the quality of rivers improved over this 

period, and this could be a possible explanation as to the ‘wrong’ signs on the river 

quality variables in the site choice model, in that the rivers had actually improved by the 

time the angling data had been collected (2000/1).

Another important issue is the general accuracy of the data in terms of how consistently 

and precisely it is collected and reported by the primary data gathering organisation; in 

this study, the chemical, habitat and fishery data were derived by the Environment
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Agency (EA), and the biological quality indicators ASPT and NTaxa obtained from 

Centres for Ecology and Hydrology (CEH). The chemistry variables -  BOD, Ammonia 

and DO -  are reported by the EA to be 85% accurate (personal communication, 2002); 

information on the accuracy of the biological indicators was not available.

The fishery data were the most problematic, in terms of their availability and 

consistency; as noted in Chapter four, reporting formats, variables, and monitoring 

schedules varied across the country. These fishery data quality issues are in the process 

of being addressed, through the creation of a national fishery database, and 

standardization of monitoring and reporting procedures.

The other main source of data used in the study were the distances and times obtained 

from ‘Multimap’, which were used to calculate the travel costs for each fishing trip, 

both to sites fished and to those not fished. Unfortunately, Multimap do not provide 

any information which allows an assessment of the accuracy of this data, but are 

currently considering how such information could be produced in future (personal 

communication, 2003).

There are a number of ways future interdisciplinary research could develop this field, 

both between natural and social sciences and between different social science 

disciplines. Future ecological-economic research could, for example, expand the range 

of different types of ecoregions in which the relationship between river quality and 

recreational use is explored, thereby generating more site specific and policy-useful 

estimates of recreational value. In addition, other variables or indicators of river quality 

could be used in the site choice model, perhaps including those which more closely 

match the aspects of fishing sites that this and previous surveys have found to be 

important to anglers, such as the aesthetic aspects of a site.

This study has focused on the relationship between river quality and angling but there 

are obviously other significant uses of rivers that are also affected by river condition 

such as boating or canoeing. These different recreational activities are often linked, for 

example in the Norfolk broads people fish from their boats, and so boating could 

encourage angling participation, but they are also often in competition with each other 

and it would be interesting to investigate how angling site choice is affected by these 

sorts of ‘externalities’.
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With respect to future interdisciplinary research between social science disciplines, this 

study has highlighted a much needed field of enquiry that has begun to be addressed, 

namely, an investigation into the different kinds of values and benefits people gain from 

interaction with natural environments. This is likely to entail an exploration of ‘direct’ 

environmental values that is more in-depth and person-centred than traditionally- 

conceived economic ‘use’ values, but also more inclusive, particularly bringing in 

perspectives and ideas from disciplines such as psychology and philosophy.

7.6 Conclusion

The aims of this thesis were to increase our understanding of human-environment 

interaction and to improve our ability to manage it in a sustainable way, through an 

investigation into how anglers perceive and respond to river quality, and from using this 

information to generate new economic estimates of the affects of river quality on 

recreational value. The overall practical aim of the thesis was thus to contribute to the 

sustainable management of freshwaters and their catchments, by producing practically 

applicable estimates of recreational value that would be directly useable in policy 

making. Although a number of potential improvements were identified which will 

hopefully guide future work, the study successfully generated a number of policy 

relevant values, which are expected to help organisations such as the Environment 

Agency understand and evaluate impacts to rivers, and to protect rivers from such 

impacts, thereby potentially enhancing both environmental and recreational quality.

The thesis also sought to develop our understanding of environmental values, to 

broaden the scope of values thought to be gained from interacting with natural systems 

and to place economic values in the context of this wider framework of values. Thus it 

is hoped that the thesis has also developed the field of environmental valuation, in terms 

of how we think about the benefits to humans from recreational use of the natural 

environment and how researchers might better understand what types of benefits they 

are valuing.

The main conclusions of the research can thus be summarised as follows:

• Impacts on rivers from land uses such as urban development that affect for 

example, the levels of nutrient and organic pollution and species richness in-
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stream, can be ‘mapped’ through different measures of environmental, 

ecological and economic quality.

• River quality influences anglers’ choice of fishing site and has measurable 

welfare impacts: the spatial analysis showed that anglers prefer to fish at sites of 

higher ecological quality over those of lower quality and the Random Utility site 

choice model allowed us to identify the particular environmental variables that 

are likely to have an impact on recreational use value. The consigner surplus 

values estimated in this thesis reflect these welfare impacts from river quality.

• Anglers value the intangible or non-consumptive aspects of a fishing trip, which 

may confer psycho-spiritual wellbeing benefits, as much as, if not more than, the 

consumptive aspects.

• Some river quality indicators are better than others at reflecting both human and 

ecological quality, and providing links between the various stages of human- 

environment interaction, specifically, biological quality indicators and levels of 

nutrient pollution.

It is hoped that the findings of this thesis will contribute to our understanding of how we 

interact with and value our natural environments; and that this preliminary study will 

encourage future interdisciplinary research that continues to increase our understanding 

of how to manage our environmental resources, for the benefit of both humans and the 

natural world.
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Appendix 3.1 Land Cover Classification

The land class categories used in this research are derived from the Land Cover Map of 

Great Britain, created by the Institute of Terrestrial Ecology (now called Centres for 

Ecology and Hydrology). The map is based on a 25m grid of satellite imagery of the 

country, classified into 25 types of land cover. These categories cover the full range of 

land cover found in the UK, including 'beaches, bare ground, developed and arable land 

and 18 types of semi-natural vegetation' (CEH website/LCM classes/section 1).

This 25 class system has been simplified for the purposes of this research into six broad 

land cover types - forest, urban, arable, pasture, semi-natural and other. This process 

involved aggregating similar types of land cover as shown in Table A3.1 below:

Table A3.1 The ITE Land Cover Map classes and the aggregated land cover categories 
used in this thesis

Aggregated land 

cover category

ITE Land Cover Map classes

Forest class 15: deciduous/mixed wood; class 16: coniferous/evergreen 

wood

Urban class 20: Suburban/Rural development; class 21: Urban 

development

Arable class 18: Tilled land

Pasture class 6: Mown or grazed turf; class 7: Meadow, verge or semi

natural swards

Semi-Natural class 5: Rough pasture, dune grass, grass moor; class 9: 

Moorland grass

Other All other classes not included in the above: coastal bare ground 

(beach/mudflats cliffs), saltmarsh, bracken, shrub heath, grass 

shrub heath, bog (herbaceous), Inland bare ground.

(http://www.ceh.ac.uk/data/lcm/LCMclassInfo p3.shtm)

Forest: This category is made up of both deciduous and coniferous woodland. The 

deciduous category is comprised of two components, scrub/orchard, (which includes 

species such as hawthorn, saplings, brambles and fruit trees,) and deciduous woodland. 

The coniferous cover also includes evergreen species such as holly, rhododendron and 

yew.
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Urban: This class is an aggregation of two types of land cover - where the satellite 

imagery showed pixels both completely and partially full of developed land. Where the 

pixels were completely full, it was recorded as 'urban' and where there was a mixture of 

built-up land and permanent vegetation it was categorised as 'suburban/rural 

development'. The urban cover describes for example, large towns, cities, industrial 

estates or retail parks and land which is permanently bare such as in car parks or 

airports. The 'suburban' component of this is comprised of villages, smaller 

industrial/retail areas and railway stations or larger roads.

Arable: This land use class is the only type of land cover that is not an aggregation of 

two or more classes. This category describes land that is tilled annually and soil is bare 

in winter, for example for cereal crops such as barley, wheat or vegetables.

Pasture: This class is a composite of wholly and partially improved grasslands. 

Examples of improved, more intensively managed grasslands are areas that are grazed 

throughout the year or are mown for recreation/amenity purposes, such as in parks or 

playing fields. The grass is kept short as turf and is likely to be treated with 

fertilisers/herbicides and re-seeded with desirable species such as Lolium perenne.

The second category - meadow/verge or semi-natural swards - describes areas of 

grassland that are managed at a lower intensity or for just part of the year, for example 

they may be used to produce hay. Thus they are not short-cropped throughout the year 

as the above category, but return to this state in winter. These areas are generally not 

treated with any fertilisers/herbicides and are likely to contain indigenous species. 

There are relatively few areas remaining in this class, and these are mainly to be found 

in marginal upland or agriculturally unproductive areas.

Semi-natural: This category is a combination of two types of grasslands. However, 

unlike Pasture described above, they are not improved or managed in any way. The 

first component is 'grass heath', which is dominant in acid sandy soils, for example in 

coastal dunes, and on hillsides. These areas of grassland are commonly found in North 

West of England and Scotland. The second type of grass included in the category is 

'moorland grass', which is comprised of deciduous species of grass and covers large, 

unenclosed, upland areas, ‘often lightly grazed by sheep’ 

(http://www.ceh.ac.uk/data/lcm/LCMclassInfo p3 .shtni)
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Other: This category is an aggregation of 7 other types of land cover that do not fit into 

any of the above classes: coastal (beach/mudflats cliffs) and inland bare ground, 

saltmarsh, bog (herbaceous), bracken, shrub heath and grass shrub heath.
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Appendix 3.2 Summaries of ‘Natural Areas’

Below the ten Natural Areas selected for study are described in terms of the underlying 

geology and soils, landscape/topography, and the major land use types. These 

descriptions are summaries of the original ‘Natural Areas’ (English Nature, 1999) and 

Countryside Agency’s ‘Countryside Character Initiative’ descriptions. An indication of 

how these factors influence the condition of the rivers and streams is also given, 

although this is explored in greater depth in Chapter 4.

Berkshire & Marlborough Downs

a) Key features:

• Rolling chalk downland with steep dry valleys and scarp face in the north

• Major land use is intensive arable farmland

• High quality chalk rivers

• Broadleaf woodland

• Small towns & hamlets

• Remnants of grassland meadow & pasture

• Ancient monuments such as Neolithic stone circles, barrow and chalk carvings on 

hill sides.

b) Geographical location:

The Area is bordered by Devizes in the west and stretches to south of Oxford in the 

east. Swindon lies just outside the Area in the north and to the south, Salisbury Plain.

c) Geology and soils:

The solid geology of the Area is Cretaceous Chalk, overlain with a clay-and-flint soil. 

