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Climate, land cover, and bird populations: Differential impacts on the future

welfare of birders across the Pacific Northwest

Introduction

Anthropogenic influences have affected both land cover and biodiversity across the planet. The

Anthropocene period, in fact, is so named to reflect humans’ dominant impact on climate and the

environment (Steffen et al., 2007, 2011; McGill et al., 2015). While human activity changes the

earth’s ecosystems, changes in these ecosystems also feed back to affect human well-being. This

research quantifies some of these feedback effects by using applied welfare theory from economics

to measure changes in the well-being of one group of recreationists—eBird members in the Pacific

Northwest—resulting from the effects of climate change on both land cover and the spatial distri-

bution of bird species. Our key concern is that forecasted changes in land cover and the ranges of

bird species will not be uniform across space, and thus there will be shifts in the relative attrac-

tiveness of birding destinations across the region. Birders will re-optimize in response to changes

in conditions, and there may be some winners and some losers. This paper focuses on variation

across space in birders’ well-being, in the form of economic measures of the predicted “equivalent

variation” in welfare levels associated with forecasted changes in birding opportunities.

Birds certainly adapt spatially to changes in conditions far more quickly than do plant species.

This exceptional mobility affords a valuable opportunity to explore near- and short-term (the 2020s

and 2050s) and spatially indexed variations in the species richness of bird populations. There have

been discernible changes over time in bird species ranges and migration patterns (Pearce-Higgins

et al., 2014; Langham et al., 2015; Bateman et al., 2016; U.S. EPA, 2016). Notably, Pacifici et al.

(2017) find in their study that as many as one in five (of the 1,272 studied species) have experienced

negative impacts of climate change in some portion of their ranges. Other studies have looked

at changes in the ranges of bird species in specific countries and found similar shifts northward
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(e.g. Great Britain, see Thomas et al. (1999); Renwick et al. (2012)); as well movement to higher

altitudes in some cases (e.g. Costa Rica, see Pounds et al. (1999)).

Of course, anthropogenic influences on wild bird populations are numerous and not limited

solely to climate change. Land-use change, including urbanization, and conversion of natural areas

to agriculture creates steady pressure on ecosystems that support bird populations (Millennium

Ecosystem Assessment, 2005). Species richness and species evenness (e.g. the Shannon index, an

alternative measure of bird biodiversity) both tend to decrease towards the core of an urban area,

with an increasing proportion of more-resilient non-native species being seen closer to the urban

center (Blair, 1999; Marzluff, 2001; McKinney, 2002; Marzluff et al., 2016).1 The bird species best

able to adapt to urban areas are those that benefit from bird feeders and ornamental plants. Species

composition in these areas is based to some extent on vegetation in both yards and parks, as well

as the supply of food provided in bird feeders. In rural regions, land-use change can dramatically

alter the availability of natural habitats for birds and other wildlife. Conversion to agriculture, for

example, continues to reduce the availability of grassland and wetland habitats in the U.S. (Lark

et al., 2015; Morefield et al., 2016). Climate change also has the potential to impact the land cover

over time as conditions change (Sohl et al., 2014).

Changes in the spatial distribution of birding opportunities across the region are of interest for

their welfare effects on birders themselves, but we also acknowledge that the relative attractiveness

of different birding destinations is relevant when it comes to the economic impact of birding ac-

tivity for nearby communities. Many towns in the region have learned that birding-related tourism

(so-called “avi-tourism”) represents a non-trivial potential source of revenue for providers of food

and lodging and suppliers of birding-related materials and equipment. Our paper focuses on the use

of birding-related data for welfare assessment, but we acknowledge the potential for similar data

sources to inform economic impact assessments to complement data-gathering efforts such as the

1The Shannon Index considers the number of species and their relative abundance. We do not have information on
how bird populations are predicted to change over time, only their ranges, thus we use species richness as our measure
of biodiversity for this analysis.
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birding addendum to the National Survey of Fishing, Hunting and Wildlife-Associated Recreation

(Carver, 2013).

The Literature Review section briefly describes the relevant earlier research. The Data sec-

tion outlines the various datasets employed in our analysis. The Methods section sketches our

approach, including our enhanced random utility maximization (RUM) model, its estimation, and

our approach to the forecasting exercises in this paper, including how we calculate the expected

per-trip welfare changes for birders based on our estimated model. The Estimation section briefly

discusses our parameter estimates and our choice of a preferred specification. The Welfare Cal-

culations section discusses our estimated welfare effects for these birders for a specific business-

as-usual (A2 scenario) climate change scenario for the 2020s and 2050s. Lastly we offer some

conclusions and directions for future research.

Literature Review

The various impacts of climate change on several outdoor recreational activities other than birding

have also been considered. For example, Wall (1998) argues that the demand for some recreational

activities is often greater when the weather is comfortably warm and dry. However, climate change

may reduce some types of recreational opportunities. A lack of snow, for example, will limit snow

sports. Loss of habitat for fish or game will limit fishing and hunting. Richardson and Loomis

(2004) look at how visitation to the Rocky Mountain National National Park would change and find

that weather-related and resource-related variables which are considered in future climate scenarios

are statistically significant determinants of respondents’ contingent visitation behavior. Shaw and

Loomis (2008) infer how changes in temperature, precipitation and climate variability may impact

different types of climate-sensitive recreational activities (e.g. boating, golfing and snow sports)

and predict increased participation in warm-weather activities such as boating, golfing, and beach

recreation, and decreased participation in cold weather activities such as skiing. Dundas and von
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Haefen (2017) estimate the effects of climate change on shoreline fishing choices of anglers in the

Atlantic and Gulf Coast regions where they project an overall welfare gain in the Mid-Atlantic area

and New England, and an overall welfare loss on the Gulf Coast.

As bird ranges shift in response to climate change, bird watchers may no longer see the same

resident or migratory species that have historically been present, in different seasons, at their fa-

vorite birding sites (i.e. eBird “hotspots”).2 These losses may reflect regional declines due to

displacement, or overall declines in the worldwide populations of these birds (Lundhede et al.,

2014). The disappearance of species may adversely affect the utility of bird watchers in that locale

and may not be offset by the new species appearing in areas where they were not previously ob-

served.3 Both the forecasted losses and the forecasted gains in bird species may thus be relevant to

our accounting of the potential costs (and/or benefits) associated with these changes.

Why might the social value of bird species “richness” (i.e. the number of different species

present) be an issue of general interest? Bird watching is a popular recreational pursuit; roughly

20 percent of the U.S. population considers themselves to be “bird watchers” (Carver, 2013). Thus,

it is important to consider how these particular recreators may be affected, as part of a thorough

accounting of all the costs and benefits of climate change. It also may be prudent for policy-makers

to consider the potential heterogeneous distributional effects across birding enthusiasts of business-

as-usual policies concerning climate change and land use. In broader deliberations about climate

change policies, what are the distributional and equity consequences, specifically for birders, that

policy makers might wish to consider?

2Hotspots in eBird are publicly accessible locations that people visit regularly for birding and are suggested to
eBird by eBird members. These sites undergo a review by eBird prior to being added to the list sites categorized as
“hotspots”.

3Losses and gains are considered separately in Lundhede et al. (2014) in their study of willingness-to-pay (WTP)
for conservation efforts in Denmark. As another illustration of the phenomenon of “loss aversion,” these authors find
that Danish citizens are willing to pay more to avoid the loss of a familiar and native species than they are willing to
pay to gain a new species. We do not have respondent’s preferences over different species and thus do not differentiate
between gains and losses in this paper. The question of familiar-versus-new species merits further investigation, but
will await the availability of a richer data set that can capture measurable changes in the actual composition of local
bird populations over a longer period of time. The eBird dataset, upon the accumulation of several more years of data,
and an additional survey on eBirders preferences across bird species, will likely be suitable for such a study.
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Our research seeks to forecast only the overall net monetized changes in per-trip birder well-

being derived from birding excursions as a result of changes in species richness and land-cover

in the Pacific Northwest region of the United States, under the A2 scenario (a business-as-usual

climate scenario offered in the IPCC (2007) report). We address this research question using a

random utility model (RUM) of destination choices for a sample of eBird citizen scientists in

the Pacific Northwest. We extend the modeling framework developed in Kolstoe and Cameron

(2017) to include land cover, thus making our basic model more flexible and more suitable for use

to address how utility will change both directly and indirectly as a result of anticipated land-cover

change.4 How bird populations will be affected by climate change is related to land-cover changes,

because bird-range forecasts look specifically at climate suitability and habitat adaptability.5 As a

consequence, it is important to include similarly modeled land cover at each birding destination as

an additional distinct determinant of birders’ willingness-to-pay (WTP) for a birding excursion.

Based upon forecasted changes in land use and the ranges of bird species, we derive the formal

utility-theoretic “equivalent variation” (EV) measure for each eBird member in the sample, assum-

ing that (a) they consider the same lists of alternative birding destinations on each choice occasion

as they did during the sample period of 2010-2012, but (b) there are changes in land cover and

the spatial distributions of bird species across these destinations, due to the forecasted climate ef-

fects (specifically for the “A2” climate scenario, for the 2020s and 2050s).6 Our analysis predicts

that there will be significant spatial heterogeneity across eBirders in the estimated welfare effects,

including both positive and negative changes.

4The bird species range changes and land cover forecasts are available for specific scenarios (A1, A1B and A2)
released in 2007 by the IPCC (2007). For a description of each of these four scenarios see Nakicenovic et al. (2000).
While newer scenarios now exist that represent the current-state-of-the-art climate modeling, forecasts for bird ranges
consistent with the updated scenarios are not available.

5A brief summary of the broader literature regarding basic recreational demand models and avitourism can be
found in Kolstoe and Cameron (2017).

6On average, eBirders have 201 alternative birding destinations within a 60-minute drive from their home. The
projections of bird species range changes are based on AOGCMs run under the A2 scenario and represent the average
of the 4 GCMs used by Langham et al. (2015) team. These were selected to represent a range of future climates:
CCCMA-CGCM3.1T47, CSIRO-Mk3.0, UKMO-HadCM3, NIES.
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This paper makes the point that the prospective distributional consequences of a business-as-

usual policy with respect to climate change are important, not just the overall average welfare

changes all birders. The forecasted future patterns of bird species richness and land cover differ

across the region under the business-as-usual policy. Changes to birding-destination attributes

drive the welfare changes in our analysis. It is important to recognize that our models of birder

destination choices do not involve any detailed individual-specific sociodemographic or political

ideology variables as shifters of birders’ preferences. Choices across destinations are driven by the

full travel cost to that destination and the attributes of the destinations themselves. Virtually all the

heterogeneity in forecasted welfare effects (EVs) for birders under the business-as-usual climate

scenario in this study arises from (a) differences in the spatial pattern of forecasted changes in bird

species richness at the relevant set of birding destinations available to each eBirder in our sample

and (b) differences in forecasted land cover changes at each destination.

Data

The eBird dataset is the product of a citizen science project built and maintained by the Cornell

Lab of Ornithology. The main goal of the project is to gather data on bird populations on a year-

round basis. The eBird dataset fills in a niche for natural scientists who were previously limited

to annual time series data from two seasonal assessments: the North American Breeding Bird

Survey (BBS) in the summer, and the Audubon Christmas Bird Count (CBC) in the winter. The

eBird dataset contains year-round information contributed by bird-watchers who are “members”

of eBird who choose to participate by reporting their sightings to the citizen science project. The

relevant portion of the dataset consists of members’ trip entries, their observed birding destinations,

and their volunteered residential location information.7 The eBird dataset provides information on

7The eBird dataset is rather sparse in the early years of the project (i.e. 2002-2008), so we restrict our analysis
to 2010-2012 and use the prior year in each case (including 2009 for the 2010 observations), to build “expectations”
based on lagged measures of species richness at each site.
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spatially granular birding hotspots, so we are able to use this information to characterize expected

conditions at each destination in a given eBirder’s destination choice set.8

The destination-choice data for this particular paper adds land-cover data from the 2011 Na-

tional Land Cover Data (NLCD) as a supplement to the data used in Kolstoe and Cameron (2017).

In terms of observations, this dataset includes 1,094 trips by 221 eBirders during the sample time

period of 2010-2012, taken to birding hotspots within 60 minutes of estimated driving time from

eBirders’ home, therefore involving a total of 155,495 alternatives sites across all of these choice

occasions. About 75 percent of all trips were to sites within a 60-minute drive, and about 95 per-

cent of all trips were to sites within a 120 minutes. Unfortunately, we observe residential location

information only at a single point in time—when members sign up for eBird. To minimize the

risk of gross mis-measurement of travel costs because somebody has moved somewhere else in the

region since they signed up for eBird, we limit the analysis to a three-year recent time window and

use the more-restricted consideration set consisting of destinations within 60 minutes.9

To conform with the U.S. Fish and Wildlife’s definition of a “trip away from home” we in-

clude only trips taken to a site at least one mile away from home (Carver, 2013). The calculated

travel costs associated with a potential birding destination take into account both distances and

travel times (based on the “best route” identified by HERE Maps and MapQuest).10 Vehicle costs

of travel are based on AAA’s mileage fee for the respective year of the trip, multiplied by the

8Although data-quality concerns have sometimes been raised by experts, “citizen science” data—otherwise known
as volunteered geographic information (VGI)—has distinct advantages. These include the data having been generated
at a finer-grained level and over a larger spatial extent than previously possible with exclusively scientific observers.
To deal with data-quality concerns, eBird has implemented an automated data filter to verify the validity of submitted
observations by comparing the new data entry with prior data entries within close proximity, to filter out improbable
sightings (Wiersma, 2010). This allows eBird to guard against likely identification errors by its members and thus to
maintain the integrity of the dataset.

9Note there are a total of 2,340 eligible “birding hotspot” destinations across our overall two-state area in the
Pacific Northwest. Hotspots within eBird are specific and thus within a larger site, multiple “hotspots” may exist; after
aggregation of such “hotspots” there are a total of 1,860 site destinations. See the appendix and Kolstoe and Cameron
(2017) for greater detail about sensitivity analyses conducted with respect to the choice of a maximal one-way travel
time as the determinant of individuals’ consideration sets.

10The best route is suggested by HERE Maps, an open-source map. If a route is not available, MapQuest is queried
using the Stata MQtime.ado utility described in Voorheis (2015).
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roundtrip mileage. We count the value of travel time at roughly one-third of the average indi-

vidual wage—in this case approximated using each birder’s census-tract median income from the

American Community Survey (ACS) converted into an hourly wage. The one-third proportion is a

relatively common approximation in the literature (Larson and Lew, 2014; Fezzi et al., 2014).11

The key variable of interest in our model is the expected number of bird species, i.e. our

“species richness” biodiversity measure, because we assume the primary purpose of these one-

day trips is to see birds. To build this measure we use two sources of data: eBird and Birdlife

International (see Ridgely et al. (2011)) to capture species that are present year-round, as well as

migratory species that are present at a site only for some period of time during the year.12

Table 1 provides summary statistics for the key trip variables and site attributes that represent

the most important variables in our preferred models for the purposes of this analysis.13 Other

control variables we include in the model are indicators for site management regimes related to

biodiversity, indicators for the expected presence of an endangered bird species (state and federal

listings), an indicator for whether the site lies in an urban area, indicators for the type of ecosystem

at the destination and an “expected congestion” site attribute is based on the share of total eBird

member visits to the site in question, in the same month of the previous year.14

For our forecasts of future conditions, we augment our estimating sample with projections of

avian response to climate change using the forecasted individual-species ranges from Langham

et al. (2015) and predicted changes in land use from Sohl et al. (2014).15These variables allow

11A sensitivity analysis of the chosen fixed-wage fraction assumption is discussed in further detail in Kolstoe and
Cameron (2017) and its Appendix.

