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Abstract  44 

Theoretical models of transboundary pollutants impose simplifying restrictions on the 45 

locational and/or spatial dimensions of utility. This includes assumptions that citizens in each 46 

country care only about domestic environmental damages; or that pollution is a pure public bad 47 

for which the location of damages is irrelevant to welfare impacts. This paper empirically 48 

examines the applicability of such assumptions for a case study of marine plastic pollution. 49 

The data are from mirror-image, cross-country discrete choice experiments in the UK and US. 50 

Results suggest that common simplifying assumptions in the theoretical literature have 51 

questionable applicability to transboundary pollutants such as marine plastics. 52 

 53 

Keywords: transboundary pollution, international environmental agreements, discrete choice 54 

experiments, marine plastic pollution.  55 
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1. Introduction 56 

The threat to social welfare posed by transboundary pollutants has been long recognized by 57 

economists (Livingston 1989). Although mainly emphasized with regard to climate change and 58 

greenhouse gas emissions, many such pollutants are subject to ongoing negotiations between 59 

countries around agreed reductions in emissions. The policy challenge for managing 60 

transboundary externalities in both pollution and abatement is well known: abatement 61 

expenditures by one nation confer benefits on other nations, creating incentives to free ride. 62 

Efficient outcomes typically require international coordination able to accommodate variations 63 

in marginal abatement and damage costs across nations (Mäler 1989; Hoel and Schneider 1997). 64 

The theory of transboundary pollutants has been explored in depth, with an extensive literature 65 

addressing topics such as the formation and stability of international environmental agreements 66 

(IEAs), the role of international trade and capital mobility, and other considerations (Finus 67 

2008; André and Finus 2024).  68 

Most modeling efforts in this literature include assumptions or restrictions on social 69 

welfare, utility or preferences. Even a cursory review of this literature reveals that these 70 

assumptions—and in particular with regard to relationships between pollution location and 71 

damages (or the spatial dimensions of preferences)—affect model outcomes. For example, the 72 

likelihood, breadth and stability of IEAs depend on whether and how citizens of each country 73 

are assumed to benefit from pollution or damage reductions, both domestically and abroad  74 

(Barrett 1994; Van der Pol, Weikard, and van Ierland 2012; Kolstad 2014). Similarly, results 75 

of canonical models of pollution subject to international trade are conditional on an assumed 76 

structure of utility—for example on whether pollution is assumed to be a pure public bad to 77 

which all countries are exposed equally (Copeland and Taylor 1995; Antweiler, Copeland, and 78 

Taylor 2001), whether people are affected only by pollution in their home country  (Copeland 79 

by
 g

ue
st

 o
n 

O
ct

ob
er

 5
, 2

02
6.

 C
op

yr
ig

ht
 2

02
5

D
ow

nl
oa

de
d 

fr
om

 



4 
 

and Taylor 1994), or whether citizens of one country might realize disutility from pollution 80 

realized elsewhere (Copeland and Taylor 2004).  81 

Although assumptions of this type are widespread, there is little systematic empirical 82 

evidence to either support or refute their applicability to most transboundary pollutants. With 83 

the exception of greenhouse gas emissions and impacts (see discussion below), the literature 84 

provides limited insight into which assumptions on utility might best approximate empirical 85 

reality. This lack of insight is not trivial. The practical relevance and insights from any 86 

axiomatic model on transboundary pollution depend on the extent to which the model at least 87 

approximates empirical reality. Spatial dimensions of utility such as these are also central to 88 

international policy responses for transboundary pollutants, for example considering the 89 

likelihood and type of IEAs that might emerge (Barrett 1994; Van der Pol, Weikard, and van 90 

Ierland 2012; Kolstad 2014). 91 

What is the relationship between the location of transboundary pollution damages and 92 

utility in affected countries or regions? To what extent are empirical preferences consistent 93 

with common assumptions in the theoretical literature? And are these results similar or 94 

dissimilar across countries? This article empirically examines these questions, grounded in a 95 

clarifying theoretical framework, drawing on a case study of marine plastic pollution (MPP).  96 

MPP is a classic example of a transboundary pollutant—micro- or macro-plastics 97 

emitted from any one country can cause damage within the territorial (or domestic) waters of 98 

that country, but also cause damage within international waters, and on the coasts and beaches 99 

of other (foreign) countries. Estimation of citizens’ preferences to reduce these non-domestic 100 

impacts is thus both plausible and salient, for example when considering both optimal policy 101 

design and the potential formation of IEAs. It is also an archetypal example of a non-uniform 102 

pollutant for which preferences may differ from those applicable to uniformly mixed pollutants 103 

such as greenhouse gas emissions—a pollutant for which non-domestic preferences have been 104 
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studied extensively (e.g., Lee and Cameron 2008; Carlsson et al. 2011; Ščasný et al. 2017; 105 

Svenningsen and Thorsen 2020).  106 

We discuss empirical results drawn from a multi-country discrete choice experiment 107 

(DCE) designed to evaluate preferences for joint actions to control and remediate MPP in the 108 

North Atlantic Ocean. The study is framed around a potential MPP IEA between the UK and 109 

US, as two of the most important players in any future agreement to reduce MPP in the North 110 

Atlantic and the largest per capita polluters of plastic waste worldwide (Law et al. 2020).i 111 

Bilateral US and UK pollution control programs could reduce damages across multiple possible 112 

locations, including: (a) domestically, (b) in international waters, and (c) in foreign waters. 113 

Unlike past studies of preferences for MPP reductions, the DCE scenarios directly quantified 114 

measurable (absolute and relative) changes in plastic that would be realized across these 115 

different areas. Parallel and independent DCEs were implemented in the US and UK, enabling 116 

parallel preferences for domestic, international and foreign improvements to be compared 117 

across the two countries and to common assumptions in the theoretical literature in 118 

transboundary pollutants.ii  119 

Results suggest that none of the archetypal restrictions on utility in the theoretical 120 

literature hold universally for MPP. For instance, results suggest that US residents are willing 121 

to pay to reduce MPP in domestic and international waters, but not in “foreign” (i.e., third 122 

country) territories, whereas UK citizens only value MPP reductions within UK coastal areas. 123 

Results such as these further suggest differences in the utility of US and UK residents related 124 

to non-domestic MPP reductions. Taken as a whole, our results suggest that the applicability 125 

and relevance of canonical theoretical findings on transboundary pollutants could be enhanced 126 

via consideration of less restrictive assumptions on utility. 127 

 128 
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2. Public Preferences and Transboundary Pollutants 129 

Utility (or public preference) plays a central role in theoretical models on transboundary 130 

pollutants and related topics, such as relationships between trade, growth and the environment 131 

