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Abstract 

Improved understanding of the benefits of invasive species management is necessary to 

inform economically efficient invasive species management and policy. Motivated by 

this need in the Interior Northwest of the United States, a choice experiment was 
designed to estimate society’s marginal willingness to pay (MWTP) to avoid damage 

costs of invasive plants. Five ecosystem services at risk were included in the 

experiment: wildlife habitat; stream water quality; working landscapes and traditional 
means of livelihood in rural communities; occurrences of rare and threatened plants; 

and outdoor recreation. Multinomial logit (MNL) and latent class (LC) models were 
fitted to the data.  Results allow two important conclusions to be made. First, the MNL 

models revealed that residents have a statistically significant MWTP to improve 

management of invasive plants and protect all ecosystem services examined. The 
MWTP estimates are suitable for integration within bioeconomic models that support 

development of economically efficient invasive plant control strategies. Second, the LC 
models highlighted heterogeneity in preferences about which impacts of invasive plants 

management should address.  This suggests it may be challenging to gain and maintain 

broad political support for invasive plant management without a suite of public 
awareness campaigns tailored to specific segments of the population. 
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1.  Introduction 

The detrimental effects of invasive species on social and ecological systems are 

well documented, spanning both public and private domains (Pimentel et al. 2005; 

Foxcroft et al. 2013).Specifically, economic and natural resource management 

research has shown that invasive species have caused negative impacts, often 

referred to as damage costs, including biodiversity loss (Rice 2005; Clavero et al. 

2009), degraded recreational experiences (Eiswerth et al. 2005; Beville et al. 2012), 

decreased agricultural profitability (Dosdall et al. 2011; Liu et al. 2012), decline in 

real estate values (Horsch and Lewis 2009; Zhang and Boyle 2010) and losses in 

water quality and quantity (Strayer 2010; Crous et al. 2012). In addition, managing 

invasive species through prevention, eradication, or long-term control is costly. In 

2013, the United States Departments of Agriculture, Commerce, Defense, 

Homeland Security, Interior, State, Transportation, and the Environmental 

Protection Agency spent nearly $1.74 billion on prevention, early detection, rapid 

response, and control and management of invasive species (National Invasive 

Species Council 2014). 

Consistent with the prevalent trend throughout the fields of conservation science 

and natural resource management, invasive species management is increasingly 

focused on holistic approaches where interconnected social and ecological systems 

are considered as one system (i.e. a social-ecological system (SES)) and 

investigated through unifying concepts such as bio-economic models (Barbier 

2001; Carrasco et al. 2012), and ecosystem services (Wainger et al. 2008; Pejchar 

and Mooney 2009).This trend is underpinned by the understanding that addressing 

complex environmental problems within SESs result in tradeoffs.  For example, in 

the context of invasive species management, controlling an invasive species may 

impede the recovery of an endangered species (Lampert et al. 2014). A holistic 

approach to invasive species management requires a thorough and nuanced 

understanding of how invasive species affect human welfare. Economic research 

on invasive species achieves, in part, the nuanced understanding that the United 

States Department of Agriculture (2007) asserted is critical to support decisions 

about which pests should be controlled, what types of management strategies 

should be employed, and where and when particular management strategies should 

be used.  

While management or control costs are often observable and relatively easy to 

estimate (Epanchin-Niell and Hastings 2010), estimates of benefits (avoided 

damage costs) of invasive species management programs are much more difficult 

to obtain and often include preliminary attempts to get a ‗number on the table‘ 

(McIntosh et al. 2009). Such estimates offer limited support for development of 

socio-economically efficient invasive species management strategies and policy. 

There are three main reasons why the majority of economic literature on damage 

costs and avoided damage costs of invasive species has limited utility for guiding 

management and policy. First, many economic studies of invasive species have 
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focused on estimating total damage costs at broad spatial scales (e.g. Turpie and 

Heydenrych 2000; Pimentel et al. 2005), which highlight the importance of the 

invasive species problem, but are not useful for informing decision-making at the 

margin. Policy-makers and managers need to know how marginal avoided damage 

costs compare with the marginal control costs of particular invasive species 

management programs in specific landscapes (de Lange and van Wilgen 2010; 

Robison et al. 2010; Peh et al. 2015). 

Second, most published studies focus on market costs of invasive species for 

particular stakeholder groups (e.g. reduced agricultural profitability), although the 

magnitude of damage costs to non-market goods and services that benefit society at 

large are thought to account for substantially more than 50% of the total economic 

value of invasive species damage costs (Lovett 2000; Born et al. 2005; Pimentel et 

al. 2005; Kaiser 2006). In particular, there are a lack of studies that employ stated 

preference non-market valuation techniques to estimate avoided damage costs of 

invasive species in terms of both use (e.g. recreation) and non-use values (e.g. 

bequest and existence values) (Rolfe and Windle 2014). Of the limited number of 

stated preference studies performed, most focus on invasive aquatic plant species 

(Rolfe and Windle 2014). A better understanding of societal preferences for 

invasive species management is important for gaining political support for 

investment of taxpayer dollars in control, and for understanding mismatches 

between public wants and expert opinions regarding the desired outcomes of 

control (Othman et al. 2004; McIntosh et al. 2010; Garrod et al. 2012; Marbuah et 

al. 2014). 

Third, most studies that have estimated market or non-market damage costs of 

invasive species have done so by estimating replacement costs or expenditure 

reductions (e.g. Hirsch and Leitch 1996; Eiswerth et al. 2005; Juliá et al. 2007), 

which ignore changes in consumer and producer surplus and therefore 

underestimate damage costs. Surplus measures, not replacement costs, are needed 

to inform a ―consistent and rigorous baseline against which we can judge the net 

value of any given set of policy options‖ (McIntosh et al. 2009:156).  