This clay soil is found in the southern parts of the Area, and has given rise to the 

woodlands that are prevalent here. The downlands are typically covered in a light, thin 

soil that drains easily, due to the underlying porous chalk rock, resulting in few water 

courses on the downland / plateau. The other geological feature of this Area is the 

solitary blocks of weathered Tertiary sandstone -  sarsen stones -  which have (ended up) 

in the dry valley areas.

d) Landscape/topography:

The northern part of the Area is characterised by open rolling elevated plateau cut by
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dry valleys or ‘combes’. The plateau is covered in large scale fields, with very few 

trees, hedgerows or buildings. In contrast, the dry valleys contain the last remnants of 

the original chalk grassland where the grass is kept short by rabbit grazing. Towards 

the lower slopes in the south east of the Area broadleaf woodland increases, with the 

ancient Oak and Beech forest of Savemake. There are two principal river valleys, the 

Vale of Kennet that flows west to east and the Vale of Pewsey, which is drained by the 

River Avon in the Southwest of the Area.

e) Land Use:

The land use in the Area is predominantly intensive arable farmland on the high 

downland. These areas are also used for horse racing and training. The valleys support 

mixed farming, with grazing pasture and orchards. As the plateau of the north gives 

way to the lower slopes in the southern part of the Area, the land use changes to 

commercial forestry, with extensive coniferous plantations.

Exmoor and Quantock Hills

a) Key Features:

• Upland heath and grass moorland is predominant land cover

• Ancient forest

• Many fast-flowing streams

• Sparsely populated

• Deep, wooded river valleys

• Numerous SSSI’s.

b) Geographical location:

Ilfracome and Barnstaple on the West Coast, the Vale of Taunton in the East.

c) Geology & Soils:

Devonian sandstone, slates grits & shales, resulting in free draining soils. On the higher 

ground where the drainage is poor, the soil has collected in ‘hollows and depressions’ 

where it has formed peat. Towards the coast and in the steep valleys are areas of 

exposed rock.

d) Landscape/topography:

The Area forms a stretch of hilly Upland that gradually slopes away to merge with the

236



gentler hills and vales of the rest of Devon and Somerset. The Bristol Channel borders 

the northern edge. There are a number of steeply cut river valleys, which have shaped 

the landscape to form high ridges. The two main river systems are the River Exe, which 

drains South, eventually ending in the English Channel, and the River Lyn, which flows 

North into the Bristol Channel.

e) Land Use:

The Area is predominantly rural and sparsely populated with unimproved pasture the 

main land over. The three largest towns -  Ilfracombe, Barnstaple and Minehead are 

situated at the edges of the Area on the coast, the Uplands of Exmoor containing only a 

few hamlets. The acidic heath and grass supports species often found in the North West 

of England and Scotland.

Midland Clay Pastures

a) Key Features:

• Rich clay soil

• Pasture and arable are main land uses

• Gently undulating hills

• Few woodlands or unimproved pasture areas remain

• Large towns in the East of the Area

• National parks

b) Geographical location:

Northampton lies in the East o f the Area, Coventry in the North and West, Stratford- 

Upon-Avon in the South and West, and Banbury in the South.

c) Geology & Soils:

The geology of the Area is made up of clay, silts, sands and sandy limestone. The 

Northern part of the Area is predominantly sandy soils and the Southern part clay soils.

d) Landscape/topography:

The landscape is typified by a series of low plateau in the North, wooded pastures and 

vales in the West, and low hills and undulating plateau in the East.

e) Land Use:
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The land use is predominantly large fields of intensive arable agriculture, with some 

small areas containing pasture. Whilst the Area contains a number of large towns/cities 

at it’s edges, there are many small villages in the centre.

Midland Plateau

a) Key Features:

• Mixed geology

• Highly urbanised

• Mixed land use and landscape types

• Very little rough or unimproved land left

• Numerous water ways

• Post industrial features such as mines and railways

b) Geographical Location:

Birmingham is located in the centre of the Area, and surrounding towns include 

Wolverhampton, Walsall, Dudley, Solihull etc. At the Northern end of the Area lies 

Cannock and the Southernmost edge Redditch and Kidderminster.

c) Geology & Soils:

The Area has a mixed geology, which is predominantly Carboniferous and Permian 

Sandstone’s on the Plateau, mudstone in the Southeast. Sands, grovels and clays overlie 

the sandstone.

d) Landscape / Topography:

The Area is made up of three distinctive landscape types. South and East of Area is 

low-lying, flat land with ‘broad-leaved woodland, hedgerow trees, small fields, winding 

sunken lanes and river valleys’. The West of the Area, the landscape is less urbanised 

and is open, rolling arable farmland, containing the river valleys of the Severn and the 

Stour. In the North of the Area the land rises at Cannock Chase, one of the few 

remaining areas of unimproved grass heath land, with some coniferous woodland. The 

North also contains ‘many small streams and rivers’. The East is dominated by a mix of 

large agricultural fields and urban settlement.

e) Land Use:

The land use in this Area is now predominantly urban/industrial at the centre,
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surrounded by areas of intensive arable and pastureland. The Area has been heavily 

used for industry, with mining (and more recently aggregates quarrying) and 

manufacturing since the Industrial Revolution of the 1800’s. The agricultural pattern 

has followed the trend since the middle of the last century with a move from small 

fields of pasture and meadow towards larger fields where the hedgerows have been 

removed, and in use to produce single species cereal crops.

South Chalks

This Area is not a English Nature designation, but a composite of two EN Natural Area 

designations -  the ‘South Downs’ and ‘South Coast Plain and Hampshire Lowlands’. 

Both Areas form a narrow strip of Chalk bedrock that run along the South coast of 

England. The Areas were combined as relatively few rivers drain this part of the 

country and in order to have a relatively consistent number of rivers in each study Area. 

For the purposes of this research, they are referred to as South Chalks, and will be 

described here as one Area.

a) Key Features:

• Heavily urbanised at the coast

• Dramatic scarp face in North giving way to chalk downland merging into coastal 

plain

• Extensive woodland in the Central / North of the Area

• Ancient Monuments

• Major land use -  arable farmland

• Chalk rivers

b) Geographical location:

The Area is bordered by Southampton in the West and Eastbourne in the East, running 

along the coast from Hampshire to West Sussex to East Sussex.

c) Geology and Soils:

The underlying geology in the downland (North and Centre of the region) is made up of 

Cretaceous Chalk. Soil formed from chalk rocks are predominantly thin, free draining, 

with flint nodules. This soil type is relatively low in minerals such as phosphate and 

potassium and as such can support only slow-growing species, common to chalk 

downlands. The coastal plain is characterised by rich soils, while the geography is
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flinty marine and valley gravels, overlain in places with silts.

d) Landscape / Topography:

Dry Upland scarp in the North and East is cut by several river valleys that are edged by

floodplains and wetlands, falling away to gently sloping downland to the South.

Towards the edge of the downland, the land flattens out to coastal plain -  open, 

intensively farmed arable fields. The shoreline of the coastal plain forms natural 

harbours and inlets bordered by ‘mudflats, marshes, wetland scrub and low-lying 

fields’. In the Central / West of the Area, the landscape becomes more heavily wooded, 

with large estates and parkland a feature.

e) Land Use:

Cereals, sheep in the North and East. Rich soils support mixed farming on the 

floodplains to the East & South East; the Central and West region is more heavily 

wooded where the parklands and estates. The South and West is intensively urbanised 

and used for recreation and tourism.

South Devon

a) Key Features:

• Undulating ‘hills and plateau, dissected by numerous river valleys’

• ‘Varied and complex geology’

• Mixed farming and recreational tourism land use dominate

• Traditional farming landscape -  small fields bordered by hedgerows

• Several important rivers

• Largely rural although the Coastline dotted with small towns, with two large towns 

at each end of Area.

b) Geographical Location:

Newton Abbot in East, and bordered by River Tamar in West. The boundary to the 

North follows the edge of Dartmoor, and the coastline forms the Southern edge of the 

Area.

c) Geology and Soils:

Devonian Rock underlies most of the Area, most of which is made up of slates and 

shales. On the coast around Paignton and Plymouth in the West, areas of limestone 

formed from coral reef structures. The Southernmost coastal point of the Area -  the
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Start Peninsula -  is composed of metamorphic rocks formed during the Carboniferous 

period. In the North and East around Newton Abbot exists areas of sandstone and clays.

d) Landscape / Topography:

Inland rolling hills and plateau incised by many river valleys, are characteristic of the 

South Devon landscape. The coastline is fragmented inlets and river estuaries, with 

cliffs ranging from low and sheltered to more ‘rugged’, exposed areas. The shoreline, 

mainly to the East, also contains some sandy beaches.

e) Land Use:

Predominantly mixed low-intensity agriculture, arable and pasture. Grassland on cliff 

tops, with woodland clustered around Plymouth in the West; increasing recreational 

activity at the coast.

Southern Magnesian Limestone

a) Key Features:

• Narrow strip of soft limestone rock

• Rounded hills cut by dry valleys and scattered with geological features such as 

gorges and caves

• Historic monuments, Country Houses and Parkland

• Old woodlands

• Large urban areas to either side of Area

b) Geographical location:

The Area stretches from Ripon in the North to Nottingham in the South. The Area is 

between three and five miles wide and forms a ‘distinctive barrier’ between the 

differing landscapes to East and West.

c) Geology and Soils:

Underlying geology is the distinctive creamy white Magnesian limestone, a porous rock 

that forms light well-drained and mineral rich soils. Some minor coal deposits in the 

river valleys and South of the Area.

d) Landscape / Topography:
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The landscape forms a ridge of low, rolling hills with ‘Long view(s) over surrounding 

lowland.. .Open, elevated feel with some stands of woodland large fields. Derelict areas 

left from past coal mining activity’ (EN, 1989). The Area is dissected by both dry 

valleys and wooded river valleys/gorges.

e) Land Use:

Predominantly intensive arable crops grown in large fields. Other land uses include 

limestone quarrying, estate woodland & parkland and small areas of unimproved 

grassland.

