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Abstract 

Invasive pests and pathogens are an increasing threat to forest ecosystems world-

wide. Since forests deliver a mix of private (market-valued) and public (non-market) 

benefits, governments are likely to be involved in both mandating, encouraging 

and/or funding disease control actions by private, public and third sector forest 

owners. In this paper, we investigate how the willingness of the public to pay for such 

actions depends on the types of control, but also on their awareness and knowledge 

regarding this environmental problem.  

Keywords: preferences, discrete choice experiment, forest pest and diseases 
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1. INTRODUCTION 

Worldwide, forests are threatened by an increasing number of invasive pests and 

pathogens which cause damage to commercial interests and to non-market forest 

benefits such as recreation and carbon sequestration (Aukema et al., 2010; Santini et al., 

2013; Wingfield et al., 2015 ). The UK is no exception to this general picture. For example, 

the spread of ash dieback (caused by the pathogen Hymenoscyphus fraxineus) will 

adversely affect many species associated with ash woodlands (Lawrence and Cheffings, 

2014; Mitchell et al., 2014). Another pathogen, Phytophthora ramorum, is particularly 

damaging to commercially-important larch trees (Brasier and Webber, 2010). The 

resulting death of infected trees, and the felling of diseased trees together with those in 

buffer areas around them, are already causing locally significant changes to landscapes, 

biodiversity and public access. 

Forests, whether publicly or privately owned, deliver multiple environmental benefits 

and ecosystem services to society (Quine et al, 2011).  Therefore, national governments 

and regulators are highly likely to be involved in the management of forest disease risks, 

both to protect past public investments and to retain public good-type benefits from 

private land (Freer-Smith & Webber 2017). It is therefore important to understand to 

what extent the public will support such government involvement, and what factors 

influence people’s willingness to pay for such measures with taxes. 

It is well-known that individual’s environment-related choices are influenced by their 

socio-demographic characteristics and geographic location (Gifford and Nilsson, 2014; 

Czajkowski et al., 2017), but also by their personal perceptions and worries about various 

natural phenomena, such as concern for endangered species. Environmental attitudes 

and concerns can be a significant factor in predicting people’s willingness to pay for 

nature conservation programmes (Shoyama et al., 2013; Aldrich et al., 2007; Choi and 

Fielding, 2013). The same argument applies in principle to forest management. Bartczak 

(2015) showed that environmental attitudes may have an impact on the amount people 

are willing to pay to promote changes in forest management practices which result in an 

increased degree of naturalness. Giergiczny et al. (2015) analysed the trade-offs in public 

preferences when selecting forests for recreational purposes between different forest 

structural attributes and forest management strategies; they found that people prefer 
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forests that are either as natural as possible (i.e. an old-growth forest with little thinning 

or felling) or those that are actively managed for increased biodiversity. 

Several studies draw attention to the important role that public awareness of tree pest 

impacts, and public attitudes towards unpopular pest control measures, may have for the 

success of pest eradication programmes (Marzano et al., 2015; Brockerhoff et al., 2010; 

Quarles, 2008). However, as Jepson and Arakelyan (2017a,b) report, more 

environmentally-aware respondents may be opposed to certain pest management 

actions, such as replanting infected forests with genetically modified tree varieties, and 

prefer instead more traditional, if less effective, tree breeding solutions.  

For the UK specifically, several studies have used a variety of survey and preference 

elicitation methods to explore knowledge about tree pests and diseases for both UK forest 

professionals and general publics, as well as their attitudes towards possible 

management actions. Overviews can be found in Urquhart et al. (2017) and Marzano et 

al. (2017). Fuller et al. (2016), in their survey of the UK public, find that roughly three 

quarters of respondents are “concerned” or “very concerned” about the threat of tree 

pests and pathogens to UK forests and think that insects or pathogens should be managed 

if they affect the health of trees. However, variation was found in the support for possible 

forest management responses to pathogens: from 13% who accept the option of taking 

no action to 54% agreeing with ground chemical spraying and 66% for biological control. 

For the tree felling options, only 14% accepted felling all trees, while 26% accepted the 

felling of susceptible trees, and 76% the felling of affected trees only.  

Urquhart et al. (2017) reported comparable degrees of both general (79% of 

respondents) and disease-specific (32-80%) public awareness of tree health issues in the 

UK. Urquhart et al. (2017) compared their findings to the results of a 2013 survey and 

observe downward trends both in public awareness and knowledge about tree diseases 

and in public knowledge about control measures and restrictions that are, or can be, 

implemented to limit the spread of tree pathogens. Using stated-choice modelling, 

Sheremet et al. (2017) showed that the UK general public are willing to pay for disease 

control programmes that might be implemented in UK forests. Willingness to support 

such programmes depends on the ownership of the forest, which forest benefits are most 

affected by the disease, and which disease control measures are employed. Higher 
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respondent income and more frequent visits to forests are correlated with greater 

willingness to support publicly-funded tree disease control programmes in forests. There 

was a clear negative sentiment against clear felling of a forest or chemical/biocide 

spraying as control measures. This is problematic from the viewpoint of forest policy, 

since clear felling is the only available control measure currently for several pests and 

pathogens affecting UK forests, including when early eradication is still possible (Straw 

et al., 2016) 

This paper extends the research reported in Sheremet et al. (2017) in a number of 

important ways. First, we address the apparent un-willingness of respondents to support 

clear felling as a pest or pathogen management option by testing the effect of 

supplementing this with alternative re-planting options. Second, we investigate how 

awareness, expectations as to the impacts of disease on well-being, and degree of worry 

over future invasions affect willingness to pay for public expenditures to respond to such 

pest and pathogen invasions. Third, how much the disease has spread to date in the UK is 

included as an attribute, to examine whether respondents feel that only diseases that 

have had an impact over a wide geographical area (such as Ash die-back) are a priority 

for control or whether they place a higher value on tackling diseases that have so far only 

affected small “local” areas, before they spread “out of control” (such as Asian longhorn 

beetle).  