(Copeland and Taylor 2004). Among these, standard equilibration of marginal abatement costs 132 

and marginal damages within a spatial context requires characterization of the social welfare 133 

loss due to pollution impacts realized in different locations. Assumptions on these welfare 134 

effects are typically made a priori, with different areas of the literature favoring different 135 

assumptions. 136 

For example, models on trade and transboundary pollutants often specify pollution as a 137 

pure public bad, such that emissions affect welfare equally regardless of location (e.g., Forslid, 138 

Okubo, and Sanctuary 2017). In contrast, seminal work on incentives for countries to cooperate 139 

on emissions reductions in the realm of IEAs (Hoel 1992; Barrett 1994), and the literature that 140 

emerged from this work often assume that individual countries act as self-interested entities 141 

without direct consideration of pollution realized in other countries or international regions 142 

beyond sovereign territories. Hence, utility is often assumed to be a function of pollution 143 

damages realized in domestic locations only. These assumptions matter for model outcomes. 144 

That is, although countries’ preferences for international public good provision are difficult to 145 

observe (Carraro and Siniscalco 1993), prospects for the scope and success of international 146 

cooperation are often enhanced when countries value pollution reductions elsewhere (see also 147 

Fuentes-Albero and Rubio 2010; Schopf 2024).iii 148 

The general idea that households might hold various types of preferences for 149 

environmental outcomes beyond the borders of their home country is not new. The empirical 150 

literature on preferences for climate policy frequently addresses impacts that occur outside the 151 

home country (e.g., Lee and Cameron 2008; Carlsson et al. 2011; Ščasný et al. 2017; 152 

Svenningsen and Thorsen 2020). Examples beyond climate change include preference and 153 
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WTP estimation for improvements to iconic ecosystems such as the Amazon rainforest (Strand 154 

et al. 2017; Siikamaki et al. 2019), migratory or multi-country species conservation (e.g., Jin 155 

et al. 2010; Ressurreição et al. 2012; Diffendorfer et al. 2014; Haefele et al. 2019; Vogdrup-156 

Schmidt et al. 2019), or improvements to transboundary parks or conservation areas (e.g., 157 

Valasiuk et al. 2017; Bakhtiari et al. 2018). Other studies estimate preferences for hazard 158 

reductions that occur in foreign waters (Loureiro and Loomis 2013), for improvements to water 159 

quality in international water bodies (e.g., Ahtiainen et al. 2014) or for environmental or 160 

ecosystem service improvements that span multiple countries (e.g., Bateman et al. 2005; 161 

Dallimer et al. 2015; Obeng and Aguilar 2021), among others. Some of these studies are 162 

motivated broadly in terms of prospective relevance to international cooperation (e.g., Jin et al. 163 

2010; Dallimer et al. 2015; Bakhtiari et al. 2018).  164 

Although this literature provides evidence that individuals can hold preferences for 165 

environmental outcomes beyond the territorial boundaries of a home country, few of these 166 

preference elicitations are framed in terms of the explicit tradeoffs that would be considered 167 

within policies or agreements to regulate transboundary pollutants (beyond the case of climate 168 

change), wherein measurable domestic and foreign impacts can vary across partners.iv Hence, 169 

beyond the general observation that people can value non-domestic environmental 170 

improvements, the implications of this past work for the types of assumptions on utility 171 

commonly made within the theoretical literature on transboundary pollution is unclear, 172 

particularly for non-uniformly mixed pollutants such as MPP for which biophysical impacts 173 

can vary across different countries (and regions within a country), for example due to transport 174 

and dispersion patterns for plastic particles in the sea.  175 

 176 

3. The Case of Marine Plastic Pollution  177 
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MPP represents an arguably ideal policy setting from which to evaluate the type of preferences 178 

that can emerge for transboundary pollutants. MPP is increasingly viewed as an urgent 179 

transboundary concern and growing worldwide damages have led to extensive efforts to 180 

address the problem from local to global scales (Vince and Hardesty 2018). Every nation emits 181 

plastic into oceans, via river mouths, mismanaged landfills, littering, and seaborne sources 182 

(Jambeck et al. 2015; Law et al. 2020).v Due to ocean currents, tides and winds, each country’s 183 

plastic waste can remain in domestic waters or be transported internationally, accumulating in 184 

different marine areas (Barnes et al. 2009; Lebreton, Greer, and Borrero 2012; Thevenon, 185 

Carroll, and Sousa 2014; Law et al. 2020). The International Union for the Conservation of 186 

Nature (IUCN) describes the issue as “the most serious problem affecting the marine 187 

environment” (Thevenon, Carroll, and Sousa 2014, pg. 9), and ongoing international 188 

deliberations around a potential new global treaty on tackling marine plastic have been 189 

characterized “as the most important environmental treaty negotiation in years” (Birnbaum 190 

2022, paragraph 5).  191 

There are both similarities and differences between MPP and greenhouse gases as 192 

transboundary pollution problems. For both problems, marginal damage costs and marginal 193 

abatement costs are likely to vary across countries, implying that efficient pollution control 194 

requires international cooperation. Both problems are driven by changes in the stock of the 195 

pollutant more than by changes in the flow of the pollutant. However, climate change affects 196 

all countries globally, whilst MPP primarily influences countries with a coastline. Even among 197 

directly affected coastal countries, the degree of MPP deposited on shorelines and in coastal 198 

waters depends on the source of those plastics (i.e., where they are released into the ocean) and 199 

the currents and winds that transport those plastics across global oceans. Moreover, nations 200 

participating in international discussions and treaty negotiations are typically defined by the 201 
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geographic spread of water bodies such as the North Atlantic, although plastic can also reach 202 

oceans via international exports of plastic waste (Vince and Hardesty 2018; Law et al. 2020).  203 

A few recent studies have considered preferences for MPP reductions in general 204 

(McIlgorm, Campbell, and Rule 2011; Leggett et al. 2018; Beaumont et al. 2019; English, 205 

Wagner, and Holmes 2019; Abate et al. 2020; Zambrano-Monserrate and Ruano 2020; 206 

Tyllianakis and Ferrini 2021; Borriello and Rose 2022; Meginnis, Domanski, and Toledo-207 

Gallegos 2022; Khedr et al. 2023). Recent work examines preferences for cost-sharing within 208 

IEAs for MPP reduction, but does not consider the extent to which preferences mirror common 209 

assumptions within the theoretical literature on transboundary pollution (Börger et al. 2024). 210 

Khedr et al. (2023) considers citizen preferences for domestic versus foreign MPP reductions 211 

via inclusion of one categorical attribute in a DCE communicating whether programs would 212 

occur in “Your Country’s Seas” or “All European Seas.” Their results show whether 213 

households prefer programs to be focused on domestic or regional (European) waters but 214 

provide no insight into preferences applicable to more realistic settings wherein pollution 215 

baselines and reductions vary across different domestic and non-domestic areas. Thus, none of 216 

the available literature provides a direct capacity to evaluate whether and how empirical 217 

preferences for MPP (or similar non-uniform transboundary pollutants) might match 218 

assumptions in the theoretical literature. 219 

 220 

4. Theoretical Framework 221 

To address this research question, we first present a simple theoretical framework to serve as a 222 

foundation for the empirical analysis that follows. We begin with a general, non-structural 223 

specification of indirect utility affected by a transboundary pollutant, in which utility for 224 

representative individual 𝑛𝑛 in two illustrative countries 𝑐𝑐 = (𝐴𝐴,𝐵𝐵) is given by 225 