Our goal was to contribute to the limited literature estimating society‘s marginal 

willingness to pay (MWTP) to avoid damage costs from invasive species. The 

design of the choice experiment facilitated estimation of marginal changes in 

surplus arising from alternative levels of provision of use and non-use ecosystem 

services due to invasive species management. This case study is the first choice 

experiment to have focused on invasive plant management in the Interior 

Northwest of the United States of America. The MWTP estimates reported are 

suitable for inclusion in bio-economic models that support development of efficient 

invasive plant control strategies.  In addition, the regional scale latent class model 

highlights heterogeneous social preferences for invasive species management, 

adding nuance to the understanding of who reaps benefits from invasive species 

management. 



T. J. Venn, M. J. Wibbenmeyer, C. A. Armatas and T. S. Prather / Arthaniti 15(2) / 2016 / 46 

 

The paper proceeds with a description of the case study area. Section three 

provides an overview of the design and implementation of the choice experiment. 

Section four explains the models used to estimate preferences for invasive plant 

management and section five presents the results. The sixth and seventh sections 

discuss the implications of the choice experiment for managers and policy-makers 

and provide concluding remarks, respectively. 

 

2. Study Area 

The study area spans about 42 M ha in western Montana, eastern Oregon, and 

Idaho, as illustrated in Figure 1.  Like much of the western United States, the study 

area is dominated by public land managed by state and federal agencies. Only 

about one-third of the study area is privately owned, with the majority of the 

remaining land managed by either the Bureau of Land Management (BLM, 21%) 

or the United States Forest Service (USFS, 37%). A large portion (607,000 ha) of 

the land labeled as State, County, and Other Federal in Figure 1, is under the 

jurisdiction of the Bureau of Indian Affairs.  This land encompasses the sovereign 

nations of several Native American tribes, including the Confederated Salish and 

Kootenai Tribes, the Confederated Tribes of the Umatilla Indian Reservation, and 

the Nez Perce Tribe. The study area is largely rural, with a total population of 

nearly 2.3 M, only one city exceeding 100,000 people, and a population density of 

4.6 persons per square kilometer as compared to the continental U.S. population 

density of 35.2 persons per square kilometer. Agriculture and outdoor tourism and 

recreation are examples of important industries in the study area that are reliant 

upon a healthy environment. 
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Figure 1. Study area in the Interior Northwest of the United States 

 

Note: The study area includes all of Idaho.  The counties that comprise the Montana portion 

of the study area are: Beaverhead, Broadwater, Deer Lodge, Flathead, Gallatin, Granite, 

Jefferson, Lake, Lewis and Clark, Lincoln, Madison, Mineral, Missoula, Powell, Ravalli, 

Sanders, and Silver Bow. The counties that comprise the Oregon portion of the study area 

are: Baker, Grant, Harney, Malheur, Umatilla, Union, and Wallowa. 
 

The study area is ecologically diverse, containing high mountainous areas, semiarid 

sagebrush grasslands with extreme seasonal variation in temperature, and large 

coniferous forests (Holechek et al. 1998).  Within the study area, 135 invasive plant 

species are listed on state noxious weed lists.  These species include invasive 

grasses like cheat grass (Bromustectorum), forbs like knapweeds (e.g. 

Centaureastoebe and Centaureasolstitialis), and shrubs such as tamarisk (Tamarix 

spp.) and Scotch broom (Cytisusscoparius). In part due to the diversity among 

invaders and in part due to the various landscapes they invade, invasive plants have 

diverse economic impacts across the study area, for example, on agricultural 

productivity and recreation expenditures. Additionally, the large swaths of public 

land in the study area protect wildlife habitat and water quality, but both are 

negatively affected by invasive plants. Taxpayer-funded invasive plant control 

costs amounted to between $11 M and $15 M per annum in each of the states of 

Idaho, Oregon, and Montana in 2008 and 2009 (Wibbenmeyer 2010). 
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3. Survey design and implementation 

A choice experiment survey was designed to collect information to support 

development of socio-economically efficient invasive plant management strategies 

for the Interior Northwest of the United States.  The management of specific 

invasive plants, such as yellow star-thistle (Centaureasolstitialis) and rush 

skeletonweed (Chondrillajuncea), is important to natural resource managers in the 

study area. However, to make the survey more germane for the general public, the 

survey addressed the management of terrestrial invasive plant species generally to 

protect the provision of important ecosystem services. The survey asked 

respondents their willingness-to-pay for increases in annual taxes to achieve 

particular outcomes regarding provision of important ecosystem services in 10 

years. A 10-year time horizon balanced concerns for realism with concerns that the 

time horizon be near enough that respondents could envision how proposed 

changes might affect them.  

Selection of the attributes for the choice experiment was completed via focus 

groups held in Missoula, Montana, and Boise, Idaho, in October 2009. The focus 

groups were attended by experts in invasive plant management from a variety of 

organizations, including Native American tribes, conservation groups, recreation 

groups, and county, state, and federal government agencies.  The focus group 

discussions were centered on identifying and defining the most important 

ecosystem services at risk from invasive plants, the study area and the payment 

mechanism. Based on recommendations from focus group participants, the final set 

of choice attributes included in the questionnaire were recreation, wildlife habitat, 

water quality, occurrences of rare and threatened plants, and rural communities. 

The full choice attribute definitions (as provided to respondents) and methods for 

estimating the status quo and alternative levels of achievement for each choice 

attribute were discussed and agreed to by focus group participants and are available 

in Wibbenmeyer (2010). Brief definitions and the achievement levels for each 

choice attribute are reported in Table 1, but short descriptions of some attributes 

are warranted here to aid interpretation of results. 
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Table 1. Definitions and alternative levels of achievement for choice attributes 

Attribute  Description 

Status 

quo 

level 

Alternate 

levels 

RECREATION The percent of your outdoor recreation 

experiences that will be seriously impacted by 

invasive weeds 10 years from now. 

15 5, 10, 30 

WILDLIFE  The percent of wildlife habitat in your state that 

will be protected from invasion by invasive 

weeds in ten years. 