12For non-resident bird species, we use eBird data in our calculation of expected “species richness” (based on the
different species reported at that site, in the previous year, during the same month as the current trip). For resident
bird species, which are present in the area all year, we use data from Birdlife International. Greater detail on the
construction of this species richness variable can be found in Kolstoe and Cameron (2017).

13Complete summary statistics for all the variables used in any model described in this paper (i.e. including other
incidental control variables) are given in the Appendix in Table A1.

14These controls follow from the preferred specification in Kolstoe and Cameron (2017).
15We were supplied with the Audubon presence/absence GIS data with the ‘threshold’ for presence of species for

each climate scenario pre-determined by the Audubon scientific team. Bioclimatic envelope models are also known
as “species distribution models” because they describe the statistical relationship between the occurrence of species
and a variety of variables. These models help research predict which areas are climate-suitable for different species
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us to refine the spatial resolution of the model, as well as to facilitate incorporation of land cover

forecasts into our calculation of the per-trip welfare effects of climate change for birders.

Datasets for Bird Population Forecasts

We calculate forecasted future data for bird species richness at individual birding hotspots across

the region using individual species distributions predicted for the 2020s and 2050s, available in the

form of an existing published dataset assembled by Langham et al. (2015). This published dataset

was generated from bioclimatic species distribution models (i.e. climate niche models) for 588

species. Models were calibrated by relating observations from the North American Breeding Bird

Survey data, as described in Sauer et al. (2013), as well as the Christmas Bird Count data, to seven-

teen historical bioclimatic variables.16 Models were constructed using a method known as “boosted

regression trees” and employed to project the future spatial distributions of bird species under the

“business-as-usual” (A2) emissions scenario across the United States and Canada, calculated at a

10-km resolution.17 This is the most comprehensive suite of species-distribution models currently

available for birds at a continental scale. The overlapping grids for each individual species can be

summed across species for the region covered in our study using the Count Overlapping Polygons

tool in ArcMap to yield maps of forecasted species richness. These maps can then be spatially

merged to the birding hotspots in our eBird data.

The forecasted species counts can then be used to calculate a percentage change between

and which species could adapt to the future habitat in a given area. Climate suitability models use only bioclimatic
variables as predictors of presence/absence of a species.

16Bioclimatic variables include temperature and precipitation as well as variations in those variables that reflect
seasonal differences or variation in temperature or precipitation throughout the year. These models are used to predict
which species may be able to maintain viable populations in different locales, under predicted forecasts concerning
climate suitability and habitat adaptability. Araújo and Peterson (2012) point out that caution must be exercised when
using these models to predict species distributions, in particular with respect to the key assumptions that are required
to permit the distribution of a species to be determined primarily by aspects of an area’s climate (i.e. there are other
variables that also affect species distributions).

17Richness grids were then generated by converting climatic suitability (a continuous measure produced by the
boosted regression trees) into predicted presence or absence for each species at each location by applying a species-
specific threshold selected to maximize the kappa statistic, a metric of model performance that balances errors of
omission and commission. Additional detail is available in Langham et al. (2015).
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roughly “the present” and “the future.” The “present” data are forecasted for 2000-2009 using

the species-range forecasting model, calibrated on historical data from 1980-1999. These fore-

casts are for 503 North American species (represented in the Christmas Bird Count data) and 475

species (represented in the Breeding Bird Survey). The two “future” time periods are roughly the

2020s and the 2050s. The calculated percentage changes in the expected number of bird species

are depicted in the maps shown in Figure 1. Again, we rely on the closest available forecasts that

are compatible with our framework, recognizing that if bird range forecasts were to be updated to

the most current central forecasts of future climate conditions, our welfare estimates would have

to be adjusted accordingly.

Dataset for Land Cover Forecasts

We use the 2011 National Land Cover Database (NLCD) spatial coverages (see Homer et al. (2015)

for more details about the NLCD) to characterize land cover at all of the different birding hotspots

in the region.18 The land cover classes included Water, Developed, Barren, Forest, Shrubland,

Herbaceous, Planted/Cultivated and Wetlands as shown in Figures 2. Relative to the Developed

class, Water, Planted/Cultivated and Wetlands have statistically significantly greater value to bird-

ers, so we emphasize these particular classes in our discussion in this paper.19

For projected future land cover, we incorporate expected future land cover based on the fore-

casting scenarios of land-use change done by the USGS’s EROS team for the quantified story

accompanying the A2 scenario (Sohl et al., 2014).20 A map of the current distribution of primary

land cover in Oregon and Washington states is provided in Figure 2. A map of land cover overlaid

with the urban area boundaries as defined by the 2010 US Census is provided in the Appendix in

18The NCLD data are available at a spatial resolution of 30x30 meters and can be merged into the data as a site-
attribute using the spatial join function in ArcMap 10.2.1 (Homer et al., 2015).

19Areas classified as water include areas of open water or perennial ice and snow with less than 25 percent cover of
vegetation or soil in the 30 meter by meter area (Homer et al., 2015).

20Some classes of future simulated land cover differed from NLCD classes. We have opted to harmonize these two
datasets using the following rules: areas classified as “mechanically disturbed” (occurring within National Forests,
Other Public Lands and Private) were reclassified as “Shrublands,” and “mining” was reclassified as “Barren.”
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Figure A1 to emphasize that not all “developed” land lies within designated urban-area boundaries

and land cover within an urban-area boundary is not always categorized as “Developed”.21

Spatial Disaggregation of Welfare Effects

We use our estimated model to assess whether any estimated positive and negative distributional

consequences for birders, as a result of a business-as-usual policy with respect to climate change

and land cover, might differ systematically for different metropolitan areas and counties in the

region. Recall that our model does not differentiate preferences by the sociodemographic char-

acteristics or political ideology of the eBird members in this sample. Any heterogeneity in the

estimated welfare effects thus stems primarily from the spatial patterns of expected changes in

land cover and species richness. Given the spatial patterns in the forecasts these two variables, it

will be relevant to consider whether important subgroups of the population of eBirders (e.g. those

living in different major urban areas in the region) might be differentially affected by the business-

as-usual climate scenario we consider. Spatial variations in the distribution of welfare effects by

county can also suggest how policy considerations might need to differ across regions.

Methods

RUM Model

We use a RUM model framework and we assume that U i
jt is the unobserved utility level derived

by birder i from a trip to birding hotspot j at time t. We assume that this indirect utility consists of

a systematic component, V i
jt , which can be expressed as a function of observed data and estimated

parameters, and a random component that summarizes all other factors that affect utility, ε i
jt . This

random component is assumed to be known to the birder who is making a choice among alternative

21The “Developed” category of land cover includes high intensity, medium intensity, low intensity and open spaces,
as defined in Homer et al. (2015).
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hotspots in their consideration set, but to be unknown to the researcher.

The systematic component of indirect utility depends on unobserved individual household in-

come, Y i. The travel cost for birder i to reach site j is Ci
j, which is assumed to be constant over time

for the data used to estimate this model.22 The key birding hotspot site attributes in this analysis

are the expected number of species available for viewing at the hotspot during the time period in

question, E[S] jt , and a vector of land-cover indicator variables for that hotspot, LC j. During the

short time-frame for the trips in our estimating sample, land cover is also assumed to remain un-

changed over time. We control for a vector of other site attributes for each hotspot, summarized as

A jt . The simplest version of the indirect utility function, fore estimation using a conditional logit

algorithm, is:

(1) U i
jt =V i

jt + ε
i
jt = α(Y i−Ci

jt)+β0E[S] jt +LC jtγ1 +A jtγ2 + ε
i
jt

However, there may be so-called network externalities among birders. In communities where

birding is more popular, the marginal utility derived from richer birding experiences may be greater

if an interest in birding is shared by more of one’s friends and neighbors. According to Carver

(2013), birding is a more popular pastime for higher-income individuals, so we allow the marginal

utility of E[S] jt to vary with a proxy for relative neighborhood socioeconomic status, which we

capture using the difference between median income in the birder’s home census tract and the

average of census-tract median incomes across all census tracts in Oregon and Washington states,

denoted as Y devi.23

22With richer data, one might allow these costs to vary with seasonal weather conditions and driving conditions, or
seasonal variations in the opportunity cost of time, but such data are not available in this context.

23All of these census tract median incomes are drawn from the five-year American Community Survey estimates for
the five-year interval ending in 2011 (i.e. collected over 2007-2011), where 2011 is the middle year of our estimating
sample of birding trips during 2010-2012. Note that previously, in Kolstoe and Cameron (2017), the difference-in-
median-income variable was constructed using the difference between the median income in the birder’s home census
tract and the average of the census-tract levels of the eBirders in the sample. Here, this variable is constructed as
the difference between median income and the average of census tract median incomes across all census tracts in the
region. In an earlier version of the present paper, we also considered the distributional consequences across birders
of a hypothetical carbon pricing policy that would affect both travel costs and real incomes, with real-income effects
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Bird species richness and the types of species present at a given location will vary over the

seasons, as will other unmeasured site attributes and competing recreational opportunities. Thus

we allow the marginal utility of expected species richness, i.e. the coefficient β0 on E[S] jt , to vary

systematically with the seasons, and to shift over time, by including interaction terms for a set

of monthly indicator variables and an annual time trend (a vector of variables which we denote

collectively as Tt).24

Finally, due to the lack of socioeconomic data on individual eBirders that might permit us to

control for other systematic variations in preferences, we choose to estimate the model using a

mixed logit methods (outlined below). We allow the coefficient on E[S] jt to vary randomly across

individuals according to unobservable heterogeneity by including a random component, µ i, in that

marginal utility.

The scalar β0 parameter in equation (1) is therefore generalized to
[
(β0 + µ i) + β1Y devi +

β2Tt

]
. This expression for the heterogeneous marginal utility of E[S] jt can be distributed, across the

E[S] jt variable that it modifies, to reveal the key interaction terms in the estimating specification:

Y devi×E[S] jt and Tt×E[S] jt , using our shorthand notation.25

In logit-based multiple discrete choice models such as this, it is assumed that the relative indi-

rect utility levels of the different alternatives drive the choices made by individuals. Suppose that

hotspot m is designated as the numeraire alternative.26 Relative to the numeraire indexed by m, the

differing by income level. For simulations in that case, we switched to a regionally representative baseline for current
real income, exogenous to the selection of eBirders into our sample.

24Kolstoe and Cameron (2017) found it important to allow for this temporal variation in preferences for species
richness at birding destinations, although this may represent variation over time in individual birders’ preferences, or
a change across seasons in the composition of birders with differing motivations for birding trips.

25We have explored whether the marginal utility of an additional bird species at a birding hotspot might also vary
systematically with the type of land cover at the hotspot. We found no statistically significant differences in the
marginal utility by land-cover class. However, land cover does affect, directly, the total utility derived from a given
hotspot.

26The numeraire alternative can differ across choice occasions and it is sometimes expedient to define it as the alter-
native that is actually chosen, because this alternative is clearly in the individual’s consideration set on that particular
choice occasion.
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utility difference associated with alternative birding hotspot j is given by:

(U i
jt−U i

mt) = α
(
− (Ci

jt−Ci
mt)
)

(2)

+
[
(β0 +µ

i)+β1Y devi +β2Tt

](
E[S] jt−E[S]mt

)
+
(
LC jt−LCmt

)
γ1 +

(
A jt−Amt

)
γ2 +

(
ε

i
jt− ε

i
mt
)

In this way, the unmeasured individual household incomes conveniently drop out of the utility-

differences, so no measure of absolute income is required for estimation. Y devi, again, is not a

household-specific income measure. Instead, it is merely a proxy for “approximate neighborhood

relative socioeconomic status compared to the rest of the region,” based on census-tract median

household income in the eBirder’s census tract relative to the average of this variable across all

census tracts in the two-state area.

Mixed Logit Estimation

Mixed logit models are based on probabilities that individual i will choose alternative j on choice

occasion t. If a specification involves both fixed and random parameters, as does our model in

equation (2), we can partition the vector of coefficients to be estimated into two subsets. In what

follows, let δ = (β0 + µ i) be a random parameter and let θ = (α,β1,β2,γ1,γ2) remain fixed pa-

rameters. On any given choice occasion, then, the mixed logit choice probabilities are given by:

Pi
jt =

∫
Li

jt(δ ,θ) f (δ )dδ(3)
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where Li
jt(δ ,θ) is the conventional logit probability evaluated at parameters (δ ,θ), based on the

systematic portion of the utility derived from each alternative, V i
jt :

Li
jt(β ,θ) =

eV i
jt

∑k eV i
kt

(4)

and where f (δ ) in equation (3) is the density function for the random parameter(s) δ . The mixed

logit choice probability is thus a weighted average of the logit formula computed at different values

of δ , with the weights given by the density function f (δ ). Tailored to our example, let f (δ ) =

φ(δ |β0,σ
2
µ), so that the mixed-logit probabilities are:

Pi
jt =

∫ ( eV i
jt

∑k eV i
kt

)
φ(δ |β0,σ

2
µ)dδ(5)

where all of the fixed parameters θ in our model, and the random δ coefficient as well, are embed-

ded within the expressions for V i
jt inside the large parentheses.

Forecasting Per-Trip Welfare Changes under Climate Change

Utility derived from a birding trip, in our model, is driven almost entirely by travel costs and

destination attributes.27 We wish to explore the welfare consequences of forecasted changes in the

spatial distribution of expected bird species richness, along with forecasts of land cover changes

across the sample region, given a business-as-usual climate forecast.

Our estimates of individual welfare change begin with the estimated utility parameters based

on actual conditions, combined with the actual levels of the explanatory variables to infer the max-

imum attainable systematic utility level, under current conditions, across all birding destinations in

the eBirder’s consideration set.28 We then retain the same set of utility parameters, but permute the

27This is important. We know very little about the characteristics of each eBird member in this sample, so the
preference parameters that we estimate are “average” for our estimating sample. We are not able to tailor our preference
parameters to capture any systematic differences by gender or age or ethnicity, for example.

28For the trips in our sample, this may be given by the systematic utility derived from the destination actually chosen
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levels of the key explanatory variables (i.e. species richness and land cover) according to the fore-

casted effects of climate change on these variables. We then infer the revised maximum attainable

utility level across the same set of destinations under these new conditions. The most-preferred

destination under the forecasted new conditions may be the same as under the actual conditions,

or it may change. We do not seek to predict exactly which site will be visited under the new con-

ditions. We seek only to infer the maximum attainable systematic utility across all destinations

under the new conditions.