       𝑈𝑈𝑐𝑐�𝑝𝑝𝑑𝑑,𝑝𝑝𝑓𝑓,𝑝𝑝𝑤𝑤, 𝐼𝐼�.                                                                     (1) 226 
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Within this utility specification, 𝑝𝑝𝑑𝑑 is domestic MPP realized in the home country’s waters, 𝑝𝑝𝑓𝑓 227 

is MPP realized in the foreign country’s waters, and 𝑝𝑝𝑤𝑤  is MPP realized in non-territorial 228 

international waters. The final argument, 𝐼𝐼, represents real per capita income, which may be 229 

defined as per capita income divided by a price index (Antweiler, Copeland, and Taylor 2001). 230 

Utility in (1) is unrestricted, as it allows the possibility of distinct marginal utility for each 231 

possible pollution location, identified by 𝑑𝑑 , 𝑓𝑓 , and 𝑤𝑤 . The sign and magnitude of these 232 

marginal utilities is unrestricted, although in general one might assume that they would be zero 233 

or negative. 234 

Most theoretical models of transboundary pollution (or pollution under conditions of 235 

international trade) do not specify unrestricted indirect utility as in (1). Instead, a priori 236 

restrictions are imposed, of which two are particularly ubiquitous. The first—common in the 237 

literatures on climate policy and relationships between trade and the environment (e.g., 238 

Copeland and Taylor 2004; Forslid, Okubo, and Sanctuary 2017)—assumes that pollution is a 239 

pure public bad. This may be formalized by defining 𝑝𝑝𝑇𝑇 = 𝑝𝑝𝑑𝑑 + 𝑝𝑝𝑓𝑓 + 𝑝𝑝𝑤𝑤  and respecifying 240 

utility as 241 

       𝑈𝑈𝑐𝑐(𝑝𝑝𝑇𝑇, 𝐼𝐼).                                                                          (2) 242 

A consequence of (2) is that marginal utility is equivalent regardless of the location at which 243 

MPP is realized, such that 𝜕𝜕𝑈𝑈𝑐𝑐(∙)
𝜕𝜕𝑝𝑝𝑑𝑑
� ≡ 𝜕𝜕𝑈𝑈𝑐𝑐(∙)

𝜕𝜕𝑝𝑝𝑓𝑓� ≡ 𝜕𝜕𝑈𝑈𝑐𝑐(∙)
𝜕𝜕𝑝𝑝𝑤𝑤
� ≡ 𝜕𝜕𝑈𝑈𝑐𝑐(∙)

𝜕𝜕𝑝𝑝𝑇𝑇
� , where 244 

each of these terms is generally assumed to be negative. 245 

A second common restriction—often found in the literature on IEAs (c.f., Barrett 1994, 246 

2001)—is that people only care about pollution realized in their home country. This may be 247 

formalized as 248 

       𝑈𝑈𝑐𝑐(𝑝𝑝𝑑𝑑, 𝐼𝐼).                                                                       (3) 249 

Utility of this form presumes that 𝜕𝜕𝑈𝑈𝑐𝑐(∙)
𝜕𝜕𝑝𝑝𝑓𝑓� ≡ 𝜕𝜕𝑈𝑈𝑐𝑐(∙)

𝜕𝜕𝑝𝑝𝑤𝑤
� ≡ 0, whereas 𝜕𝜕𝑈𝑈𝑐𝑐(∙)

𝜕𝜕𝑝𝑝𝑑𝑑
� < 0. 250 
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Whether utility takes the form of (1), (2) or (3) is an empirical question, the answer to 251 

which may vary over countries. As an illustration, it is possible that utility for country 𝑐𝑐 = 𝐴𝐴 252 

will take the form of (1) while utility for country 𝑐𝑐 = 𝐵𝐵 will take the form of (3). Hence, 253 

relevant considerations for modeling are not limited to the form of utility for a single 254 

representative country, but whether utility takes the same general form across different 255 

countries (such as the US versus UK).  256 

Other forms of utility are also possible, such as situations in which the public holds 257 

utility for MPP reductions in both domestic and non-domestic waters but does not distinguish 258 

between different types of non-domestic reductions—for example reductions that might occur 259 

within the territorial waters of other nations versus non-territorial international waters. Such 260 

cases can be represented by defining combined non-domestic reductions as 𝑝𝑝−𝑑𝑑 = 𝑝𝑝𝑓𝑓 + 𝑝𝑝𝑤𝑤, 261 

with utility specified 𝑈𝑈𝑐𝑐(𝑝𝑝𝑑𝑑,𝑝𝑝−𝑑𝑑 , 𝐼𝐼). 262 

Grounded in this framework, the DCE and corresponding model were designed to 263 

evaluate the empirical form(s) of utility that apply to MPP reductions over two countries (here 264 

the US and UK), within the context of a bilateral IEA. Our primary questions include: (a) which 265 

of the above forms of utility best characterizes preferences for MPP reductions, (b) whether 266 

the answer to this question varies between the two countries.  267 

 268 

5. Empirical Study Design 269 

A stated preference DCE was chosen for the empirical evaluation given the ability to estimate 270 

indirect utility via responses to an experimentally-designed set of survey scenarios, wherein 271 

direct measures of 𝑝𝑝𝑑𝑑, 𝑝𝑝𝑓𝑓, and 𝑝𝑝𝑤𝑤 may be independently varied. An advantage of DCEs in this 272 

setting is a capacity to characterize the form of utility that applies to actual MPP reductions 273 

represented in a hypothetically binding stated preference scenario rather than behaviors under 274 

experimentally induced preferences, strategic interactions, or other topics that are better suited 275 
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to lab-based experiments. The final section of the article discusses the caveats and limitations 276 

that accompany our selected approach.  277 

The DCE design was framed around a potential MPP IEA between the UK and US. A 278 

potential bilateral US and UK pollution control program could reduce damages across multiple 279 

possible locations, including: (a) domestically, in coastal waters and beaches, (b) in 280 

international waters, and (c) in foreign coastal waters and beaches. The DCE design framed 281 

MPP policy choices in terms of a prospective bilateral agreement for transboundary pollutant 282 

reductions, wherein plastic waste emitted/reduced from the US can directly impact the UK, and 283 

vice versa.vi 284 

The two DCE versions are mirrors of each other with respect to the transboundary 285 

nature of the problem, the only difference being that the choice context within each is oriented 286 

to the country where it was administered. That is, the UK version considered the UK as the 287 