 

2. METHODS 

We used a choice experiment design which builds on that implemented by Sheremet et al 

(2017). Choice experiments have been widely applied in the environmental, health, food 

and transport economics literature (Hanley et al., 2013; Carson and Czajkowski, 2014). 

They are typically implemented as a stated preference method where, in this case, 

respondents make choices over alternative hypothetical disease control programmes 

described in terms of their attributes. A cost or extra tax attribute is usually included in 

the design to allow evaluation of willingness to pay for changes in the non-price 

attributes. 
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In our study, a list of possible control actions was used to define a disease control 

programme. Clear felling was the measure of main interest, as it is the most readily 

available control measure for many pests and pathogens and it can be complemented 

with different options for subsequent forest restoration. Therefore, we considered 

different replanting options following clear felling. In order to measure the respondents’ 

awareness and ex-ante knowledge about tree diseases, we used both general queries and 

specific multiple-choice quiz questions, based on an approach suggested in LaRiviere et 

al. (2014, 2015) and Czajkowski et al. (2014). Later we look at a possible correlation 

between the extent of respondents’ disease-related knowledge and their preferences 

about different disease control methods. 

2.1. Overall survey design 

The survey had six parts. In the first part, the respondents were asked about their general 

knowledge of tree diseases in the UK, whether they could name particular diseases, how 

much they were worried about tree diseases, and whether they expected such diseases 

to have a significant impact on the quality of their lives. We also asked the respondents 

to provide details on the landscape surrounding their home and their recreational habits: 

whether they live in a rural or urban area, the distance from home to the nearest forest, 

and how frequently they visit forests. 

In the second part of the questionnaire, we elicited more specific knowledge about tree 

diseases. Five multiple-choice quiz questions dealt with susceptible trees, causes of 

infection, names of some of the most widespread diseases, and simple actions that forest 

visitors may take to prevent further spreading of tree diseases.  

The third part illustrated four tree diseases that are currently important in UK: Chalara 

ash dieback (caused by Hymenoscyphus fraxineus), Dothistroma needle blight (caused by 

Dothistroma septosporum), conifer root and butt rot (caused by Heterobasidion annosum), 

and the organism responsible for widespread death of larch, Phythophthora ramorum. 

The descriptions were intended to raise the respondents’ awareness about tree diseases 

before completing the choice experiment, and so explanations about the negative impact 

of the diseases and the measures available to control tree diseases were provided.    
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The fourth part was the choice experiment, consisting of eight choice cards for each 

respondent, each with two unlabelled options that described possible costly alternatives 

for tree disease control policies, and an opt-out option that represents a status quo choice 

of no additional action with zero additional financial cost to respondents (as illustrated 

in Figure 1).  

<< Insert Figure 1 here >> 

Respondents were asked to select between options for how the government should tackle 

the problem of new tree diseases in the UK. Each option referred to a given disease 

control programme over a 10-year period which would help to control different 

unspecified diseases. This was followed by an extensive illustrated description of possible 

disease control actions and negative impacts of the diseases on timber production, 

biodiversity, landscape, carbon storage, and recreational possibilities. After that, 

respondents worked through one fully-explained example choice card, and then 

proceeded to answering a series of 8 further choice cards. 

In the fifth part of the survey the respondents were asked to reflect on how they made 

their decisions, to say if they ignored some of the attributes in making their choices, and 

to provide a simple ranking of the importance of the attributes. We also tried to clarify 

the reasoning of those respondents who chose the opt-out option in all choice cards. The 

last part of the survey contained questions about respondents’ socio-economic 

characteristics. 

2.2. Attributes and levels 

During the choice experiment, each respondent was invited to make choices over eight 

independent choice situations. Every choice situation consisted of two hypothetical tree 

disease control programmes, each defined by four attributes: 

 which disease control measures are being considered; 

 what kind of benefits from forests may be most badly affected by a disease;  

 how much the disease has spread to date in the UK; 

 the additional tax costs per household of the programme. 

Table 1 provides more details on the attributes and their levels.  
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<< Insert Table 1 here >> 

2.3. Design of choice sets 

The choice experiment was developed as an online survey using Sawtooth Software, 

using a statistical design generated in Ngene ChoiceMetrics Software via a two-step 

procedure. First, a pilot experiment design was developed assuming that a multinomial 

logit (MNL) model best fitted the preferences of respondents. This design was revised 

using the results of a mixed logit (MIXL) model fitted to pilot study data from 59 

respondents as priors for the design model coefficients. We chose the D-error1 measure 

as the criterion for the design selection in order to minimise standard errors of the 

model’s parameter estimates. At the second stage, a new D-efficient experimental design 

consisting of 40 choice situations, blocked into five blocks of eight choice cards, was 

generated for a mixed logit model and used in the main experiment. During the survey, 

each respondent was randomly assigned to one of the design blocks and asked to make 

choices over each of the eight choice situations in that block. 

2.4. Sampling strategy 

Respondents were selected from an online panel of UK households provided by a market 

research company, Toluna UK, which ensured that the respondent sample was 

reasonably balanced according to geographic distribution and major demographic 

characteristics of the UK population. Conducting stated preference surveys over the web 

using internet panels of respondents is now commonplace, and has been shown to 

perform well compared with alternative means of collecting data (Sandorf et al., 2016).  

 

3. RESULTS 

3.1 Descriptive statistics 

The survey was undertaken in 2016, and in total 600 respondents completed the survey. 

A further 149 respondents began the survey but dropped out before fully completing it, 

                                                           
1 D-error is the most widely used measure of efficiency of a choice experiment design. It is equal to the determinant of the asymptotic 
variance-covariance matrix of a model estimated from simulated choices given a particular experiment design. A design that has a 
sufficiently low D-error (compared to other possible designs) is called a D-efficient design.  
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so their answers were not used in the analysis. Of all the dropouts, 37% took place 

immediately after the introduction page, with a further 44% abandoning the survey 

during the tree disease knowledge questions but before the start of the choice 

experiment. This suggests that the most frequent reason for non-participation in the 

choice experiment was dis-interest in the topic, rather than a flaw in the experiment 

design. 