We monetize the before-and-after utility difference to calculate what difference in income un-

der unchanged conditions would leave each eBirder with the same per-trip utility from birding

excursions as they would obtain with the forecasted change in conditions but no other adjustment

to income. Technically this dollar amount is an “equivalent variation” (EV). If the forecasted EV

is positive, the policy in question makes the eBirder better off; if the forecasted EV is negative, the

policy makes the eBirder worse off.29

The algebra of per-trip welfare change calculations

Based on our parameter values estimated in the context of utility-differences, we can revert to

express the level of systematic utility, V i
jt , for individual i, associated with a trip to hotspot j in

month t, as:

V i
jt = α(Y i−Ci

jt)+
[
(β0 +µ

i)+β1Y devi +β2Tt

]
E[S] jt +LC jtγ1 +A jtγ2(6)

= α(Y i)−α(Ci
jt)+W i

jt

where W i
jt merely economizes on notation in what follows.

Across all of the Ji alternative hotspots in individual i’s consideration set, the "log-sum-exp"

for that trip, but the error term in the random utility specification allows this not to be the case. Some other destination
may offer the highest fitted systematic utility.

29We adapt the approach described in Phaneuf and Requate (2017, p.477).
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transformation can be used to approximate the maximum attainable systematic indirect utility from

any destination in this set of alternatives. In our model, household income does not vary across

alternative destinations (birding hotspots), although travel costs do. Thus, a term exp[α(Y i)] (in

the following equation) can be factored out of the sum over alternatives j = 1, ...,Ji for eBirder i in

the log-sum-exp expression.30

ln[
Ji

∑
j=1

exp[V i
jt ]] = ln

{ Ji

∑
j=1

exp
[
α(Y i)−α(Ci

jt)+W i
jt

]}
(7)

= α(Y i)+ ln
{ Ji

∑
j=1

exp
[
−α(Ci

jt)+W i
jt

]}

Recall that the estimated coefficient on the travel cost variable in our conditional logit model gives

−α̂ because travel cost is subtracted from the implicit income variable, Y i.

In general, one expects some difference between the “compensating variation” (CV) and “equiv-

alent variation” (EV) measures of the utility change associated with a change in conditions. When

there are no income effects, however, these alternative measures will be the same. In our model, the

indirect utility function is assumed to be additively separable in (unobserved) individual household

income. Travel cost is the only money-denominated site attribute. The marginal rate of substitu-

tion between each site attribute and travel costs conveys the marginal willingness to pay for each

of these attributes, which is independent of the individual birder’s own household income in our

specification. Relative socioeconomic status for the eBirder’s neighborhood, captured crudely by

our Y devi variable, is nevertheless allowed to shift this marginal willingness to pay.

We can simulate changes in any of the variables in W i
jt in equation (6), to produce W ∗ijt . This

term includes the key expected species variable, E[S] jt , and the land cover indicators, LC j, for

our climate change simulations. The per-trip equivalent variation, EV i can be calculated using the

30In nested logit models the log-sum-exp of the indirect utilities associated with the subset of alternatives on a
particular branch is termed the “inclusive utility value” or simply the “inclusive value” for that particular subset of
alternatives. In that case, likewise, it is approximately the maximum attainable utility across that subset of alternatives.
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following formulas (adapted from p. 283 of Freeman et al. (2014)):

EV i
t =

1
α

{
ln[

Ji

∑
j=1

exp[V ∗ijt ]]− ln[
Ji

∑
j=1

exp[V i
jt ]]

}
(8)

= (∆Y i)+
1
α

{
ln
{ Ji

∑
j=1

exp
[
−α(C∗ijt )+W ∗ijt

]}
− ln

{ Ji

∑
j=1

exp
[
−α(Ci

jt)+W i
jt

]}}

When preferences are linear in net income, for scenarios where there is no (predictable) change

in the level of real income, it is moot whether income (i.e. the budget constraint) is measured

annually, monthly, or over some other time period. Income drops out of the utility difference

entirely. This accounts for the expedience of the common assumption that preferences are linear

and additive separable in the net income, Y i−Ci
jt , associated with each alternative.

The log-sum-exp function yields an approximation to the largest of the exponentiated terms in

the sum in question. In this utility-theoretic context, this largest term corresponds to the highest at-

tainable utility across the consideration set. This may not always be the destination actually chosen

in each case, because of the random component in the utility function, but it is the destination with

the largest predicted utility. In equation (8), then, the identity of the destination predicted to yield

the highest utility in the estimation sample will depend on the characteristics of each destination,

summarized as its corresponding W i
jt term. The identity of the destination predicted to yield the

highest utility in the forecast period will depend on the forecasted characteristics for each destina-

tion, summarized by its corresponding W ∗ijt term. (In this case, the real costs of travel are assumed

to remain unchanged, so the −α(C∗ijt ) terms remain the same. Our EV measure thus monetizes

the difference in maximum attainable utility level across all destinations in the choice set, as a

consequence of spatially explicit forecasts for changes in land cover and bird species distributions.

In this paper, we do not seek to predict changes in the expected numbers of trips to birding

destinations in different areas. With larger samples and richer data, it should be possible also to

use models such as these to help forecast which birding destinations are likely to see more visitors

and which may see fewer, with implications for changes in the economic impact of birding activity
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on local economies. Given the limitations of the current sample, we seek only to estimate per-trip

welfare effects, rather than to develop a comprehensive model for the overall numbers of trips to

each destination.

Estimation Results

Recreational Site Choice

Consideration sets. We assume that the consideration set for each respondent includes the selected

birding hotspot on each choice occasion plus the typically huge number of other possible hotspots

within 60 minutes of travel time from the individual’s home address.31

Our models indicate that σ2
µ , the estimated variance of β0 (the random coefficient on the ex-

pected species richness variable), is statistically significantly different from zero. Thus mixed logit

specifications are preferred over the analogous fixed-coefficient conditional logit specifications.

Selected parameter estimates are shown in Table 2, for key site attributes and controls. The full

estimation results are provided in Appendix Table A2.

Systematic sample selection corrections. The estimated coefficients in Table 2 pertain to an

eBird member with average propensity to appear in our estimating sample (i.e. one having the

average propensity to have provided home address information to eBird). This inference is appro-

priate because we allow both the coefficient on the travel cost variable and the baseline coefficient

on the expected species variable to vary systematically with the fitted propensity from a separate

probit model designed to explain home address provision across all eBird members in Washington

31This designation of “consideration sets” is consistent with the approach taken in Kolstoe and Cameron (2017).
Sensitivity analyses with respect to this number of minutes are reported in the Appendix in Table A3. These analyses
show that the coefficient on the Y devi×E[S] jt interaction term can change sign and statistically significance. For
example, when 90-minutes travel-time consideration sets are used, as reported in the Appendix in Table A4, this
coefficient becomes statistically insignificant. We have opted to feature results for the conservatively defined choice
set that is consistent with the site choices of eBirders based on the travel times (and therefore distances) of their actual
trips.
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and Oregon states.32,33

Marginal utilities of travel costs (Ci
j) and expected species richness (E[S] jt)

The four columns of results in Table 2 begin by reproducing the parameter estimates for the pre-

ferred specification from Kolstoe and Cameron (2017). We then provide a sequence of three in-

creasingly general mixed-logit specifications focusing on ecoregions and the new land-cover vari-

ables. Whether we control for ecosystem differences makes no real qualitative difference to the

key marginal utilities of travel cost or expected species. Nevertheless, we restore the ecosystem

indicators in Models 3 and 4 because some of them bear individually statistically significant coef-

ficients.34.

In Model 3, our preferred specification, the land-cover class indicators are included simply as

site attributes with “main” effects on the utility derived from a birding hotspot.35 The complete

results for this model are available in Appendix Table A2. Model 4 shows that the interaction term

between the “Developed” land-cover class (the baseline category) and urban area is statistically

insignificant. We explored the inclusion of this interaction term out of a concern about the breadth

of the “Developed” category, and in recognition of the fact that not all developed areas lie within

designated urban area boundaries (see Appendix Figure A1). Given this result, we retreat to Model

3 as a sufficiently general model for eBirder preferences.

32Let DAPi be the individual’s deviation from the mean propensity to supply address information. Our models thus
specify our two key coefficients as: α = α +π1DAPi and β0 = β0 +π2DAPi. The “selection correction” coefficients
π1 and π2 can be found at the bottom of Table 2. We attempt no correction to the variance-covariance matrix for the
estimated parameters as a consequence of the estimated nature of the DAPi variable.

33Estimation of the coefficients in Table 2 is accomplished using the mixlogit.ado utility for Stata. Note that the
standard errors in these specifications are not clustered by individual. Cameron and Miller (2011) argue that in the pres-
ence of group-specific fixed effects, one cannot compute cluster-robust standard errors. For the mixed logit random-
parameter models featured in the body of the paper, we instead bootstrap the standard errors using 500 Halton draws
(Train, 2009).

34Also, a likelihood ratio test of the set of restrictions imposed by Models 2, against the more-general Model 3,
rejects the null hypothesis the coefficients on the set of ecoregion indicators are simultaneously zero

35We have explored interacting the different land cover classes with expected species. However, these interactions
were not statistically significant. This may be due to the lack of power the model has given the current number of
observations.
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Travel costs Ci
j. For our willingness-to-pay calculations, the marginal utility of other consump-

tion (i.e. the negative of the α coefficient on the travel cost variable in a linear specification) serves

as the denominator, so this travel-cost coefficient is very important. The results in Table 2 demon-

strate that the coefficient on the travel cost variable is strongly significantly different from zero,

with the expected sign. Its magnitude is also very robust across all of our specifications. All else

equal, birders are more likely to visit nearby birding hotspots.

Expected species richness: E[S] jt . We are particularly interested in the marginal utility of

our species richness (biodiversity) measure, represented by the expected number of different bird

species at each destination based on the previous year’s data for the same site in the same month.

The baseline for the marginal utility of the expected number of species consists of the mean of

the random parameter, β0, but there is evidence of statistically significant unobserved heterogene-

ity across eBirders, because the variance in this random parameter, σ2
µ , is statistically significant

across all specifications in Table 2.

The single mean coefficient β0, however, also applies only when we are considering an eBirder

who lives in a census tract with median income equal to the average of these median incomes across

all census tracts in the region, so that Y devi = 0. Our crude sample selection correction also shifts

this marginal utility, so the baseline coefficient also applies specifically for an eBird member having

an average propensity to report home address information and thus to be included in our sample.

Furthermore, given the seasonal variation and trend in this marginal utility, the baseline coefficient,

β0 also applies specifically for the month of January in the year 2010. January is one of the least

appealing months in which to go birding in this region, so it is unsurprising that in this month,

the estimated marginal utility for an additional bird species is statistically indistinguishable from

zero. In June and December however, the more popular months for birding and the two seasons

for which we have specific forecasts of species ranges under climate change, the baseline marginal

utility for an additional expected species is statistically significantly positive, as evidenced in the

set of coefficients on the eleven month-specific interaction terms reported in Appendix Table A2.
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The marginal utility of an additional expected species also increases with the deviation of the

eBirder’s census tract income from the mean in the region. Members from more-affluent areas

have a statistically significantly greater marginal utility for an additional expected species in all

seasons, even in January.

Land-cover Classes. This is the key information that is new to the models in this paper, and

along with species richness, crucial for the effects of climate change on eBirder welfare levels that

we seek to forecast. Among the land-cover classes, the baseline “Developed” class can range from

open space to high-intensity, as defined in the NLCD 2011. Relative to that category, the sub-

set of land-cover classes for which marginal utility is statistically different are Water, Shrubland,

Planted/Cultivated and Wetlands. All of these land cover types typically support greater biodiver-

sity and are more conducive to bird watching. The land-cover types that provide the highest rela-

tive utility are Water and Wetlands, and these land-cover types are what one might expect to find

in some of the region’s National Wildlife Refuges, all of which are managed for bird biodiversity

and may be a more aesthetically pleasing setting for a bird watching trip.36 Based on the estimates

in Table 2, relative to the “developed” land-cover class, eBird members derive statistically sig-

nificantly greater utility from trips to hotspots that are characterized as Water, Planted/Cultivated

and Wetlands. Population growth, climate change and development pressures are likely to al-

ter/diminish the quality of at least some of these types of birding hotspots.

Other Site Attributes. In all of the models reported in Table 2, we also control for a variety

of site attributes and include indicators for the prior presence of endangered or threatened bird

species, different ecological management regimes, a congestion/popularity measure, land cover

type, and the type of ecoregion. The coefficients on those site attributes which were also included

in the models in Kolstoe and Cameron (2017) remain statistically significant and of a similar mag-

nitude and sign. For this reason the estimated coefficients on these other attributes are relegated to

36The “Water” class includes open water which is defined as “areas of open water, generally with less than 25%
cover of vegetation or soil” (Homer et al., 2015). The Wetland class includes woody wetlands and emergent herbaceous
wetlands.
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Appendix Table A2.

To summarize, the coefficient on the site-level indicator for the prior presence of an endan-

gered bird species is positive and statistically significant, suggesting that a significant marginal

utility premium exists for sites where one might expect to see an endangered bird species. Also,

the coefficient on the indicator for sites that are managed specifically for biodiversity (National

Parks, Wilderness Areas, etc.) is statistically larger in magnitude than the coefficient on the indica-

tor for sites less-managed for biodiversity (National Forests, etc.) where extractive activities such

as logging or mining are allowed. This difference may also reflect that National Parks, Wilderness

Areas, etc. tend to be iconic in some way, which may explain why there is a premium on TWTP

for trips to such places, regardless of their bird populations. There is an additional premium for

destinations that are managed specifically for bird biodiversity (National Wildlife Refuges). This

designation often coincides with the land-cover classes that bear the largest positive and statisti-

cally significant utility premiums relative to the baseline (“Developed”) land-cover class. These

estimated differences seem intuitively plausible—a trip to a more-pristine area yields higher utility

than a trip to a less-pristine area, independent of the number of bird species expected to be seen.

We continue to find that our prior-year congestion/popularity measure confers diminishing

marginal utility. The linear coefficient on the congestion/popularity variable is positive and the

coefficient on the squared term is negative. This suggests that there may exist a threshold at which

a site’s popularity begins to reduce people’s utility, possibly as a result of congestion. If birding is

a social activity, and a destination is not too crowded, additional visitors do not seem to diminish

the quality of the experience. It is possible that at low levels, a little congestion is a “good” thing.

We continue to include ecoregions, as systematic shifters of utility, to avoid omitted variable

bias, the utility that an individual may derive from the type of destination (i.e. ecological factors)

may be separate from the incremental utility associated with the expected number of bird species

at that destination. Ecoregions will also be correlated to some extent with the distance of a hotspot

from the major population centers in the region, and we do not wish to bias the key travel cost
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coefficient by omitting this potentially relevant determinant of utility. Given the diverse array

of land-cover classes within any large ecoregion, we are not worried about extreme collinearity

among these two groups of indicators. There is certainly a strong likelihood that land-cover class

and ecoregion indicators will be correlated with expected numbers (and types) of species present,

so it is important to allow for independent effects on utility levels for all three factors. Some

birders choose their birding destinations because certain hotspots have other attractive features

(e.g. scenery) besides just the number of expected bird species. In our complete set of estimation

results in the Appendix, the omitted land-cover class is “Developed” and the omitted ecosystem

is the Puget Lowlands in Washington State. Relative to that baseline, positive and statistically

significant differences in utility are found for the ecoregions designated as the Willamette Valley,

the Cascades and the Coast Range.