“home” country and the US as the “foreign” country, while the mirror US version considered 288 

the US as the “home” country and the UK as the “foreign” country. For the remainder of this 289 

paper, the term home country refers to the country where the survey was administered (i.e., the 290 

UK for the UK version) and foreign country as the other country participating in an IEA that 291 

would benefit from emission reduction in the home country (i.e., the US for the UK version). 292 

Each version of the DCE grouped current MPP accumulation baselines and future reductions 293 

into different marine locations across home, foreign and international waters. A visual 294 

representation of how the North Atlantic was segregated in the study is shown in Figure 1. 295 

<<Figure 1 about here>> 296 

Each DCE question included three choice alternatives (or options), characterized by six 297 

attributes. These attributes are described in Table 1. Example choice cards are shown in Figure 298 

2. Options 1 and 2 presented possible options for a bilateral MPP reduction program. Option 3 299 

was a business-as-usual status quo with no change in MPP and zero household cost, where each 300 
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attribute included in Options 1 and 2 also takes a specified level in Option 3 (i.e., the status quo 301 

is defined explicitly).vii In addition to biophysical attributes corresponding to the quantity and 302 

location of MPP reductions detailed below, each option included an attribute communicating 303 

how program costs are split between the two countries,viii as well as a hypothetically binding 304 

cost to each household in the home country. This cost was specified following 305 

recommendations of Johnston et al. (2017) and prior examples in the literature (cf., Johnston, 306 

Swallow, and Weaver 1999; Zhao, Johnston, and Schultz 2013; Holland and Johnston 2017) 307 

as a binding increase in “annual taxes and fees” required to implement the program.  308 

<<Table 1 about here>> 309 

Defining the spatial extent of reductions in marine plastic pollution 310 

The four biophysical attributes quantified baselines and potential reductions in plastic 311 

abundance or density in different areas of the marine environment, preferences for which serve 312 

as the foundation for the three hypothesis tests outlined above. These reductions are stated both 313 

in terms of the absolute number of pieces of plastic waste and as percentage reductions relative 314 

to status quo levels. Baselines and possible changes for these attributes were informed by data 315 

on current plastic pollution levels in various marine and coastal environments and modeling of 316 

potential changes in those levels that could occur due to changes in plastic disposal and clean-317 

up in various locations.ix 318 

The first biophysical attribute reflected average plastic pollution density on home 319 

country beaches (pieces/100m). For the UK version, the outcome was reductions in plastic 320 

waste on beaches in England, Northern Ireland, Scotland and Wales. For the US version, the 321 

outcome was reductions in plastic waste on US East Coast beaches (excluding the Western 322 

coast of Florida along the Gulf of Mexico). Possible reductions relative to the status quo ranged 323 

from 0% to 90%. To aid in comprehension of this attribute, respondents were shown graphical 324 

illustrations of different quantities of plastic as they might appear on a representative beach. 325 
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The second biophysical attribute quantified plastic density in the home country’s 326 

coastal waters (pieces/km2). Coastal waters were defined as waters one kilometer out from 327 

shore, which mainly accumulate waste from the home country’s mismanaged land waste 328 

(Lebreton, Egger, and Slat 2019). Possible reductions in this plastic density relative to the status 329 

quo ranged from 0% to 20%.x 330 

The third biophysical attribute quantified average plastic density in international waters 331 

(items/km2). This was described the same way in both survey versions as the area belonging to 332 

no single country, but where plastic waste accumulates from all countries, far out in the open 333 

North Atlantic Ocean. The general location and relative plastic density in these international 334 

accumulation areas was shown in maps displayed in the online survey. Possible reductions in 335 

this plastic density relative to the status quo ranged from 0% to 15%. These possible changes 336 

were lower than those in coastal waters, due to the increased difficulty of cleaning up pollution 337 

in deep ocean waters. 338 

The fourth biophysical attribute quantified average plastic density over the foreign 339 

country’s beaches and coastal waters (items/km2). This attribute combined effects on foreign 340 

beaches and coastal waters into one attribute, based on input from focus groups that this 341 

distinction was not salient to respondents when considering foreign country reductions. 342 

Possible reductions in this plastic density relative to the status quo ranged from 0% to 20%.  343 

The four biophysical attributes were considered to be independent (i.e., non-correlated) 344 

within choice alternatives. For all biophysical attributes, the experimental design was such that 345 

Options 1 and 2 (the pollution reduction options) could potentially include 0% change, which 346 

was also the status quo (Option 3) level. This design ensures that the lowest level of positive 347 

improvement for each attribute (e.g., 25% reduction in beach plastic) is not confounded with 348 

the alternative specific constants (ASCs) specific to Option 1 or 2.xi Both survey versions 349 
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considered the same percentage decreases; however, given the differing status quo (baseline) 350 

values in the UK and the US, the absolute reduction levels differed across the two versions.  351 

For all biophysical attributes, these changes were characterized in the questionnaire as 352 

average, long-run (or steady-state) changes in MPP that would be realized in specific locations, 353 

after accounting for the transport of plastics via ocean currents and winds. This is an important 354 

aspect of scenarios, as it ensured that respondents did not assume that MPP changes some 355 

locations (e.g., international waters) might eventually lead to still additional MPP changes in 356 

other locations (e.g., domestic beaches), beyond those already described each DCE scenario. 357 

Focus group pretesting confirmed that respondents interpreted the stated MPP changes in each 358 

location as average, steady-state changes, as intended.  359 

Focus group pretesting also provided evidence that respondents interpreted DCE 360 

scenarios as given, and did not tend to speculate about additional, indirect effects that non-361 

domestic MPP changes might have on domestic environments (e.g., through effects on 362 

domestic marine life or the food chain).xii Because we cannot observe utility functions directly, 363 

it is impossible to draw concrete conclusions on why different individuals might (or might not) 364 

value MPP reductions in non-domestic locations (e.g., paternalistic altruism, because they visit 365 

those locations, etc.). Regardless, focus group pretesting suggested that MPP changes in 366 

foreign and international waters were interpreted as given in the DCE scenarios, and not as a 367 

source of additional, unstated environmental changes that might occur in domestic locations.  368 

Questionnaire design and survey administration 369 

Survey materials were developed and pretested over a two-year period from February 2019 to 370 