Demographic characteristics of the sample (n = 600) are summarized in Table 2. Women 

constitute slightly more than half of the sample (55%), which is close to the UK national 

value. Of all the respondents, 32% come from rural areas. The age distribution of the 

sample follows reasonably well the UK national demographic distribution, although there 

are some imbalances in the tails of the distribution. The age groups of 18-24 and of 55+ 

years are over-represented whilst that of 45-54 years under-represented. The average 

and median age of the sample is 47 years and modal age is estimated at 65 years. About 

26% of the respondents are parents in families with small children, and the average 

family size is 2.6 persons. The median education level is a college degree, while the modal 

education level is a university degree. The median gross monthly income for the sample 

lies in the range of £1,501–£2,000. This means that the respondents in our sample have 

an income similar to the UK average, though are somewhat better educated. 

<< Insert Table 2 here >> 

Most of the respondents are “occasional” forest visitors who live at an average distance 

of about 10 miles from the nearest forest and visit forests ‘several times a year’ (43% of 

respondents) or ‘a few times each month’ (25% of respondents). There is an expected 

variation in experience between rural and urban dwellers: respondents in rural areas live 

closer (6 versus 12 miles) and visit forests more frequently (19% ‘each week’ and only 

6% ‘never’), compared with the respondents in urban areas (11% ‘each week’ and 15% 

‘never’, respectively). More details are provided in Table 3 below. 

<< Insert Table 3 here >> 

When asked about their awareness of tree diseases (Table 4), some 66% of respondents 

indicated they had heard about tree diseases in the UK, but only 12% had heard about 

tree diseases near to where they live. Rural respondents are on average more aware of 
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tree diseases in general (77% or respondents), though the knowledge about any diseases 

nearby is similar to the cross-sample level.  

<< Insert Table 4 here >> 

Despite the relatively low level of awareness about local tree diseases and the moderate 

degree of uncertainty in opinions (as 30-33% of respondents are not sure about tree 

disease impacts), respondents appear to be rather worried about such diseases. Namely, 

55% of respondents are “quite worried” or “very worried”, whilst 52% of respondents 

think that it is rather likely that the quality of their lives will be affected by tree diseases. 

Again, rural respondents are more worried about the negative impact of the diseases on 

their lives. 

To test the respondents’ ex-ante knowledge about tree diseases, we asked them to answer 

five multiple choice questions about four specific diseases (the questions are shown in 

Table 4). The respondents were relatively well informed about general tree disease-

related issues, such as the causes (52% answer correctly), susceptible tree species (66% 

correct), and general measures taken to minimise the risk of disease spread (51% 

correct). Knowledge levels about specific tree diseases were, however, lower. Only 35% 

and 29% respondents correctly answered simple questions on Dothistroma needle blight 

and Chalara ash dieback, respectively. No differences in knowledge for both general and 

specific quiz questions were observed between the rural and urban respondents. 

Respondents were also asked to name familiar/known diseases: Dutch elm disease was 

mentioned by 60% of respondents and Chalara ash dieback by 25%. Other tree diseases 

were mentioned in less than 10% of answers. 

3.2 Analysis of choice data 

Each respondent participating in the experiment is assumed to base their choice on which 

disease control programme maximizes their utility. Such utility is assumed to be a linearly 

additive function that depends on the set of characteristics (attributes) used to describe 

each programme, specific attribute levels used in alternatives, and individual preferences 

for each attribute (McFadden, 1973): 

 ijt j ijijt tU    β x   
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where ijtU  is the utility to an individual i  from selecting an alternative j in a choice 

situation t  described by K  observed attributes 1 ,..{ }., K

ijt ijt ijtxxx = {disease control 

measure, affected forest benefit, degree of disease spread, extra tax}. In the above formula 

j  is an alternative-specific constant, which in our baseline model represents the utility 

of the costless opt-out option; β  are attribute preference weights; and ijt  is the i.i.d. 

idiosyncratic error drawn from Gumbel distribution with constant variance. As described 

in Train (2009), the probability for such a choice 
ity  is then defined as: 
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In addition to evaluating the general public’s preferences for different attributes of the 

tree disease control programmes, we are interested in studying both unobserved and 

observed heterogeneity of those preferences. That is, we assume, first, that tastes for 

attributes may differ across respondents, and second, that individuals may vary in their 

desire to switch away from the opt-out option and to support some costly tree disease 

control programme. With this aim we adopt the MIXL model as the main analytical tool 

(McFadden and Train, 2000; Hensher and Greene, 2003). 

In the MIXL model the preference parameters   and alternative-specific constants   

are not fixed for all respondents, but vary around means and are modelled as: 

,

,
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where 
ik  are now individual-specific taste parameters, with 

k  denoting the population 

mean of k-attribute coefficient and 
ik  being the individual-specific heterogeneity of a 

taste parameter. Similarly, ij  are the choice-specific constants, with j  acting as 

alternative-specific constants and ij  being the heterogeneity of the choice-specific 
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constants. Both heterogeneity variables 
ik  and ij  are assumed to follow normal 

distributions with zero means and attribute-specific variances 2 2,{ }j k  . If these 

estimated variances are significant, statistical unobserved heterogeneity in preferences 

is present. 

The means of the parameter distributions of ik  and ik  are allowed to be heterogeneous 

with the decision-makers’ observed individual characteristics iz , which enter the 

formulas for taste parameters and constants with vectors of weights k  and j  

respectively. These characteristics include two subsets: first, M observed demographic 

characteristics ig  (such as age, gender, education, and income), and second, N variables 

that reflect self-reported experience, awareness, worries, and expectations of the 

respondents, as well as ex-ante knowledge about forest diseases.  

In our experiment, some of the attributes can be best represented as categorical variables 

with several levels. This representation is true for the possible disease control measures, 

degree of disease spread in the UK, and the forest benefits most severely impacted by a 

disease. These categorical attributes with kL  levels are modelled as sets of ( 1)kL 

dummies, where each dummy corresponds to one level of a corresponding categorical 

variable – that is, to some control measure, or a benefit, or a disease spread area. 

