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Abstract 

 

The Northern Spotted Owl is an endangered species that requires old-growth forests in southwest 

mainland British Columbia for its survival. Policies to save the owl focus on habitat preservation 

and include trade-offs between removing old-growth forests from timber harvesting allocations, 

and preservation of an animal with no direct market value. The majority of forests are public 

land and determining the proper trade-offs requires knowledge of the general public‟s 

preferences. Existence values for the Spotted Owl may be confounded with their habitat (i.e. old-

growth forests), or other old-growth dependent species at risk, where the old-growth forests can 

exist without these species, but not vice versa. This study uses a stated preference, multi-

attribute, trade-off approach to measure these values separately, but in the context of each other. 

Risk (success of conservation) is also included into the valuation. The study surveyed the general 

public of the Lower Mainland using a web-based format. 

 

Keywords: Contingent Choice, Latent Class Model, Existence Value, Species at Risk, Risk, 

Old-Growth Forest, Spotted Owl 
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1. Introduction 

The Northern Spotted Owl is close to extirpation in Canada (Chutter et al. 2004). This 

medium-sized owl‟s habitat stretches from northern California to southwest mainland British 

Columbia and the population is declining on both sides of the border. Although total population 

estimates vary from 3000 to 6000 breeding pairs, less than six breeding pairs currently exist in 

BC (Chutter et al. 2004) which is down from an estimated historic high of 500 breeding pairs 

(Blackburn et al. 2002). In Canada, the Spotted Owl‟s
1
 current and suitable habitat is in 

southwest mainland British Columbia. 

 

Conservation efforts to save an endangered species are inherently risky. The Spotted Owl 

faces many threats to its survival such as competition and predation from other animals, habitat 

loss, climate change and disease. At best, conservation efforts can only reduce the risk of these 

threats, not remove the threats entirely. From the general public‟s perspective, any risk 

associated with a conservation plan could potentially alter the preferences associated with such a 

plan. Given that the general public derive value from protecting species at risk and also 

ultimately pay for such efforts, policy makers can benefit from understanding the public‟s 

perception of risk when attempting to preserve any species. 

 

Risk is a multi-dimensional concept and therefore, to avoid ambiguity, it is necessary to 

define this term. At a broad level, risk is the combination of two properties: the probability or 

chance of an event occurring and the magnitude or consequence if the event does occur (Hanley, 

Shogren and White, 2007). A risky outcome is different from an uncertain outcome. Risk refers 

to a situation where the probability of achieving an outcome is known, and uncertainty refers to 

situations where there is no way to quantify the chance of an outcome. For this project, we 

assigned a probability to any potential outcome and, therefore, the correct terminology would be 

risk.  

In environmental economics, two broad types of risk prevail: endogenous and exogenous 

risk (Hanley, Shogren and White, 2007). Endogenous risk refers to situations where an 

individual is capable of altering the probabilities or consequences of a risky situation. For 

example, an individual can alter the health risks associated with drinking tainted water by buying 

bottled water, placing a filter on their tap, or boiling the water. Exogenous risk refers to a 

situation where the individual has no control over the probabilities. For example, an individual 

has no control over the probability or severity of an earthquake, or climate change. In the context 

of this project, the survival of a species at risk is an exogenous risk because an individual cannot 

influence the probability of Spotted Owl survival. Although an individual could technically 

affect the Owl‟s survival by rounding up the Owls and commencing a captive breeding program, 

or by purchasing large plots of suitable habitat, these situations appear unfeasible. Given the 

limited success of captive breeding programs and that buying enough suitable habitat is out of 

reach of the majority of individuals, suggests this risk is exogenous. 