November 2020. The survey instrument was tested and iteratively revised with input from 8 371 

focus groups, with an equal number conducted in the US and UK. A subsequent pilot survey 372 

was carried out with 400 participants in the UK and US.  373 
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The survey began by presenting a description of what is meant by “plastic items.” These 374 

were described as visible “pieces” of plastic ranging from small items, such as a cigarette butts, 375 

to plastic water bottles and shopping bags, to larger objects such as derelict fishing gear. The 376 

survey and DCE scenarios explicitly focused on macro plastic debris (>20mm in diameter) and 377 

meso-debris (5-20mm in diameter) (Barnes et al. 2009), and did not include discussion on 378 

microplastics. Microplastic was excluded as it has a unique environmental impact, would 379 

require different abatement measures to reduce MPP, and is affected differently by ocean 380 

transport systems than macro- and meso-plastic. To further clarify this interpretation and the 381 

impact of MPP, the survey included a visual depiction of the appearance of beaches with 382 

different levels of plastic pollution, illustrated in pieces per 100 meters of typical beach length 383 

(e.g., 0-50, 51-100, 101-200, etc.). The survey also included questions about the respondent’s 384 

experience with plastic waste at home and abroad. Grounded in this background information, 385 

the survey then described the DCE attributes to respondents and presented example choice sets. 386 

Respondents were asked to answer five discrete choice questions, following the structure 387 

outlined above. Each question was framed as involving a potential international agreement and 388 

corresponding cooperative efforts between the UK and the US, implying actions at the national 389 

government level. The survey concluded with follow-up questions on environmental attitudes, 390 

perceived consequentiality and household characteristics.  391 

To ensure valid preference elicitation via the series of choice questions, additional 392 

elements included prompts and acknowledgement questions to emphasize payment and policy 393 

consequentiality, reminders of the household’s budget constraint, an overview of valid reasons 394 

why a household might vote for either Option 1, 2 or 3, and a reminder that “Whatever your 395 

reasons, choosing either Option 1, 2 or 3 is legitimate.” Respondents were asked to 396 

acknowledge that they were free to select whichever alternative they considered to be best for 397 

their household (i.e., a program or the zero-cost status quo), acknowledge they would consider 398 
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the cost seriously and only select options for which they were willing to pay the stated amount. 399 

Respondents were instructed to consider each choice question as an independent and 400 

hypothetically binding vote. To emphasize consequentiality, respondents were informed that 401 

the survey was “developed in partnership with government officials who will consider survey 402 

results in making their decisions.”xiii Copies of the US and UK survey versions are available 403 

from the authors upon request.  404 

<<Figure 2 about here>> 405 

The experimental design for the DCE was developed using a Bayesian Db-efficiency 406 

criterion for a choice model covariance matrix (Scarpa and Rose 2008). Although optimized 407 

for Db-efficiency, S-efficiency was also used to evaluate sample sizes required to estimate 408 

preference parameters for each assumed utility specification (Rose et al. 2008; Scarpa and Rose 409 

2008; Rose and Bliemer 2009). Diffuse priors were applied (Ferrini and Scarpa 2007), with 410 

signs based on information from focus groups, cognitive interviews, expert opinion, theory, 411 

and findings from the literature. For each survey, the resulting design included 75 profiles 412 

blocked into 15 survey versions, each with 5 choice tasks consisting of two program 413 

alternatives and a status quo option. The choice sets were designed using Ngene 414 

(ChoiceMetrics 2018), with the design updated iteratively based on pilot data. Results of pilot-415 

data choice models led to updates in parameter priors and updates to attribute levels (e.g., 416 

allowing 0% changes to attributes within the two policy options).xiv The number of profiles and 417 

blocks was chosen after examination of estimated design properties under a range of alternative 418 

settings (e.g., different numbers of profiles and blocks), with additional feedback from focus 419 

groups on the number of questions that could be answered by respondents without fatigue. The 420 

pilot and final surveys were created and administered using Lighthouse Studio (Sawtooth 2018).  421 

The final surveys were administered in the UK and US in March 2021, with 422 

independent samples in the two countries, using two different panel companies (one in the US 423 

by
 g

ue
st

 o
n 

O
ct

ob
er

 5
, 2

02
6.

 C
op

yr
ig

ht
 2

02
5

D
ow

nl
oa

de
d 

fr
om

 



18 
 

and one in the UK). A total of 4,690 responses were collected, with 2,028 respondents in the 424 

UK and 2,662 in the US, resulting in 10,140 and 13,310 choice observations for the UK and 425 

US survey versions, respectively. Respondents were randomly sampled using online panel 426 

services in the two countries with sampling quotas designed to obtain an approximately 427 

representative sample according to gender, geographical location and age. In the UK, 428 

respondents from the entire country were sampled, whereas only participants from US states 429 

on the eastern seaboard were recruited.xv  Questions were included to evaluate response quality 430 

and identify/screen fraudulent responses (e.g., bot responses).xvi 431 

Sample summary statistics are presented in Table 2. As anticipated given demographic 432 

differences between the underlying US and UK populations and the possibility that survey 433 

response propensities may vary between these two populations, we find some differences in 434 

demographic characteristics between the two samples. Sample demographics appear to be 435 

reasonably though not perfectly representative of the sampled areas, as is typical for stated 436 

preference surveys (Johnston et al. 2017). As the goal of the study is to assess the general 437 

structure of preferences that can apply to transboundary pollution rather than provide perfectly 438 

representative estimates, we proceed with analysis using the realized sample. At the same time, 439 

we acknowledge that the results (e.g., due to a spatially targeted sample in US, the use of opt-440 

in panels, and demographic differences between the samples and populations) do not provide 441 

fully representative estimates for the two countries as a whole.xvii 442 

Econometric analysis 443 

The choice data are analyzed by means of a mixed logit (MXL) model (Train 2009). The MXL 444 

is grounded in the random utility maximization model (McFadden 1974) positing that the utility 445 

respondent n obtains from option i in choice task t can be expressed as: 446 

𝑈𝑈𝑛𝑛𝑛𝑛𝑛𝑛 = 𝜷𝜷𝑛𝑛𝑿𝑿𝑛𝑛𝑛𝑛𝑛𝑛 + 𝜀𝜀𝑛𝑛𝑛𝑛𝑛𝑛 .        (4) 447 
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Here, 𝑿𝑿𝑛𝑛𝑛𝑛𝑛𝑛  is a vector containing the attribute levels of option i. The parameter vector 𝜷𝜷𝑛𝑛 448 

contains the corresponding preference weights to be estimated, and 𝜀𝜀𝑛𝑛𝑛𝑛𝑛𝑛 is an i.i.d. error term. 449 