Southern Pennines

a) Key Features:

• Open, ‘sweeping’ moorland, ‘blanket bog and acid grassland’

• Upland plateau -  often wet/waterlogged acidic soils

• Numerous fast flowing streams in steep sided ‘ravines’

• Many reservoirs

• Heavily populated in ‘valley bottoms’

• Past industrial features such as textile mills.

b) Geographical location:

Area lies between two National Parks -  the Yorkshire Dales and the Lake District -  to 

the North and South, and the major conurbation's of Blackburn and Burnley in the West, 

and Bradford and Huddersfield at the Eastern edge the Area.

c) Geology & Soils:

A type of coarse-grained sandstone called ‘Gritstone’ is layered between softer 

mudstone forms plateau. Some alluvial soils, for example in the Aire Valley.

d) Landscape / Topography:

The upland moorland is open and relatively tree-less, cut by a number of steep sided 

river valleys, with waterfalls often a feature. The South-western part of the Area is 

more steeply sloping and ‘less populated’. In the North East of the Area, the River Aire 

has created a wide, flat-bottomed valley, and five main river systems dissect the 

moorland plateau, three that drain East (Aire, Calder & Colne) and two that drain South 

and West (Roach and Thame); there are numerous reservoirs in the East.
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e) Land Use:

Historically this is an important area for textile and manufacturing industries. The 

geology has meant that the soil does not support much agriculture, and is predominantly 

low-level sheep grazing. The more fertile valley bottoms contain some mixed dairy, 

beef and poultry. Most of Area is unimproved pasture and semi-natural grassland. 

Urban settlements significant impact in the valley bottoms and the upland regions of the 

Area support windfarms and transmitter masts, as well as recreational use.

The Fens

a) Key Features:

• ‘Low-lying’, flat landscape, most of which is only a few meters above sea level.

• Extensive system of canals, dykes & rivers defining character

• Rich, fertile soils and large fields supporting intensive, mixed agricultural land use

• Extensively modified and controlled landscape -  rectilinear fields, flood defences.

• Open, empty vistas.

b) Geographical location:

The largest study Area, it is bordered by Peterborough in the South and West, Lincoln 

and Boston in the North.

c) Geology and Soils:

The Fens have an underlying geology of clay and ‘post-glacial alluvium’, covered by a 

mixture of rich, silty, calcareous soils and peat, which is very dark in colour.

d) Landscape / topography:

Almost uniformly flat, level and tree-less, with the occasional raised landmass, where 

most of the towns and villages are found. The dominant feature of the Area is the 

multitude of rivers, canals & dykes that all drain towards the Wash on the East coast. 

The rivers have all been significantly modified and often run in a straight line for long 

stretches, with built up embankments to prevent flooding to abutting fields. There are 4 

major river systems in the Area -  Nene, Welland, Great Ouse and Witham. The 

landscape has a sense of openness, and space.

e) Land Use:
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Fertile soils permit a variety of intensive agricultural uses -  arable, root crops, 

vegetables and livestock. Very little evidence of original land cover -  fens, marshes, 

swamps and grassland - remains.

Yorkshire Dales

a) Key Features:

• Highly contrasting landscape of Upland rounded hills, and ‘deep dales’ in between.

• Marginal / low-level land use.

• Limestone dominant geology, with lots of exposed rock and geological features 

such as pavements, gorges, gills

• Wild, sweeping atmosphere, with ‘extensive views’

• Heather moorland and blanket bog

b) Geographical location:

The Area is bordered by small towns, Kirkby Lonsdale in the West, Skipton and Ilkley 

in the South, Richmond in the North/East and Ripon in the East.

c) Geology and Soils:

The Area is predominantly Carboniferous Limestone, with sedimentary and sandstone 

(Gritstone) rock on top. The geology and climate have combined to produce thin/poor 

soils on the high moors, with more fertile soils in the valley bottoms.

d) Landscape / Topography:

The Area has a contrasting landscape, between the more sheltered dales and the ‘high 

and wild’ moors. The waterfalls and fast flowing streams are a result of the layers of 

soft and hard rock, which also give the landscape a ‘stepped’ look. The moors are 

typified by dry stone walls, limited tree cover, and extensive views.

e) Land Use:

The Area supports very low levels of human use: small-scale livestock / grazing (mainly 

sheep) with limited areas of cultivation in the dales. There is some minor 

limestone/sandstone quarrying and in the past, lead mining. Grouse-shooting in the 

heather moorland in the North and East of the Area, with extensive unspoilt grassland 

meadows containing rare wildflowers in the dales.
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Appendix 3.3 Land Use Impacts

Forest Land Cover

Catchment level impacts:

Previous research suggests that amongst other factors, the percentage of forest cover in 

a catchment is significantly negatively correlated with the rate of nutrient (i.e. Nitrate 

and Orthophosphate) export to rivers (Bis et al., 2000), in other words, rivers in 

catchments with higher amounts of wooded areas are likely to have lower levels of 

nutrients.

However, in upland regions where coniferous species are grown for harvest, negative 

impacts for example siltation and increases in levels of certain metals such as 

aluminium, have been noted by authors (e.g. Homung et al., 1995).

Reach level impacts:

The benefits of tree cover in the ‘land-water ecotone’ (Johnson et a/., 1997) referred to 

as the ‘riparian zone’, in buffering them from surface run-off has also been noted: 

Basnyat et al.9 2000 states that riparian woodland has been shown to be capable of 

absorbing up to 90% of the nitrogen run-off from arable land. It has also been found 

that increases in the size of these riparian buffer zones is likely to increase the level of 

protection to rivers and streams from nutrient runoff (Mander et al., 2000) and 

proximity to the water course also has a positive impact (Basnyat et al., 2000). This 

was confirmed ‘indirectly’ in a study by Cuffiiey et al. (2000), which compared nutrient 

load in rivers over different land use catchments and found that forested catchments had 

the lowest levels of such pollutants.

Bankside tree cover provides organic matter inputs in the form of leaf and woody debris 

that is used as a food source for macroinvertebrates (Bis et al. 2000; Allan & Johnson, 

1997). Trees can also provide shade needed to keep temperatures low and habitat 

diversity, for example amongst fallen branches and tree roots necessary for higher taxa 

such as fish (Allan & Johnson, 1997).

Urban Land Cover

Catchment level impacts:

As would be expected, areas where human activity is highest show the highest levels of 

pollutants in rivers, and previous studies have borne out these expectations. Towns and
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cities produce both domestic and industrial/commercial impacts, which covers many 

types of pollutants, from sewage treatment plant effluent, sedimentation and 

phosphorous to controlled chemicals and heavy metals and hot water effluent, for 

example from power stations. Previous studies looking at the impacts of urban land use 

have shown levels of phosphorous to be significantly correlated with population density 

(Johnes et al., 1996, Bis et a l , 2000, Johnson et al., 1997). Urban land use is also likely 

to impact upon the quantity of water in rivers and streams, in other words the river flow, 

through abstraction for potable supply and industrial purposes, and impoundment 

through the construction of weirs and dams.

Reach level impacts:

Urban land use at this level will mainly be reflected in the modification of river bed and 

banksides that run through urban areas, for example channelisation, where the natural 

form of the river is straightened or deepened, for example to prevent flooding. This 

results in loss of habitat diversity, and consequently a poor biological quality.

Arable Land Cover

Catchment level impacts:

Arable land use has been the most widely studied for its impacts on rivers and streams, 

predominantly focusing on phosphorous and nitrogen, with some studies including 

impacts of agricultural chemicals. Although the impacts will differ, like the urban 

classification, it can be described as an ‘intensive’ land use, and is expected to generate 

significant levels of pollution, in general attributed to the levels of chemical fertilisers 

and pesticides used in the production of cereal crops. All studies reviewed here have 

found that whilst the effects may be mediated by non-anthropogenic influences such as 

geology, hydrology, topography etc., catchments where agricultural land use such as 

cereal and row crops dominated, had a high levels of nutrients instream compared to 

other land uses (Johnson et al., 1997; Allan et al., 1997; Bis et al., 2000; Johnes et al., 

1996; Cuffiiey et al., 2000; Mander et al., 2000; Blanchard & Lerch, 2000; Fisher et al., 

2000). These affects have also been shown to correlate with reduced chemical river 

water quality and the presence of pesticides (Cuffiiey et al., 2000).

Reach level impacts:

Where land is managed intensively for arable crops, it is likely that riparian cover has 

been reduced or removed, which would have an effect on the habitat of the reach, if the
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level of shade / organic matter provided by trees is affected. Connected to this is the 

potential for soil to be washed off the fields in the winter season / during heavy rainfall, 

and cause sedimentation of the riverbed, which degrades the aquatic habitat for fish.

Pasture Land Cover

Catchment level impacts:

Overall the level of impacts in this category is likely to be lower than for urban or arable 

land use, however there will be a certain amount of nutrient impact in areas of grazing 

pasture, indeed some studies have found that livestock wastes have had highly 

significant impacts on levels of nitrogen, phosphorous and faecal bacteria (Johnes et al., 

1996; Fisher et al., 2000). This will depend on the amount of land intensively managed 

compared to land in less intensive production (as discussed above) that are aggregated 

together to make up this land use category. Other impacts to water courses from 

grazing animals that can arise are from pesticides that are used to treat the animals, for 

example cypermethrin, which is used in sheep dip.

Reach level impacts:

The impacts likely to be associated with this type of land use at reach level are relatively 

few, but could include sedimentation of rivers from the erosion of riparian cover by 

grazing animals, again depending on the level of management near the river channel.

Semi-Natural and Other Land Cover

Impacts:

Environmental pressures associated with these last two categories are likely to be 

minimal, and in catchments where these types of land uses are dominant we would 

expect to see high scores on all three measures of environmental quality - physical, 

chemical and biological. In relation to the land classes described above, these last two 

classes have more in common with low intensity pasture, and as such would exhibit 

impacts that are similar in nature to the ones described for the class Pasture, but on a 

lesser scale. For example, there may be some impacts from pesticides in areas of sheep 

rearing or sedimentation from grazing animals.
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Appendix 3.4 Predictions of catchment pressures by study 
Areas.

Berkshire and Marlborough Downs

The main catchment influences in this Area are the level of land in intensive arable 

farming and the underlying geology, which is chalk. The environmental impacts on 

rivers associated with intensive arable land use are principally nutrients such as nitrates 

and phosphates from fertilisers that are washed into rivers through runoff. Other types 

of pollutants include sedimentation from soil erosion from ploughed fields. There are 

also pesticides associated with crop cultivation that are washed into rivers and streams.

Consequently we would expect fairly high levels of nutrients and organic pollution, 

however, the underlying geology may be buffering the water quality to a certain extent, 

in that chalk rivers are generally aquifer fed, and thus recharged with clean groundwater 

supplies. So despite the significant pollution loads from the land use, we would expect 

fairly high ASPT and NTaxa scores, indicating a good biological quality.