 

                                                 
1
 Three subspecies of the Spotted Owl exist in North America. This report focuses on the Northern 

Spotted Owl (Strix occidentalis caurina) whose range extends from northern California to southern 
British Columbia. In this report, the term ‘Spotted Owl’ will refer to the Northern Spotted Owl unless 
otherwise specified. 
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With few exceptions, stated preference surveys present options to respondents with 

certainty, or at least, implied certainty. A respondent states his or her willingness-to-pay to 

protect an endangered species under the instructions that any future outcome could happen. As 

pointed out by Roberts, Boyer and Lusk (2008), some may argue that uncertainty or risk is of no 

consequence in stated preference work, as the respondent‟s value for the final state of nature is 

the primary focus, and adjustments that incorporate risk can occur from an ex-post perspective 

(i.e. after the state of the world has been revealed).  

 

Expected utility theory (EUT) has played a leading role in modelling people‟s choices 

under risk. Generally, the model is formulated as such: 

 

)(*...)(*)(*)( 2211 hh xUxUxUPEU         1 

 

where the expected utility (EU) of a plan (P) is equal to the utility (U) for outcome (x) multiplied 

by the probability (π) of this outcome happening, summed over all possible states of the world 

(where there are „1‟ through „h‟ possible states). Put into the context of this project, the expected 

utility for a conservation plan that could save the Spotted Owls is equal to the utility associated 

with all possible states of nature (i.e. success and failure) multiplied by the probability of each 

state of nature actually occurring. However, numerous empirical studies suggest that ex-post (i.e. 

after the state of the world has been revealed) adjustments to utility may not always reflect an ex-

ante perspective (i.e. before the state of the world has been revealed). 

 

Ex-post adjustments using the expected utility formula assume that the general public 

perceives probability objectively. However, empirical evidence from monetary lotteries suggests 

that individuals usually perceive probability subjectively (Kahneman and Tversky, 1979). In 

these instances, a decision weight (n) is attached to the objective probability (π) such that (n*π) 

does not always equal (π) (Prelec, 1998). Typically, subjects will over-weight low probability 

events and under-weight high probability events. Therefore, ex-post adjustments to utility could 

over- or under-represent a respondent‟s ex-ante value for a species at risk. If differences between 

ex-post and ex-ante perspectives are systematic then one can adjust for the differences; however, 

individuals may have heterogeneous preferences when confronted with supply uncertainty. A 

study by Harrison and Rutstrom (2006)
 2
 shows that approximately half the respondents utilised a 

decision-making process best described by expected utility theory while the remaining 

respondents subjectively weight probabilities.  

 

A recent paper by Roberts et al. (2008), with an application similar to ours, supports the 

idea that the perception of probability may be context dependent. These authors show that 

respondents to a contingent choice survey on water quality in a recreational lake will 

significantly under-weight low probability events. In this study, respondents treat the low 

probability (approximately 0-35%) of poor water quality as if it were 0% and high probability 

(approximately 75-100%) as if it were certain.  

 

Applying probability in the context of species at risk, respondents may perceive the 

associated probability differently because they feel extinction is never certain, in other words, a 

                                                 
2
 Working paper. 
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probability of zero does not exist. Using CVM, Tkac (1998) and Samples, Dixon and Cowan‟s 

(1986) found that respondents were willing to allocate part of a budget to save a non-descript 

species that is certain to become extinct. In addition, these allocations are not consistent, as they 

increased when respondents were informed that the doomed species was charismatic such as a 

marine mammal or a monkey (i.e. after the species was iconised). When Samples, Dixon and 

Cowan (1986) queried the motives of respondents for allocating money to a species with no hope 

of recovery, respondents‟ replies ranged from a show of solidarity for a species facing 

tremendous adversity or investment in the remote possibility that the species will recover. 

 

Beyond an individual‟s perception of probability, numerous other factors can also alter 

their preferences for risky outcomes. For example, when facing a risky prospect, respondents 

may use various heuristics (i.e. rules of thumb) in order to make a decision. Respondents may 

only focus on one component of risk (i.e. the outcome or the probability of the outcome) and 

make their decision based on this single attribute (see Hanley, Shogren and White, 2007, p.395 

for more information). Respondents may also combine previously held risk beliefs with the 

stated risk information and make their decisions based on this hybrid information (Viscusi and 

Evans, 2006). Respondents may also avoid ambiguous lotteries, where the probability of an 

outcome is unknown, and select a lottery where the risk is explicitly stated (also known as the 