Assuming 𝜀𝜀𝑛𝑛𝑛𝑛𝑛𝑛 follows an extreme value Type I distribution and that respondent n chooses the 450 

option which maximizes their utility in each of a series of 𝑇𝑇 choice tasks, the probability of 451 

observing the series of stated choices 𝒚𝒚𝑛𝑛 = 〈𝑦𝑦1𝑛𝑛, … ,𝑦𝑦𝑇𝑇𝑇𝑇〉 is  452 

𝑃𝑃𝑃𝑃(𝒚𝒚𝑛𝑛|𝑿𝑿𝑛𝑛,𝜷𝜷𝑛𝑛) = ∏ exp�𝜷𝜷𝑛𝑛′ 𝑿𝑿𝑛𝑛𝑛𝑛𝑛𝑛�
∑ exp�𝜷𝜷𝑛𝑛′ 𝑿𝑿𝑛𝑛𝑛𝑛𝑛𝑛�𝑗𝑗∈𝐽𝐽

𝑇𝑇
𝑡𝑡                            (5) 453 

where i is the chosen option and 𝑗𝑗𝑗𝑗𝑗𝑗 all options offered in one choice task. To capture potential 454 

unobserved inter-individual heterogeneity in preference weights, the elements of 𝜷𝜷𝑛𝑛  are 455 

specified to be following a continuous distribution. A usual assumption for all but the cost 456 

attribute is for the preference weight to follow a normal distribution, with the mean and 457 

standard deviation to be estimated. The parameter on the program cost attribute (representing 458 

the binding change in household income) is confined to be negative based on theoretical 459 

grounds, assuming a negative mu-shifted lognormal distribution. While sign-reversed 460 

lognormal distributions are routinely assumed for cost parameters, the additional mu-shift has 461 

been shown to avoid the problem of exploded WTP estimates due to a high probability mass 462 

very close to zero (Crastes dit Sourd 2024). These assumptions yield the MXL model in which 463 

the probability of 𝒚𝒚𝑛𝑛 is 464 

𝑃𝑃𝑃𝑃(𝒚𝒚𝑛𝑛|𝑿𝑿𝑛𝑛,𝛺𝛺) = ∫∏ 𝑒𝑒𝑒𝑒𝑒𝑒�𝜷𝜷′𝑿𝑿𝑛𝑛𝑛𝑛𝑛𝑛�
∑ 𝑒𝑒𝑒𝑒𝑒𝑒�𝜷𝜷′𝑿𝑿𝑛𝑛𝑛𝑛𝑛𝑛�𝑗𝑗∈𝐽𝐽

𝑓𝑓(𝛽𝛽|Ω)𝑇𝑇
𝑡𝑡 𝑑𝑑(𝛽𝛽)                     (6) 465 

where 𝑓𝑓(𝛽𝛽|Ω) is the joint density of the (randomly distributed) elements of 𝜷𝜷𝑛𝑛 and Ω are the 466 

parameters of the respective distributions. No closed form exists for the resulting log-likelihood 467 

function so parameters are estimated using simulations with 2,000 Sobol draws. Choice models 468 

are run in R using the package ‘Apollo’ (Hess and Palma 2019, 2023).xviii The use of the MXL 469 

to capture stated preferences in the choice questions was supported by empirical comparison 470 
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of different preliminary model specifications including both a multinomial logit model and a 471 

latent class model (presented in Appendix B).xix  472 

The utility function in (6) includes levels of the choice attributes described in Table 1, 473 

including attributes that represent changes in 𝑝𝑝𝑑𝑑 (domestic MPP reductions), 𝑝𝑝𝑓𝑓 (foreign MPP 474 

reductions), 𝑝𝑝𝑤𝑤 (reductions in MPP in international waters) from the theoretical framework. 475 

These changes are represented by four location-of-pollution-reduction attributes (each entering 476 

the model as four dummies, with the omitted fifth level being 0% reduction). Two of these 477 

quantify MPP reductions in domestic locations (beaches and coastal waters), one quantifies 478 

MPP reductions in foreign waters (UK or US, depending on version), and one quantifies MPP 479 

reductions in international waters. Additional DCE attributes characterize (i) two cost split 480 

attribute dummies (with the omitted baseline level being the home country paying 25% and the 481 

foreign country paying 75%); (ii) a cost attribute representing change in household income, 482 

entering as a continuous variable; and (iii) two ASCs indicating the change options (Option 1 483 

and Option 2, respectively).xx  484 

The MXL model thereby allows exploration of the empirical form of utility as it applies 485 

to MPP reductions in the US and UK, by examining (a) the marginal utility and corresponding 486 

WTP estimates for domestic, international and foreign attributes and (b) differences in 487 

preferences for a given reduction in pollution damages between the UK and US samples. These 488 

evaluations are conducted via assessments of both the estimated marginal utility parameters 489 

linked to each MPP attribute and the corresponding WTP estimates.  490 

 491 

6. Results 492 

We begin with a brief overview of model results. Tables 4 and 5 show the MXL estimation 493 

results for the UK and US samples, respectively. Both models are significant at p < 0.01 based 494 

on log-likelihood 𝜒𝜒2 tests, with adjusted pseudo-R2 values of 0.285 and 0.310. Both mean and 495 
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standard deviation preference parameter estimates are shown for each attribute, including the 496 

pollution-reduction attributes “Beach”, “Coastal”, “Intl” and “Foreign”. As described above, 497 

these parameters correspond to discrete levels of pollution reduction (e.g., “Beach_25” 498 

represents a scenario with a 25% reduction in MPP on domestic beaches) and are estimated 499 

relative to the base case of zero MPP reduction. “Cost” is coded as a continuous variable. Signs 500 

of parameters conform to prior expectations, where expectations exist. For example, 501 

respondents in both the US and UK samples maintain a positive mean preference for reductions 502 

in beach and coastal-water MPP in domestic locations, at all reduction levels. As cost increases, 503 

people are less likely to choose a program. Mean parameter estimates on these domestic MPP-504 

reduction and cost attributes are significant at p<0.01.xxi  505 

The ASCs on the two change options (Option 1 and Option 2) are universally positive 506 

and similar in magnitude within each model, suggesting a preference for one of the two 507 

program alternatives relative to the status quo, ceteris paribus. The similar magnitude of these 508 

parameters within each model suggests that respondents were indifferent between Options 1 509 

and 2, when attribute levels were held constant between the two alternatives.  510 

<<Table 2 about here>> 511 

To provide a supporting perspective on DCE validity, a set of follow-up questions was 512 

included immediately after the five choice questions in each survey version. Among other goals, 513 

these questions were designed to evaluate perceived policy and payment consequentiality 514 

(Herriges et al. 2010). Results suggest that the substantial majority of respondents viewed the 515 

elicitation as consequential (Table 3). Only 11.04% and 13.72% of respondents (UK and US 516 

versions, respectively) disagreed or strongly disagreed with the policy consequentiality 517 

statement, “my responses to this survey will have an influence on whether these measures will 518 

be implemented or not.” Similarly, only 3.25% and 2.78% disagreed or strongly disagreed with 519 
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the payment consequentiality statement, “if the government carries out the measures described 520 

above, I believe I will be charged a tax to support them.” 521 

<<Table 3 about here>> 522 

5.1 Spatial dimensions of utility for MPP reductions  523 

We now turn to the implications of DCE results for the research questions presented above, 524 

focusing on preference restrictions found in the theoretical literature on transboundary 525 

pollutants. Recall, these questions address which form of utility best characterizes preferences 526 

for MPP reductions (focusing on spatial dimensions) and whether this form varies between 527 

countries.  528 

We begin with the UK model. Results suggest mixed preferences for MPP reductions 529 

within international waters. Compared to the reference condition of 0% reduction in MPP, 530 

residents prefer programs which deliver either a 5% (p<0.10) or 15% (p<0.01) international 531 

reductions, with a larger mean preference for the latter.xxii In contrast, MXL results show no 532 

evidence of positive preference among UK residents for MPP reductions in foreign territorial 533 