80 65, 75, 88, 

93 

 

WATERQ  The number of kilometers of perennial streams 

and rivers, including very small streams, in your 

state that are likely to be listed by the U.S. 

Environmental Protection Agency (EPA) as 

threatened or impaired by sediment due to 

invasive weeds in 10 years1. 

+380 +670, 0,  

-160 

PLANTS The number of occurrences of rare and threatened 

plant species in your state that will be lost due to 

invasive weeds in 10 years. 

-20 -40, -15, 0 

 

RURAL 

COMMUNITIES 

The number of jobs in agriculture in your state 

that will be lost due to the spread of invasive 

weeds over the next ten years. 

-190 -500, -280,  

-130, 0 

 

COST How much your household will pay each year 

over the next ten years in federal, state, and local 

taxes to fund weed management in your state. 

20 10, 30, 50, 

100, 220 

 

Note: 1.The survey instrument received by respondents reported length of degraded stream in miles. 

For the purposes of publication, these have been adjusted to kilometers. 

The recreation attribute was broadly defined because of the diverse range of effects 

that invasive plants can have on recreation activities, and the wide variety of 

outdoor recreation people participate in.  Invasive plants have many impacts on 

water quality, including impacts on flow, temperature and sedimentation. Defining 

and quantifying an attribute that addressed each of these impacts explicitly was not 

possible, so it was determined by focus group participants that the water quality 

attribute would focus on sedimentation. The rural communities attribute entered the 

survey as a proxy for the desire to maintain rural working landscapes and 

traditional means of livelihood. The attribute regarding rare and threatened plant 

occurrences was an attempt to accommodate concerns about the impact of invasive 

plants on native plant diversity and abundance in a quantifiable metric 

understandable to the average respondent.  

Given only one-third of the study area is private land, with the majority of the 

remaining two-thirds federally owned, the only believable payment vehicle to 

support large-scale invasive plant management in the study area was taxes that 

fund management by government agencies. The status quo cost per household was 

estimated from federal, state and county allocations of taxes to invasive plant 

management over the period 2008to2009 in the states within the study area 
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(Wibbenmeyer 2010). Respondents were informed that county, state and federal 

taxes are fully committed. Hence, increases in invasive plant management costs 

associated with implementing alternative strategies in the study area would have to 

be funded by increases in their federal, state and county taxes. 

Given the six attributes and their corresponding levels, there are 3456 possible 

combinations of the attributes, which would be infeasible to present to survey 

respondents. An orthogonal main-effects experimental design was developed in 

SAS (Statistical Analysis Software) with the macros developed by Kuhfeld (2005). 

An efficient design size with 80 alternatives had 2 non-status quo alternatives per 

choice set, five choice sets per respondent, and eight survey blocks. Each choice set 

also contained the status quo management alternative, so respondent always had a 

‗no change‘ option. An example choice set is provided in Figure 2. Each 

respondent was randomly assigned one of the blocks and asked to select their 

preferred alternative from each of the five choice sets they received. 
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Figure 2. Choice set example 

 

The survey was a 19-page color booklet with a large attention grabbing photo on its 

cover page.  The first section included questions regarding the respondent‗s 

residence and experience with invasive plants. The second section provided 
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information on invasive plants, including how they invade landscapes and the types 

of damage they cause, as well as specific information on five invasive plants that 

are problematic within the study area. The third section included the choice sets, 

and provided definitions of the attributes found in the choice sets. The final section 

requested information about the respondents (e.g. age, sex, occupation, income, 

and level of education) and their opinions about the survey. 

The survey was reviewed by focus group participants and pre-tested at a shopping 

mall. Following some minor modifications, 1200 copies were mailed to a stratified 

random sample of residents in the study area to ensure an adequate number of 

responses were obtained from rural counties. A rural county was defined as 

acounty that did not have a city with a population greater than10,000. Following 

Dillman (2007), a pre-notice letter was sent to respondents, which described the 

survey that would be arriving in one week.  The second contact was the survey 

instrument and included a cover letter that thanked respondents in advance for their 

participation, and a $2 bill incentive payment. A postcard reminder was sent two 

weeks after the survey was mailed. Finally, a replacement survey with a different 

cover letter was sent to recipients whom had yet to return the survey two weeks 

after the postcard reminder. 

 

4. Theoretical models of preferences for plant management 

The choice experiment method was used to estimate demand for protection of 

attributes (ecosystem services) at risk from the spread of invasive plants, thus 

revealing social preferences for invasive plant management priorities. Choice 

experiments have been widely applied to natural resource management problems 

(e.g. Garber-Yonts et al. 2004; Han et al. 2008; Bateman et al. 2009; Boxall et al. 

2009; O‘Donnell et al. 2014). Choice experiments are based on two economic 

theories: Lancaster‘s characteristics theory of value (Lancaster 1966) and random 

utility theory (McFadden 1974). The choice experiment method is described in 

detail in Louviere et al. (2000) and Bennett and Blamey (2001) and brief notes 

describing our application follow. 

The method posits that the utility function for respondent n, with a measured vector 

of socio-economic characteristics, S, and facing j management alternatives that are 

described by outcomes for a vector of ecosystem services at risk, X, can be 

decomposed into observable and unobservable components 

 (1) 

where V represents the observable elements of utility and ε the stochastic 

unobservable elements of utility for the j-th alternative. Assuming that the 

respondent attempts to maximize utility from invasive plant management, the 

random utility model posits that the probability that respondent n chooses 

alternative i in set J is   
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 (2) 

Combining equations (1) and (2), and rearranging terms gives 

 (3) 

To estimate equation (3), the stochastic components are typically assumed to be 

independently and identically distributed (iid) with a Gumbel or Weibull 

distribution. The multinomial logit (MNL) regression model is then used to 

estimate the probability of respondent n choosing alternative i as 

 (4) 

where µ is a scale parameter inversely proportional to the variance of the error term 

and not separately identifiable. This parameter is usually assumed to equal one, 

implying constant error variance (Ben-Akiva and Lerman 1985). 

