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Spatial Heterogeneity in Values

+ Spatial heterogeneity in ecosystem service value occurs
because of relationships between spatial variations in
ecosystem service demand and supply.

& Failure to recognize this heterogeneity can lead to large
errors when calculating per household or aggregate value
(typically willingness to pay, or WTP).

& Within stated preference analysis (survey-based
valuation), spatial value heterogeneity is generally
modeled as a function of distance between households
and resources.

& May be discrete or continuous.
¢ Sometimes.addresses directionality and substitutes.



Distance Decay in Ecosystem Service Values

+ For many ecosystem services, the value of the service
declines as a person moves farther away—this is called
distance decay.
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Figure 2.2 Marginal Benefits and Scale over Distance (or Populations Over Greater Areas)




Spatial Welfare Heterogeneity

& Other approaches to spatial heterogeneity include spatial
threshold (or border) analyses.

& Less common approaches include kriging, spatial
autocorrelation (Campbell et al. 2008, 2009) and hot spots
(Johnston and Ramachandran 2014, Meyerhoff 2013).

¢ These and related approaches are all based on distance as
the fundamental spatial unit (a one-dimensional measure).

¢ Commonly measured as the “distance to nearest point”
between each household and an affected resource, either
using geodesic or travel distance.

& But what about areas (two-dimensional measures)?



A Simple Illustration

¢ Househo
resource

¢ Househo

d A Is at distance zero from closest affected
oroviding a service (e.g., restored riparian land).

d B is at distance one from the closest resource,

but has a larger quantity in close proximity.
¢ Which household 1s “closer”?
+ Which will have:a higher value for improvements?



Questioning the Distance-Only Paradigm

& This paper develops an approach to model heterogeneity
In stated preference WTP linked to two-dimensional
measures.

& Models heterogeneity linked to the quantity of an
resource surrounding each beneficiary (i.e., guantity-
at-distance-x).

+ The distance radius for quantity measurements is
optimized using
model fit.
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Relationship to Prior Work

¢ The use of areas-within-distances IS common In some
types of revealed preference analysis (e.g., hedonics).

& Similar approaches are rare as a means to characterize
value heterogeneity within stated preference models.

¢ The few existing stated preference analyses that use
guantity-within-distance measures do so using ad hoc
distances (e.g., Yao et al. 2014; Czajkowski et al. 2016).

¢ An infinite number of possible distance bands (and hence
areas) exist around each beneficiary’s home, and selecting
the “best” distance X IS not trivial.

& This analysis chooses the optimal distance band (radius)
using an iterative grid search over model log-likelihoods.



The Model

¢ Model contrasts distance-to-nearest-point (distance
decay) and quantity-within-distance-x analysis, for
policies affecting riparian land.

® Approaches illustrated using a random utility framework
for household h and policy scenario p.

¢ Upn = Yn'Xph = A0 Con + Yr'(SpngXpn) = Pr(SprgCon) + epn

+ X,n are policy outcomes; C,p, 1S household cost.

® S,ng 1S distance-to-nearest-point or quantity-within-
distance-x, with g={1,2} identifying the spatial measure.

® Yn, An, Yy, ¢, and are conforming parameter vectors or
scalars to be estimated.



Stated Preference Choice Experiments

¢ Methods and results are illustrated using stated preference
discrete choice experiments.

& Survey-based methods that estimate values from
respondents’ votes over different policy options.

& Respondents choose among policies with different effects
(e.g., on ecosystem services) and COStS.

¢ By evaluating votes over many alternatives, we calculate
tradeoffs that reveal values (willingness to pay, or WTP).

& Results are illustrated using a choice experiment on
riparian land restoration in the Merriland, Branch Brook,
and Little River (MBLR)Watershed in Maine, USA.



The Choice Experiment—Technical Details

¢ Choice experiment was developed over 3 years In
coordination with the Wells National Estuarine Research
Reserve.

& Testing and revision including 9 focus groups plus
cognitive interviews, verbal protocols and expert review.

¢ Surveys implemented December 2013 — January 2014,
with multiple wave mailings to maximize response.

¢ Mailed to 2,544 random households In the three towns.

& Of deliverable surveys, 734 were returned, for a response
rate of 34% (of deliverable surveys).



YOU WILL BE ASKED TO VOTE

Example Choice

After considering the current situation and possible protection effects and metheds, which do
you prefer? You will be given choices and asked to vote for the option you prefer by checking
the appropriate box. Questions will look similar to the sample below.
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Scenarios and Responses In Space

RIPARIAN LAND IN KENNEBUNK, SANFORD
AND WELLS

The map below shows the area addressed by this survey. This includes all land that drains into
the Merriland, Branch Brook, and Littie Rivers within Kennebunk, Sanford and Wealls
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Implementation and Modeling

& Two-step estimation of the quantity-within-distance model.