Exmoor and Quantock Hills

This Area contains predominantly upland and upper-middle order streams, which would 

be lower in nutrients and organic inputs from the erosion-resistant sandstone rock. 

Whilst the geology and soils suggest that the streams might be expected to be relatively 

susceptible to pollutants, it is unlikely that significant levels of them would be found in 

the rivers in this Area, as the land use is minimal. The predominant land use is pasture, 

mostly unimproved, but with some grazing pressures, such as pesticides. There are also 

high levels of grassland, moorland and forest. In total, ‘intensive’ land use makes up 

less than 6% of the Area.

We would therefore expect low levels of nutrient & organic pollution, and high 

biological quality.

Midland Clay Pastures

The Areas rivers are typical of the robust and fertile clay stream type, which are well- 

buffered and are not overly affected by additions of nutrients and organic effluents to 

the pre-existing nutrient and solute rich waters. The middle and lowland clay rivers of
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this Area would be expected to support high species diversity instream, in unpolluted 

conditions.

The land use in the majority of catchments is intensive, with arable farming over 50% 

and ‘intensive’ pasture. The Area has one of the lowest levels of semi-natural land 

cover, less than one percent. Pasture / livestock rearing is a significant impact and can 

generate high levels of organic effluents from farm animal wastes. Considering these 

conflicting factors, where the stream has naturally good immunity to pollution but the 

levels of intensive land use, we would expect fairly high impacts and lower biological 

quality.

Midland Plateau

This Area has the highest percentage of urban land use, with much of this industrial in 

nature. As the streams are also clay and sandstone, they would be classified as fertile 

and robust to moderately fertile/robust. Whilst unaffected by moderate levels of 

pollutants, we would expect the number and levels of effluents in this Area to result in 

relatively high levels of nutrient and organic pollution, and that dissolved oxygen and 

biological quality would be lower.

It is also highly likely, given this Areas industrial past, that most of the rivers will be 

significantly or severely modified, resulting in a high HMS.

South Chalks

A mixture of chalk and lowland floodplain rivers are present in this combination of two 

Natural Areas. The lowland rivers would be described as moderately robust and fertile, 

with higher species richness than the upland rivers. The rivers in the south and east of 

the area are surrounded by intensively cultivated arable farmland. The West and South 

coast of the Area are densely populated, so catchment pressures would include those 

associated with both arable and urban land use, namely higher levels of 

Orthophosphates, Nitrates and BOD and Ammonia.

These rivers are also likely to have been artificially modified, giving higher HMS. A 

positive catchment impact that may have a mitigating affect on the levels of pollutants 

instream, is the percentage of forest cover in the Area, which is the highest of the ten
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study Areas: it has been shown that higher percentages of forest in a catchment buffers 

streams from runoff (Bis et al., 2000).

South Devon

The diversity of river types reflects the diverse underlying geology of the Area. It is 

made up of sandstone, shale, limestone and clay. The rivers run from the hilly northern 

region where they are upland in character south to the coast, where they flatten out to 

become large lowland rivers. The rivers thus range from moderately fragile to 

moderately robust. The human land use pressures are generally low, with semi-natural 

and other accounting for 30% and pasture for another 40%. Consequently, we would 

expect pollutant levels to be low, and species richness / biological quality to be high.

Southern Magnesian Limestone

The underlying geology has given rise to nutrient rich waters ranging from upland to 

middle-order streams, moderately fragile in nature. This in turn has led to the Area 

being developed for intensive arable land use. Whilst predominantly agricultural, the 

Area has the second highest percentage of urban land use after Midland Plateau, and is 

also surrounded by large conurbations (Leeds, York, and Nottingham in the South). 

Many of the lower lying rivers have been subjected to industrial pollution for many 

years, with coal mining and quarrying significant.

We would therefore expect high levels of nutrients and organic pollutants, with resultant 

poor biological quality and low species diversity.

Southern Pennines

The Areas rivers most closely resemble moderately fragile to fragile rivers. They are 

generally upland in character: fast flowing and highly aerated, naturally low in 

nutrients/solutes as the bedrock is erosion resistant sandstone (millstone grit), leading to 

poorly drained peaty soils and slightly acidic waters. However, much of the land is 

semi-natural, comprising grass and heath land and heather moors. Sheep grazing is the 

most significant impact, causing potential pesticide problems. The rivers running 

through the valleys are more likely to have lower chemical quality, but the majority of 

the rivers would be expected to have low levels of nutrient and organic pollution. The 

rivers are not likely to be as fertile as lowland rivers, so lower biological quality is 

predicted.
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The Fens

The rivers of this Area are well described by the characteristics of the large, fertile and 

robust lowland river types. Biological communities in this type of river are more able 

to withstand significant levels of nutrient and organic pollution. So despite the high 

level of intensive land use (arable farming accounts for almost two-thirds of the Area) 

and its associated impacts, we would expect a fairly good biological quality. However, 

some reduction in quality is expected as a result of the extensive and severe 

modification of the majority of watercourses (Haslam, 1990).

Yorkshire Dales

This Area has the highest percentage of rivers that can be classed as ‘fragile’ upland 

streams, with low levels of solutes and pollution intolerant species. However, the 

majority of the Area is unused by humans or extremely lightly used, with semi-natural, 

other and pasture accounting for over 90% of land. Consequently, we would expect 

low-levels of nutrients and organic substances, and correspondingly high scores for the 

biological quality indicators, although species richness will of course be lower than for 

middle-order streams, as discussed above. The Area’s hard underlying geology has 

resulted in rocky stream beds and waterfalls, which suggests that high levels of 

dissolved oxygen may be found.
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Appendix 3.5 Tables showing mean river quality variable and 
land use values across study Areas.

Table A3.5.2 Mean river quality variable values across study Areas, std dev.’s in 
italics.

Orthoph. Nitrates Aspt Taxa BOD Nh4 DO HMS Flow
BM 0.14 5.82 0.99 0.95 1.27 0.04 97.80 15.20 2.00

0.08 0.98 0.05 0.17 0.31 0.03 5.27 10.79 1.15
EQ 0.03 2.46 1.02 1.04 1.17 0.04 95.48 3.76 3.07

0.02 1.57 0.06 0.15 0.39 0.05 18.24 4.17 1.34
MC 0.71 7.96 0.88 0.83 1.88 0.18 93.48 10.23 2.07

0.48 1.48 0.09 0.17 0.96 0.55 7.08 9.62 1.28
MP 0.77 8.20 0.82 0.71 2.98 0.26 93.73 8.55 2.57

0.70 3.71 0.14 0.19 2.08 0.39 10.18 11.59 1.98
SC 0.28 4.52 0.94 0.92 2.04 0.12 93.31 13.56 2.41

0.45 2.01 0.14 0.29 0.70 0.13 23.80 12.53 2.13
SD 0.08 3.54 0.99 0.95 1.38 0.05 98.14 9.61 3.13

0.06 1.86 0.09 0.25 0.29 0.04 1.30 7.73 1.82
SML 1.09 9.54 0.82 0.70 2.37 0.33 91.87 13.13 3.33

1.09 4.47 0.17 0.28 1.03 0.51 7.74 13.25 2.18
SP 0.10 1.57 0.86 0.76 1.83 0.10 97.54 20.16 2.24

0.10 0.93 0.14 0.22 0.55 0.07 3.96 16.94 1.45
TF 0.53 7.94 0.94 0.93 2.29 0.26 94.95 31.02 2.93

0.52 1.18 0.06 0.15 0.89 0.68 12.23 12.90 1.95
YD 0.04 0.93 1.02 1.03 1.53 0.03 99.14 8.00 2.44

0.02 0.42 0.08 0.15 0.30 0.02 3.39 12.39 1.58

Table A3.5.3 Mean land use percentages for river catchments across study Areas
Forest Urban Arable Pasture Semi-Natural Other

BM 6.97 8.44 54.65 25.42 0.79 3.74
EQ 12.20 0.36 5.40 54.76 16.85 10.42
MC 3.17 9.12 51.54 33.40 0.90 1.88
MP 5.45 28.20 28.88 31.19 2.32 3.95
SC 13.39 14.73 28.06 35.87 2.44 5.50
SD 8.17 5.81 15.97 39.92 17.81 12.32
SML 5.43 18.39 32.31 24.24 10.59 9.04
SP 4.67 4.53 2.31 27.79 43.77 16.94
TF 2.84 10.68 65.70 16.66 0.84 3.28
YD 2.81 0.99 5.82 29.73 38.71 21.94

252



Appendix 4.1 Natural Area descriptions

Berkshire and Marlborough Downs
The Area is underlain by chalk bedrock that has created light free-draining soils. This 

geology gives the Area its characteristic chalk landscape, soils, grassland and rivers. 

Chalk rivers are distinctive from other river types. Groundwater passes most easily 

through chalk rock, which results in the rivers being recharged/fed by groundwater 

more than other types of rock (Petts, 1985). This results in rivers that have ‘clear waters 

with generally stable flow and temperature’ (English Nature, 1988). The chalk bedrock 

itself contributes naturally high levels of certain chemicals, such as calcium, which 

encourages the characteristic plant communities seen in chalk rivers, both instream 

(submerged plants) and on the banks. ‘Plant beds may also affect the chemistry of the 

water, particularly by the removal of nitrate ions. This may be particularly useful in 

agricultural areas where increased nitrate runoff from the land may cause problems in 

downstream lakes and for water supply’. Submerged plants are also useful in terms of 

fish populations as they can provide habitats for invertebrates for fish to feed on, 

habitats for fish to lay eggs on* and cover for fish fry (Moss 1988, plO).

The broad river type in this study Area are middle reach/lowland rivers, so are slower 

flowing than upland rivers, and would be expected to have a sand/silt substrate. 

Considering all these factors, we would expect the rivers in this Area to support good 

quality game, particularly trout, and coarse - such as barbel, perch, chub, dace and pike - 

populations. Despite relatively high levels of intensive arable land use in this area the 

levels of nutrients and organic pollutants are average to low, and the biological quality 

indicators suggest that the rivers should support good fish species richness and density.

Exmoor and Quantock Hills
Most of the rivers in this Area originate in the upland plateau that forms the majority of 

the Area, and then flow down to the lower lying areas that boarder it. The plateau is 

formed of the sandstone, slates, shales and grits of the Devonian period. This is a hard 

rock, with poor drainage and peat soils. Consequently, at their source, the rivers are 

upland in character -  slightly acidic, fast-flowing and cool in temperature, with rock 

beds and little instream vegetation except lichens and mosses. Such rivers do not 

support a wide diversity of species, but we would expect to see game species, such as 

Atlantic salmon and brown trout that thrive in such conditions. Where the rivers are
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unpolluted (as is mostly the case in this Area) we would also expect to see stone loach 

and brook lamprey.