Three MNL model specifications of the following functional form were fitted to 

the survey data with the statistical software package, STATA. 

 (5) 

where i, j, n, X and S are as defined earlier; β, α and τ are coefficients estimated by 

the model; Z is a scalar of the cost of particular invasive plant management 

strategies (cost levels are reported in Table 1); Q is an alternative specific constant 

(ASC) that is unity for the status quo and zero for the other two alternatives in each 

choice set; and SnXin is a matrix of interactions between the socio-demographic 

characteristics of respondents reported in Table 2 and the ecosystem services at risk 

reported in Table 1. 

The first of the three MNL models was a basic model fit to the entire dataset 

without the interactions, SnXin. Extensive preliminary analyses using standard -

tests of means of preferences for the choice attributes revealed that respondents 

from Idaho and eastern Oregon were statistically indistinguishable, but were 

statistically significantly different from western Montanan respondents. Therefore, 

invasive plant management preferences in the study area are best described by 

separate models for these two regions, and MNL models with covariates were 

fitted separately for (a) Idaho and eastern Oregon, and (b) western Montana. The 

covariates in these two models provide a way of accommodating preference 

heterogeneity and facilitate the weighting of sample preferences (i.e. account for 

sample biases) to represent the population as a whole. 

The MNL models with covariates assume socio-demographic characteristics 

influence preferences independently. Latent class (LC) models provide a more 

nuanced picture of preference heterogeneity by allowing the sample to consist of 

distinct groups within which preferences are homogeneous. LC models are 

considered more appropriate for policy analysis in that they can provide 
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policymakers and managers with an indication of the range of perspectives that 

exist in the population of interest.  This is likely to be helpful in the development of 

campaigns to inform and perhaps persuade the public about the importance of 

action to address a particular problem. 

Following Boxall and Adamowicz (2002), LC models assume the population 

consists of a discrete number of classes (C), and that preferences (i.e. probability of 

choosing alternative j) are homogeneous within class c, but may vary between 

classes. In this paper, class membership has been modelled as a logistic probability 

function of respondents‘ socio-economic characteristics, Sn, as follows 

 (6) 

where all variables are as defined earlier. 

A disadvantage of the LC approach is that the number of population segments must 

be specified a priori or based on goodness-of-fit measures such as AIC (Andrews 

and Currim 2003; Vermunt and Magidson 2005). Separate LC models for Idaho 

and eastern Oregon, and western Montana were estimated using STATA. With no 

persuasive a priori hypothesis regarding the segmentation of preferences within the 

study area, LC models with 1 to 5 classes were fitted to data from both regions. 

The most appropriate number of classes was chosen on the basis of the goodness-

of-fit measures BIC, AIC and AIC-3. 

From the models represented by equations (5) and (6), average household MWTP 

for a one-unit improvement in protection of the k th ecosystem service at risk (X) 

can be estimated by equations (7) and (8), respectively 

 (7) 

 (8) 

where Rm is the fraction of the population of the study area as a whole or region 

(i.e. Idaho and eastern Oregon or western Montana) that falls into each of the m 

socio-demographic characteristic categories reported in Table2, and all other 

parameters are as defined above. 

Following the method of Han et al. (2008), equation (7) produces an adjusted 

average household MWTP that corrects for the potential that respondents to the 

survey were not representative of the socio-demographics of the study area. One 

drawback of LC models is that, to predict class membership, variables within the 

class membership function must be observed jointly, making it challenging to scale 

sample average household MWTP to the population as a whole. For example, U.S. 

Census data applicable to the socio-demographic variables examined in this study 

are not available jointly. For this reason, it is appropriate that estimates of MWTP 

to support economically efficient resource allocation to manage invasive plants be 
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taken from the MNL models with covariates, and the LC models are reported to 

support development of public information programs about invasive plants. 

Aggregate MWTP for Idaho and eastern Oregon, and western Montana can be 

estimated by multiplying the average household MWTP estimates from the MNL 

models with covariates by the 633,728 and 222,312 occupied housing units in these 

regions, respectively (U.S. Census Bureau 2009). The scaling problem associated 

with µ in equation (4) is resolved when one attribute coefficient is divided by 

another, as in equations (7) and (8), since the scale parameter cancels out. 

5. Results 

The survey closed in June 2010 with 569 usable responses from 1109 delivered 

surveys (91 were returned by the post office as undeliverable), for an effective 

response rate of 51%. As is common with postal surveys, respondents in this study 

were on average older, wealthier and better educated than the residents of the study 

area as a whole (Table 2).  These results can largely be attributed to response bias; 

however, the stratification strategy adopted to obtain a sufficient number of 

responses from rural areas explains the high proportion of rural respondents in the 

sample.    
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Table 2. Definitions for socio-economic covariates, and the proportion of 

respondents in the sample and in the population that fall into each of these 

demographic groups 

Socio-

economic 

variable 

Definition State or region Sample 

mean  

(%) 

Population 

mean
a,b

 

(%) 

WEALTHIER = 1 for respondents with 

household income > 

$100,000 per year; = 0 

otherwise 

Idaho 11.0 13.7 

W. Montana 9.3 5.8 

E. Oregon 9.2 5.1 

MORE 

EDUCATED 

= 1 for respondents with 

above a high school-level 

education; = 0 otherwise 

Idaho 45.0 29.7 

W. Montana 46.8 29.6 

E. Oregon 46.0 20.7 

YOUNGER = 1 for respondents younger 

than 50; = 0 otherwise 

Idaho 32.6 59.3 

W. Montana 36.6 55.2 

E. Oregon 30.3 52.1 

RURAL = 1 for respondents self-

identifying as living in rural 

areas; = 0 otherwise 

Idaho 42.4 33.6 

W. Montana 44.3 48.8 

E. Oregon 49.3 42.5 

a.  To be consistent with the survey request that respondents be a head of household 18 years of age 

or older, population means are calculated as percentages of households for household-specific 

variables (WEALTHIER, RURAL), and as percentages of all residents age 18 years or older for 

individual-specific variables (MORE EDUCATED, YOUNGER). 

b. Sources: U.S. Census Bureau (2000), U.S. Census Bureau (2008), U.S. Census Bureau (2009).  