(here, US) waters. To the contrary, results suggest possible disutility for the largest MPP 534 

reduction in foreign waters (p<0.10). This finding implies that UK residents are less likely to 535 

support programs that offer very large improvements in foreign MPP, holding all else constant 536 

– perhaps indicating a relative distaste for IEAs that offer large benefits to other countries.  537 

Figure 3 (panel a) shows these results in terms of mean WTP estimated from the 538 

preference parameters in Table 4, along with associated 95% confidence intervals. Mirroring 539 

the marginal utility estimates in Table 4, this figure displays the positive value to UK 540 

respondents at the highest level of plastic reductions in international waters; and a negative 541 

WTP at the highest level of reduction in pollution in US waters (although the confidence 542 

interval overlaps zero). In sum, UK results provide limited and mixed evidence for the possible 543 

presence of non-zero mean preferences for non-domestic pollution reductions. 544 
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Unlike the case for UK residents, results for the US show that residents maintain 545 

positive and statistically significant mean preferences for programs that reduce MPP within 546 

international waters, with three out of four marginal utility parameters significant at p<0.01. In 547 

contrast, reductions of plastic in foreign waters have a significant effect on utility for the 548 

average US respondent at only the 10% level of significance, and only for the second-highest 549 

level of damage reduction. Unlike the UK sample, this effect is weakly positive rather than 550 

weakly negative. Figure 3 (panel b) displays these results in terms of the mean WTP of US 551 

respondents, showing statistically significant and positive WTP values for three out of four 552 

improvement levels for international waters. Based on the illustrated 95% confidence intervals, 553 

none of the WTP values for reductions in foreign plastic pollution are significantly different 554 

from zero.  555 

<<Table 4 and Figure 3 about here>> 556 

Combined results suggest that none of the common restrictions on utility applied in the 557 

theoretical literature hold for the case of MPP. Individuals sometimes—but not always—hold 558 

positive values for transboundary pollution reductions that occur beyond territorial boundaries. 559 

These preferences vary depending on the country of residence, with the primary evidence of 560 

value found for pollution reductions in international waters among those in the US sample. At 561 

the same time, results for both countries display strong evidence of positive marginal utility 562 

and corresponding WTP for MPP reductions in domestic locations, with particularly high 563 

values found for reductions in beach plastic. That is, individuals neither consider MPP to be a 564 

“pure public bad” with marginal utility that is independent of location (i.e., utility of the form 565 

𝑈𝑈𝑐𝑐(𝑝𝑝𝑇𝑇, 𝐼𝐼)), nor do they consider non-territorial MPP reductions to be irrelevant (i.e., utility of 566 

the form 𝑈𝑈𝑐𝑐(𝑝𝑝𝑑𝑑, 𝐼𝐼)).  567 

There is mixed evidence as to whether individuals hold distinct values for different 568 

types of non-territorial pollution reductions: that is, comparing international with foreign 569 
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waters. Results in Tables 4 and 5 provide stronger evidence of marginal utility for international 570 

MPP reductions than for foreign reductions, particularly for US residents. Taken alone, these 571 

results suggest that individuals may distinguish between different types of non-territorial 572 

pollution reductions: the location of non-domestic MPP matters. However, WTP results in 573 

Figures 3 fail to provide evidence that WTP differs for parallel percentage reductions in 574 

international versus foreign MPP. Thus, the estimated WTP confidence intervals for 575 

international and foreign reductions overlap for comparable percentage reductions (e.g., 5%, 576 

10% and 15%). Hence, the model fails to provide clear evidence as to whether utility is best 577 

represented as 𝑈𝑈𝑐𝑐(𝑝𝑝𝑑𝑑,𝑝𝑝−𝑑𝑑 , 𝐼𝐼) or 𝑈𝑈𝑐𝑐�𝑝𝑝𝑑𝑑,𝑝𝑝𝑓𝑓, 𝑝𝑝𝑤𝑤, 𝐼𝐼�. However, at least tentatively, there appears 578 

to be greater evidence of value for international than foreign MPP reductions, suggesting that 579 

the most general form of utility may be more appropriate.  580 

We now turn to the question of whether the structure of utility appears to be similar or 581 

different across the two studied countries. Some inference can be drawn directly from Table 4. 582 

For example, compared to the UK model, the US model provides greater evidence of 583 

statistically significant positive marginal utility for international MPP reductions. However, 584 

while inferences such as statistical significance can be compared across models, parameter 585 

estimate magnitudes from the MXL model cannot be directly compared due to confounding 586 

with the logit scale parameter. Therefore, marginal WTP estimates, which are not confounded 587 

by scale (as shown by Figures 3), are calculated and used to provide further insight into the 588 

extent to which values differ across the two countries.  589 

The differences in WTP estimates across treatments can be formally tested using the 590 

complete combinatorial test of two empirical (WTP) distributions (Poe et al. 2005). Results in 591 

Table 5 indicate that marginal WTP for any level of reduction of beach plastic is significantly 592 

higher in the US sample than the UK sample. There are no significant differences in WTP for 593 

reductions in plastic pollution in home coastal waters and foreign waters and beaches. The 594 
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estimates of marginal WTP for reduced pollution in international waters are generally higher 595 

in the US sample, with these differences being significant for three of four attribute levels. As 596 

shown in Table 5, these results are robust to multiple hypotheses testing, assuming a false 597 

discovery rate of 20 percent (Palm-Forster et al. 2019).  598 

Taken together, these results show multiple differences across the two countries in 599 

terms of marginal WTP for marine plastic pollution reduction in different locations. Of 600 

particular relevance to theoretical models on transboundary pollution (e.g., models of IEA 601 

formation), results suggest that the magnitude of “other regarding” preferences is larger in the 602 

Eastern US than the UK. Consider, for example, a policy that would produce a 10% reduction 603 

in MPP damages within international waters. Respondents from the UK hold no statistically 604 

significant value (i.e., their WTP =0) for this improvement. In contrast, respondents from the 605 