Consequently, the constant j  will now be a sum of utility of the opt-out option and utility 

of a baseline disease control programme (corresponding to the omitted levels of attribute 

dummies).  

Marginal Willingness to Pay measures for changes in the levels of each attribute are 

calculated as the negative ratios of non-monetary attributes (or level dummies, for 

categorical attributes) to the parameter showing responsiveness to the extra annual tax 

per household: /k k taxmWTP    . The total WTP for each possible tree disease control 

programme is calculated as the sum of the mWTP for the baseline scenario assumed 

during the model estimation and mWTP’s for those attributes where the baseline scenario 

and the programme of interest have different levels.   
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Analysis of frequencies of the responses to the choice experiment showed no systematic 

bias in that the choices of alternatives are well balanced, with both Option A and Option 

B being selected in 40% and 41% of choice situations, respectively. The status quo option 

was selected in 19% of cases (Table 5). Respondents from urban areas opted out 

relatively more frequently than respondents from rural areas, as the ‘neither of Option A 

or B’ alternative was selected in 20.2% of all choices made by urban dwellers compared 

to 15.5% of all choices made by respondents living in rural areas.  

<< Insert Table 5 here >> 

Since 46 respondents (8%) chose the opt-out option in all eight cards (serial non-

participation), we infer that 41% of the total number of opt-out choices are submitted by 

those respondents. There was no difference in serial non-participation rate between 

urban and rural respondents. The choices of serially non-participating respondents were 

not included in the subsequent econometric analysis of preferences. The two most 

frequent self-reported explanations behind serial non-participation in the choice 

experiment were, first, unwillingness to support public financing of tree disease control 

programmes (19 respondents), where the respondents indicated that tree disease 

management should be financed exclusively by forest owners2; and second, an 

unwillingness to pay higher taxes (9 respondents).  

The frequency of choices of disease control programmes with different required levels of 

tax support was, as expected, inversely related to the amount of extra tax. The 

programmes with an extra tax of £10 were the most often chosen (21% of cases) and the 

programmes with £120 were selected the least often (4% of choices). That is, the zero tax 

(i.e. opt-out) option was not the most preferred choice, and so the most common view of 

respondents was that government-supported forest disease control programmes have a 

positive value.  

We begin our analysis of the respondent preferences with estimating an attribute-only 

mixed logit model (Table 6, MIXL column) for the sample of 4432 choice observations. 

Once we allow for individual variability of the taste parameters, all the estimates of the 

utility model parameters are statistically significant, though not all parameters show 

                                                           
2 Note that for publicly-owned forests, the tax payer is effectively the forest owner, but respondents may not have been aware of 
this. 
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significant preference heterogeneity. In particular, the preference for supporting 

programmes that target widely-spread diseases is quite uniform across the sample. 

Similarly, the model reports non-significant individual variability for coefficients of 

willingness to limit the negative impact of diseases on biodiversity, visual appearance of 

landscape, and recreation.  

<< Insert Table 6 here >> 

The parameter for the SQ constant is significant and negative, which means that there is 

a willingness to support at least some tree disease control measures. 

The ordering of the estimated disease control preference parameters shows that less 

disruptive physical forest management options are strongly and significantly preferred 

to clear felling without subsequent reforestation. The largest utility weight (1.395) is 

assigned to the control measure that requires clear felling with subsequent forest 

replanting with different kinds of trees. The second most preferred option is thinning, 

closely followed by clear felling with the same kind of trees replanted. The estimate of the 

coefficient for chemical and biocide spraying is negative (-0.288), which means that this 

disease control measure is significantly less preferred than the baseline option of clear 

felling alone.   

The MIXL model shows that all the included benefits from forests which might be 

impacted by a disease are important for an individual decision to support a disease 

control programme with public funds. The differences between coefficients are not large 

(the coefficient range is 0.308–0.490), but biodiversity, followed by recreational 

possibilities and landscape attractiveness, have higher utility weights than do timber 

production and, especially, carbon storage services of forests (as all the coefficients are 

relative to the baseline carbon storage option).  There is a significant distinction between 

the levels of support for a disease control programme based on whether the disease has 

spread across the entire country or only locally, as indicated by negative and significant 

coefficients (-0.356 and -0.392) for the two local disease spread alternatives. However, 

the difference between these two (locally excluding where you live versus locally 

including where you live) is not significant.  
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The attributes-only MXL model delivers a relatively good fit, with AIC at 6247.9 and 

McFadden pseudo R2 equal to 36%. Two other broader models, which include socio-

demographic, perception, and disease knowledge variables, make further smaller, but 

significant improvements in fitting the data, according to the Ben-Akiva–Swait (1986) 

test. 

For the extended models (columns ‘MIXL + demographics’ and ‘MIXL + knowledge’ in 

Table 6) we report only the significant individual specific variables. The first model 

explains positive willingness to support disease control programmes with variables that 

describe the respondents’ perceptions and experience of tree diseases. The Status Quo 

constant becomes insignificant, but its interactions with individual characteristics such 

as gross monthly household income, the frequency of visits to a nearby forest, an 

indicator that the respondents have heard about any tree diseases in the UK, and two 

indicators that the respondents are greatly worried about tree diseases and think such 

diseases are likely to affect the quality of their life are all negative and significant, which 

means they are all correlated with general public support for disease control 

programmes.  

The inclusion of the ex-ante knowledge variable interactions with the disease control 

measures changes this picture. Among the Status Quo constant interactions with 

individual specific variables, only the indicator of being very worried about tree diseases 

remains significant. Two new significant interactions of the ex-ante knowledge variable 

with thinning and with clear felling followed by replanting with different kinds of trees 

also bring about changes in preference ranking of disease control measures, moving clear 

felling with the same kind of trees replanted to the top of the list and shifting thinning 

down to third position. The last two models expose a dichotomy in the effect of different 

types of individual knowledge about tree diseases: while being informed about such 

diseases matters for a positive attitude towards control efforts, it is only more detailed 

knowledge that defines preferences for particular control measures. 