 

Preliminary survey questions revealed that 84% of respondents recognize invasive 

plant management as an important socio-economic problem. Two-thirds of 

respondents indicated that their household is negatively affected by invasive plants 

on nearby public or private land. There is a high level of discontent with invasive 

species management; 44% of respondents asserted that state and federal 

governments are doing too little to control invasive plants. There is also a high 

level of support for the use of herbicides (89%) and non-native insects or plant 

diseases (68%) to control invasive plants.  

The status quo management alternative was selected less than three times (out of 

five choice sets) by 65% of respondents, and 25% of respondents never selected the 

status quo. Only 10% of respondents always chose the status quo management 

option in each of the five choice sets presented to them. A standard -test of means 

of socio-demographic (e.g. state of residence, income, age, education) and 

attitudinal characteristics (including aversion to additional taxes and distrust of 

government) of the respondents who always selected the status quo revealed no 

statistically significant differences relative to the rest of the sample. Their 
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responses do suggest a preference for the status quo; however, given the 

experimental design, they are also evidence of inconsistent preferences with 

respect to the choice attributes. Following Adamowicz et al. (1998), these 

respondents were excluded from the analysis because they adopted a simple heurist 

decision rule and did not invest the time and effort necessary to carefully consider 

the management alternatives. 

The final dataset for analysis included the preferences of 506 respondents for the 

‗without covariates‘ model, 95% of whom completed all five choice sets in the 

survey. The ‗with covariates‘ models and the latent class models for Idaho and 

eastern Oregon, and western Montana, had 336 and 170 respondents respectively.
1
 

 

5.1 Multinomial Logit Models 

Table 3 presents results for the MNL models. In the model without covariates, 

coefficients on all resources at risk are statistically significant at better than the 1% 

level. Higher levels of PLANTS, WATERQ, RURAL COMMUNITIES, 

RECREATION and COST correspond with worse outcomes, so the negative sign 

on the coefficients is expected. Higher levels of WILDLIFE represent an improved 

outcome, so the positive coefficient is expected. 

The ASC coefficient is positive and statistically significant, indicating that 

respondents had a preference for the status quo regardless of the levels of COST 

and ecosystem services. There are complementary rational and psychological 

explanations of this common economic phenomenon, sometimes referred to as the 

status quo effect (SQE) or status quo bias (Thaler 1980; Adamowicz et al. 1998; 

Boxall et al. 2009; Meyerhoff and Liebe 2009; Carlsson 2010). Failing to 

accommodate the SQE in economic models may lead to exaggeration of 

individuals‘ responses to changing economic variables (Samuelson and Zeckhauser 

1988). 

 

  

                                                           
1 These numbers do not add  to 506 because some respondents did not complete questions in the survey related to 

the socio-economic covariates used in the ‗with covariates‘ model (e.g. household income) and were dropped from 

the analysis. 
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Table 3.  Multinomial logit regression results 

 

Variable 
Model without covariates 

Models with covariates 

 Idaho/eastern Oregon Western Montana 

 Coefficient 

estimate 

p-value Coefficient 

estimate 

p-value Coefficient 

estimate 

p-value 

PLANTS -0.0132*** <0.001  0.0022 0.6840 -0.0177** 0.0298 

WATERQ -0.0031*** <0.001 -0.0014*** <0.001 -0.0018*** <0.001 
RURAL COMMUNITIES -0.0039*** <0.001 -0.0035*** <0.001 -0.0038*** <0.001 

WILDLIFE  0.0253*** <0.001  0.0062 0.4520  0.0006 0.9609 

RECREATION -0.0177*** <0.001  0.0046 0.5660 -0.0327** 0.0104 

ASC  0.2519*** <0.001  0.2285*** 0.0010  0.3953*** 0.0001 
COST -0.0072*** <0.001 -0.0078*** <0.001 -0.0062*** <0.001 

WEALTHIER x PLANTS   -0.0146 0.1310 -0.0202 0.2186 

WEALTHIER x WATERQ   -0.0007* 0.0710 -0.0016*** 0.0093 

WEALTHIER x RURAL 

COMMUNITIES 

  -0.0012 0.2320 -0.0004 0.7656 

WEALTHIER x WILDLIFE    0.0205 0.1560  0.0007 0.9776 

WEALTHIER x 

RECREATION 

  -0.0252* 0.0960 -0.0239 0.3149 

MORE EDUCATED x 
PLANTS 

  -0.0051 0.3970 -0.0215** 0.0100 

MORE EDUCATED x 

WATERQ 

  -0.0007*** 0.0030 -0.0006* 0.0909 

MORE EDUCATED x 
RURAL COMMUNITIES 

   0.0001 0.9180  0.0001 0.8570 

MORE EDUCATED x 

WILDLIFE 

   0.0025 0.7940  0.0222* 0.0936 

MORE EDUCATED x 
RECREATION 

  -0.0192** 0.0420 -0.0164 0.2089 

YOUNGER x PLANTS   -0.0075 0.2390  0.0019 0.8249 

YOUNGER x WATERQ   -0.0003 0.1790  0.0004 0.2047 

YOUNGER x RURAL 
COMMUNITIES 

  -0.0013** 0.0470 -0.0017* 0.0512 

YOUNGER x WILDLIFE    0.0382*** <0.001  0.0155 0.2639 

YOUNGER x 
RECREATION 

  -0.0146 0.1400  0.0072 0.5998 

RURAL x PLANTS   -0.0169*** 0.0050  0.0215** 0.0113 

RURAL x WATERQ   -0.0001 0.6400 -0.0003 0.4319 

RURAL x RURAL 
COMMUNITIES 

   0.0003 0.6340 -0.0002 0.8471 

RURAL x WILDLIFE    0.0112 0.2250  0.0243* 0.0806 

RURAL x RECREATION    -0.0119 0.1980  0.0373*** 0.0049 

Number of observations  7365  4590  2394  

Number of parameters 7  27  27  
Log L -2300.58  -1404.5  -706.3  

McFadden‘s R-squared 0.1416  0.1584  0.1891  

Adjusted McFadden‘s R-
squareda 

0.1390  0.1422  0.1582  

Note: *, **, *** denotes statistical significance at the 10%, 5%, and 1% level, respectively. 