Welfare Calculations

Actual conditions: TWTP and MWTP by selected site attributes

Under current conditions, and for the estimated utility parameters reported for Model 3 in Table 2

(our preferred specification), we calculate the effects on total willingness to pay (TWTP) for a bird-

ing excursion of (a) the key species richness variable (shown in Table 3), (b) month-of-year/season

(shown in Table 4), and (c) land-cover class at the destination (shown in Table 5). Our approach

is to establish an arbitrary baseline case, and then to permute the factor in question and report the

resulting effect on our willingness-to-pay measures relative to that benchmark case. The relevant

baseline case is summarized in the title for each table.37 This strategy allows us to illustrate the

extent of the influence of each factor on the implied total willingness to pay (TWTP) for a birding

excursion and, in the case of month-of-year/seasonal effects in Table 4, on marginal willingness to

pay (MWTP) for an additional expected species at the destination. The basic results in Tables 3

37We rotate through a complete set of site attributes in Appendix Table A6.
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and 4 are similar to those obtained for our earlier models without land-cover indicators, in the

corresponding tables in Kolstoe and Cameron (2017).38

Table 5 provides the key estimation results that are entirely new with the specification in this

paper. We use the full set of parameter estimates for land-cover classes to show the extent of

variation in the implied total willingness to pay for a benchmark birding trip, based solely on

differences in land-cover classes. The point estimate of TWTP is about $276 for the baseline

class of land cover (“Developed,” which includes open areas as well as low-intensity, medium-

intensity and high-intensity developed areas). This TWTP rises as high as $286 for sites where the

land cover is mostly water or for sites where the land cover is mostly wetlands. Recall that only

the utility differentials for Water, Planted/Cultivated, and Wetlands are individually statistically

significant. For Water and Wetlands, the TWTP differential is estimated to be about $10 per trip.

The TWTP differential for Planted/Cultivated is about half that.

Our implied total willingness to pay of $276 applies for a trip during the prime bird-watching

season (in June) to a site with our baseline characteristics. This addition of the land-cover at-

tribute makes the model more usable for conservation purposes when looking at how the land-

cover change are likely to affect birders’ welfare levels. This TWTP estimate is within the range

found by Zawacki et al. (2000) of $18.70-$327.50 for a more-general wildlife watching trip. Our

TWTP estimate is higher than that found by Dissanayake and Ando (2014), who report upon a

stated-preference survey to assess the value of grassland restoration (where bird biodiversity and

density were included as site attributes). They find a TWTP between $75-$150. However, our

estimates of TWTP for a birding trip vary dramatically over the course of a year in our Pacific

Northwest context, as documented in Table 4—from essentially $0 in February to $276 during the

peak of the breeding season in June. Our estimate of TWTP for a birding excursion in December,

38The variance of the random parameter is again strongly statistically significant, suggesting there remains con-
siderable unobserved heterogeneity in the marginal utility of species richness across the sample. It is possible that
the size of the variance of this coefficient might vary systematically with some potentially observable eBird member
characteristic(s), but we leave this inquiry for future work.
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the second most popular birding month in the Pacific Northwest, is only $134, which is consistent

with the estimates of Dissanayake and Ando (2014).

Forecasted policy: Business-as-usual climate change

We can use our model of birder preferences to predict what may happen to the per-trip welfare

of birders in this region if conditions were to match the business-as-usual (A2 per IPCC (2007))

climate scenarios for the 2020s and 2050s. More than 1000 trips across the seasons during our

sample period are used to produce our utility parameter estimates, but there are correspondingly

fewer trips any given month. We use the species-range forecasts estimated for June based on the

USGS Breeding Bird Survey (BBS) data, and for December based on the Audubon Christmas

Bird Count (CBC).39 No forecasts are available specifically for each month in 2020s and 2050s,

unfortunately, so we must improvise as follows.

Our utility model is based upon birding excursion data from throughout the year, but our two

projections of avian species richness apply only one season. Therefore, we treat the two available

percentage-change projections for each birding hotspot as different predictions applying to the

entire year in each of our two future time periods (the 2020s and the 2050s). The BBS and CBC

forecasts are somewhat different. We use the summer-based BBS forecast, and the winter-based

CBC forecast, to put rough bonds on what may happen year-round (see Figure 1).40 These two

cases should provide a crude picture of the types of welfare changes that are possible, based on the

available forecasted data for changes in the ranges of bird species and changes in land cover.41

39The BBS runs from the end of May through the beginning of July. The CBC runs from mid-December through
the beginning of January.

40We calculate these percentage changes by summing the counts of species present at each birding hotspot based on
GIS data for individual species ranges—both for the baseline of 2000s (which we must assume is similar enough to
the relevant period for our eBird trips), and as forecasted for the 2020s and 2050s based on the A2 scenario. Figure 1
provides maps showing the percentage changes for these two future years, for the forecasted BBS and the CBC species
absence/presence counts. White areas in Figure 1 correspond to areas of no data from these Audubon forecasts. Our
welfare change calculations omit observations at sites with no forecasted data for these the calculations.

41Another necessary caveat is that the willingness to pay estimates in Tables 3 through 5 are for one specific trip.
The reported dispersions in the estimates reflect the asymptotically normal joint distribution in the estimated utility
parameters, rather than heterogeneity across different trips. There is one “observation” for each random draw from
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Relative to our estimating sample of eBirder preferences for 2010–2012 in this region, Table 6

summarizes the main results for our forecasted near-term (2020) and somewhat longer-term (2050)

per-trip welfare changes (measured as equivalent variations, EV). Each set of results includes the

average EV across all of the trips in the sample, the standard deviation in these EVs, as well as the

minimum and maximum predicted EVs. Notably, each range includes both positive and negative

values, implying that there will be both winners and losers, among the eBird members in our

sample, with changes in land cover and the ranges of bird species and thus species richness at

different hotspots.

The two columns in Table 6 summarize the distributions of welfare changes, across the trips

in our estimating sample, for 2020 and 2050. Within horizontal Panel A of this table, and in each

of the two sub-sections of horizontal Panel B, forecasted EVs are provided for separate species

richness projections based first on the data from the Breeding Bird Surveys (BBS) conducted in

the May–June period, and then on the data from the Christmas Bird Counts (CBC) conducted in

the December–early January period. Again, we scale the entire year’s species richness forecast

according to these two benchmarks, to give a sense of the differences.

Panel A in Table 6 summarizes the welfare effects for the entire sample of eBirders, across all

of their birding excursions. The key take-away point is that there is a lot of heterogeneity in the

welfare changes across the sample. This heterogeneity stems solely from the forecasted changes

in species richness and land cover across the birding hotspots in each person’s consideration set.

Given that almost every person has a different consideration set, the eBirders in our sample will be

affected differently by climate change. For example, consider the results based on the CBC forecast

for 2050. At one extreme, climate change is forecasted to result in a loss of per-trip welfare for

the joint distribution of the parameters. In this section, in contrast, we employ a cruder approach, using only the point
estimates for each parameter, combined with the explanatory variables for every trip in our sample (either actual, or
forecasted for the future policy scenarios). The reported distributions reflect the variation across trips in the equivalent
variation estimates due to the different travel costs, relative socioeconomic status and destination attributes for all
alternatives in the individual’s consideration set. There is one “observation” on each calculated (or forecasted) EV for
every trip in our sample.
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some eBirder in our sample on the order of $109 (based on the BBS forecast for 2050). At the other

extreme, climate change is forecasted to result in a gain in welfare, for some (different) eBirder

in our sample on the order of $106. Again, these forecasts assume the same people take trips at

the same time of year and choose from the same consideration sets—but when they re-optimize

under new conditions, they do not necessarily choose the same destination from that consideration

set. If we forced people to continue to go to the same destination under different conditions, their

maximum attainable welfare would be lower than if they could re-optimize.

Panel B in Table 6 disaggregates, subsetting the data to show the corresponding distributions for

just the Seattle metropolitan area and for just the Portland/Vancouver metropolitan area (excluding

the rural areas of the two states). There is no striking difference in the average welfare derived from

birding excursions in these two metropolitan areas, and there remains considerable heterogeneity

within each metropolitan area (see Figures A2-A5 in the Appendix).

Table 6 reveals that to look only at the means of our EV estimates across these coarse partitions

would ignore some potentially important finer-scale distributional consequences. Again, the extent

to which individual eBirders are affected by the forecasted changes in land cover and bird species

richness depends on how conditions change at those sites included in each individual eBirder’s

consideration set of birding hotspots. Consideration sets vary with the residential location of the

birder in question. On average across all eBirders in our sample, the point estimates of EV per trip

are relatively small. However, given that the range in EV estimates is sometimes very large, it may

be important to think about finer spatial resolution in the patterns of welfare effects from changes

in land cover and bird species richness across different areas in the Pacific Northwest.

County-level spatial patterns in forecasted welfare effects

The so-called “efficiency” criterion that underlies benefit-cost analysis in economics does not au-

tomatically take into account the often equally important “equity” consequences of proposed poli-
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cies.42 In recent years, especially in the context of environmental policy assessment, researchers

have been increasingly sensitive to the potential distributional consequences of proposed policies.

These distributional consequences are at the foundation of the issue of “environmental justice” or

“environmental equity” from the perspective of economics.

The models of eBirder preferences that we estimate in this paper involve very limited hetero-

geneity according to the identity of the individual birder. The closest thing we have to the sociode-

mographic characteristics of individual birders is the median household income for the census tract

in which the birder resides, relative to the mean of these median incomes across all census tracts in

this two-state area. Beyond this heterogeneity stemming from likely relative socioeconomic status,

preferences are implicitly averaged across all birders in the estimating sample and do not differ

by gender, age, or ethnicity (some sociodemographic characteristics along which environmental

justice assessments are sometimes considered). The main way in which the policies we consider

lead to differences in the EV associated with any given policy is via the location of the birder’s

place of residence relative to shifting spatial patterns in the populations of birds and in land cover

within about an hour’s drive from the person’s home.

Our final exercise is to disaggregate our forecasted welfare changes for eBirders by county,

across this two-state region. In the two panels of Figure 3, we depict spatial patterns in the EV

associated with business-as-usual with respect to climate change in the 2050s, with the associated

changes in land use and bird populations for both June (based on the BBS data forecasts) and

December (based on the CBC data forecasts). To emphasize relative welfare changes, the dark-to-

light shading (for counties for which our eBird sample includes data) reflects only the deciles of

the distribution of EV forecasts under the BBS and the CBC forecasts for species ranges. Negative

values are denoted in parentheses, and we do not force the same scale across the two maps.

The fundamental take-home point concerns the unequal spatial distribution of the losses (or

42Efficiency requires only that the gains to the winners outweigh the losses to the losers, without considering the
identities of prospective winners and losers.
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gains) in per-trip welfare for eBirders as a consequence of the changes in land cover and bird

ranges predicted to result under the A2 business-as-usual climate forecast. Each of these two maps,

independently, confirms that the consequences of climate change for birder welfare are different

across counties. Given how parsimonious are our specifications, the results in Figure 3 should be

taken as confirmation that even with essentially identical preferences, there can be differences in

the welfare effects from policies simply because of differences in the spatial distribution of birding

destination options relative to where people live and differences in the way that climate change is

expected to affect bird populations and land cover across these different sets of destinations.

Caveats

Our estimates for per-trip equivalent variations for birding excursions under climate change com-

pletely ignore any “non-use” or “passive use” values derived from land cover and bird populations

(e.g. existence, option, or bequest values) that might be associated with a business-as-usual climate

policy. Also, the utility derived from backyard birding is likely to be sizeable. Backyard birding is

not being considered at all in this study, and birders may substitute away from birding excursions

and toward back-yard birding (or vice-versa) as the spatial distribution of bird species richness

changes. Significant changes in local bird populations can likewise be expected to result in welfare

changes from backyard birding as well as from away-from-home birding excursions, so it may be

unwise to think about only the per-trip welfare effects for birding excursions away from home.43

As with most types of economic forecasts, some maintained hypotheses underlie our calculations

of the welfare effects discussed in this paper:

• All other factors affecting birding preferences and destination choices remain unchanged

• The consideration sets of eBirders, basically a radius based on travel time from their place
of residence, will be unaffected by changes in land cover or climate

43In ongoing research, we are attempting to measure the welfare effects of prospective changes in backyard birding
opportunities as a result of climate change and other prospective polices, so a fuller comparison may be possible when
those results are available.
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• The same types of eBirders (e.g. avidity levels) will continue to live at roughly the same
residential locations, despite changes in land cover and climate

• Each eBirder’s number of trips per year will not change substantially in response to changes
in land cover, climate and bird populations, although their most-preferred destinations in
their choice sets may change

• Any attempt to scale per-birder average per-trip EV estimates to the entire population of
birders must be tempered by recognition that eBirders are likely a non-random subset of
all birders in the region and may be more avid than the average member of the general
population. Furthermore, not everyone is a birder, and some subset of the population may be
completely unaffected by changes in land use and bird populations.

Climate-change-related effects on bird ranges are already being observed. However, our re-

search suggests that changes in land cover also have an additional important direct effect for the

utility that people derive from birding excursions, independent of its effects on bird occurrence. It

would be difficult to tease out the overall effect of land cover on birder utility given that this factor

is also bound up with its influence on future bird populations.

The results of our welfare analyses suggest that, across our sample of eBirders in different lo-

cations throughout the Pacific Northwest, there will be winners and losers as the ranges of different

bird species in this region continue to shift northward or to higher elevations. These results also

assume, in our bare-bones specification, that eBirders value each bird species identically. This may

not be the case, but richer data and larger samples will be required to permit us to discriminate re-

liably between preferences across different types of species. Also, the results of (Lundhede et al.,

2014) suggest the negative welfare effects from the loss of a familiar bird species may not be offset

exactly by the gain of a new bird species, and the potential for “loss aversion” is not captured by

our specifications based mostly on a simple biodiversity measure such as species richness.

Conclusions and Directions for Further Research

In the Pacific Northwest U.S., many local economies have seen a dramatic decline in extractive

industries such as commercial forestry. These communities have actively sought ways to replace
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this declining industry, and several have learned that they have a comparative advantage in birding-

related tourism. The geographic locations of these communities lie along the main flyway for

numerous species of migrating wild birds, so that seasonal events such as birding festivals can

be designed to draw new types of visitors who will add to the demand for food and lodging and

birding-related goods and services.44

As climate change and land-cover changes affect bird populations, though, there will be changes

in the types of birds that will be available for viewing during these festivals. Our endeavor, in this

work, is to provide a somewhat better picture of the benefit currently enjoyed by birders, derived

from species richness among wild bird populations across the region and in different seasons.

These benefits dictate the demand for opportunities to view wild birds and have the potential to

affect the economic impact from birding-related tourism in the area.