Where rivers flow down into the flatter landscape around the southern edge of the Area, 

they become more productive in terms of plants, invertebrates and fish. The land use 

over most of this Area is minimal, so there is very little in the way of pollution or 

human impacts. The rivers are in a predominantly natural state. This is reflected in the 

levels of nutrients and BOD (organic pollution), which are the lowest out of the 10 

study Areas. The biological quality indicators have the highest mean values, and the 

very low HMS indicates that these rivers are predominantly unmodified.

Midland Clay Pastures
The bedrock of this Area is Lias Clay, which produces heavy clay soils. Although 

agriculturally productive, rainwater does not infiltrate it as easily as, for example, sandy 

or chalky soils. This suggests that runoff from agriculture may have a greater impact 

upon rivers, resulting in higher concentrations of nutrients and or pesticides. The 

amount of runoff that end up in rivers is also determined by land cover, with arable 

farming and urban land use giving the highest levels of runoff (Petts, 1985, p28 & 31).

These factors go some way in explaining the differences seen in the levels of 

environmental impacts between this Area and for example Berkshire & Marlborough 

Downs. The land use percentages are roughly comparable, but the levels of nutrients 

and organic pollution here are significantly higher. The scores for ASPT and NTaxa 

suggest a fairly poor biological condition, being third lowest out of the 10 study Areas. 

The fish species we would expect if the rivers were unpolluted are those characteristic 

of lowland and middle reach rivers, i.e. barbel, perch, chub, dace, carp, bream, tench, 

rudd, roach and pike. As this list suggests, middle reach type rivers are often higher in 

species diversity than lowland or upland rivers, due to the variation in temperature and 

flow regime (Petts, 1985).

Midland Plateau
This Area has a large number of watercourses, most of which are middle-order streams 

with some large rivers such as the Severn, Avon etc. Middle-order streams generally 

have a coarse substrate, with a relatively wide temperature range, and lowland rivers a 

finer, silty channel bottom. These diverse river conditions tend to encourage a wide
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range of species in un-polluted/impacted conditions, such as barbel, perch, chub, dace, 

and in the larger slower flowing rivers, carp, bream tench, rudd and roach.

The sand and mudstone rock is overlain with sands, gravels and clays, which has 

produced deep and mineral rich soils, ideal for cultivation. Consequently, humans have 

used this Area intensively for many years, and much of it is in urban and industrial use. 

The urban ‘core’ is ringed by arable and pasture agriculture. River channels are very 

likely to be significantly or severely modified, and to be subject to significant levels of 

abstraction and discharges (EA, 1998). The levels of BOD are the highest here, which 

reflects the fact that the Area has the highest levels of urban land use of the 10 study 

Areas. This organic pollution is mirrored in the biological quality indicators, which are 

joint-lowest of the 1 0 .

Given these pressures, we would expect lower levels of species diversity and population 

density, with coarse and marginal species predominant.

South Chalks
Chalk streams and large lowland rivers are the predominant river type in this Area. The 

lowland rivers in the south eastern part of the Area are wider and have fine sediment 

substrates, which gives rise to silty bottoms and submerged plants. They have a ‘warm’ 

stable temperature, that supports a lower fish species diversity than for example middle 

order streams. Species such as carp, bream, tench, rudd, roach and pike may well be 

present.

The chalk rivers are present in the north and west of the Area. These river types are 

nutrient rich, clean with stable flows as they are aquifer fed, and relatively cool. They 

support high species diversity and also are noted for their salmon & trout populations 

where rivers are not adversely affected by human impacts . The land use in this Area is 

predominantly pasture and intensive arable farming. It also has the third-highest level 

of urban land use. However, the levels of nutrients and organic pollutants are not as 

high as in Areas with comparable levels of intensive land use, suggesting that the 

geology may be having a mitigating affect on water quality. The Area has the highest 

percentage of forested land cover, which may also be reducing the levels of pollutant 

runoff to rivers (Petts, 1985).
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Large lowland rivers are also more likely to have been modified as part of flood defence 

schemes, which is reflected in the relatively high HMS for this Area. Considering all 

these pressures on the Areas rivers, fish populations may not be as high as might be 

expected of chalk streams.

South Devon
The Area has a diverse geology, which has given rise to many different types of habitats 

and consequently the Area is high in biodiversity. The Areas rivers span all three of a 

rivers 'zones' (Petts, 1985) in other words, headwaters, middle-reaches and 

lowland/estuary reaches. The rivers have their source in the hilly plateau in the north of 

the Area, where they are upland in character - fast flowing and supporting game species, 

and as they move south through flatter landscapes they slow down and meander. These 

are the middle reaches, which will support a higher number of fish species, and the 

rivers will contain both game and coarse species. At the coast the rivers widen into 

estuaries and drowned river valleys (rias) and are bordered by salt & freshwater 

marshes, shingle bars, sand dunes and beaches (English Nature, 1988).

The Area has generally low levels of impacts - nutrient and organic pollution - 

consistent with the relatively low levels of intensive land use. The predominant land 

use is pasture, and the Area also has significant amounts of semi-natural and forested 

areas. This no doubt has an influence on the high ASPT and NTaxa scores of the Area, 

which are joint-third highest out of the 10. The Area has a high level of dissolved 

oxygen instream, which may reflect the fast-flowing, well-aerated upland streams.

Consistent with areas where pasture is the primary land use is evidence of pesticide 

problems; whilst this data are not in a format to be included in the model analysis, if 

fish density is low then it could be attributable to pesticides instream.

Southern Magnesian Limestone
The solid geology of the region determines both landscape and land use of the Area. 

The bedrock is the soft 'creamy white' Magnesian limestone overlain with red 

mudstone. This type of rock is easily eroded, porous and cracked. It is also mineral 

rich, as it was formed from drying tropical seas, which have lent it high levels of both 

organic and inorganic debris. The soils are consequently mineral rich but also light and 

dry as the rock is so porous, and as such have been exploited by humans for agricultural 

use for many thousands of years (English Nature, 1988).
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The rivers have cut deep valleys and gorges through this soft rock, which display upland 

characteristics, i.e. fast-flowing, well aerated and with rocky substrate. However, the 

rivers in the south and central part of the limestone ridge are severely impacted by past 

industrial activity and pollutants and have often been significantly modified.

Intensive arable farming is the dominant land use, with pasture also significant. The 

Area also has the second highest percentage of urban land use after Midland Plateau. 

Thus as we might expect the Area has the highest levels of nutrients of the 10 study 

Areas. The slightly higher levels of nitrates can probably be attributed to the slight 

difference in percentage of arable farmland compared to Midland Plateau, but it is 

interesting that orthophosphate levels are higher than in Midland Plateau despite the 

lower levels of urban land use. Levels of BOD are high, and the amount of ammonium 

in the rivers is the highest here out of the 10 study Areas. Whilst not high enough to 

prohibit fish, they may well exert a negative influence.

These high levels of pollutants are reflected in the biological quality indicators, which 

are the lowest over all the study Areas, as is the percentage saturation of dissolved 

oxygen. With none of these pressures, we would expect fish species such as brown 

trout, barbel, perch, chub, dace and pike. However, considering the levels of catchment 

pressures, it is unlikely that the rivers in this Area will contain such a high number of 

species, unless constantly re-stocked.

Southern Pennines
The Area is predominantly upland in character, with an underlying geology of hard 

sandstone, layered with mudstone. Thus we would expect the rivers to be slightly 

acidic, with fast flows and a cool, steady temperature suitable for trout and grayling 

populations. The soil is poorly drained, and is often waterlogged, acidic and infertile, 

with acid grassland and heath, bog and heather moorland. In the upland parts of the 

Area, the land is in predominantly semi-natural state. The Area is also used for grazing 

sheep. The aerated, bubbling upland streams provide good levels of dissolved oxygen 

and are likely to be slightly acidic, with low levels of nutrients and instream vegetation.

In the lower-lying river valleys, the rivers are slower flowing and soils are more fertile. 

These rivers are more likely to display middle-order stream attributes, with greater

257



species diversity and water temperature/flow fluctuations. The relatively high HMS in 

the Area reflects the modification to these streams that occurred during the industrial 

revolution, as textile manufacture and mining/quarrying were significant industries.

The relatively poor ASPT and NTaxa scores could possibly reflect this significant 

modification of river channels, as well as the generally nutrient poor and acidic waters 

that dominate the upland plateau. However, we would expect these upland streams to 

support brown trout and some coarse species.

The Fens
The Area is characterised by flat, low-lying landscape. Rich fertile peat soils overlay 

alluvial deposits and clay. Much of the land is below sea level, which means that the 

watercourses have had to be significantly or severely modified to provide both drainage 

for agricultural land use, and for flood defence. Most of the river channels have been 

straightened and resectioned, and had their banks built up. This is reflected in the HMS, 

which is the highest out of the 10 study Areas.

The river types in an un-modified state would be classified as large, lowland rivers, 

which have silty bottoms and slower, warmer flows, with high levels of instream plants. 

These rivers would be expected to contain fish such as carp, bream, tench, rudd, roach 

and pike. All of the Area drain toward the Wash, the rivers become tidal, with 

associated salt marshes and mudflats.

The already nutrient-rich soils (which will influence nutrient levels instream) are further 

enriched by the dominant land use, intensive arable farming. This Area has the largest 

single percentage of any land use, which accounts for 65% of the land. However, 

considering that is has almost twice as much land in arable farming as Areas such as 

Midland Plateau and Southern Magnesian Limestone, it might be expected to show 

higher levels of nutrients, when actually it ranks fourth out of 10. The Area does have a 

relatively high score for BOD (third highest), and ranks fourth for Urban land use. 

Interestingly however, the biological scores are relatively high, which indicates good 

water and habitat quality. Pesticides are a problem as we can see from map x.

Yorkshire Dales
Much of the Area's rivers are typical upland streams. The Area is hilly, with steep-sided 

dales, fast-flowing, cold streams and waterfalls over the hard limestone rock. The soil
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supports bog and heath/moorland, with some grasslands in the limestone areas. The 

underlying geology is less acidic than in Southern Pennines, we would expect the rivers 

to support reasonable game populations, especially trout.