a. Adjusted McFadden‘s R-squared penalizes models with large numbers of parameters. 
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In the two models with covariates, the coefficients on the ecosystem services at risk 

reflect change in probability of an invasive plant management strategy being 

selected for a base-case group of respondents who do not fall into any of the 

covariate categories. That is, they reflect the preferences of people under 50 years 

who live in households with incomes under $100,000 per annum, have no more 

than a high school level of education, and live in an urban setting. Coefficients on 

socio-economic covariates represent the differences in preferences for the relevant 

socio-economic group relative to preferences of base case respondents. 

Concerns about water quality and jobs within rural communities were important to 

respondents in Idaho and eastern Oregon. The level of PLANTS, WILDLIFE and 

RECREATION did not have a statistically significant effect on the probability of 

an invasive species management option being selected. Management preferences of 

high income and highly educated households were motivated by improved 

RECREATION outcomes. Younger respondents were the only socio-economic 

group with a statistically significant preference for management strategies that 

improved WATERQ and WILDLIFE, and rural households were the only socio-

economic group with a statistically significant preference for protection of 

PLANTS. 

Base-case respondents in western Montana expressed statistically significant 

invasive plant management preferences for protection of PLANTS, 

RECREATION, WATERQ and RURAL COMMUNITIES. As in Idaho and 

eastern Oregon, higher income respondents and younger respondents in western 

Montana demonstrated greater concern than base case respondents for WATERQ 

and RURAL COMMUNITIES, respectively. Highly educated respondents in 

western Montana demonstrated greater preference for PLANTS, WATERQ, and 

WILDLIFE than base-case respondents. Rural respondents were less concerned 

than base case respondents about protection of PLANTS and RECREATION, but 

demonstrated greater preference for protection of WILDLIFE. 

Table 4 reports average household MWTP for the models without and with 

covariates. Confidence intervals (95% level) highlight that all average household 

MWTP estimates are statistically significantly different from zero. The estimates 

from the models with covariates were estimated with eq. (7) to be representative of 

the populations of the two regions in the study area. With the exception of 

WILDLIFE, residents of western Montana have higher average household MWTP 

for all ecosystem services at risk than residents from Idaho and eastern Oregon.  
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Table 4.   Average household MWTP to manage invasive plants in the study area.  

Attribute Marginal unit 

Model without 

covariates 

Models with covariates 

Idaho/eastern Oregon Western Montana 

Average household 

MWTP (95% 

confidence interval) 

Average household 

MWTP (95% 

confidence interval) 

Average household 

MWTP (95% 

confidence interval) 

PLANTS 1 plant occurrence -$1.8 (-$2.5, -$1.2) -$1.5  (-$2.7, -$0.3) -$2.2 (-$4.6, -$0.1) 

WATERQ 1 stream km -$0.4 (-$0.5, -$0.4) -$0.2  (-$0.3, -$0.2) -$0.3   (-$0.5, -$0.1) 

RURAL 

COMMUNITIES 

1 job -$0.5 (-$0.6, -$0.5) -$0.5 (-$0.7, -$0.4) -$0.8   (-$1.2, -$0.3) 

WILDLIFE 1 percentage point  $3.5 ($2.5, $4.5)  $4.6    ($2.7, $6.5)  $4.4      ($0.5, $8.4) 

RECREATION 1 percentage point -$2.4 (-$3.5, -$1.5) -$2.2 (-$4.0, -$0.4) -$2.7(-$5.8, -$0.4) 

ASC   $35.9 ($18.3, 

$55.4) 

 $29.4 ($2.6, $56.1)  $63.5 ($0.0, 

$127.0) 

 

The WTP calculation for the SQE is τ/α, resulting in a WTP of $29.40 and $63.50 

annually for the next 10 years for status quo invasive plant management in Idaho 

and eastern Oregon, and western Montana, respectively. Ignoring the ASC is likely 

to overestimate WTP when evaluating alternative invasive plant management 

strategies. Subtracting the WTP for the status quo from the WTP for any 

management strategy that deviates from the status quo will provide a conservative 

interpretation of preferences and may represent a lower bound WTP (Garber-Yonts 

et al. 2004; Boxall et al. 2009).  

Aggregate MWTP of residents in the study area to protect ecosystem services from 

invasive plants are reported in Table 5. Although the average household in western 

Montana generally has a higher MWTP, Idaho and eastern Oregon have a higher 

population and higher aggregate household MWTP. These estimates reveal, for 

example, that residents in Idaho and eastern Oregon, and western Montana are 

willing to pay $0.9 M per year and $0.5 M per year for 10 years, respectively, to 

avoid the loss of one occurrence of a rare or threatened plant. 