3.3 Willingness to pay estimates 

In Table 7 we report estimates of the marginal Willingness to Pay for switching from the 

baseline level of attributes to other levels of the attribute. The marginal WTP values are 

calculated based on the attributes-only MIXL model estimates.  
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<< Insert Table 7 here >> 

There is a clear ranking in the valuation of changes to different attributes by the 

respondents. Changes in the ways a forest would be managed in response to a tree disease 

are associated with two to three times higher monetary values, in the range of £13.40 – 

£28.90, compared with changes to other attributes.  

WTP measures are negative for some attribute changes. First, respondents would on 

average require a compensation payment to them of around £5.85 – £6.65 to accept a 

disease control programme that requires chemical or biocide spraying of infected trees 

instead of physical forest management measures. And second, if tax-financed disease 

control programmes target just local tree disease outbreaks instead of aiming at country-

wide threats, the respondents would also require that their annual tax contribution be 

reduced by as much as £7.20 – £8.50. 

The differences in marginal WTP for changes between the levels of each attribute are not 

significant with three exceptions. First, in the attributes-only MIXL model, the WTP for 

switching from clear felling only to clear felling followed by replanting with different 

kinds of trees (£28.30) is significantly higher than the WTP for switching to clear felling 

followed by replanting with the same kind of trees (£18.80). Next, WTP for clear felling 

with replanting different kinds of trees (£28.30) is significantly higher than the WTP for 

substituting thinning in place of clear-felling with no replanting (£21.35). Finally, all 

clear-felling or thinning forest management options are clearly preferred to chemical or 

biocide spraying of trees.  

The total WTP values for different disease control programmes are provided in Table 8. 

In these calculations we account for the impact of demographic and knowledge variables, 

so there are considerable variations in WTP values for the same programme across 

different models. The attributes-only MIXL model produces the largest WTP estimates for 

all disease control programmes, on average more than three times larger than the 

estimates for the extended models. The differences in WTP between the models with 

interaction terms are not significant, though the model that includes both demographic 

and knowledge variables delivers slightly larger WTP estimates. 

<< Insert Table 8 here >> 
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According to the choice model estimates, the combination ‘Clear felling without 

replanting, loss of carbon storage service, disease spread across the UK’ is defined as the 

baseline tree disease control programme, and the set ‘Chemical or biocide spraying, loss 

of carbon storage service, disease spread locally including the region where you live’ is 

the control programme with the lowest total WTP value. In the MIXL model, the 

respective values are £73 and £59 (which are significantly different from each other), 

while for two other models the simulations show that WTP values of these two 

programmes are not significantly different from zero.  

The highest WTP is associated with a management option of clear felling with replanting 

with different kinds of trees, biodiversity badly affected, disease spread across the UK, at 

£111 according to the MIXL model and £39–£44 according to the wider models. These 

WTP estimates are statistically significantly different from zero in all three choice models. 

Another disease control programme with large and significant WTP is ‘Clear felling with 

replanting with the same kind of trees, negatively affected timber production, and disease 

spread across the UK’. Its estimated values are £98 for the MIXL and £42 for the MIXL 

with knowledge interactions model.  

 

4. DISCUSSION AND CONCLUSIONS 

Based on the estimates of different choice models, we can conclude that UK citizens are 

willing to support a range of control programmes against pests and pathogens in for 

forests with public money. However, the degree of such support has significant 

demographic- and knowledge-related variability; and varies according to which kinds of 

control measure are to be introduced. This implies that public support for spending on 

invasive pest and disease control depends crucially on how much people know about 

these invasions, and what control methods are proposed. Public support also depends on 

how widely the invasion has already spread before control measures are undertaken. 

Based on a mixed logit model, concerns over the impacts of diseases is greatest for 

biodiversity, followed by the loss of forest aesthetic and recreational values. Commercial 

timber losses and carbon storage uses of forests are considered the least important. A 

respondent’s utility from a control programme is highest when it is aimed at diseases that 
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have already spread across the UK. If a disease has spread only locally, then the 

respondents are more willing to support a control programme if their own locality has 

been affected, rather than other locations. Respondents thus value interventions most 

when they are targeted at a bigger, national problem: a majority do not seem to be 

concerned that expenditure on control of such widespread diseases could be ineffective 

as a “lost cause”.  

In general, maintaining forest cover is important for respondents in terms of their 

preferences for forest disease control, as their willingness to pay is lower for the disease 

control measure of clear-felling with no re-planting (compared with the measures with 

replanting). Interestingly, the use of chemical and biocide spraying for tree disease 

control is significantly less preferred than clear felling alone. This echoes findings on 

potential human health impacts from the use of chemical or biological agents (Crane et 

al. 2006), and findings from a survey of public attitudes to alternative control methods 

for hemlock woolly adelgid in USA (Poudyal et al. 2016).  

It is also notable that the preference for forest restoration by replanting after clear-felling 

distinguishes between the kind of tree to be planted: there was a clear preference for 

planting different kinds of trees than those currently occupying the forest rather than the 

same kind. In some senses this result is surprising. One might expect the public to prefer 

the forest to be restored back to “exactly like it was”, given the general public sentiment 

against change in the appearance of landscapes (Grant & Edwards 2008). There are 

several possible explanations for this result, which would be an appropriate focus for 

future research. First, “forest culture” has been argued to be poorly established in the UK 

given the almost complete loss of forest cover prior to 1900 (Aldhous 1997), with a 

consequent loss of previous widespread knowledge of forests and their management 

(Rackham 1976, Rotherham 2007).  It would be interesting to contrast this result for the 

UK public with that in other countries which have a much greater continuity of forest 

composition dominated by native tree species (e.g. Germany or USA (Arnberger et al. 

2018)). Second, respondents may have drawn on their own perceptions of the relative 

efficiency of replacing like with like for reducing the risks of future disease occurrence.  