Ellsberg (1961) Paradox). Some respondents favour risk-taking if they feel they have a personal 

stake in making an improvement (Patt and Zeckhauser, 2000). Introducing background risk, (i.e. 

a non-insurable, exogenous risk that cannot be resolved at the time of making a choice) can make 

some respondents more risk-adverse while others more risk-loving (see Roberts et al. 2008 for a 

review). In total, the models that attempt to describe how people make decisions under risk 

“…number well into double figures” (Starmer, 2000, p.332). For this project, all these factors 

may or may not play a role in describing how individuals make decisions under risk for 

endangered species conservation.  

 

At an aggregate level, a number of different possibilities exist in trying to model how our 

sample population make choices under risk. An ex-post perspective may be sufficient in 

describing our sample population. Conversely, the sample population may be heterogeneous 

enough that we need more than one model to describe them accurately. Whatever model 

ultimately describes how people make decisions under risk requires the proper method for 

measuring people‟s choices. 

 

From an environmental valuation perspective, option price (OP) is the correct measure 

for valuing preferences under conditions of risk. OP is the maximum, ex-ante, state-independent 

payment that an individual is willing to make to move from the status quo risk to an improved 

situation (Freeman, 2003, p.213). In order to help a species at risk, an individual cannot afford to 

wait and see what state of nature actually transpires before making a payment because extinction 

and falling below a threshold population is irreversible
3
. In addition, in order to help a species at 

risk, individuals must make certain payments now, which are not contingent upon the event of a 

successful (or failed) recovery of the species. In other words, an individual must make a payment 

                                                 
3
 The situation facing the Canadian Spotted Owl is technically reversible because owls could be taken 

from the larger US population to help re-colonisation efforts here. However, convincing the US 
government to provide Owls to Canada would be almost impossible because of the proven inability of 
the owl to survive in Canada and its status as endangered in the US. 
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before the state of the world is known (i.e. ex-ante), that is not contingent on which state of the 

world actually transpires (i.e. state independent). 

 

Formally, option price (OP) is equal to the expected consumer surplus plus option value 

(Freeman, 2003). Where option value (OV) is, essentially a risk premium an individual is willing 

to make to secure provision of an uncertain resource (Shogren and Crocker, 1990). OV is not a 

separate value but rather the algebraic difference between expected consumer surplus and OP. 

OV can be positive, negative or zero depending on various conditions such as changes in an 

individual‟s marginal utility of money over the various states of nature that can occur
4
 (Freeman, 

2003). From a micro-economic perspective, neither option price nor expected consumer surplus 

provide a superior approach to environmental valuation under conditions of uncertainty, because 

both these welfare measures are simply two points along a willingness to pay continuum 

(Freeman, 2003). Instead, estimating both welfare measures will provide a more robust economic 

understanding of the public‟s preferences for conservation work under risky outcomes.  

From the literature presented above, it appears that the value for an uncertain supply of an 

environmental amenity is dependent on the individual‟s perception of probability, the context of 

the environmental issue, heuristics, and the measurement method. All these factors can combine 

in different ways to produce a value for an uncertain environmental amenity (in this case, a 

species at risk) that can differ in size and sign from a sure bet and differ between groups of 

individuals. In order to account for uncertainty, it is necessary to measure the welfare gained 

from protecting a species at risk under cases of both certainty and uncertainty, and between 

groups of respondents. A fuller picture of the differences between certain and uncertain 

outcomes provides decision makers with a greater understanding of the general public‟s 

perception, and possible acceptance, of a conservation plan that targets species at risk. 

 

2. Data and Methods 

 

Currently, the only class of methods capable of measuring existence values in a complex 

environmental context are stated preference methods (Freeman, 2003; Kramer, Holmes and 

Haefele, 2003). They are survey-based experiments that examine the tradeoffs people are willing 

to make between different policies or goods (Alberini, Longo and Veronesi, 2007). Various 

classes of stated preference methods exist, with the most popular being the Contingent Valuation 

Method (CVM). CVM asks respondents if they are willing to pay a certain amount for a 

proposed policy or plan in order to move from the current situation to an improved, hypothetical 

state. By varying the payment level, a researcher is able to estimate a respondent‟s willingness to 

pay (WTP) for a proposed policy.  