As with the Southern Pennines, the dominant land cover is semi-natural and pasture, 

indicating a low-level of human use. This is reflected by the low levels of nutrient and 

organic pollutants. The biological quality indicators show high quality river 

environments, that could support game fisheries. However, as with Southern Pennines 

and other areas where pasture has become fairly intensive, there are some pesticide 

problems, which could affect fish populations.
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Appendix 4.2 Mean fishery variables across the Study Areas.

Table A4.2 Mean fishery variable values by Areas (Stdev. in brackets)
Area No. of fish species Fish density (Nos. per 

100m )
Fishery status

BM 4.55 5.62 3.00
(2.61) (3.60) (0.00)

EQ 5.14 51.30 2.08
(2.71) (36.59) (0.46)

MC 6.63 18.45 4.73
(1.69) (20.70) (0.67)

MP 4.18 9.93 4.74
(2.08) (7.86) 0.49)

SC 6.05 18.02 2.91
(2.73) (14.38) (0.84)

SD 4.50 30.49 2.22
(1.38) (21.94) (0.38)

SML 5.42 6.84 3.65
(2.67) (4 .78) (0.85)

SP 2.56 26.75 2.76
(1.84) (24.31) (0.64)

IF 8.39 71.23 4.98
(1.72) (57.90) (0.13)

YD 4.17 17.43 1.64
(3.04) (17.06) (0.88)

260



Appendix 4.3 Canonical Correlation Analysis

Tables A4.3.1 and A4.3.2 below show how the fishery (the ‘VAR’ variables) and river 

quality (the ‘WITH’ variables) correlate with the ‘new’ created sets of Canonical 

variables, ‘V I’ - ‘V3’ (fishery) and ‘W l’ - ‘W3’ (river quality). Tables A4.3.3 and 

A4.3.4 then go on to show how the different sets of fishery and river quality variables 

are correlated with each other. The correlation coefficients are in bold type to illustrate 

the significant correlations.

Table A4.3.1 Correlations between the VAR Variables and their Canonical Variables -

this shows how the fishery variables correlate with the new set of fishery variables ‘V I’ 

- ‘V3’:

VI V2 V3
No. of species 0.3106 0.5084 0.8031
No. of fish per 100m2 0.0702 0.9366 -0.3432
Status 0.9968 0.0661 0.0454

Table A4.3.1 shows that ‘V I’ is highly correlated with/represents Status; ‘V2’ is highly 

correlated with Fish density and ‘V3’ with No. o f fish species.

Table A4.3.2 Correlations between the WITH Variables and their Canonical Variables - 

this shows how the old environmental variables correlate with the new set of

environmental variables ‘W l’ - ‘W3’

Wl W2 W3
Orthophosphates 0.6988 -0.3500 0.1502
Nitrates 0.8941 -0.0583 0.1218
Aspt -0.5718 0.4448 0.4146
NTaxa -0.4505 0.5986 0.5044
BOD 0.5517 0.2129 -0.2173
Ammonia 0.3849 -0.2318 -0.0497
DO -0.3851 0.3918 -0.3315
HMS 0.4150 0.5094 -0.0926
Flow 0 . 0 2 2 1 -0.0789 0.6931

Table A4.3.2 shows that ‘W l’ is predominantly reflecting the level of Nitrates and 

Orthophosphates instream; ‘W2’ is reflecting the biological quality indicator NTaxa and 

the HMS; and ‘ W3 ’ is reflecting Flow and NTaxa.
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Table A4.3.3 Correlations Between the VAR Variables and the Canonical Variables of 

the WITH Variables - this shows how the old fishery variables are correlated with the

sets of the new environmental variables ‘W l’ - ‘W3’):

Wl W2 W3
No. of fish species 0.2323 0.2303 0.2776
No. of fish per 100m2 0.0525 0.4242 -0.1186
Status 0.7456 0.0299 0.0157

Table A4.3.3 shows that Status correlates strongly with the new set of environmental 

variables called ‘W l’, i.e. nutrient pollution {Nitrates and Orthophosphates); Fish 

density correlates most strongly with the new set of environmental variables called 

‘W2’, i.e. NTaxa and HMS; and No. o f fish species most strongly with ‘W3’ i.e. NTaxa 

and Flow.

The relationship between the new fishery variables ‘V I’ - ‘V3’ and the old 

environmental variables is shown below:

Table A4.3.4 Correlations between the WITH variables and the Canonical Variables of

the VAR variables

VI V2 V3
Orthophosphates 0.5227 -0.1585 0.0518
Nitrates 0.6689 -0.0264 0.0421
Aspt -0.4278 0.2014 0.1433
NTaxa -0.3370 0.2711 0.1744
BOD 0.4127 0.0964 -0.0751
Ammonia 0.2879 -0.1050 -0.0172
DO -0.2881 0.1774 -0.1146
HMS 0.3105 0.2307 -0.0320
Flow 0.0165 -0.0357 0.2396

This confirms the results above, in that the new fishery variable ‘V I’ {Status) is most 

strongly correlated to nutrient pollution, ‘V2’ {Fish density) is most strongly correlated 

to NTaxa and HMS; and ‘V3’ {No. o f fish species) most strongly correlated to Flow and 

NTaxa.

Adjusted Canonical Correlation Coefficients:

Fishery variable Status = 0.74

Fishery variable Fish density (No. 100m2) = 0.42

Fishery variable No. o f fish species = 0.33
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Appendix 5.1 Angling Survey Questionnaire

River Angling Questionnaire

U N IV E RS IT Y  OF

BATH
Dear Angler,
By completing the following anonymous questionnaire and sending it to the 
freepost address overleaf, you will be making a valuable contribution to current 
research being carried out by the University of Bath on river angling in England. 
The research will provide information to be used in the protection and 
enhancement of rivers and angling across the country.
Thank you for your help in this important research.

1. Name o f  club/s you are a member of:

2. Your age (please tick):

3. Your gender:

10-20 20-30

Male Female

30-40 40-50 50-60 60-70

4. Your home postcode:

5. Your occupation:

6. Please write (in block capitals) the names o f  the 5 main rivers/streams including site name 
you have fished most often in the past year:

Name of river Name of site No. of trips per year (approx.)
e.g. Nene Brixworth 7

Please turn over
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7. Please give a score from 1 to 10 (where 1 = unimportant, 10 -  very important) to each o f  
the following reasons in choosing where to fish:

□ The river supports a species that you are interested in (if  so, which species do you prefer to 
catch?)

| | How likely you are to catch the species that you are fishing for

| | The natural surroundings / landscape at the fishery

£ j IIovv quiet / uncongested the fishery is

| | How long it takes you to get there

| | Your family and friends have always fished there

| | How natural the river and river banks look

J [ Whether the fish are edible or not

[ | How much it costs you to get there

j j Other (please state):

8. Please rank in order o f  enjoyment (from 1 to 3, where 1 is the most important) the following 
aspects o f  angling:

| | Enjoying the scenery / landscape / natural setting

| | Catching a fish

j | Relaxation / peace & quiet.

9. Please write in the box below the means o f  transport that you normally use to get to your 
chosen fishing site, e.g. car or car share, bus. train etc.

Thank you very much for your valuable contribution to this research; please 
send this form (a used envelope is fine) to the freepost address below:

UNIVERSITY OF BATII - ECON 
FREEPOST (SW B10868)
BATH 
BA2 7ZZ
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Appendix 5.2 Survey data collection methods

The initial data gathering exercise via Angling Clubs, the online questionnaire and 

fishing tackle shops was carried out in November 2000 -  April 2001. In May-June 

2001 the questionnaire was distributed through Angling Times in an attempt to obtain 

more completed questionnaires. Whilst the questionnaire was not officially piloted, 

comments on the content were sought from my supervisors, which helped guide its’ 

design.

1. Angling Clubs

A national database of angling clubs was analysed to obtain the name, address and 

contact details of angling clubs in (or near) the ten Study Areas. The club secretary was 

then approached via a letter explaining the nature and aims of the 

research/questionnaire, and asked whether they would be willing to hand-out/distribute 

the questionnaire to their members.

Approximately two clubs in each Area responded saying they would be willing to do 

this, and these were sent a number (depending on how many members they had) of 

questionnaires to distribute amongst their members. After reminder letters, this method 

generated approximately 2 0 0  responses.

2. Online questionnaire

This was a version of the same questionnaire which was posted as part of an Angling 

Research site, created for the purpose of gathering responses to the questionnaire. The 

website comprised three pages, one of which was the questionnaire, the other two 

giving information about the purpose and aims of the research.

A number of national angling websites were contacted with a request to have a link on 

their site to the Angling Research site. The website was hosted on the University 

server, and after anglers had filled it in online, the results were collected in a CSV file.

Anglers were also given the option to print of a copy of the questionnaire on the site and 

send it using the freepost address. This web-based method of data gathering generated 

approximately 1 0 0  responses.
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3. Fishing tackle shops

The third method employed for data collection was to contact fishing tackle shops in the 

Study Areas, and ask if they would be willing to display a number of questionnaires in 

their shop. The rationale behind this being that fishing tackle shops are somewhere that 

anglers need to go regularly, and so might generate a number of responses.

4. Angling magazine

The last method used to obtain completed questionnaires was via a ‘random regional 

insert’ into a national angling magazine, Angling Times. The questionnaire was 

inserted loose into one issue of the magazine in two regions, the West Midlands and the 

North East, as these two areas had a significantly smaller number of responses than the 

other regions. This approach resulted in approximately 100 responses.
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Appendix 5.3 Study Area predictions for level and type of 
angling

Berkshire & Marlborough Downs

BM is an area of rolling chalk hills, where the predominant land use is arable 

agriculture. There are relatively few rivers, which flow along the valley bottoms. The 

main river is the Kennet and its tributaries, the Lamboum (etc). The chalk geology 

means that the rivers are buffered from agricultural pollutants such as excess 

nitrates/phosphates by groundwater inputs, resulting in fairly good water quality, thus 

we would expect at least a more pollution-tolerant game species such as brown trout to 

be present. The area is well connected by the road network, and there are several 

medium to large towns around the edge of the Area (Devizes, Caine, Marlborough and 

Chippenham). The fishery data examined in chapter four showed relatively low species 

richness and fish density, the only exception being the Lamboum, which had high 

density score. Overall, we would predict a moderate to high level of fishing activity in 

this Area.