It was notable that biodiversity was the forest value that most strongly motivated the 

respondents support for a disease control programme.  This is reflective of the UK 
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public’s strong support and relatively high willingness to pay for biodiversity 

conservation in forests (Willis et al, 2003), and is consistent with the findings of Urquhart 

et al (2017).  It also reflects the results found by Smith (2013) of the factors most strongly 

motivating public behavioural intentions to participate in forest management planning 

to combat the negative impacts of invasive species on forests in eastern USA.  There are 

some complexities/subtleties in choices which could be considered further – for example, 

the replacement of disease-susceptible species with biologically similar yet non-native 

ones as a means of retaining the habitats for biodiversity Mitchell et al. (2016). 

The high importance that the respondents also placed on the negative impacts of disease 

on forest recreation opportunities and landscape attractiveness are in accord with the 

high proportion of respondents who visit forests at least several times per year. These 

impacts of tree pests/pathogens were also found to be important in USA and Germany by 

Smith (2013), Morris et al. (2018) and Arnberger et al. (2018). This sentiment may 

provide a basis for encouraging greater biosecurity awareness amongst forest visitors 

(e.g. promotion of ‘keep it clean’ campaigns for walkers and mountain bikers) 

The low importance placed on impacts on timber production by the respondents may be 

reflective of the perception that this is a private benefit, whose protection by tree disease 

control should not be supported by the taxpayer (Sheremet et al. 2017).  The low 

importance placed on impacts of the carbon storage function of forests is a more 

surprising result with considerable policy significance. Carbon storage in forests plays a 

significant role in the UK “Clean Growth Strategy” for meeting the 2050 United Nations 

Paris Agreement targets (Department for Business, Energy & Industrial Strategy 2018) 

and is reflected in the current government support for the adoption of the “UK Woodland 

Carbon Code” (Forestry Commission 2018). Many experts are concerned that tree 

diseases do pose a serious threat to the carbon storage function (e.g. Ayres and 

Lomardero 2000; Hicke et al. 2012; Boyd et al. 2013). However, while a majority of the 

UK public has a high awareness and concern about global climate change (Lorenzoni & 

Pidgeon 2006; Pidgeon 2012; Kenny 2018), our results indicate that this is not 

transmitted into a corresponding concern about threats to forest ecosystem carbon 

stocks from invasive pests and diseases.  
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The inclusion of ex-ante knowledge as a control shifts the explanatory emphasis from 

general awareness towards more specific knowledge about tree diseases. Awareness is 

important for people being willing to provide any positive amount of public funds to 

forest disease control programmes. However, the most preferred configuration of such 

programmes depends on the depth of individual knowledge about tree diseases. This 

indicates the importance of increased efforts at public engagement and education about 

the long-term challenge posed by tree diseases, and how they might best be met, as 

advocated by Porth et al. (2015).  
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Figure 1. Example choice card 
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Table 1. Attributes of the policy options. 

Attributes  Levels 

What kinds of disease control 
actions would be undertaken? 

Clear felling (cutting down all the trees in a forest) followed by 
replanting with the same kind of trees,  
Clear felling followed by replanting with different kind of trees,  
Clear felling without subsequent replanting,  
Thinning (cutting down only some of the trees in a forest),  
Chemical or biocide spraying 

What kinds of benefits which 
we get from forests and trees 
are most badly affected by the 
disease? 

Timber production,  
Recreation (such as walking or cycling in the forests),  
Biodiversity,  
Visual appearance of landscape,  
How much carbon is stored in the forest 

How much has the disease 
spread to date in the UK? 

Right across the UK,  
Only be found in a few local areas at the moment, but not where 
you live,  
Only be found in a few local areas, including where you live 

Additional tax costs to 
households like yours of the 
disease control measures 
undertaken in the UK 

£10, £15, £20, £30, £45, £70, £120 
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Table 2. Socio-demographic characteristics of the respondents. 

 Sample UK population 

Share of females 0.55 0.51 

Share of rural residents 0.32  

Age (years) group shares:   

18-24 0.18 0.11 

25-34 0.17 0.17 

35-44 0.12 0.16 

45-54 0.12 0.19 

55+ 0.41 0.37 

Age summary (years):   

mean 47  

median 47 40 

mode 65  

Average family size (incl. children) 2.6 2.3 

Share of families with children 0.26  

Education level:   

median college degree 
41% of adults with 

college degree 
mode university degree  

Income distribution (gross, monthly):   

median £1501-£2000 £1700 

mode £1001-£1500  

Note: The UK population national average numbers come from UK 2011 Census 

(http://www.ons.gov.uk/census/2011census/2011ukcensuses) and Office for National Statistics data 

(https://data.gov.uk/publisher/office-for-national-statistics). 
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Table 3.  Respondent experience of forests. 

 Sample Rural areas 
Urban 
areas 

Average reported distance to the nearest 
forest  

9.8 miles 
5.8 miles 11.6 miles 

Median reported distance to the nearest 
forest  

4 miles 
2 miles 5 miles 

How often do you visit woods or forests?      

Every day 0.03 0.04 0.02 

A few times each week 0.14 0.19 0.11 

A few times each month 0.25 0.26 0.24 

A few times a year 0.43 0.45 0.42 

Never 0.15 0.06 0.20 
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Table 4. Respondent perceptions and knowledge about tree diseases.  

Question 
Share of “yes” 

or correct 
answers 

Rural 
areas 

Urban 
areas 

Have you heard about any tree diseases in the UK? 0.66 0.77 0.60 

How worried you are about tree diseases?    

Not worried at all  0.03 0.03 0.03 

Not much worried  0.13 0.06 0.15 

Not sure  0.30 0.31 0.29 

Quite worried 0.46 0.53 0.42 

Very worried  0.09 0.06 0.10 

How likely do you think it is that such diseases 
would affect your quality of life or that of other 
people who live near to you? 

   

Very unlikely 0.04 0.3 0.04 

Quite unlikely 0.11 0.10 0.12 

Not sure 0.33 0.28 0.34 

Quite likely 0.30 0.40 0.26 

Very likely 0.22 0.18 0.24 

Already affected 0.01 0.02 0.01 

Do you know anything about tree diseases near to 
where you live? 