The main contribution of this paper is to illustrate how citizen science data from eBird can

be used to compare the potential welfare effects, for birders who travel to see wild birds, of the

forecasted effects of climate and development on land cover and bird populations. Maintaining

the status quo at zero cost, unfortunately, is not an option. The illustrative forecasts in this paper

reveal that business as usual with respect to land cover and climate is likely to have spatially het-

erogeneous welfare effects. The existing literature, which provides a limited number of examples

of values for specific birding sites and iconic bird species under current conditions, offers little

assessment of potential future welfare impacts to be expected from land-cover change or climate

change in this domain.45

44In some resource-based communities in this region, many people took a dim view of “environmentalists”
because of the displacement created by logging restrictions designed to protect endangered species such as the
spotted owl. There is now considerably more enthusiasm with the realization that non-consumptive “use” of
wild bird populations by avid birders can bring considerable replacement revenue to the area. See, for example
http://www.klamathbirdingtrails.com/events/index.shtml

45In an earlier version of this paper, we also explored the potential welfare consequence for eBirders in this region
of an aggressive carbon pricing policy of $200 per ton. If this policy allowed land use and bird populations to remain
at the status quo, the effects on eBirder welfare would have been felt through changes in the cost of travel to each
alternative birding destination and effects on the real incomes of these birders, which are forecasted to differ by
income bracket. A carbon pricing program would likewise affect the net income associated with each destination
in the individual’s consideration set, and changes in relative (real) incomes across the region (different for different
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The data on birding trips used for this analysis are somewhat limited, and represent only a

sample of convenience with very little information on the eBirders themselves, other than the

origin point for their reported birding trips. It would be helpful to differentiate birder preferences

by gender, age, ethnicity and household income levels, for example. Despite its minimal birder

characteristics, the analysis demonstrated in this paper provides useful insights about the types of

future studies that could potentially be conducted. With a larger data set, over a wider region (with

more birding trips by more eBird members), it would be valuable to explore whether the welfare

effects of a wider variety of conservation policies might vary, not just on the fine spatial scale

identified in this paper, but also by type of bird, rather than just uniformly over all species. It may

be appropriate, with richer data, to refine the approach in this paper also to allow for variation in

the marginal utility of species richness by type of bird and/or by another biodiversity index that

take species abundance into account (such as a Shannon or Simpson index).

It will also be important to develop a method to consider the representativeness of the eBird

sample, both with respect to the entire population of birders and with respect to the population

as a whole. For policies that might increase utility from birding activities, it would be helpful to

develop a method of modeling the number of birding trips per person, and the number of people

who choose to engage in birding activities at all.

Birding trip data constitute what economists call “revealed preference” data, where people

are observed to incur real costs to gain access to an environmental good. But we suspect that

bird populations are also valued highly by a lot of people who do not take trips away from home

specifically to see birds. Backyard birding is popular, but backyard birding is more difficult to

model, because no travel behavior is observed and the researcher must be more resourceful in

gathering data about tradeoffs that people are willing to make with respect to local bird populations.

We are currently developing in a separate “stated preference” study that seeks to measure the value

income quartiles) would change the marginal utility of additional expected bird species. The equivalent variations for
these changes were almost universally negative. Of course, this is not an indictment of carbon pricing. Many other
avoided climate-change damages would figure into a full benefit-cost analysis.

33



of bird biodiversity among people who do not travel away from home specifically to see birds.

Managers of citizen science projects may appreciate that the data they collect to monitor bird

populations can be used to model the benefits to humans derived from these populations, but this

can be done well only if sufficient information is collected about each citizen scientist. Citizen

science projects typically focus primarily on the behavior of the species being observed. Environ-

mental economists are interested, instead, in the behavior of the species (i.e. homo sapiens) that is

doing the observing.
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Table 1: Descriptive statistics across all alternatives, key Variables, Oregon and Washington statesa

Variable Brief Description Mean Std. dev.

Travel cost w/time cost Using 1/3 imputed wage for Census tract 41.10 17.38

Difference in Median
Household Income
($10,000)

Difference between the median income in a
birder’s home census tract from the sample mean
of census tract level income (based on the
2007-2011 5 year estimates at the census tract
level) per $10,000

1.02 2.22

Expected # bird species eBird for seasonal species, same month last year;
Birdlife for resident species 75.74 10.14

1(National Wildlife
Refuges)

National Wildlife Refuges, managed specifically
for bird biodiversity .0044 -

1(National Parks, etc.) Permanent protection,c e.g. National Parks,
Wilderness Areas, National Wildlife Refuges

.036 -

1(National Forests, etc.)
Some extractive uses,d e.g. National Forests,
State Parks, Recreation Management Areas,
Areas of Critical Environmental Concern

0.27 -

1(Expect Endangered Bird
Species)

Indicator that a bird species listed as endangered
at the federal or state level is visible at a site 8.36x10−5 -

1(Urban area) Refers to urbanizes areas with >50,000 people, at
2010 Census 0.61 -

1(Water)

Includes areas of open water with less than 25%
cover of vegetation and soil. This category also
includes areas characterized by perennial cover of
ice and/or snow.

0.109 -

1(Planted/Cultivated) Includes areas of pasture, hay and cultivated
crops as defined in the 2011 NLCD 0.097 -

1(Wetlands)
Includes areas of woody and emergent
herbaceous wetlands as defined in the 2011
NLCD

0.103 -

1(Developed)
Includes open space and low, medium and high
intensity developed areas as defined in the 2011
NLCD

0.412 -

NOTES: a60 minute maximum travel time for considered alternative hotspots, 2010-2012 trips;
statistics for other control variables used in our models have been relegated to the Appendix.
Other controls include monthly indicators and an annual time trend in the marginal utility of E[S], four other
land cover types, nine ecoregion indicators relative to the Puget Lowlands, a quadratic form in the congestion/
popularity of the destination, and interactions of the travel cost and expected species variables with
a measure of the propensity (relative to the average) of this eBirder to be included in the estimating sample
(221 total birders with home address information; 1,094 trips; 155,495 total alternatives; average
201 alternatives per birder (std. dev. 80.8 alternatives); bCalculated using mqtime.ado written ;
by Voorheis (2015) cGAP status 1 or 2; dGAP status 3

35



Table 2: Progression of Models, Pooled Oregon and Washington Sample; Key Results

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

Travel cost variable: Ci
j

Roundtrip, 1/3 wage: α -0.0362∗∗∗ -0.0365∗∗∗ -0.0363∗∗∗ -0.0362∗∗∗
(0.00306) (0.00301) (0.00306) (0.00306)

Expected species richness: E[S] jt ; interactions: Tt ×E[S] jt

E[S] jt random coef. mean: β0 0.0105 0.0109 0.00949 0.00954
(0.0127) (0.0123) (0.0123) (0.0123)

E[S] jt random coef. variance: σ2
µ 0.0219∗∗ 0.0194∗∗ 0.0195∗∗ 0.0195∗∗

(0.00869) (0.00887) (0.00873) (0.00876)
E[S] × dev. med H. Inc. ($10,000): β1 0.00512∗ 0.00472∗ 0.00470∗ 0.00471∗

(0.00274) (0.00267) (0.00266) (0.00266)
Land Cover: LC jt

1(LC Water/Perennial Snow & Ice) : γ1,1 - 0.394∗∗∗ 0.377∗∗∗ 0.458∗∗∗
(0.107) (0.107) (0.147)

1(LC Planted): γ1,2 - 0.221∗∗ 0.208∗ 0.283∗
(0.113) (0.114) (0.148)

1(LC Wetlands): γ1,3 - 0.390∗∗∗ 0.372∗∗∗ 0.457∗∗∗
(0.106) (0.106) (0.149)

1(LC developed)×1(UrbanArea) : γ1,4 - - - 0.133
(0.162)

Other site attributes: A j, A jt

1(National Wildlife Refuge): γ2,1 0.899∗∗∗ 0.788∗∗∗ 0.793∗∗∗ 0.789∗∗∗
(0.185) (0.189) (0.192) (0.192)

1(National Parks, etc.): γ2,2 0.737∗∗∗ 0.769∗∗∗ 0.736∗∗∗ 0.727∗∗∗
(0.125) (0.125) (0.128) (0.128)

1(National Forests, etc.): γ2,3 0.379∗∗∗ 0.420∗∗∗ 0.409∗∗∗ 0.407∗∗∗
(0.0746) (0.0761) (0.0765) (0.0765)

1(Expect Endangered Bird Species): γ2,5 1.674∗ 1.900∗∗ 1.842∗∗ 1.853∗∗
(0.854) (0.845) (0.864) (0.867)

1(Urban Area): γ2,6 -0.651∗∗∗ -0.551∗∗∗ -0.567∗∗∗ -0.603∗∗∗
(0.0789) (0.0826) (0.0843) (0.0954)

Sample Selection? Yes Yes Yes Yes
Time fixed effects? Yes Yes Yes Yes
Ecoregion indicators? Yes No Yes Yes
Total Alternatives 155,495 155,495 155,495 155,495
Log Likelihood -4605.94 -4603.77 -4590.51 -4590.16
AIC 9279.89 9271.54 9263.01 9264.32
BIC 9618.34 9590.08 9671.14 9682.41

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
† Share of all eBird trips, same month, last year, to site j

NOTES: Estimates estimated via STATA mixlogit.ado. These results use 500 Halton draws for the mixed logit model
simulations. Baseline coefficient represents the marginal utility for an eBirder who has the average propensity of eBird
members to have given is home address information at the time of registration and is visiting a rural site that is not
managed for biodiversity in the Puget Lowland in January of 2012. Models are the results for choice sets within a
60-minute drive from a member’s home.

36



Table 3: Relationship between the value of a birding trip and species richness at the destination
(calculated at mean congestion level, for June 2012, unmanaged site, no endangered species re-
ported, non-urban developed destination in the Puget Lowlands).

Simulation $ Total WTP
for trip

$ Marg WTP
(per species)

5 species (minimum) 32.05***
(24.18, 40.72)

3.43***
(1.99, 4.95)

69 species (10th percentile) 251.64***
(151.95, 356.91)

"

72 species (25th percentile) 261.93***
(157.92, 371.83)

"

78 species (50th percentile) 282.52***
(169.89, 401.58)

"

81 species (75th percentile) 292.81***
(175.88, 416.45)

"

84 species (90th percentile) 303.10***
(181.87, 431.31)

"

98 species (maximum) 351.14***
(209.79, 500.69)

"

NOTE: Across 10,000 draws from the joint distribution of the parameter estimates,
mean and 5th and 95th percentiles of the simulated sampling distribution for
calculated WTP. Interval reflects the precision of the parameter estimates.
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Table 4: Systematic seasonal variations in the value of a birding trip (calculated at mean species
richness and mean congestion level, for June 2012, unmanaged site, no endangered species re-
ported, non-urban developed destination in the Puget Lowlands).

Simulation $ Total WTP
for trip

$ Marg WTP
(per species)

January 41.70
(0, 85.26)

0.34
(-0.23, 0.92)

February 0.48
(0, 0)

-0.70**
(-1.24, -0.2)

March 55.17*
(1.87, 110.08)

0.52
(-0.18, 1.25)

April 59.01*
(1.38, 117.38)

0.57
(-0.18, 1.34)

May 51.97*
(3.48, 101.68)

0.48
(-0.16, 1.14)

June - BBS 275.77***
(165.96, 391.83)

3.43***
(1.99, 4.95)

July 29.06
(0, 76.85)

0.14
(-0.5, .81)

August 88.31**
(23.60, 154.79)

0.96*
(0.12, 1.84)

September 98.72**
(20.14, 180.42)

1.10*
(0.07, 2.17)

October 68.95*
(12.16, 127.17)

0.71
(-0.04, 1.46)

November 124.64***
(45.20, 206.70)

1.44**
(0.39, 2.52)

December - CBC 134.25***
(58.31, 214.59)

1.57***
(0.58, 2.62)

NOTE: Across 10,000 draws from the joint distribution of the parameter
estimates: mean and 5th and 95th percentiles of the simulated sampling
distribution for WTP. Interval reflects precision of the parameter estimates.
BBS = Breeding Bird Survey; CBC = Christmas Bird Count.
Relative to omitted month of January, only the indicators for February
June, November, and December bear statistically significant coefficients
in Model 3.
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Table 5: Variations in the value of a birding trip by type of land cover at the destination (calculated
at mean species richness and mean congestion level, for June 2012, unmanaged site, no endangered
species reported, non-urban destination in the Puget Lowlands).

Simulation $ Total WTP
for trip

$ Marg WTP
(per species)

Developed (baseline) 275.77***
(165.96, 391.83)

3.43***
(1.99, 4.95)

Water 286.17***
(176.58, 402.75)

"

Planted/Culivated 281.52***
(172.03, 397.30)

"

Wetlands 286.11***
(175.87, 402.73)

"

NOTE: Across 10,000 draws from the joint distribution of the parameter
estimates: mean and 5th and 95th percentiles of the simulated sampling
distribution for WTP. Interval reflects precision of the parameter estimates.
Relative to the omitted category of Developed, only the indicators
for Water, Planted/Cultivated, and Wetlands bear statistically significant
coefficients in Model 3.Full set of results in Appendix in Table A5.
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Table 6: Distribution across our sample of birding trips, for per-trip equivalent variation calculated
from parameter point estimates only; simulated for spatially differentiated forecasted changes in
region-wide land cover and bird species richness. KEY: Across our sample of trips: average per-
trip EV (std. dev. in per-trip EV), [minimum per-trip EV, maximum per-trip EV].

(1) (2)
2020s 2050s

A. Entire sample

BBS (May-June) .44 (3.67) -8.94 (14.77)
[-43.49, 63.20] [-109.35, 38.57]

CBC (Dec.-Jan.) -1.65 (5.30) -.28 (6.03)
[-47.95, 57.17] [-50.18, 106.14]

B. By major metropolitan area

(a.) Seattle metro area

BBS (May-June) .46 (3.54) -9.08 (13.65)
[-43.49, 3.34] [-109.35, 22.60]

CBC (Dec.-Jan.) -1.16 (4.53) -2.13 (5.52)
[-47.95, 4.26] [-50.18, 5.72]

(b.) Portland, OR & Vancouver, WA metro area

BBS (May-June) 1.06 (.88) -9.02 (17.06)
[-2.34, 3.93] [-66.35, 27.13]

CBC (Dec.-Jan.) -1.93 (5.20) 1.56 (1.24)
[-19.55, 9.08] [-1.08, 8.50]

NOTES: Forecasts (1) and (2) assume the same predictions about land cover, but differ according
to whether the Breeding Bird Survey (BBS) or the Christmas Bird Count (CBC) is used as the
basis for predicted changes in bird species richness in the 2020s and 2050s.
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Figure 1: Map of Percent Change, relative to the 2000s, in the Number of Expected Species Based
on A2 Emissions Scenarios Forecasts (see legend for database and forecast year)
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Figure 2: Map of the 2011 NLCD and EROS forecasts for the A2 emission scenario for the years
2020 and 2050 within the Pacific Northwest
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Figure 3: By policy: Deciles of the distribution of county average per-trip equivalent variation
(darker=more negative)

(a) EV for BBS 2050 Scenario (b) EV for CBC 2050 Scenario
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A Complete Summary Statistics for All Variables

In the main paper, we present only the selected summary statistics for the variables upon which

we focus in the body of the paper. Table A1 documents the complete set of summary statistics

for any variable that is employed in any specification in the choice models discussed in this paper.

Additional information about the data with regards to sample selection, considerations sets and

choice of empirical strategy are discussed in the online Appendix of Kolstoe and Cameron (2017).

B Complete Results for Models in the Main Paper

Likewise, only selected coefficient estimates are presented in Table 2 featured in the body of the

paper. Table A2 provides complete versions of Models 1-4 in Table 3 of the body of the paper.