Exmoor and Quantocks

This Area is an upland plateau of rolling hills, which gradually slopes away in the 

southern part of the region. Its underlying geology is hard, erosion resistant sandstone. 

The Area has many rivers and streams that have cut steepsided valleys. Because of the 

geology/soil, the land is used predominantly as pasture for grazing animals. Much of 

the Area is acid moor and woodland, with relatively sparse human 

population/settlements, and consequently fewer major roads. The larger towns such as 

Barnstaple are situated on the coast, which might mean a predominance of sea-angling 

as opposed to freshwater angling.

In general Exmoor has low levels of human impacts, and contains areas of unspoilt 

natural beauty. The fishery dataset show that the Area is predominantly game in 

species, and has high densities of fish, indicating a very high level of environmental 

quality. This is confirmed by the data gathered in chapter three. Considering these 

factors, we would predict a medium to high level of angling in the Area.

Midland Clay Pastures
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As the name suggests, the Area is predominantly clay and is quite significantly 

impacted by organic and nutrient pollutants, due to the relatively high level of urban 

development (and corresponding high population density), and ‘industrial’ agriculture. 

The rivers in this Area are buffered from these pressures to a certain extent however, by 

the clay soils, which ‘hold’ pollutants more than free-draining/sandy soils.

The numerous rivers in the Area support a high number of coarse fish species, which 

confirms what ecological theory would predict for this type of ‘robust’ river (Haslam, 

1990), but the actual numbers of fish is rather low. The opportunity to experience an 

unmodified / natural environment is limited in this Area, so in light of all of these 

factors, it is suggested that there would be a relatively low level of recreational use.

Midland Plateau

This is the most densely populated of all the Study Areas, covering the West Midlands 

and encompassing Birmingham, Wolverhampton and Telford in the Northwest and 

Coventry in the East, and consequently has the highest percentage of urban land use and 

the highest or second-highest pollution levels. As was discovered in chapter four, the 

rivers in this Area have low species richness and also low density of fish. The fish 

present are entirely coarse species as river water quality is not of a sufficiently high 

quality to support game species, and the river type is not one that would naturally 

favour game species even if they were not polluted.

The main river in this Area is the Severn, which drains the western part of the Area, and 

in places does support game species. There is a small amount of pasture and woodland 

also in the west, but in general, river sites/settings are urban and modified in 

appearance. In light of these characteristics, we would expect fishing activity to be low 

level, and concentrated in the western part of the region.

South Chalks

There are several factors which we would expect to contribute to this Area having a 

high level of recreational use: there are several AONBs and is considered to have high 

landscape quality; it is fairly densely populated, and the chalk bedrock supports (in 

unpolluted conditions) high species richness, including game species.
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However, there are also factors that will reduce these otherwise high-quality fisheries, 

which are the fact that the Area is relatively highly impacted by chemical and nutrient 

pollutants, and many of the rivers have been significantly modified.

The fishery data reflects this mixture of good and bad elements, as species richness is 

high, but density is only moderate and the fish species is mixed game and coarse, but 

predominantly coarse. However, there are two nationally important game fishing rivers 

in the Area - the Test and the Itchen.

South Devon

South Devon is a diverse Area in terms of the physical landform and 

vegetation/landuse, and also in terms of human settlements, containing both larger 

towns such as Plymouth and tiny villages. This diversity has lead to many and varied 

high quality landscapes; agriculture is predominantly low intensity and pasture rather 

than arable. The Area is drained by a relatively high number of rivers/streams, which 

have their source in Dartmoor, and move from being upland type waters to coastal 

estuaries over a relatively short distance. This variety of river types also means that 

there is likely to be many different fish species and all types of anglers can be catered 

for, and in addition, the Area is served by a good road network. Because of the low- 

intensity agriculture and relatively low population density, catchment impacts are low, 

and correspondingly fisheries are high quality - most of the major rivers are nationally 

important game fisheries - Avon, Dart, Plym, Tamar, Tavy, etc.

All of these factors suggest that recreational use would be medium - high.

Southern Magnesian Limestone

Many of the rivers flow across this Area from large centres of population just outside 

the Area boundary, such as Leeds, Nottingham etc. and the Area itself has a high 

percentage of intensively used land in terms of urban development, arable agriculture, 

and the road network (the A1 runs up about two-thirds of the Area). Consequently, as 

we saw in chapter three, the Area has the highest level of chemical and nutrient 

pollutants and correspondingly has the lowest scores on biological indicators of quality, 

ASPT and NTaxa.

However, whilst the average fish density is the lowest of the ten study Areas, which is 

as expected, the number of species present is fairly high, and although the majority of
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rivers contain coarse species, some rivers contain brown trout. This high number of 

species may be attributable to the natural predisposition towards high species richness 

in unpolluted conditions; or perhaps, the type of river naturally supports fish species 

that are more resistant to pollution, i.e. coarse fish.

Overall however, we would predict that the Area would not encourage or support high 

levels of angling due to the significant impacts to rivers, but that the mitigating factors 

of landscape quality, fish species richness, and population density may result in a 

moderate level of use.

Southern Pennines

The Southern Pennines is sharply divided between the upland/moor areas are largely 

uninhabited, and are used for grazing and the valley bottoms in which most of the Areas 

centres of population are concentrated. The Area is underlain by hard sandstone rock 

that forms acidic soils & vegetation. This type of geology produces freshwaters that are 

naturally nutrient poor and have a low numbers of fish species. This is borne out by the 

fishery data for rivers in this Area analysed in chapter four, which shows that this Area 

has the lowest average number of fish species.

Whilst the Area itself doesn’t have many large towns, there are several that lie along the 

boundary. The main rivers are the Aire, and the Calder, which have in the industrial 

past been significantly impacted, both by chemical pollution and physical 

modifications.

The landscape has been described as ‘bleak’ and ‘desolate’ (English Nature, 1988) 

however the Area does have the highest percentage of semi-natural land of all 10 study 

Areas, thus may attract those anglers in search of a natural setting/solitude. Based on 

the characteristics of the Area, a relatively low-level of used would be expected.

The Fens

Arable agriculture accounts for two-thirds of the land use in this Area, most of which is 

intensive or ‘industrial’ in nature. As such, the high chemical and nutrient pollution 

loads in the rivers is unsurprising. What is however, is that the average number of fish 

species and average density is the highest out of the ten study Areas. This can be partly 

explained by the type of rivers that drain the Area, in that they are naturally nutrient rich

270



and supportive of a good range of coarse fish species. In addition, because the average 

fishery variable values are so much higher in this Area, they are likely to be reflecting 

stocking practices, as much as natural fish populations. The landscape is sparsely 

populated and extremely flat and featureless; there is very little natural or semi-natural 

land cover. Population centres are concentrated in the north and east of the region, 

although Peterborough does lie just outside the Area boundary to the south and west.

In summary, it would be expected that the level of use would therefore be moderate to 

high.

Yorkshire Dales

This Area has a low level of human settlement, consisting of small villages with larger 

towns around the edges of the Area. The land is used predominantly as pasture for 

sheep grazing, the rest being semi-natural upland moors and grassland. The landscape 

provides extensive sweeping views of mostly undisturbed highlands. The ecological 

quality of rivers in this Area is generally high, and the cold, fast-flowing upland-type 

rivers are naturally more supportive of game species such as trout. However, much of 

the Area is relatively inaccessible by road, and as such the level of angling would be 

expected to be low to moderate.
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Appendix 6.1 Principal Component and Correlation Analysis

As the number of river quality variables in the dataset is fairly large (12), a Principal 

Components Analysis (PCA) was carried out to examine the underlying structure of the 

dataset, and to see whether a smaller number of variables could be used. One of the 

purposes of a PCA is to reduce a large number of potentially correlated variables to a 

smaller number of ‘new variables’. These new variables or components are made up of 

a linear combination of the original variables (Harris, 1975). If the results of the PCA 

did suggest that most of the variation in the dataset was due to one or two underlying 

‘themes’, using a reduced number of variables could also help avoid potential 

multicolinearity between some of the river quality variables, for example between the 

biological quality variables ASPT & NTaxa, which chapter 3 showed were highly 

correlated (0.84).

The PCA starts by examining the dataset to identify the linear combination of original 

variables who’s sample variance is maximised, which it calls the first Principal 

Component (PC). The process continues until all the variance is explained, with the 

constraint that the values of the original variables that make up each successive 

component are uncorrelated with the previous ones. The amount of variation explained 

by each component is expressed as ‘eigenvalues’ and their individual & cumulative 

proportion of total variance.

The results of a PCA are subjectively interpreted, but some obvious patterns can be 

discerned by looking at the list of coefficients of the original variables under each 

component. Coefficients with the same sign and in the same value range are grouped 

and can be read as one ‘end’ of the components continuum, for example, Component 1 

can be interpreted as representing organic pollution and coarse fish species at one ‘end’ 

(Status 0.74, Ammonia 0.71) contrasted with high biological quality at the other (ASPT 

-0.78, NTaxa -0.69). If there is one component which accounts for a large proportion 

of the variance, the dimensionality of the dataset can be reduced by: using the first few 

components instead of the original variables or using the original variables that 

contribute most to the first few components. The results of the PCA are shown below.
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Table A6.1.1 Results of PCA analysis -  components 1 -  4.
Comp 1 Comp 2 Comp 3 Comp 4
ASPT -0.78 DO -0.07 No. 100m2 -0.52 Nitrates -0.39
NTaxa -0.69 Ammonia -0.04 HMS -0.41 No. 100m2 -0.24
DO -0.55 BOD -0.01 BOD -0.38 Status -0.20
Flow -0.06 Orthophos 0.00 Ammonia -0.16 Orthophos -0.19
No. 100m2 -0.05 Nitrates 0.21 DO 0.00 DO -0.14
No. species 0.18 Flow 0.31 Status 0.11 NTaxa -0.04
HMS 0.34 Status 0.35 NTaxa 0.14 ASPT -0.03
BOD 0.63 ASPT 0.40 No. species 0.15 HMS 0.03
Nitrates 0.67 HMS 0.47 ASPT 0.15 No. species 0.12
Orthophos 0.69 NTaxa 0.49 Flow 0.40 BOD 0.21
Ammonia 0.71 No.l00m2 0.59 Nitrates 0.42 Ammonia 0.40
Status 0.74 No. species 0.76 Orthophos 0.44 Flow 0.73

The results suggest that there are four components that explain two-thirds of the 

variance in the dataset and six that explain approximately 78% of the variance. Whilst 

these results show that there are indeed a smaller number of variables that explain a 

reasonable proportion of the variance, there is not one ‘dominant’ factor that accounts 

for a large proportion of the variance. This suggests that picking one or two 

environmental variables that could be used in place of the original variables/dataset 

would lose rather a lot of the information. Additionally, a PCA only explains the 

variation in the dataset and does not indicate which PC will relate best to other 

variables, for example, the recreational use variables. Because of this, stepwise 

regression was used to identify significant variables instead.