0.12 0.12 0.12 

What diseases do you know? (self-reported names)    

Dutch elm tree disease 0.60 0.67 0.56 

Ash dieback (Chalara) 0.25 0.31 0.22 

Dothistroma needle blight 0.03 0.03 0.02 

Phytophthora ramorum 0.01 0.01 0.01 

Acute oak decline and other oak diseases  0.07 0.02 0.10 

Chestnut blight or bleeding canker 0.04 0.07 0.02 

Wood/roots rot 0.01 0.01 0.01 

Quiz questions:    

   1. Which trees can these diseases infect? 0.66 0.68 0.65 

   2. What are the causes of these diseases? 0.52 0.46 0.55 

   3. Which disease is sometimes called ‘needle 
blight’? 

0.35 0.34 0.36 

   4. Which disease is sometimes called ‘ash 
dieback’? 

0.29 0.32 0.27 

   5. What would you recommend doing to minimize 
the risk that you will spread tree diseases such 
as Phytophthora ramorum between forests? 

0.51 0.52 0.51 

Note:  All the quiz questions are related to four of the diseases currently having a major impact in UK: 

Phythophthora ramorum, Dothistroma septosporum, Hymenoscyphus fraxinea, Heterobasidion annosum.    
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Table 5.  Summary of choices 

 Share Number 

CHOICES   

Share of ‘Option A’ choices 0.40  

Share of ‘Option A’ choices 0.41  

Share of ‘opt-out’ choices 0.19  

in which share of serial non-participation  0.41  

Frequency of choices for extra tax amounts:   

£10 0.21  

£15 0.18  

£20 0.11  

£30 0.12  

£45 0.11  

£70 0.06  

£120 0.04  

   

SERIAL NON-PARTICIPATION   

Respondents who always selected ‘opt-out’ option 0.08 46 

Reasons for serial opt-out:   

issue not important     0.13 6 

not via tax financing      0.41 19 

measures not effective     0.13 6 

some aspects missing     0.09 4 

dislike the survey             0.04 2 

other reasons (= can't afford more taxes)  0.20 9 
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Table 6.  Results of the model estimations. 

 MIXL 
MIXL + 

demographics 
MIXL + 

knowledge 

Mean    

1. SQ constant + baseline 
-3.604*** 
(0.266) 

1.823      
(1.255) 

0.733        
(1.312) 

    SQ*income  
-0.0004***  
(0.0002) 

-0.0004  
(0.0003) 

    SQ*[heard=yes]  
-0.855**   
(0.338) 

-0.557    
(0.503) 

    SQ*frequency of visits  
-0.331*    
(0.172) 

-0.316    
(0.195) 

    SQ*[worried=much]  
-0.491***   
(0.185) 

-0.443**  
(0.215) 

    SQ*[affected=very 
likely] 

 
-0.328*     
(0.174) 

-0.166    
(0.208) 

2. Control measures     [baseline = clear felling] 

    Clear felling & same 
kind of tree replanting 

  0.926*** 
(0.131) 

0.917***  
(0.133) 

0.991*** 
(0.138) 

    Clear felling & different 
kind of tree replanting 

  1.395*** 
(0.138) 

1.359***   
(0.138) 

0.867*** 
(0.236) 

Quiz score*[clear fell 
& diff. kind replant] 

  
0.222**                                          
(0.087) 

    Thinning 
   1.052***   

(0.139) 
1.035*** 
(0.141) 

0.651**   
(0.267) 

Quiz score* 
[thinning] 

  
0.187*                                                 
(0.097) 

    Chemical or biocide 
spraying 

-0.288*       
(0.167) 

-0.313*     
(0.168) 

-0.297*  
(0.170) 

3. Affected forest benefit    [baseline = carbon storage] 

    Timber production 
0.308***   
(0.094) 

0.310***     
(0.093) 

0.298***  
(0.096) 

    Recreation possibilities 
0.404***  
(0.145) 

0.403***     
(0.143) 

0.363**  
(0.147) 

    Biodiversity 
0.490** 
(0.201) 

0.485**   
(0.202) 

0.529*** 
(0.205) 

    Landscape 
0.375**        
(0.148) 

0.381**  
(0.149) 

0.370** 
(0.152) 

4. Degree of disease spread    [baseline = across the UK] 
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    Locally, excluding 
where you live 

-0.356**   
(0.141) 

-0.365**   
(0.144) 

-0.367** 
(0.153) 

    Locally, including 
where you live 

-0.392***    
(0.077) 

-0.401***    
(0.079) 

-0.379*** 
(0.080) 

5. Extra tax per household 
-0.049***   
(0.004) 

-0.047***  
(0.004) 

-0.049*** 
(0.004) 

Std. Deviation    

sd[SQ] 
2.884***   
(0.227) 

2.795*** 
(0.209) 

2.684*** 
(0.200) 

sd[fell & same replanting] 
0.666***   
(0.194) 

0.591***  
(0.212) 

0.726*** 
(0.188) 

sd[fell & diff. replanting] 
1.336***    
(0.151) 

1.342***   
(0.157) 

1.281*** 
(0.148) 

sd[thinning] 
0.906***   
(0.292) 

1.000***      
(0.234) 

 1.038*** 
(0.232) 

sd[biocide] 
 1.320***     
(0.179) 

1.325***    
(0.171) 

 1.332*** 
(0.185) 

sd[timber] 
0.406**    
(0.191) 

0.201         
(0.521) 

 0.349    
(0.255) 

sd[recreation] 
0.452*       
(0.274) 

0.311          
(0.316) 

0.641** 
(0.301) 

sd[biodiversity] 
0.533    

(0.374) 
 0.738** 
(0.301) 

 0.453    
(0.619) 

sd[landscape] 
0.169          

(0.410) 
0.258          

(0.375) 
0.320     

(0.248) 

sd[local, not nearby] 
0.473           

(0.375) 
0.705**   
(0.338) 

0.985*** 
(0.315) 

sd[local, incl. nearby] 
0.080       

(0.373) 
0.194      

(0.209) 
0.275     

(0.212) 

sd[extra tax] 
 0.042***     
(0.003) 

0.040***    
(0.003) 

0.041*** 
(0.003) 

Model fit:    

N obs. 4432 4432 4432 

AIC 6247.9 6225.3 6216.0 

loglik -3099.9 -3083.6 -3077.0 

Pseudo R2 0.36 0.37 0.38 

Notes:  1. Standard errors of the estimates are reported in parentheses.  