C Additional Discussion, by Section of the Main Paper

C.1 Recreational Site Choice

Consideration sets. As in Kolstoe and Cameron (2017), we assume that the consideration set for

each respondent includes the selected birding hotspot on each choice occasion plus the typically

huge number of other possible hotspots within 60 minutes of travel time from the individual’s

home address.46

Preliminary models indicated that σ2
µ , the estimated variance of β0 (the random coefficient

on the expected species richness variable), is statistically significantly different from zero. Thus

46Again, sensitivity analyses with respect to this number of minutes are reported in the Appendix in Table A4.
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mixed logit specifications are preferred over the analogous fixed-coefficient conditional logit spec-

ifications. The key parameters are show in Table 2 to show the key significant site attributes and

controls and for completeness the full results are shown in Table A2.

Systematic sample selection corrections. We maintain the assumption that our estimated coef-

ficients in Table A2 all pertain to an eBird member with the average propensity to appear in our

estimating sample (i.e. to have provided home address information). We allow both the coefficient

on the travel cost variable and the baseline coefficient on the expected species variable to vary

systematically with the fitted propensity from our probit model to explain home address provision

among all eBird members in Washington and Oregon states.47

Estimation method. Estimation of the coefficients in Table A2 are accomplished using the

mixlogit.ado utility for Stata. Note that the standard errors in these specifications are not clustered

by individual. Cameron and Miller (2011) argue that in the presence of group-specific fixed effects,

one cannot compute cluster-robust standard errors. For the mixed logit random-parameter models

featured in the body of the paper, we instead bootstrap the standard errors using 500 Halton draws

(Train, 2009).

C.1.1 Marginal utilities of travel costs (Ci
j) and expected species richness (E[S] jt)

The four columns of results in Table A2 give the parameter estimates for the preferred specifica-

tion from Kolstoe and Cameron (2017) and a sequence of three increasingly general mixed-logit

specifications incorporating the land cover variables into the specification. Model 1 is the pre-

ferred specification from Kolstoe and Cameron (2017). Model 3, our preferred specification, the

land cover class is included simply as a site attribute of the site and is not interacted with ex-

47Let DAPi be the individual’s deviation from the mean propensity to supply address information. Our models thus
specify our two key coefficients as: α ′ = α +δ1DAPi and β ′0 = β0 +δ2DAPi. The “selection correction” coefficients
δ1 and δ2 can be found at the bottom of Tables in Table A2. We attempt no correction to the variance-covariance
matrix for the estimated parameters as a consequence of the estimated nature of the DAPi variable.
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pected species.48 The results of this model is available in Table A2. Model 2 is otherwise identical

to Model 3, but excludes the ecoregion controls. Notably, controlling for ecosystem differences

make no appreciable difference to the key marginal utilities of travel cost or expected species.

Nevertheless, we retain the ecosystem controls in subsequent models because some of them bear

individually statistically significant coefficients and a likelihood ratio test of Models 2 and 3 rejects

the null hypothesis the parameter estimates of the ecoregions to not be statistically different from

zero. Model 4 shows that the interaction term between the developed land cover class (the baseline

category) and urban area is statistically insignificant. We included this interaction term out of con-

cern of the broadness of the developed category, and that not all developed areas are within urban

area boundaries (see Figure A1).

Travel costs Ci
j. For our willingness-to-pay calculations, the marginal utility of other consump-

tion (i.e. the negative of the α coefficient on the travel cost variable in a linear specification)

serves as the denominator, so this travel-cost coefficient is very important. The results in Table A2

demonstrate that the coefficient on the travel cost variable is strongly significantly different from

zero, with the expected sign. It is also very robust across all of our specifications.

Expected species richness E[S] jt . We are particularly interested in the marginal utility of

our species richness (biodiversity) measure, represented by the expected number of different bird

species at each destination based on the previous year’s data for the same site in the same month.

The sample mean of the random coefficient for the marginal utility of the expected number of

species is interacted with deviations from the sample mean of census-tract median household in-

come. The mean coefficient represents the preferences of an eBirder who has an average propensity

to go birding watching in January of 2010 to a site in a developed area in the rural part of the Puget

Lowlands.49 The baseline coefficient on the ES term is not significantly different from zero in
48We did explore interacting the different land cover classes with expected species. However, these interactions

were not statistically significant. This may be due to the lack of power the model has given the current number of
observations.

49Note that the land cover Developed category includes high intensity, medium intensity, low intensity and de-
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any of the models. Given the statistical significance of a variety of the interaction terms involving

ES, the marginal utility of expected bird species is statistically nonzero among several categories

of eBirders and for several different time periods. Also, the estimated variance of the random

parameter on expected species is statistically significant, suggesting there also exists unobserved

heterogeneity that is unexplained by the systematic shifters.

We find evidence of systematic heterogeneity on the basis of deviations from the sample mean

of census-tract median household income. The results across all specifications confirm that eBird

members from census tracts with median incomes higher than the sample average have a higher

marginal utility per species, as one would expect and as was seen in Kolstoe and Cameron (2017).

All of the models account for time-wise heterogeneity in preferences for species richness, cap-

tured by a set of seasonal (monthly) indicator variables and a time-trend variable. Thus a vector

of β coefficients must be considered. The marginal utility of the expected number of species is a

linear function of a set of eleven seasonal (monthly) indicators and a time trend. The coefficients

in this set are relegated to the complete results provided in the Appendix in Table A2.

Site Attributes: Others In the model, we control for site attributes and include indicators for the

prior presence of endangered or threatened bird species, different ecological management regimes,

a congestion/popularity measure, land cover type, and hotspots in different ecoregions. The co-

efficients on the site attributes that are included in the models in Kolstoe and Cameron (2017)

statistically significant and of a similar magnitude and sign as in the previous work. For this reason

these other attributes are included in Table A2. The coefficient on the site-level indicator for the

likely presence of an endangered bird species is positive and statistically significant, suggesting

that a significant marginal utility premium exists for sites where one might expect to see an en-

dangered bird species. Also, the parameter for the more heavily managed sites for biodiversity

(National Parks, Wilderness Areas, etc.) is statistically larger in magnitude than the coefficient

veloped open spaces. Figure A1 illustrates this point and shows why we tested whether this interaction term was
statistically significant in the model. Using the land cover data provides further refinement of the data and the majority
of the sites visited were in developed areas.
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on the indicator for sites less-managed for biodiversity (National Forests, etc.) where extractive

activities such as logging or mining are allowed. This difference also may be the result of the fact

National Parks, Wilderness Areas, etc. tend to be iconic in some way, and also explains the pre-

mium in TWTP for trips to such places, regardless of their bird populations. There is an additional

premium if a site managed for biodiversity is specifically managed for bird biodiversity (National

Wildlife Refuges). This coincides with the land cover classes that bear the largest positive and sta-

tistically significant land cover class relative baseline, the developed land cover class. Again, these

differences seems a reasonable result given that they imply a trip to a more-pristine area yields

higher utility than a trip to a less-pristine area, independent of the number of bird species expected

to be seen.

We continue to find that the congestion/popularity measure confers diminishing marginal util-

ity. The linear coefficient on the congestion variable is positive and the coefficient on the squared

term is negative. This suggests there is a threshold at which the site’s popularity begins to reduce

people’s utility, possibly as a result of congestion. If birding is a social activity, and a destination

is not too crowded, additional visitors do not seem to diminish the quality of the experience. It is

possible that at low levels, a little congestion is a “good” thing.

Other Controls: Ecoregions We continue to include ecoregions to avoid omitted variable bias

due to the utility an individual may derive from the type of destination (ecological factors) that

is separate from the incremental utility associated with the expected number of bird species at

that destination. Given the diverse array of land cover classes within an ecoregion, we are not

worried about collinearity of these variables. There is some risk that land cover class and ecoregion

indicators will be correlated with expected numbers (and types) of species present. The correlation

is not perfect, but it may be that (some) birders choose their site destinations because the hotspots

have other attractive features (scenery) besides just the number of expected bird species. In our

models, the omitted land class is “developed” and the omitted ecosystem is the Puget Lowlands

in Washington State. A positive and statistically significant difference is found for the Willamette
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Valley, the Cascades and the Coast Range, as was the case for the models.

D Additional Results for Simulations

Table A6 contains the WTP estimates for the site attributes in Table A2 of our preferred specifica-

tion that are not featured in the body of the paper. These results are similar to the results for site

attributes featured in Kolstoe and Cameron (2017).

E Welfare Analysis

In the near future, the 2020s, as can be seen in Figure 1, many areas in the Pacific Northwest expect

a decline in bird species richness, with only some areas experiencing an increase. However, the

forecasts for the 2050s indicate that more areas in the Pacific Northwest can expect an increase in

bird species richness and far fewer areas will experience a decrease relative to the base year.

The maps in Figures A2- A5 show how spatially heterogeneous the EV calculations are for the

sample, which is not readily apparent in Tables 6. The figures feature close-up maps of the two

major urban areas our sample: Seattle, WA and Portland, OR.50

Table 6 in the body of the paper summarize the distributions, across the sample, of our estimates

of per-trip equivalent variations due to the changes by the 2020s and 2050s, for both the May-June

BBS birding season and the December-January CBC season. In this Table, we also presents the

distributions for the two largest metropolitan areas in our sample, by the 2012 Presidential election

results by county. Here we present the histograms of the EV distributions of the results featured in

Table 6.

The histograms in Figure A6 show that the estimated EVs for the effects of climate change on

land cover and species richness range from -$109.85 in May-June of the 2050s to +$106 in Dec-Jan

50The maps in A2- A5 show the aggregated EV for each user based on the trips they took during our sample period.
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of the 2050s. Each birder’s consideration set is different, according to where they live, and changes

in the attributes of birding destinations drive the estimated EV amounts in the business-as-usual

scenarios. These differences stem from the fact that some eBirders will experience a deterioration

in birding opportunities among the specific sites in their consideration sets, while other eBirders

will experience improvements at the specific sites in their consideration sets.

The histograms in Figures A7 and A8 show, respectively, the spatial heterogeneity for the

Seattle and Portland metropolitan statistical areas. It is apparent that the distributional effects of

climate change impacts on the welfare associated with birding excursions may become more of a

concern, particularly as time passes. Keep in mind that the heterogeneity in these EV measures is

determined primarily by changes in birding opportunities, not by heterogeneity in birder character-

istics. Only the birder’s census-tract-level median income figures in these choice models (not even

the birder’s individual household income), and no other individual-level characteristics are used in

estimating our otherwise “representative birder” preferences.

F Sensitivity Analysis of Welfare Analysis

Our main results, for which the histograms are shown in Figure A6 use the forecasts and applying

the predicted percentage change to Expected Species and the predicted new land cover type based

on the trip being taken during a time period that corresponds to when the data used to generate the

forecast was collected.51

We also looked at the EV members need if we were to only look at trips taken during the period

of the year when the forecast data was collected. These results are featured in Figure A11. These

results are similar to the results of applying the percentage change from the forecasts to all months.

51For the BBS, this corresponds to May and June. For the CBC, this corresponds to December and January.
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G Additional Tables

Table A1: Complete Descriptive Statistics for Pooled Oregon and Washington State Sample, 60-
Minute Maximum Drive Time to Site, 2010-2012 Trips

Variable Description Mean Std. dev.

Number of eBird members eBird members reporting home address
data, and thus allowing travel cost estima-
tion

221 -

Trips per eBird member This eBird member’s count of total trips
to any birding site in the previous calendar
year

10.28 9.79

Alternatives per eBird member Number of birding hotspots within a 60
minute drive of eBird member’s home ad-
dress

201.03 80.79

Time traveled to site, one way Site distance as measure by time from
eBird member’s home address if in the
choice set

33.15 12.91

Distance traveled to site, one
way

Site distance obtained using mqtime.ado
written by Voorheis (2015)) from eBird
member’s home address if in the choice set

21.87 10.93

Roundtrip travel cost For each trip and each alternative hotspot
destination, distance multiplied by AAA’s
mileage rate for the average sedan is used
to calculate the deductible costs for use of
a car per mile for business miles driven

16.57 14.91

Roundtrip travel cost including
the opportunity cost of time at
1/3 the wage rate

For each trip and each alternative hotspot
destination, distance (using mqtime.ado)
multiplied by AAA’s mileage rate for the
average sedan is used to calculate the de-
ductible costs for use of a car per mile for
business miles driven

41.10 17.38

Expected Bird Biodiversity Expected bird species richness measure

Expected # bird species based
on last year’s reports

Expected number of species for a site in a
given month from all eBird reports in the
same month of the previous year for sea-
sonal birds and Birdlife for a count of resi-
dent birds.

75.74 10.14

1(National Parks, etc.) GAP status 1 or 2: Permanent protection
from conversion of natural land cover. Ex-
amples: National Parks, Wilderness Areas,
National Wildlife Refuges

.036 -
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Descriptive Statistics for pooled Oregon and Washington State sample, 60-minute
maximum travel time to site, 2010-2012 trips (continued)

Variable Description Mean Std. dev.

1(National Forests, etc.) GAP status 3: Permanent protection from
conversion of natural land cover for major-
ity of area, but subject to extractive uses
(logging, mining, OHV recreation). Exam-
ples: National Forests, State Parks, Recre-
ation Management Areas, Areas of Critical
Environmental Concern

0.27 -

1(Urban area) Urban Area as defined by the 2010 Census
of having a population of more than 50,000
people.

0.61 -

Share of all eBird trips, same
month, last year, to this destina-
tion

Across all eBird reports in the same month
of the previous year, the fraction of trips
to this same destination (proxy for relative
congestion)

6.45 x 10−04 3.57 x 10−03

Deviation from mean inclusion
propensity

Fitted propensity for eBird member to pro-
vide address information so distances can
be calculated (normalized on zero)

0.44 0.54

Month of trip Indicator variables for month when ob-
served trip is taken

1(January) 0.140 -

1(February) 0.086 -

1(March) 0.099 -

1(April) 0.080 -

1(May) 0.088 -

1(June) 0.059 -

1(July) 0.065 -

1(August) 0.040 -

1(September) 0.068 -

1(October) 0.072 -

1(November) 0.097 -

1(December) 0.110 -

Year trend (2012=0) -0.727 0.797

Ecosystem at destination Indicator variables for ecoregion at desti-
nation.

1(Blue Mountains) 0.0029 -
1(Cascades) 0.036 -
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Descriptive Statistics for pooled Oregon and Washington State sample, 60-minute
maximum travel time to site, 2010-2012 trips (continued)

Variable Description Mean Std. dev.

1(Coast Range) 0.015 -

1(Columbia Plateau) 0.026 -

1(E. Cascades/Foothills) 0.006 -

1(Klamath Mts, N. CA) 0.017 -

1(North Cascades) 0.0055 -

1(North Basin Range) 5.8x10−5 -

l( North Rockies) 0.0018 -

1(Puget Lowland) 0.56 -

1(Snake River Plain) 0 -

1(Willamette Valley) 0.29 -

Land cover at destination Indicator variables for land cover at desti-
nation. See maps in Figure A1.

1(Developed) Includes open space and low, medium and
high intensity developed areas as defined in
the 2011 NLCD

0.412 -

1(Water) Includes areas of open water with less than
25% cover of vegetation and soil. This cat-
egory also includes areas characterized by
perennial cover of ice and/or snow.