 

However, CVM describes a policy as a whole and so a respondent‟s positive WTP can be 

confounded with other variables associated with the hypothetical policy. The existence value 

associated with the Spotted Owl can easily be confounded with their habitat, or other species at 

risk, etc. Therefore, contingent choice may be a more appropriate method. Contingent choice 

presents respondents with multiple alternatives that differ by their attributes. Each alternative 

differs in the levels taken by at least one of the attributes. Respondents then select their preferred 

                                                 
4
 See Freeman, 2003 for a more thorough examination of how option value can take on various sizes and 

signs. 



 

 7 

recovery plan according to the presented levels. A statistical analysis of the choices made by the 

respondents decomposes each attribute into marginal values and then reassembles the attributes 

to determine the willingness to pay, or support, for any alternative of interest (Alberini, Longo 

and Veronesi, 2007).  

 

The project boundaries are the known habitat range of the Spotted Owl in southwest 

mainland BC and the sample population is the general population of Metro Vancouver and the 

Fraser Valley; collectively known as the Lower Mainland. Data were collected in a web-based 

contingent choice survey. 

.  

 

3. Results 

A total of 1151 respondents opened the survey and 1004 respondents completed the 

online task. The median time for completion was 14 minutes
5
. The response rate was 

approximately 19%, accounting for all respondents who received a survey link but never opened 

it. Of the 147 respondents who entered and did not finish, 55% dropped out within the first three 

pages. The other 45% dropped out at approximately even rates among the 25 remaining pages. 

 

Parameter estimates from the contingent choice experiment are shown in the table below. 

The parameter estimates demonstrate how under risky conditions, preferences for the number of 

Spotted Owl breeding pairs and preferences for increases in household taxes change.  

Part-Worth Utilities for the 2-Class Model under Certainty and Risk 

 1-Class (n=949) Preservationist (n=629) Bottom-Line (n=320) 

 Certainty Risky Certainty Risky Certainty Risky 

# SPOW 
Breeding 
Pairs 

0.5070 
(0.0494)** 

0.1012 
(0.0508)** 

0.7104 
(0.065)** 

0.3841 
(0.1484)** 

0.1013  
(0.1540) 

0.5539 
(0.1909)** 

Tax 
Increase 

-0.3034 
(0.0373)** 

-0.3536 
(0.055)** 

-0.2342 
(0.0457)** 

-0.3754 
(0.074)** 

-1.6191 
(0.1709)** 

-0.8012 
(0.1307)** 

SPOW = Spotted Owl 

( ) = Standard Errors 

** Significant at the 5% level or lower 

 

 Parameter estimates for Spotted Owls can be combined with the cost attribute which 

generates a willingness to pay (WTP) estimate (see table below). 

                                                 
5
 Average time for completion was 30 minutes, however this result is skewed by a number of respondents 

taking a few hours to reach the final survey page. 



 

 8 

Welfare Estimates under conditions of Risk and Certainty 

 Spotted Owl  ($/Breeding Pair) 

 Certainty Risky 

1-Class         (n=949) $1.67 $1.00 

Preservationist (n=629) $3.03 $1.02 

Bottom-Line  (n=320) $0.06* $0.69 

 

However, risk is the combination of probability and the outcome. The table below shows 

how respondents perceive probability.  

Part-Worth Utilities for the ‘Probability of Occurrence’ Attribute 

 1 Class 2 Class 

Probability of Occurrence Overall    (n=949) Preservationist 
(n=629) 

Bottom-Line 
(n=320) 

0% -1.1745 (0.1387)** -1.3107  (0.1618)** -1.4053  (0.4216)** 

25% 0.1076 (0.078) 0.163 (0.1021) -0.1477 (0.1928) 

50% 0.3958 (0.0754)** 0.4052   (0.1005)** 0.5052   (0.1703)** 

75% 0.3549 (0.0814)** 0.3892   (0.1117)** 0.5996    (0.1745)** 

100% 0.3162 (0.0795)** 0.3533   (0.1087)** 0.4482   (0.1748)** 
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** Significantly different than 0 at the 5% level. 