¢ First stage determines the optimal distance band using an
iterative grid search algorithm over preference-space
mixed logit log-likelihoods.

¢ ldentifies optimal distance band of s,,;,;, = 1,022m.

¢ The second stage uses this optimal distance band to
estimate the final discrete choice model in WTP-space
(Scarpa et al. 2008; Train and Weeks 2005).

+ Distance to nearest riparian land is used for parallel
distance decay model.

¢ All'ecological attributes included In percentage form,
relative to the ecological reference condition.



WTP-Space Results:

Attribute

ASC (status quo)

Riparian Land Condition

River Condition
Recreational Fishing
Safe Swimming
Development Setbacks
Enforcement

In(1y)

Observations (N)
Pseudo R?

Main Effect
Coefficients
[@p, AR]
(Std. Error)

-65.612%**
(12.199)

0.283
(0.546)
0.908***
(0.183)
0.986%**
(0.185)
1.401%**
(0.566)
0.152**
(0.059)
15.560%**
(3.467)
-3.072%**
(0.196)
2136

0.22

Standard

Deviations of @y,

and 1,

(Std. Error)

133.890%**
(14.283)

1.405
(0.869)
1.194%**
(0.327)
1.316%**
(0.342)
0.360
(1.259)
0.522%**
(0.069)
7.728
(7.437)
0.660%**
(0.306)

Log-Likelihood
Prob. > y?

Distance Decay

Area interactions

[11n, O]
(Std. Error)

-0.822
(3.151)

0.157
(0.197)
-0.037
(0.068)
-0.167***
(0.067)
0.248
(0.212)
-0.009
(0.022)
0.791
(1.257)
0.073
(0.080)
-1809.31
0.0001




WTP-Space Results: Area-within-Distance (1,200m)

Attribute Main Effect Standard Area interactions
Coefficients Deviations of @y, [fn, Orl

[@h, Ap] and 4, (Std. Error)
(Std. Error) (Std. Error)

ASC (status quo)

Riparian Land Condition
River Condition
Recreational Fishing

Safe Swimming

Development Setbacks

Enforcement

In(41,)

-63.476%**
(11.498)

0.482
(0.457)
0.713%**
(0.170)
0.439%**
(0.154)
1.938%**
(0.504)
0.045
(0.050)
16.635%**
(2.924)
-2.836%%*
(0.234)

131.977***
(15.442)

2.143%**
(0.947)
1.462%**
(0.272)
1.342%*
(0.306)
0.483
(0.904)
0.474%%*
(0.068)
7.715
(6.958)
0.834***
(0.321)

1.397
(24.730)

0.402
(1.371)
0.620
(0.496)
1.346%**
(0.491)
-0.684
(1.527)
0.413**
(0.179)
6.088
(8.777)
0.096
(0.416)

Observations (N) 2136 Log-Likelihood -1800.82
Pseudo R? 0.22 Prob. > y? 0.0001




Illustration: WTP for a 100 ft. Increase In
Development Setbacks Across Three Towns

Kennebunk, Maine
(N=266)

Sanford, Maine
(N=192)

Wells, Maine
(N=276)

Mean WTP:

Quantity-
within-Distance
Model

(Std. Dev.)

6.56
(0.29)
11.65
(0.72)
21.57
(0.80)

Mean WTP:

Distance Decay
Model

(Std. Dev.)

12.96
(0.08)
13.16
(0.15)
14.24
(0.96)

Prob:

[Ho: WTP
Difference = 0]

WTP Difference:

Quantity-within-
Distance versus
Distance Decay

(Std. Dev.)

-6.40
(0.25)
151
(0.63)
7.33
(0.74)

WTP calculated using distance and area data for each observation in the sample. Reported
estimates reflect means and standard deviations for households in each sampled town.

& Required develepment setbacks are determined at the
town level in the US, so town-level WTP Is most relevant.




Conclusions

¢ Results of the analysis demonstrate the insight available
through two-dimensional models of spatial heterogeneity.

+ Compared to a distance-to-nearest-point model, the
guantity-within-distance model appears to better capture
spatial WTP variation across our case study area.

¢ Although models such as those proposed here are more
computationally intensive, they can identify patterns
Invisible to other approaches.

¢ Alack of WTP variation associated with one-dimensional
distance measures should not be interpreted as a sign of
homogenelty in ecosystem service values.

& Other types of spatial heterogeneity may be equally if not
more relevant for modeling and policy analysis.
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