0.109 -

1(Barren) Vegetation accounts for less than 15% of
total land cover (e.g. bedrock, desert pave-
ment, volcanic material, sand dunes, strip
mines, gravel pits, etc.) as defined in the
2011 NLCD

0.053 -

1(Forest) Includes areas of deciduous forests, ever-
green forests and mixed forests as defined
in the 2011 NLCD

0.143 -

1(Shrubland) Includes areas dominated by shrubs which
are less 5 meters tall (e.g. tree shrubs,
young trees, etc.) and where the canopy
is greater than 20% of total vegetation

0.041 -

1(Herbaceous) Includes ares dominated by herbaceous
vegetation for more than 80% of total veg-
etation (e.g. tilling, grazing, etc.)

0.042 -

1(Planted/Cultivated) Includes areas of pasture, hay and culti-
vated crops as defined in the 2011 NLCD

0.097 -
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Descriptive Statistics for pooled Oregon and Washington State sample, 60-minute
maximum travel time to site, 2010-2012 trips (continued)

Variable Description Mean Std. dev.

1(Wetlands) Includes areas of woody and emergent
herbaceous wetlands as defined in the 2011
NLCD

0.103 -

Total Observed Trips = 1,094; Total Alternatives = 155,495

Table A2: Progression of Models, Pooled Oregon and Washington Sample;
Full Results – 60-Minute Choice Set

(1) (2) (3) (4)
Variable: coefficient Ecological Site +Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

Travel cost variable: Ci
j

Roundtrip, 1/3 wage: α -0.0362∗∗∗ -0.0365∗∗∗ -0.0363∗∗∗ -0.0362∗∗∗
(0.00306) (0.00301) (0.00306) (0.00306)

Expected species richness: E[S] jt ; interactions: Tt ×E[S] jt

E[S] jt random coef. mean: β0 0.0105 0.0109 0.00949 0.00954
(0.0127) (0.0123) (0.0123) (0.0123)

E[S] jt random coef. variance: σ2
µ 0.0219∗∗ 0.0194∗∗ 0.0195∗∗ 0.0195∗∗

(0.00869) (0.00887) (0.00873) (0.00876)

E[S] × dev. med H. Inc. ($10,000): β1 0.00512∗ 0.00472∗ 0.00470∗ 0.00471∗
(0.00274) (0.00267) (0.00266) (0.00266)

E[S] jt × 1(February)t : β2,1 -0.0380∗∗∗ -0.0375∗∗∗ -0.0375∗∗∗ -0.0374∗∗∗
(0.0147) (0.0145) (0.0144) (0.0144)

E[S] jt × 1(March)t : β2,2 0.00728 0.00563 0.00647 0.00661
(0.0178) (0.0173) (0.0174) (0.0174)

E[S] jt × 1(April)t : β2,3 0.00925 0.00862 0.00822 0.00829
(0.0182) (0.0178) (0.0178) (0.0178)

E[S] jt × 1(May)t : β2,4 0.00519 0.00441 0.00509 0.00521
(0.0163) (0.0160) (0.0160) (0.0160)

E[S] jt × 1(June)t : β2,5 0.112∗∗∗ 0.106∗∗∗ 0.111∗∗∗ 0.111∗∗∗
(0.0316) (0.0308) (0.0316) (0.0315)

E[S] jt × 1(July)t : β2,6 -0.00728 -0.00759 -0.00704 -0.00688
(0.0163) (0.0160) (0.0159) (0.0159)

E[S] jt × 1(August)t : β2,7 0.0244 0.0218 0.0226 0.0228
(0.0197) (0.0194) (0.0194) (0.0194)

E[S] jt × 1(September)t : β2,8 0.0292 0.0261 0.0271 0.0272
(0.0247) (0.0237) (0.0240) (0.0240)
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Table A2 Continued

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

E[S] jt × 1(October)t : β2,9 0.0138 0.0125 0.0132 0.0133
(0.0188) (0.0183) (0.0183) (0.0183)

E[S] jt × 1(November)t : β2,10 0.0428∗ 0.0391∗ 0.0396∗ 0.0396∗
(0.0233) (0.0229) (0.0228) (0.0228)

E[S] jt × 1(December)t : β2,11 0.0472∗∗ 0.0452∗ 0.0442∗ 0.0443∗
(0.0232) (0.0233) (0.0230) (0.0230)

E[S] jt × time trend (t12=0 in 2012): β2,12 0.00726 0.00665 0.00647 0.00649
(0.00589) (0.00575) (0.00576) (0.00576)

Land Cover: LC jt

1(LC developed)×1(UrbanArea) : γ1,1 0.133
(0.162)

1(LC Water/Perennial Snow & Ice) : γ1,2 0.394∗∗∗ 0.377∗∗∗ 0.458∗∗∗
(0.107) (0.107) (0.147)

1(LC Barren Land): γ1,3 0.214 0.201 0.283
(0.153) (0.153) (0.184)

1(LC Forest): γ1,4 -0.0636 -0.0529 0.0336
(0.112) (0.114) (0.157)

1(LC Shrub/Scrub): γ1,5 0.216 0.183 0.257
(0.136) (0.137) (0.166)

1(LC Herbaceous): γ1,6 -0.309∗ -0.305 -0.224
(0.185) (0.187) (0.212)

1(LC Planted): γ1,7 0.221∗∗ 0.208∗ 0.283∗
(0.113) (0.114) (0.148)

1(LC Wetlands): γ1,8 0.390∗∗∗ 0.372∗∗∗ 0.457∗∗∗
(0.106) (0.106) (0.149)

Other site attributes: A j, A jt

1(National Wildlife Refuge): γ2,1 0.899∗∗∗ 0.788∗∗∗ 0.793∗∗∗ 0.789∗∗∗
(0.185) (0.189) (0.192) (0.192)

1(National Parks, etc.): γ2,2 0.737∗∗∗ 0.769∗∗∗ 0.736∗∗∗ 0.727∗∗∗
(0.125) (0.125) (0.128) (0.128)

1(National Forests, etc.): γ2,3 0.379∗∗∗ 0.420∗∗∗ 0.409∗∗∗ 0.407∗∗∗
(0.0746) (0.0761) (0.0765) (0.0765)

1(Expect Endangered Bird Species): γ2,4 1.674∗ 1.900∗∗ 1.842∗∗ 1.853∗∗
(0.854) (0.845) (0.864) (0.867)

1(Urban Area): γ2,5 -0.651∗∗∗ -0.551∗∗∗ -0.567∗∗∗ -0.603∗∗∗
(0.0789) (0.0826) (0.0843) (0.0954)

1(Blue Mountains) j: γ2,6 -0.673 -0.790 -0.748
(0.813) (0.835) (0.837)

1(Cascades) j: γ2,7 0.503 0.634∗∗ 0.634∗∗
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Table A2 Continued

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

(0.317) (0.318) (0.318)

1(Coast Range) j: γ2,8 0.439 0.593 0.589
(0.367) (0.364) (0.364)

1(Columbia Plateau) j: γ2,9 -0.344 -0.442 -0.431
(0.724) (0.748) (0.749)

1(East Cascades/Foothills) j: γ2,10 -0.979 -0.982 -0.954
(0.664) (0.687) (0.688)

1(Klamath Mtns, Coast Range) j: γ2,11 -0.0936 0.0603 0.0761
(0.421) (0.425) (0.425)

1(North Cascades) j: γ2,12 -0.936 -0.880 -0.870
(0.699) (0.724) (0.725)

1(North Rockies) j: γ2,13 0.280 0.202 0.203
(0.858) (0.876) (0.877)

1(Willamette Valley) j: γ2,14 1.254∗∗∗ 1.268∗∗∗ 1.261∗∗∗
(0.360) (0.357) (0.357)

†Congestion/Popularity jt : γ2,15 190.1∗∗∗ 190.8∗∗∗ 187.2∗∗∗ 187.3∗∗∗
(13.47) (13.43) (13.44) (13.45)

(Congestion/Popularity jt)
2: γ2,16 -3702.1∗∗∗ -3830.7∗∗∗ -3581.3∗∗∗ -3591.1∗∗∗

(437.7) (429.6) (436.7) (437.3)

Sample selection correction terms

Ci
j × dev. mean incl. prop 0.0152∗∗∗ 0.0148∗∗∗ 0.0151∗∗∗ 0.0151∗∗∗

(0.00413) (0.00406) (0.00412) (0.00412)

E[S] jt × dev. mean incl. prop. -0.00150 -0.00296 -0.00254 -0.00245
(0.0119) (0.0114) (0.0116) (0.0116)

Sample Selection? Yes Yes Yes Yes
Time fixed effects? Yes Yes Yes Yes
Ecoregion indicators? Yes No Yes Yes

Total Alternatives 155,495 155,495 155,495 155,495
Log Likelihood -4605.94 -4603.77 -4590.51 -4590.16
AIC 9279.89 9271.54 9263.01 9264.32
BIC 9618.34 9590.08 9671.14 9682.41

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
† Share of all eBird trips, same month, last year, to site j

NOTES: Estimates estimated via STATA mixlogit.ado. These results use 500 Halton draws for the mixed logit model
simulations. Baseline coefficient represents the marginal utility for an eBirder who has the average propensity of eBird
members to have given is home address information at the time of registration and is visiting a rural site that is not
managed for biodiversity in the Puget Lowland in January of 2012. Models are the results for choice sets within a
60-minute drive from a member’s home.
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Table A3: Progression of Models, Pooled Oregon and Washington Sample; Full Results – 120-
Minute Choice Set

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

Travel cost variable: Ci
j

Roundtrip, 1/3 wage: α -0.0304∗∗∗ -0.0304∗∗∗ -0.0304∗∗∗ -0.0304∗∗∗
(0.00129) (0.00126) (0.00129) (0.00129)

Expected species richness: E[S] jt ; interactions: Tt ×E[S] jt

E[S] jt random coef. mean: β0 0.00329 0.00382 0.00289 0.00288
(0.00852) (0.00828) (0.00835) (0.00835)

E[S] jt random coef. variance: σ2
µ 0.0112∗∗∗ 0.00990∗∗∗ 0.0106∗∗∗ 0.0106∗∗∗

(0.00386) (0.00360) (0.00373) (0.00373)
E[S] × dev. med H. Inc. ($10,000): β1 -0.00226∗ -0.00219∗ -0.00222∗ -0.00222∗

(0.00125) (0.00119) (0.00123) (0.00123)
E[S] jt × 1(February)t : β2,1 -0.0236∗∗ -0.0230∗∗ -0.0231∗∗ -0.0231∗∗

(0.00956) (0.00935) (0.00944) (0.00943)
E[S] jt × 1(March)t : β2,2 0.00739 0.00655 0.00721 0.00723

(0.0123) (0.0120) (0.0122) (0.0122)
E[S] jt × 1(April)t : β2,3 -0.00412 -0.00438 -0.00455 -0.00453

(0.0109) (0.0107) (0.0107) (0.0107)
E[S] jt × 1(May)t : β2,4 0.00198 0.00194 0.00210 0.00213

(0.0111) (0.0109) (0.0110) (0.0110)
E[S] jt × 1(June)t : β2,5 0.0149 0.0146 0.0152 0.0153

(0.0140) (0.0138) (0.0139) (0.0139)
E[S] jt × 1(July)t : β2,6 -0.00267 -0.00194 -0.00199 -0.00196

(0.0117) (0.0115) (0.0116) (0.0116)
E[S] jt × 1(August)t : β2,7 0.00652 0.00540 0.00643 0.00642

(0.0127) (0.0125) (0.0125) (0.0125)
E[S] jt × 1(September)t : β2,8 0.00233 0.00194 0.00217 0.00219

(0.0124) (0.0122) (0.0122) (0.0122)
E[S] jt × 1(October)t : β2,9 -0.00467 -0.00522 -0.00437 -0.00438

(0.0105) (0.0103) (0.0104) (0.0104)
E[S] jt × 1(November)t : β2,10 0.00421 0.00308 0.00409 0.00408

(0.0114) (0.0112) (0.0112) (0.0112)
E[S] jt × 1(December)t : β2,11 0.0130 0.0117 0.0120 0.0121

(0.0136) (0.0132) (0.0132) (0.0132)
E[S] jt × time trend (t12=0 in 2012): β2,12 0.00190 0.00182 0.00176 0.00176

(0.00315) (0.00307) (0.00310) (0.00310)
Land Cover: LC jt

1(LC developed)×1(UrbanArea) : γ1,1 0.130
(0.136)

1(LC Water/Perennial Snow & Ice) : γ1,2 0.323∗∗∗ 0.326∗∗∗ 0.393∗∗∗
(0.0916) (0.0918) (0.116)

1(LC Barren Land): γ1,3 0.112 0.144 0.212
(0.122) (0.122) (0.142)

1(LC Forest): γ1,4 -0.0383 -0.0428 0.0295
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Table A3 Continued

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

(0.0933) (0.0943) (0.122)
1(LC Shrub/Scrub): γ1,5 0.170 0.140 0.201

(0.111) (0.112) (0.130)
1(LC Herbaceous): γ1,6 -0.283∗ -0.280∗ -0.211

(0.146) (0.146) (0.163)
1(LC Planted): γ1,7 0.262∗∗∗ 0.254∗∗∗ 0.318∗∗∗

(0.0967) (0.0975) (0.119)
1(LC Wetlands): γ1,8 0.338∗∗∗ 0.340∗∗∗ 0.411∗∗∗

(0.0915) (0.0921) (0.119)
Other site attributes: A j, A jt

1(National Wildlife Refuge): γ2,1 0.869∗∗∗ 0.794∗∗∗ 0.794∗∗∗ 0.792∗∗∗
(0.146) (0.148) (0.150) (0.150)

1(National Parks, etc.): γ2,2 0.759∗∗∗ 0.805∗∗∗ 0.766∗∗∗ 0.758∗∗∗
(0.0966) (0.0969) (0.0979) (0.0982)

1(National Forests, etc.): γ2,3 0.446∗∗∗ 0.499∗∗∗ 0.490∗∗∗ 0.489∗∗∗
(0.0637) (0.0646) (0.0652) (0.0652)

1(Expect Endangered Bird Species): γ2,4 2.098∗∗∗ 2.189∗∗∗ 2.135∗∗∗ 2.134∗∗∗
(0.312) (0.310) (0.316) (0.317)

1(Urban Area): γ2,5 -0.599∗∗∗ -0.546∗∗∗ -0.529∗∗∗ -0.569∗∗∗
(0.0674) (0.0703) (0.0722) (0.0841)

1(Blue Mountains) j: γ2,6 0.778∗ 0.758∗ 0.774∗
(0.429) (0.430) (0.430)

1(Cascades) j: γ2,7 0.440∗∗ 0.511∗∗ 0.513∗∗
(0.215) (0.216) (0.216)

1(Coast Range) j: γ2,8 0.756∗∗∗ 0.805∗∗∗ 0.805∗∗∗
(0.204) (0.203) (0.203)

1(Columbia Plateau) j: γ2,9 0.937∗∗∗ 0.921∗∗∗ 0.931∗∗∗
(0.306) (0.308) (0.309)

1(East Cascades/Foothills) j: γ2,10 0.872∗∗∗ 0.947∗∗∗ 0.959∗∗∗
(0.276) (0.277) (0.277)

1(Klamath Mtns, Coast Range) j: γ2,11 0.142 0.230 0.245
(0.286) (0.286) (0.287)

1(North Cascades) j: γ2,12 0.456∗∗ 0.529∗∗ 0.539∗∗
(0.211) (0.212) (0.212)

1(North Rockies) j: γ2,13 1.764∗∗∗ 1.774∗∗∗ 1.774∗∗∗
(0.433) (0.434) (0.434)

1(Willamette Valley) j: γ2,14 0.933∗∗∗ 0.909∗∗∗ 0.907∗∗∗
(0.206) (0.206) (0.205)

†Congestion/Popularity jt : γ2,15 205.8∗∗∗ 201.1∗∗∗ 202.3∗∗∗ 202.4∗∗∗
(11.30) (11.27) (11.35) (11.35)

(Congestion/Popularity jt)
2: γ2,16 -4220.6∗∗∗ -4063.8∗∗∗ -4071.8∗∗∗ -4082.7∗∗∗

(385.6) (381.3) (386.7) (387.4)
Sample selection correction terms
Ci

j × dev. mean incl. prop 0.00687∗∗∗ 0.00709∗∗∗ 0.00677∗∗∗ 0.00676∗∗∗
(0.00160) (0.00160) (0.00160) (0.00160)
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Table A3 Continued

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

E[S] jt × dev. mean incl. prop. 0.00836 0.00794 0.00789 0.00788
(0.00636) (0.00599) (0.00619) (0.00619)

Sample Selection? Yes Yes Yes Yes
Time fixed effects? Yes Yes Yes Yes
Ecoregion indicators? Yes No Yes Yes
Total Alternatives 553,623 553,623 553,623 553,623
Log Likelihood -7362.41 -7364.55 -7343.54 -7343.07
AIC 14792.82 14793.10 14769.07 14770.15
BIC 15174.45 15152.28 15229.27 15241.56

Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
† Share of all eBird trips, same month, last year, to site j

NOTES: Estimates estimated via STATA mixlogit.ado. These results use 500 Halton draws for the mixed logit model
simulations. Baseline coefficient represents the marginal utility for an eBirder who has the average propensity of eBird
members to have given is home address information at the time of registration and is visiting a rural site that is not
managed for biodiversity in the Puget Lowland in January of 2012. Models are the results for choice sets within a
120-minute drive from a member’s home.