 

The table above can be represented as the figure below. Here we see that the marginal utility of 
the probability of occurrence levels off between 50% and 100%, suggesting that respondents perceive a 
50% chance of success as equal to 100%. 

Part-Worth Utilities for the ‘Probability of Occurrence’ Attribute 
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Changing the above table into a perception-based figure is shown below. Here we see that 

respondents perceive 25% chance of success as something much more significant than 25%. 

Probability Weighting for Class Members 
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Incorporating the risk formula into the welfare estimates produces the table below. Here we see 

that welfare is lower from an ex-ante perspective. 

Ex-Ante versus Ex-Post Welfare Measurements 

Attributes Alternate Outcome Status Quo 

  Number of Spotted Owls    5 breeding pairs (100%) 

   0 breeding pairs (0%) 

   5 breeding pairs (25%) 

   0 breeding pairs (75%) 

Class Welfare  

 Ex-Ante 
(Option Price) 

Ex-Post 
(Expected 

Compensating 
Surplus)   

 

Overall (1-Class) (n=949) $0.80 $6.27  

Preservationists (n=629) $0.67 $11.37  

Bottom-Line (n=320) $1.21 $0.23*  

* Spotted Owl parameter estimate is not significant. 

 
However, when perceived probability is brought into the welfare estimates, then the predictions 

between ex-ante and ex-post switch. 

 

 

Ex-Ante versus Ex-Post Welfare Measurements 
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Attributes Alternate Outcome Status Quo 

  Number of Spotted Owls    10 breeding pairs (50%) 

   0 breeding pairs (50%) 

   5 breeding pairs (100%) 

   0 breeding pairs (0%) 

Class Welfare  

 Ex-Ante 
(Option Price) 

Ex-Post 
(Expected 
Consumer 
Surplus)   

 

Overall (1-Class) (n=949) $4.99 $0.00  

Preservationists (n=629) $5.12 $0.00  

Bottom-Line (n=320) $3.46 $0.00*  

* Spotted Owl parameter estimate is not significant 

 

 

5. Conclusion 

 

           Conservation efforts are rarely certain when they pertain to saving species at risk. This 

study suggests the general public gains welfare from protecting species at risk even in the 

presence of a risky outcome. However, risk is the outcome of an event multiplied by the 

probability of that event occurring, and respondents appear to be distorting both these factors 

such that it affects overall welfare for Spotted Owl conservation efforts when comparing ex-post 

and ex-ante perspectives.  

 

Under risky prospects, the underlying utility for Spotted Owls alters when compared to 

implied certainty (i.e. the utility is not equal between ex-post and ex-ante perspectives). For 

example, if we assume homogenous preferences for the Lower Mainland then utility decreases 

for the Spotted Owl under conditions of risk. However, the direction of change appears to be 

dependent on the attitudes of the individual. Two-thirds of our sample population (i.e. 

Preservationist members) lose welfare from risky outcomes, whereas, the other third (i.e. 

Bottom-Line members) gain welfare. This finding implies that the majority of our respondents 

become risk adverse with respect to their welfare for Spotted Owls under risky choices while the 

remaining respondents appear to become risk-seeking. This finding lends support to Harrison 

and Rutstrom‟s (2006) work who found that groups of individuals use different decision rules 

when faced with the same risky choices. Therefore, attempting to characterise the entire sample 

population with one decision rule may be a satisficing instead of a maximising characterisation. 