Table 5. Aggregate MWTP to manage invasive plants in the study area 

Attribute 10% change from 

status quo 

Idaho/eastern Oregon Western Montana 

Aggregate 

MWTP ($) 

 

WTP for a 

10% change 

from the 

status quo ($) 

Aggregate 

MWTP ($) 

 

WTP for a 

10% change 

from the 

status quo 

($) 

PLANTS 2 plant occurrences -$926,690 -$1,853,381 -$490,170 -$980,340 

WATERQ 38 stream km -$155,940 -$5,988,112 -$70,237 -$2,697,115 

RURAL 

COMMUNITIES 

19 jobs -$343,941 -$6,534,888 -$169,230 -$3,215,372 

WILDLIFE 8 percentage points $2,912,333 $23,298,665 $987,579 $7,900,631 

RECREATION 1.5 percentage points -$1,369,443 -$2,054,165 -$596,969 -$895,453 

ASC  $18,607,027  $14,110,018  
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Note that since the units of measure for the levels of each choice attribute differ, it 

can be misleading to infer socially efficient protection priorities from the MWTP 

estimates in Tables 4 and 5. One way to interpret the results so as to reduce this 

effect is to estimate WTP for a specific percentage improvement, say 10%, in 

levels of each attribute from the status quo. This is also reported in Table 5 and 

reveals that wildlife habitat protection had the highest aggregate household MWTP 

and the highest WTP to improve outcomes by 10% in both Idaho and eastern 

Oregon, and western Montana. Despite RURAL COMMUNITIES and WATERQ 

having the fourth and fifth highest aggregate household MWTP in both regions of 

the study area, they have the second and third highest WTP to improve outcomes 

by 10%, suggesting society places a higher level of importance on these ecosystem 

services than revealed by casual interpretation the MWTP estimates. 

5.2 Latent Class Models  

Results from latent class analysis are presented in Table 6. A three-class model was 

best for Idaho and eastern Oregon, while a two-class model was best for western 

Montana.  RURAL was not a statistically significant determinant of membership in 

any class, indicating that membership in alternative perspectives on invasive plant 

species management in the study area does not align with ‗city‘ or ‗country‘ 

residence. 

In Idaho and eastern Oregon, class 1 (41% of the sample) members are more likely 

to be older than 50 years, not highly educated, and have an annual household 

income less than $100,000. They exhibit preferences similar to the base-case of the 

MNL model with covariates, having low MWTP for RURAL COMMUNITIES 

and WATERQ, while coefficients on the remaining ecosystem services are not of 

the expected signs.  Members of this class can be characterized as valuing 

utilitarian ecosystem services, but not environmental values and recreation. 
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Class 2 (30% of the sample) is not clearly defined by specific socio-economic 

traits, although high household income is statistically significant. Nevertheless, the 

utility function for class 2 is distinctive. They strongly favored non-status quo 

invasive plant management alternatives (negative ASC coefficient) irrespective of 

the cost and levels of ecosystem services, and also had the highest MWTP for all 

ecosystem services, except WILDLIFE. Members of class 2 can be described as 

highly concerned about the current trajectory of invasive plant management.   
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Membership characteristics of class 3 (30% of the sample) in Idaho and eastern 

Oregon are the opposite of class 1.  Class 3 has substantially higher MWTP for all 

ecosystem services than class 1, and has the highest MWTP for WILDLIFE.  Class 

3 members can be thought of as being concerned about the effects of invasive 

plants on all ecosystem services examined in this study, but still being somewhat 

averse to change, as indicated by a statistically significant ASC coefficient.   

The LC model for western Montana revealed a large class, containing almost 80% 

of the sample, whose members are less likely to have high household incomes and 

high levels of educational attainment.  Members of this class appreciate invasive 

plant management strategies that improve outcomes for all ecosystem services 

considered in this study.    

In contrast, members of class 2 for western Montana have high MWTP for 

PLANTS, WATERQ and WILDLIFE, but statistically insignificant preferences for 

the use values RURAL COMMUNITIES and RECREATION. This class can be 

described as being strongly motivated to protect non-use values, and indifferent 

towards protection of the use values RURAL COMMUNITIES and 

RECREATION. 

6. Discussion 

Residents of the study area are willing to pay to reduce impacts of invasive plants 

on all ecosystem services considered in this study. While priority ordering of the 

attributes to be protected from invasive plants is challenging because of differences 

in units of marginal change, the results do suggest residents reserve their highest 

MWTP for protection of WILDLIFE, followed by RURAL COMMUNITIES and 

WATERQ, and then RECREATION and PLANTS. 

Given socio-economic, ecological and sampling differences between non-market 

valuation studies, as well as differences in the way attributes are defined, quantified 

and valued, direct comparisons of WTP estimates with other studies may not be 

particularly meaningful. Nevertheless, comparisons are helpful as a check that 

estimates are in the right ‗ball park‘, and to generate confidence in the numbers so 

as to encourage their use in support of policy and management.  

The high MWTP to protect WILDLIFE reported in Tables 4 and 5 makes it 

apparent that the economic efficiency of invasive plant control treatments in the 

study area will be especially sensitive to their effectiveness at reducing invasion of 

wildlife habitat. Our MWTP estimate compares favorably with other studies in the 

western United States that have estimated WTP to protect the ecological integrity 

of wildlife habitat (e.g. Loomis and González-Cabán 1998; Garber-Yonts et al. 

2004; Meldrum et al. 2013; O‘Donnell et al. 2014). Our findings also compare 

favorably with other studies from the United States and internationally that have 

estimated MWTP to maintain or enhance populations of rare plants, and protect 

water quality and recreation opportunities from invasive plants and other threats 
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(e.g. Zhang and Boyle 2010; Beville et al. 2012; Cerda and Losada 2013; 

O‘Donnell et al. 2014; Yao et al. 2014). 

We did not find a published study that used stated preference methods to value the 

avoidance of job losses. However, Armatas et al. (2014) revealed a prevalent 

perspective among residents in northwest Wyoming (about 300 km from our study 

area) that the preservation of rural livelihoods is important to people. In that study, 

respondents with no family connection to working farms identified several non-

market benefits associated with preserving rural livelihoods, including preservation 

of the ranching culture and the working rural landscape against residential 

development. It is conceivable and legitimate that respondents to our survey were 

considering a diverse set of market and non-market benefits arising from the 

protection of RURAL COMMUNITIES when selecting their preferred invasive 

plant management strategies. Viewed in this light, it is appropriate that aggregate 

annual household MWTP is several times the market value of a rural job. 