Table A4: Progression of Models, Pooled Oregon and Washington Sample;
Full Results 90-Minute Choice Set

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

Travel cost variable: Ci
j

Roundtrip, 1/3 wage: α -0.0337∗∗∗ -0.0340∗∗∗ -0.0338∗∗∗ -0.0337∗∗∗
(0.00181) (0.00178) (0.00180) (0.00180)

Expected species richness: E[S] jt ; interactions: Tt ×E[S] jt

E[S] jt random coef. mean: β0 0.00583 0.00539 0.00433 0.00437
(0.0107) (0.0103) (0.0103) (0.0103)

E[S] jt random coef. variance: σ2
µ 0.0217∗∗∗ 0.0194∗∗∗ 0.0198∗∗∗ 0.0197∗∗∗

(0.00627) (0.00581) (0.00604) (0.00605)
E[S] × dev. med H. Inc. ($10,000): β1 -0.000821 -0.000906 -0.000850 -0.000842

(0.00191) (0.00181) (0.00184) (0.00184)
E[S] jt × 1(February)t : β2,1 -0.0289∗∗ -0.0284∗∗ -0.0281∗∗ -0.0281∗∗

(0.0115) (0.0113) (0.0112) (0.0112)
E[S] jt × 1(March)t : β2,2 0.0105 0.00907 0.00999 0.0100

(0.0144) (0.0140) (0.0141) (0.0141)
E[S] jt × 1(April)t : β2,3 0.00186 0.00144 0.00132 0.00136

(0.0137) (0.0135) (0.0135) (0.0135)
E[S] jt × 1(May)t : β2,4 0.00763 0.00707 0.00761 0.00766

(0.0136) (0.0134) (0.0134) (0.0134)
E[S] jt × 1(June)t : β2,5 0.0527∗∗ 0.0503∗∗ 0.0529∗∗ 0.0528∗∗
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Table A2 Continued

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

(0.0241) (0.0232) (0.0241) (0.0240)
E[S] jt × 1(July)t : β2,6 -0.00547 -0.00511 -0.00487 -0.00483

(0.0138) (0.0136) (0.0135) (0.0135)
E[S] jt × 1(August)t : β2,7 0.0262 0.0240 0.0251 0.0251

(0.0183) (0.0179) (0.0180) (0.0180)
E[S] jt × 1(September)t : β2,8 0.0230 0.0215 0.0220 0.0220

(0.0194) (0.0188) (0.0189) (0.0189)
E[S] jt × 1(October)t : β2,9 -0.00078 -0.00155 -0.000583 -0.000604

(0.0130) (0.0127) (0.0127) (0.0127)
E[S] jt × 1(November)t : β2,10 0.0222 0.0206 0.0213 0.0213

(0.0154) (0.0152) (0.0151) (0.0150)
E[S] jt × 1(December)t : β2,11 0.0225 0.0211 0.0211 0.0212

(0.0166) (0.0164) (0.0163) (0.0163)
E[S] jt × time trend (t12=0 in 2012): β2,12 0.00428 0.00392 0.00385 0.00385

(0.00432) (0.00422) (0.00424) (0.00423)
Land Cover: LC jt

1(LC developed)×1(UrbanArea) : γ1,1 0.192
(0.146)

1(LC Water/Perennial Snow & Ice) : γ1,2 0.391∗∗∗ 0.388∗∗∗ 0.496∗∗∗
(0.0970) (0.0973) (0.129)

1(LC Barren Land): γ1,3 0.156 0.159 0.269∗
(0.133) (0.133) (0.158)

1(LC Forest): γ1,4 0.00138 0.00515 0.120
(0.0987) (0.0999) (0.134)

1(LC Shrub/Scrub): γ1,5 0.218∗ 0.185 0.282∗∗
(0.120) (0.121) (0.144)

1(LC Herbaceous): γ1,6 -0.254 -0.244 -0.135
(0.159) (0.159) (0.181)

1(LC Planted): γ1,7 0.315∗∗∗ 0.302∗∗∗ 0.405∗∗∗
(0.101) (0.102) (0.130)

1(LC Wetlands): γ1,8 0.400∗∗∗ 0.387∗∗∗ 0.500∗∗∗
(0.0965) (0.0972) (0.131)

Other site attributes: A j, A jt

1(National Wildlife Refuge): γ2,1 0.974∗∗∗ 0.896∗∗∗ 0.896∗∗∗ 0.893∗∗∗
(0.159) (0.162) (0.164) (0.164)

1(National Parks, etc.): γ2,2 0.7271∗∗∗ 0.751∗∗∗ 0.718∗∗∗ 0.707∗∗∗
(0.107) (0.107) (0.109) (0.109)

1(National Forests, etc.): γ2,3 0.407∗∗∗ 0.454∗∗∗ 0.446∗∗∗ 0.444∗∗∗
(0.0671) (0.0683) (0.0687) (0.0687)

1(Expect Endangered Bird Species): γ2,4 1.097∗ 1.249∗∗ 1.203∗∗ 1.203∗∗
(0.595) (0.581) (0.592) (0.592)

[.5em] 1(Urban Area): γ2,5 -0.618∗∗∗ -0.515∗∗∗ -0.529∗∗∗ -0.583∗∗∗
(0.0705) (0.0740) (0.0754) (0.0866)

Other site attributes, Ecoregions: A j

1(Blue Mountains) j: γ2,6 0.600 0.574 0.607
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Table A2 Continued

(1) (2) (3) (4)
Variable: coefficient Ecological Site + Ecoregions, + 1(LC Developed)

Economics Attributes Preferred × 1(Urban Area)
Specification + Land Cover Specification

(0.505) (0.509) (0.511)
1(Cascades) j: γ2,7 0.370 0.443∗ 0.444∗

(0.260) (0.261) (0.260)
1(Coast Range) j: γ2,8 0.610∗∗ 0.672∗∗ 0.670∗∗

(0.267) (0.263) (0.263)
1(Columbia Plateau) j: γ2,9 0.757∗ 0.719∗ 0.731∗

(0.403) (0.405) (0.406)
1(East Cascades/Foothills) j: γ2,10 0.778∗ 0.873∗∗ 0.892∗∗

(0.356) (0.357) (0.358)
1(Klamath Mtns, Coast Range) j: γ2,11 0.032 0.132 0.156

(0.340) (0.340) (0.340)
1(North Cascades) j: γ2,12 0.081 0.161 0.171

(0.311) (0.313) (0.313)
1(North Rockies) j: γ2,13 1.722∗∗∗ 1.686∗∗∗ 1.686∗∗∗

(0.541) (0.543) (0.543)
1(Willamette Valley) j: γ2,14 1.024∗∗∗ 0.992∗∗∗ 0.985∗∗∗

(0.268) (0.266) (0.266)
†Congestion/Popularity jt : γ2,15 194.1∗∗∗ 191.6∗∗∗ 191.2∗∗∗ 191.3∗∗∗

(12.10) (12.05) (12.09) (12.10)

(Congestion/Popularity jt)
2: γ2,16 -3826.9∗∗∗ -3780.4∗∗∗ -3697.1∗∗∗ -3712.2∗∗∗

(403.3) (395.6) (402.5) (403.4)
Sample selection correction terms
Ci

j × dev. mean incl. prop 0.00977∗∗∗ 0.00982∗∗∗ 0.00954∗∗∗ 0.00951∗∗∗
(0.00237) (0.00234) (0.00236) (0.00236)

E[S] jt × dev. mean incl. prop. 0.0136 0.0131 0.0125 0.0125
(0.00968) (0.00912) (0.00931) (0.00930)

Sample Selection? Yes Yes Yes Yes
Time fixed effects? Yes Yes Yes Yes
Ecoregion indicators? Yes No Yes Yes
Total Alternatives 338,944 338,944 338,944 338,944
Log Likelihood -6233.8227 -6229.40 -6214.85 -6213.98
AIC 12535.6 12522.79 12511.71 12511.97
BIC 12900.6 12866.27 12951.79 12962.78
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1
† Share of all eBird trips, same month, last year, to site j

NOTES: Estimates estimated via STATA mixlogit.ado. These results use 500 Halton draws for the mixed logit model
simulations. Baseline coefficient represents the marginal utility for an eBirder who has the average propensity of eBird
members to have given is home address information at the time of registration and is visiting a rural site that is not
managed for biodiversity in the Puget Lowland in January of 2012. Models are the results for choice sets within a
90-minute drive from a member’s home.
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Table A5: Variations in the value of a birding trip by type of land cover at the destination (calculated
at mean species richness and mean congestion level, for June 2012, unmanaged site, no endangered
species reported, non-urban destination in the Puget Lowlands).

Simulation $ Total WTP
for trip

$ Marg WTP
(per species)

Developed (baseline) 275.77***
(165.96, 391.83)

3.43***
(1.99, 4.95)

Water 286.17***
(176.58, 402.75)

"

Barren Land 275.77***
(165.96, 391.83)

"

Forest 274.29***
(164.29, 389.86)

"

Shrubland 280.82***
(171.30, 397.51)

"

Herbaceous 267.28***
(156.83, 383.10)

"

Planted/Cultivated 281.52***
(172.03, 397.30)

"

Wetlands 286.11***
(175.87, 402.73)

"

NOTE: Across 10,000 draws from the joint distribution of the parameter
estimates: mean and 5th and 95th percentiles of the simulated sampling
distribution for WTP. Interval reflects precision of the parameter estimates.
Relative to the omitted category of Developed, only the indicators
for Water, Planted/Cultivated, and Wetlands bear statistically significant
coefficients in Model 3.
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Table A6: Selected simulations based on the parameter estimates in Model (with total number of
species)

Simulation $ Total WTP for trip $ Marg WTP (per
species)

D. By presence of endangered species in previous calendar year
(At means of cont. variables, June, 2012, not managed, rural, developed, Puget Lowlands)
No endangered species present 275.77***

(165.96, 391.83)
3.43***

(1.99, 4.95)
Endangered species present 327.24***

(211.12, 453.10)
"

E. By management regime (A jt variables)
(At mean E[S], mean congestion, June, 2012, rural, developed, Puget Lowlands)
National Wildlife Refuges 318.24***

(207.07, 436.28)
3.43***

(1.99, 4.95)
National Parks, etc. 296.22***

(185.51, 413.15)
"

National Forests, etc. 287.13***
(176.78, 403.90)

"

Not managed (repeat) 275.77***
(165.96, 391.83)

"

F. By urban/rural (a A jt variable)
(At mean E[S], mean congestion, June, 2012, not managed, developed, Puget Lowlands)
Urban 260.00***

(150.90, 375.41)
3.43***

(1.99, 4.95)
Rural 275.77***

(165.96, 391.83)
"

G. By congestion/popularity measure (A jt variables)
(At mean E[S], June, 2012, not managed, no endangered, rural, developed, Puget Lowlands)
Mean eBird congestion=0 260.87***

(151.59, 376.07)
3.43***

(1.99, 4.95)
Mean eBird congestion=.000645 264.18***

(154.97, 379.58)
"

Mean eBird congestion=.010481 304.47***
(193.72, 421.86)

"

H. By Ecoregion (A jt variables)
(At mean E[S], mean congestion, June, 2012, not managed, no endangered, rural, developed)
Blue Mountains 253.75***

(136.76, 376.92)
3.43***

(1.99, 4.95)
Cascades 293.46***

(181.85, 409.96)
"

Coast Range 292.38***
(181.02, 409.97)

"

Columbia Plateau 263.39***
(147.73, 385.41)

"

Eastern Cascades Slopes and Foothills 248.28***
(136.45, 366.19)

"

Klamath Mtns and CA High N. Coast Range 277.60***
(166.32, 394.24)

"

North Cascades 251.30***
(141.01, 368.94)

"

Northern Basin and Range 275.77***
(165.96, 391.83)

"

Northern Rockies 281.19***
(164.42, 406.34)

"

Puget Lowlands 275.77***
(165.96, 391.83)

"

Willamette Valley 311.27***
(199.24, 429.73)

"

A23



H Additional Figures
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Figure A2: Map of EV for eBird Users based on the 2020s (BBS) forecasts
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Figure A3: Map of EV for eBird Users based on the 2050s (BBS) forecasts
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Figure A4: Map of EV for eBird Users based on the 2020 (CBC) forecasts
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Figure A5: Map of EV for eBird Users based on the 2050s (CBC) forecasts
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(a) (b)

(c) (d)

Figure A6: Per-trip EV simulations allowing both the expected number of bird species and land
cover to change based on based on the forecasts
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(a) (b)

(c) (d)

Figure A7: Per-trip EV simulations allowing both the expected number of bird species and land
cover to change based on based on the forecasts for trips of users in the Seattle metropolitan area

A31



(a) (b)

(c) (d)

Figure A8: Per-trip EV simulations allowing both the expected number of bird species and land
cover to change based on based on the forecasts for trips of users in the Portland metropolitan area
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(a) (b)

(c) (d)

Figure A9: Per-trip EV simulations allowing only the expected number of bird species to change
based on based on the forecasts
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(a) (b)

(c) (d)

Figure A10: Per-trip EV simulations allowing only the land cover to change based on based on the
forecasts
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(a) (b)

(c) (d)

Figure A11: Per-trip EV simulations allowing both the expected number of bird species and land
cover to change based on based on the forecasts – using only trips taken in May and June for the
BBS forecasts and only trips taken in December and January for the CBC forecasts
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