Correlation

A correlation matrix was created using the four ‘economic’ variables -  trips, travel cost, 

age and wage -  and the twelve river quality variables. A correlation analysis will give 

an indication of whether recreational use as measured by number of trips or number of 

respondents is linearly related to any of the river quality indicators. The results for the 

pooled dataset are shown in Table A6.1.2 below.
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Table A6.1.2 Correlation coefficients for 3 different recreational use variables and the 

river quality variables (in bold where correlation is significant at the 0.01% level or

lower)

Trips Mean Trips per 
stretch

Age -0.03 -0.03
Wage 0.04 0.07
Travel Cost (tc40) -0.23 -0.23
No. fish species 0.19 0.17
No. fish per 100m2 0.00 0.03
Status -0.05 -0.03
Orthophosphates 0.02 0.01
Nitrates -0.01 -0.03
ASPT 0.02 -0.06
NTaxa 0.02 -0.04
BOD 0.00 0.08
Ammonia 0.00 0.05
DO 0.02 0.00
HMS -0.03 0.09
Flow 0.28 0.30

The matrix shows that the two main variables which vary linearly most strongly with 

the recreational use variables are travel cost and Flow, followed by the number of fish 

species in the river. The signs on these correlation coefficients are ‘correct’, in other 

words we would expect travel cost to always be negatively correlated with the 

likelihood of visiting a river as economic theory tells us that as price rises demand falls. 

Similarly, we would expect rivers with a higher number of different fish species to 

attract more / a wider range of anglers, and this is confirmed by the positive correlation 

coefficient.

Flow is positively correlated with the number of trips, which suggests that anglers 

prefer to fish rivers with higher water flows. As this variable describes a rate, it can 

represent deep slow-flowing lowland rivers or shallow, fast flowing upland rivers. An 

inspection of the variable shows that in general the higher categories refer to large, wide 

rivers and the lower categories to smaller waters such as streams, brooks and small 

drains. As both lowland and upland Areas have both types of river, we cannot say that 

this shows a preference for either type of region, but a preference for rivers with greater 

volumes of water flowing at a given point in time.
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As none of the other river quality variables are significantly correlated to recreational 

use this suggests that they may not be normally distributed or linearly related to the 

number of trips made to a site.

275



Appendix 6.2 ‘Other’ reasons given by respondents for choice 

of fishing site

•  How much it costs to fish (day ticket)

•  Cost of ticket

•  Not overpriced and no predators such as cormorants

•  Cormorants - sometimes flocks of 20/30 on our waters, decimating some stocks of

fish

•  Variety of species - 1 like it best if I don’t know exactly what I'm going to catch

•  If there are fish (of any species) to be caught

•  Catch good quantity of fish (species not important)

•  Size of fish

•  Restocking on most bites except swale.have not taken place for years

•  Weather conditions - floods, drought, snow

• Some fish in river

•  To be able to catch fish - it seems most rivers nowadays are devoid of them

• Water quality and condition of pegs

•  River Levels/conditions

•  Night fishing for eels

•  River conditions, I.e. floods etc.

•  Quality of fishing (size of fish)

•  It is only in flood at rare times

•  Quality & size of species targeted

•  Healthy river, with good fly life

•  Condition of river in time of derbies

•  Wild fish are most important

•  River is unstocked & free of alien species (rainbows)

•  Has toilet facilities

•  Comfy surroundings & pegging

•  A safe place to leave the car whilst fishing
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•  If my personal safety/that of my belongings is not threatened

• To be able to park adjacent to the peg because of the amount of equipment

needed.

•  Disabled level access with car park less than 20yds away

• Ease of travel to the venue (no traffic jams), distance, ease of terrain from car park 

to river bank

•  Accessibility to banks

•  Easy access important as I am a disabled Angler (venue ideal!)

• Access/Parking/Facilities/Litter

• Facilities available at rivers I have to travel to, e.g. B&B

• Secure parking on private land, with no public access

• Absence of boating traffic, especially rowers

•  Match fixtures may cover some of the venues

•  Style of fishing - mainly stick float, waggler

•  Location of fishing match

• Match fishing

•  Where team matches are being held

• Match venue

• A variety of methods that I like using work

•  I am also a match angler and enjoy the competitiveness and friendship

• Have fished same stretch since childhood

• Consideration / code of behaviour of others

•  Whole family activity

• Small, friendly club for match fishing

• Sporting behaviour by other anglers

• Wildlife

• Just to get away from it all, work, stress, wife and just relax, catching a fish is a 

bonus.

•  Pleasure of just going fishing

• Enjoyment

•  Watching other wildlife & the environment
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•  To witness the miracle that the EA and the Mersey Basin Trust are achieving in 

my area with the quality of the fishing

• Important to my well being to be able to fish the river regularly

•  The wildlife you see such as mink, snakes, birds & voles

•  The wildlife

•  Interest in maintaining/improving fish & fish stocks

•  Fishing for truly wild fish

•  Birds & other wild creatures

•  I like fishing
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Appendix 6.3 Anglers’ preference scores correlations

Table A6.3.1 Correlation matrix between anglers stated preferences and the river 

quality indicators at the sites they visited. Significance levels reported beneath, 

correlations significant at p<0.05 in bold.

species catch landscape quiet time family natural edible cost other

No. species -0.07 -0.06 0.04 0.02 0.07 0.00 -0.02 -0.17 0.05 0.06
0.15 0.26 0.44 0.71 0.21 0.94 0.77 0.00 0.38 0.24

No.l00m2 -0.10 -0.11 -0.07 -0.06 0.06 0.07 -0.08 0.21 0.16 -0.05
0.06 0.04 0.19 0.24 0.24 0.19 0.11 0.00 0.00 0.36

Status 0.11 0.01 0.00 0.01 -0.06 -0.23 0.00 0.30 -0.07 -0.01
0.04 0.81 0.98 0.81 0.26 0.00 0.97 0.00 0.15 0.82

Orthophos -0.09 0.01 0.07 -0.07 0.00 0.11 0.02 -0.29 0.09 -0.03
0.09 0.84 0.20 0.17 0.96 0.03 0.66 0.00 0.09 0.53

Nitrates -0.07 0.08 -0.01 -0.11 -0.09 0.19 -0.03 -0.25 0.00 -0.15
0.18 0.14 0.91 0.04 0.10 0.00 0.57 0.00 0.98 0.00

ASPT 0.05 -0.02 0.10 0.11 -0.03 -0.05 0.16 0.18 -0.03 0.00
0.31 0.69 0.06 0.03 0.60 0.34 0.00 0.00 0.62 0.92

NTaxa 0.02 -0.01 0.10 0.10 0.07 -0.02 0.12 0.05 0.02 0.06
0.70 0.81 0.06 0.05 0.19 0.69 0.02 0.34 0.72 0.27

BOD -0.14 -0.04 -0.02 -0.07 0.10 0.14 -0.11 -0.15 0.10 0.03
0.01 0.47 0.74 0.18 0.06 0.01 0.03 0.00 0.06 0.59

Ammonia -0.09 0.01 0.00 -0.06 0.14 0.20 -0.09 -0.19 0.07 0.07
0.08 0.83 0.98 0.23 0.01 0.00 0.10 0.00 0.21 0.16

DO 0.07 -0.02 -0.01 0.01 -0.07 -0.17 -0.02 0.15 -0.05 -0.04
0.19 0.77 0.88 0.78 0.20 0.00 0.15 0.00 0.31 0.40

HMS 0.00 0.07 -0.08 -0.04 0.06 0.19 -0.08 -0.04 0.01 0.02
0.97 0.18 0.11 0.42 0.25 0.00 0.14 0.45 0.78 0.73

Flow -0.02 -0.02 0.16 0.10 0.01 -0.07 0.20 -0.06 0.00 0.09
0.71 0.65 0.00 0.06 0.86 0.17 0.00 0.25 0.93 0.07
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Table A6.3.2 Correlation between respondents’ stated preference scores, significance levels underneath. Highly significant correlations (over

0.50) in bold.

Species Catch Landscape Quiet Time Family Natural Edible Cost
Species 1

Catch 0.58 1
0.00

Landscape 0.09 0.05 1
0.07 0.36

Quiet 0.28 0.09 0.53 1
0.00 0.09 0.00

Time 0.01 -0.03 0.13 0.15 1
0.79 0.57 0.02 0.00

Family 0.04 0.03 0.08 0.15 0.15 1
0.46 0.52 0.14 0.00 0.00

Natural 0.15 0.02 0.72 0.64 0.12 0.24 1
0.00 0.66 0.00 0.00 0.02 0.00

Edible 0.09 -0.11 -0.09 0.01 0.13 -0.01 -0.06 1
0.09 0.03 0.08 0.87 0.01 0.86 0.21

Cost -0.05 -0.05 -0.03 0.00 0.39 0.21 0.07 0.23 1
0.34 0.38 0.52 0.95 0.00 0.00 0.16 0.00

Other -0.06 -0.11 0.07 0.13 0.02 0.17 0.07 0.14 0.07
0.23 0.04 0.20 0.01 0.71 0.00 0.21 0.01 0.20

Other

1
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Appendix 6.4 Respondents’ preferred fish species

Fish species Times cited

Game

Trout (brown, rainbow, sea) 43

Grayling 24

Salmon 22

Total 89

Coarse

Roach 68

Chub 67

Barbel 60

Breem 24

Pike 15

Perch 9

Dace 9

Tench 7

Carp 3

Total 262
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A ppendix 6.5 Photographs o f  the top ten river reaches fished
(copyright, River Habitat Survey, 1998).

The top ten river reaches fished (in descending order): Nidd; Ouse; Severn (no photo 

available); Itchen; Ure -  Nunwick Beck; Aire (no photo available); Tavy; Don; Ure -  

Witton Beck; Lark (no photo available).

Nidd
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Itchen

Ure -  Nunwick Beck
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Don

Ure -  Witton Beck
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