The aggregate household MWTP estimates can be used to evaluate the economic 

efficiency of invasive plant management programs implemented in addition to (not 

in replacement of) status quo management. For example, suppose an invasive plant 

control program is designed for western Montana that will improve outcomes for 

all ecosystem services evaluated in this study by 10% relative to the status quo. 

According to Table 5, the aggregate annual benefit of this program would be 

between a conservative lower bound of $1.5 M and $15.7M
2
 (i.e. $7 to $71 per 

household per year), and the program would be economically efficient so long as 

projected annual costs of achieving the 10% improvement are not greater than the 

benefits. It is noted that the MWTP estimates reported in this paper should be 

considered as a lower bound estimate of household MWTP to improve 

management of invasive plants, since many other benefits of invasive plant control 

were not valued. 

In practice, evaluation of the economic performance of an invasive plant control 

program is more challenging than the previous paragraph might suggest. This is 

because the benefit of an additional unit of control is not simply the damages 

avoided today in the treated area, but the discounted future sum of damages 

avoided on the treated area, plus damages avoided in areas that would have been 

invaded by progeny of the invasive plants in the treated area. Integrated biological 

and economic (bioeconomic) models are necessary to simulate these benefits, and 

require: (a) a spatially and temporally explicit invasive plant presence and spread 

model; (b) a spatially and temporally explicit invasive plant control model that can 

simulate the cost and effectiveness (in containing the invasive species) of 

alternative treatments; (c) models that relate the level of invasive species on a 

landscape to impacts on provision of ecosystem services; and (d) estimates of 

MWTP to avoid impacts on provision of ecosystem services. Elements (a) and (b) 

                                                           
2 The aggregate household MWTP for the status quo was deducted from $15.7 M to provide the conservative 

lower bound interpretation of preferences. 
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are increasingly available (e.g. Shafii et al. 2004; Tian et al. 2004; Frid et al. 2013; 

Aracena et al. 2014; Shafii et al. 2014; West et al. 2014). This study is an example 

of the growing body of research addressing element (d). The element in greatest 

need of research is (c). For example, how many hectares at what level of infestation 

are necessary for a particular invasive plant species to degrade water quality in a 

one kilometer stretch of stream? 

While estimates of aggregate household MWTP from MNL models are useful, they 

do mask the heterogeneity in invasive species management preferences that can 

contribute to political challenges in putting policies into practice, particularly if 

management involves high costs or other inconveniences to households. In both 

regions (Idaho and eastern Oregon, and Montana) of the study area, the majority of 

respondents were members of classes that had statistically significant MWTP for 

invasive plant management that protected all ecosystem services examined. In 

Idaho and eastern Oregon, the utility function for members of class 2 (30% of the 

sample) indicated a high MWTP for change away from status quo management of 

invasive plants, and high MWTP to protect all ecosystem services at risk. 

Nevertheless, members of class 1, representing 41% of the sample in that region, 

were indifferent towards or had negative preference for invasive plant management 

targeted at protecting PLANTS, WILDLIFE and RECREATION. This suggests 

that invasive plants public education campaigns and management must include a 

strong focus on WATERQ and RURAL COMMUNITIES to ensure political 

acceptability in Idaho and eastern Oregon.  

An alternative focus for public awareness campaigns and management appears 

warranted in western Montana. The ecosystem services positively valued by both 

classes were PLANTS, WATERQ and WILDLIFE. Class 1 members also 

expressed preferences for protecting RURAL COMMUNITIES and 

RECREATION; however, members of class 2 (22% of the sample) were 

indifferent towards protecting these use-value centric ecosystem services. Public 

education campaigns and management in western Montana must accommodate 

non-use values to facilitate engagement with this class of higher income and higher 

educated households who have the highest MWTP for PLANTS, WATERQ and 

WILDLIFE in western Montana.   

 

7. Conclusion 

The dearth of marginal surplus estimates of the value society at large places on 

controlling invasive species to protect use and non-use ecosystem services means 

that invasive species management and policy is often developed with limited 

economic reasoning (Shogren et al. 2006). This can result in under-funded control 

programs and limited political support for control efforts that are funded due to 

mismatches between public wants and expert opinion about protection priorities. 

This case study represents an important contribution to the literature valuing the 
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non-market benefits of invasive plant management and is the first choice 

experiment to have focused on societal preferences for invasive plant management 

in the Interior Northwest of the United States of America. 

The results of this study allow two important conclusions to be made. First, the 

research demonstrates residents in the Interior Northwest of the USA place 

significant non-market values on ecosystem services threatened by invasive plants. 

These encompass both use and non-use values relating to protection of occurrences 

of rare and threatened plants, water quality, rural communities, wildlife habitat and 

recreation opportunities. Second, the results highlight the heterogeneity in 

preferences to reduce the impacts of invasive plants. The heterogeneity suggests 

that it may be challenging to gain and maintain broad political support for invasive 

plant management and may result in segmented appeals to media outlets utilized by 

each class of respondent. The results from the latent class analysis are useful for 

informing the design of public information and awareness campaigns, and 

management in the study area. 

As respondents are unlikely to have been focused on particular invasive species, 

but rather on the type of damages that might be averted with appropriate 

management, the marginal willingness to pay (MWTP) estimates reported here 

may be suitable for benefit transfer to other issues that have similar potential 

impacts on the ecosystem services examined in this study. These estimates are also 

appropriate for integration within bioeconomic models to support development of 

economically efficient invasive plant control strategies. However, an important 

area for future research is to relate the level of invasive species infestation in space 

and time to changes in provision of particular ecosystem services. This will enable 

the estimation of change in quantity and quality of ecosystem services due to 

management, which must be multiplied by MWTP to predict welfare change. 
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