2. Asterixis indicate significance of the estimates at 1%, 5%, and 10% levels.    
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Table 7.  Marginal Willingness-to-Pay estimates (mean effects only, £ per unit change). 

 
MIXL 

MIXL + 
demographics 

MIXL + 
knowledge 

Clear felling & same kind of 
tree replanting 

18.80      
(12.60, 26.00) 

19.50       
(13.20, 27.30) 

20.40        
(14.40, 28.10) 

Clear felling & different kind of 
tree replanting 

28.30       
(21.80, 35.70) 

28.90        
(22.10, 38.00) 

17.85               
(8.45, 29.30) 

Thinning 21.35       
(15.05, 28.25) 

22.00        
(15.80, 30.00) 

13.40               
(3.45, 24.40) 

Chemical or biocide spraying -5.85                  
(-12.00, 0.50) 

-6.65                   
(-13.00, 0.50) 

-6.10                      
(-12.30, 0.90) 

Timber production 6.25               
(2.80, 10.20) 

6.60               
(2.70, 10.30) 

6.15               
(2.30, 9.90) 

Recreation possibilities 8.20             
(2.20, 14.20) 

8.55               
(2.50, 14.45) 

7.50               
(1.45, 13.40) 

Biodiversity 9.95             
(2.00, 17.45) 

10.30               
(2.10, 18.35) 

10.85               
(2.90, 18.75) 

Landscape 7.60             
(1.55, 13.65) 

8.10               
(2.00, 14.00) 

7.60               
(1.70, 13.40) 

Locally, excluding where you 
live 

-7.20                   
(-14.00, -1.35) 

-7.75                      
(-14.40, -1.60) 

-7.55                      
(-14.10, -1.15) 

Locally, including where you 
live 

-7.95                   
(-11.25, -4.75) 

-8.50                      
(-11.85, -5.40) 

-7.80                      
(-11.00, -4.65) 

Notes: 1. WTP values are relative to the baseline attribute levels (respectively clear felling 

without replanting, carbon storage, and spread across the UK). 

2. The 95% confidence intervals provided in parentheses were calculated using the 

Krinsky-Robb procedure. 

3. The only non-significant marginal WTP estimate is for biocide spraying.  
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Table 8.  Willingness to pay estimates for different tree disease control programmes (£ 

per year per household) 

 
MIXL 

MIXL + 
demographics 

MIXL + 
knowledge 

Clear felling without replanting, 
loss of carbon storage service, 
disease spread across the UK 
(baseline scenario – clear felling 
forests everywhere) 

73.01           
(61.62,  87.68) 

-0.04                     
(-34.31, 36.19) 

15.39                     
(-21.14, 52.20) 

Chemical or biocide spraying, 
loss of carbon storage service, 
disease spread locally including 
the region where you live                        
(minimal WTP – local minimal 
actions) 

59.27           
(48.14,  73.66) 

-15.06                     
(-49.02, 21.22) 

1.28                               
(-34.41, 37.81) 

Clear felling with replanting 
with different kind of trees, 
biodiversity badly affected, 
disease spread across the UK 
(maximal WTP – countrywide 
nature-oriented programme) 

111.42           
(96.98, 128.65) 

39.22                     
(5.12, 74.85) 

43.97                     
(6.66, 83.58) 

Clear felling with replanting 
with the same kind of trees, 
decrease in timber production, 
disease spread across the UK 
(same UK commercial forests) 

98.15           
(84.17, 116.44) 

25.77                     
(-7.10, 62.35) 

41.74                     
(5.71, 79.18) 

Clear felling with replanting 
with the same kind of trees, 
decrease in timber production, 
disease spread locally including 
the region where you live  
(same local commercial forests)              

90.17           
(76.79, 107.40) 

17.53                     
(-15.86, 54.19) 

33.87                     
(-2.00, 71.47) 

Clear felling with replanting 
with the same kind of trees, 
worsened recreation potential, 
disease spread locally including 
the region where you live   
(same local recreation)               

92.22           
(78.08, 109.86) 

19.45                     
(-12.76, 55.81) 

35.09                     
(-0.13, 73.46) 

Clear felling with replanting 
with different kinds of trees, 
worsened recreation potential, 

101.77           
(87.83, 119.74) 

28.58                     
(-4.33, 64.05) 

33.19                     
(-3.50, 70.60) 
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disease spread locally including 
the region where you live   
(different local recreation) 

Clear felling with replanting 
with the same kind of trees, 
worsened recreation potential, 
disease spread locally but not in 
the region where you live   
(same recreation for others) 

92.99           
(79.59, 109.90) 

20.31                     
(-12.60, 56.30) 

35.96                     
(-1.59, 74.81) 

Clear felling with replanting 
with the same kind of trees, 
much less attractive landscape, 
disease spread locally including 
the region where you live   
(same local landscape)               

91.72           
(78.43, 108.72) 

19.07                     
(-12.97, 55.62) 

35.27                     
(-0.72, 72.89) 

Clear felling with replanting 
with different kinds of trees, 
much less attractive landscape, 
disease spread locally including 
the region where you live   
(different local landscape)               

101.17           
(87.91, 117.80) 

28.30                     
(-5.31, 64.29) 

33.28                     
(-3.14, 69.13) 

Notes:  1. Simulated median WTP values are reported.  

2. The 95% confidence intervals provided in parentheses were calculated using the 

Krinsky-Robb procedure. 

 

 

 