 

However, Bottom-Line members only found the Spotted Owl attribute significant once 

the „probability of success‟ attribute was introduced. Although this finding supports the idea that 

Bottom-Line members are risk-seeking, there may be other explanations for such behaviour. For 



 

 12 

example, the introduction of probability may have made the choice task more realistic for these 

members and, therefore, increased their preference for such an attribute. Another explanation 

may be that Bottom-Line members are behaving according to the Ellsberg (1961) Paradox, 

where, individuals will select a lottery with a known probability as opposed to an ambiguous 

lottery. If this latter case is more correct, then we must assume that Bottom-Line members did 

not actually perceive the first five choice sets as certain, but as uncertain. Unfortunately, we did 

not explicitly test for this perception.   

 

The other factor that can alter someone‟s preferences for a risky outcome is the 

perception of probability. Respondents appear to consistently overweight the objective 

probability of success. This result differs from other findings with respect to the distortion of 

probability. In the context of monetary lotteries, researchers have found that individuals will 

consistently overweight low probability events and underweight high probability events. 

Conversely, Roberts et al. (2008) found the opposite effect when examining individual‟s 

perceptions of probability that various water quality events will occur at a recreational lake. Our 

findings suggest that respondents may not underweight probabilistic events at all, but instead 

view any probability of success as providing greater utility than predicted by objective 

probability. However, our survey does not permit the testing of how respondents perceive any 

probability between 0 and 25%; therefore, it is possible that respondents actually view the range 

of probabilities from 0 to 24% as equivalent to 0%. However, as described in Chapter 2, results 

from Tkac (1998) and Samples et al. (1986), suggest that respondents perceive 0% probability of 

survival as something greater than 0% as evidenced by their willingness to allocate part of a 

fixed budget to a species doomed to extinction. If these results are applicable to our findings, 

then the assumption that respondents overweight all probabilities as greater than objective 

probability may be more correct. 

 

However, other factors may also explain the functional form of people‟s perception of 

probability from this experiment. For our project, the status quo for risky outcomes was set at 

25% success for five owl pairs. The sharp negative slope from 25% to 0% relative to the 

moderately positive slope from 25% to 100% may be due to a loss aversion bias. Where, from an 

individual‟s reference point, losses will have a greater effect on a person‟s choices than gains of 

the same magnitude (Kahneman and Tversky, 1979). However, the results from this project are 

not conclusive enough to test this effect. The levels for success were set at 0, 25, 50, 75 and 

100%
6
 and the movement from the status quo of 25% either up or down 25 percentage points 

leaves the individual at either 0% or 50% probability of success, where, the difference between 

certain failure and a 50:50 chance of success is radically different. To measure loss aversion bias 

our experiment would have needed to test for multiple levels on either side of status quo for both 

the „probability of occurrence‟ attribute and the „number of Spotted Owls‟ attribute.  

 

Although differences exist between outcomes with implied certainty and risk, these 

observed differences may be due to structural differences between the choice sets as opposed to 

fundamentally different preferences. As outlined in Chapter 4, the differences between the two 

choice sets are the number of alternatives presented, the number of choice sets seen and the 

inclusion of the „probability of occurrence‟ attribute and highlighting the Spotted Owl and 

                                                 
6
 The 0% chance of success was not explicitly incorporated into the survey design, but rather the  
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„probability‟ attribute in blue. Both Rolfe and Bennett (2009) and Boyle and Ozdemir (2008) 

report differences between contingent choice experiments that present two versus three options. 

Rolfe and Bennett (2009) report that serial non-response is higher for the two versus three 

alternative format and Boyle and Ozdemir (2008) report that there is a lack of convergent 

validity between choice sets that differ between 2 and 3 alternatives. While these findings 

suggest the movement from 3 to 2 alternatives might be the reason for a change in preferences, 

both these studies used a between-subjects survey design as opposed to the within-subjects 

survey design used here. Unfortunately, we are unable to test whether a within-subjects design is 

free from the problems listed above. However, the lack of comments from respondents and very 

few respondents (n=6) dropping out of the „uncertain‟ choice sets suggests that, at the very least, 

respondents did not find the changes from the certain choice sets to the risky choice sets to be 

distracting enough to warrant action against it. In addition, the „probability of occurrence‟ 

attribute was significant, signifying that individuals were able to assimilate this information into 

their decision making process.   

  