US hold statistically significant value for the same improvement, with this WTP estimate also 606 

being significantly greater than that in the UK (Table 5). This pair of results suggests that 607 

preferences of UK households are consistent with the common assumption of no other-608 

regarding preferences within IEA models, whereas the preferences of US households are 609 

inconsistent with the same assumption.  610 

 611 

7. Discussion and Conclusions 612 

Combined results of the mirror-image DCEs implemented in the US and UK provide evidence 613 

that common assumptions on utility that lie at the heart of theoretical models on transboundary 614 

pollutants are violated for MPP—a non-uniform, transboundary pollutant of major 615 

international significance. Although results are reported for an MXL, similar findings emerge 616 

from alternative specifications, including a latent class model reported briefly in Appendix 617 

B.xxiii  618 
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As anticipated, domestic reductions in MPP are most highly valued in both nations and 619 

there is limited evidence of systematic mean preferences associated with reductions in coastal 620 

plastic in foreign territorial waters. These findings are consistent with the standard textbook 621 

assumption that improvements in foreign waters have no value to the domestic public.xxiv In 622 

contrast, the assumption of zero value for non-domestic improvements does not appear to hold 623 

for changes to international waters outside the territorial waters of any nation. Both the UK 624 

and US samples show weakly significant (UK) and strongly significant (US) values for some 625 

or all levels of reduction in MPP in international waters. These preferences (including, notably, 626 

preferences for MPP reductions in international waters) are asymmetric and heterogeneous. 627 

The emergence of preferences of this type—for example different impacts of foreign 628 

versus international reductions on utility and public support for bilateral IEAs—is not entirely 629 

surprising but has not been empirically documented previously for a pollutant such as MPP. 630 

One explanation for these results is that they reflect a tendency among the public to distinguish 631 

between improvements to international and foreign waters. One might speculate, for instance, 632 

that the domestic public might feel greater responsibility for international waters (and hence be 633 

willing to pay for improvements there), because those waters are not viewed as being under the 634 

protection or authority of any nation. As such, international waters may be considered more 635 

akin to a true public good for which no nation is currently required to take responsibility (e.g., 636 

for conservation or pollution reductions). In contrast, the public might view foreign-water 637 

improvements as being the primary responsibility of these other nations, and so do not wish to 638 

support those improvements via IEAs.  639 

Alternatively, the public might feel that foreign waters are “farther away” than 640 

international waters, on average, and thus hold lower values for those improvements due to 641 

distance decay (see Schaafsma et al. 2013; Glenk et al. 2020). However, unpublished research 642 

using the US data alone suggests that preferences are not motivated by traditional distance 643 
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decay patterns (Siyal 2023). Yet regardless of cause, these findings suggest that individuals in 644 

the US and UK do not view transboundary pollutants primarily in terms of domestic versus 645 

non-domestic improvements (as often implied by the theoretical literature), but rather care 646 

about where non-domestic improvements occur—and specifically whether those 647 

improvements occur in other countries’ territorial waters rather than international waters.  648 

The implications of these violations for various strands of the theoretical literature are 649 

largely unknown and it is beyond the scope of this paper to explore the theoretical ramifications. 650 

This caveat aside, some work provides hints as to implications that might emerge. For example, 651 

preferences of the type estimated here could influence the likelihood that stable coalitions for 652 

MPP control might emerge. Kolstad (2014) suggests that when countries have “other-regarding” 653 

preferences, agents are more likely to cooperate. Hence, at least for some respondents in each 654 

country, pollution reductions in international waters might provide welfare effects that 655 

encourage coalition formation for IEAs, beyond motivations provided by the value of domestic 656 

plastic reductions alone.  657 

As in all empirical studies, multiple caveats and limitations should be considered when 658 

interpreting the presented results. Results should be interpreted within the context of the present 659 

sample. As noted above, results reflect the realized sample of survey responses from a set of 660 

opt-in internet panels. Although sampling quotas were applied to ensure that the sample 661 

approximated demographic characteristics of the sampled population (Table 2), stated-662 

preference surveys rarely produce samples that are perfectly representative of target 663 

populations over both observable and unobservable dimensions (Johnston and Abdulrahman 664 

2017). Additionally, different panel companies were used for sampling in the US and UK, as 665 

no single company was able to provide responses for both countries. This choice, while 666 

necessary, may have led to unobservable differences in data collection management.  667 

To reduce cognitive burden on respondents, the DCE also suppressed some possible 668 
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complexities that might be relevant to MPP management or an associated IEA. For example, it 669 

did not consider quantity of pollution that each country emits (i.e., the location of emissions), 670 

only where damage occurs. However, focus group insights suggested less concern with the 671 

emissions of each country than with quantity and location of MPP accumulation. The presented 672 

results must also be viewed within the context of the MPP case study; further research would 673 

be required to evaluate whether similar preference patterns might apply to other types of 674 

transboundary pollutants, such as non-point source nutrient pollution. 675 

Finally, the DCE is limited the context of choices to a potential IEA between two 676 

signatory countries—the US and UK. Due to the transboundary nature of the pollutant in 677 

question, however, other countries will receive positive externalities from any coalition and 678 

associated MPP reduction measures (Beaumont et al. 2025). Future research would be 679 

necessary to explore related issues such as (1) preferences for members of the coalition towards 680 

reductions in non-signatory nations, and (2) whether increasing the number of signatories 681 

impacts an individual’s preferences.  682 

These limitations notwithstanding, results of the analysis suggest that greater attention 683 

is warranted to assumptions on preferences that are commonplace in the theoretical literature, 684 

since these may not be consistent with empirical reality (at least for pollutants such as MPP). 685 

Results further suggest the possible insights that might be gained through closer integration of 686 

the empirical literature on non-market preference elicitation with the theoretical literature on 687 

IEAs. Work of this type could help ensure that core assumptions in the latter body of work at 688 

least broadly approximate the type of preferences that are likely to hold in actual policy settings.  689 

 690 

  691 
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Table 1. Attribute descriptions and levels, UK version (US version)* 959 

Variable Nameŧ Description Levels 
Beach_Q 
 

Reduction in the amount of plastic on UK 
beaches (items per 100 meters) 
 
 
 
 
Reduction in the amount of plastic on US East 
Coast beaches (items per 100 meters) 

Percentage decrease: 
0ʈ,25,50,75,90 
 
Absolute values: 
85, 64, 42, 21, 8 
 
Absolute values:  
217, 163, 108, 54, 22 

Coastal_Q Reduction in the amount of plastic in UK 
coastal waters (items per sq km) 
 
 
 
 
Reduction in the amount of plastic in US coastal 
waters (items per sq km) 

Percentage decrease: 
0ʈ, 5, 10, 15, 20 
 
Absolute values: 
170, 161, 153, 144, 136 
 
Absolute values: 
435, 413, 391, 370, 348 

Intl_Q Reduction in the amount of plastic in 
international waters (items per sq km) 
 
 
 
 
Reduction in the amount of plastic in 
international waters (items per sq km) 

Percentage decrease: 
0ʈ, 3, 5, 10, 15 
 
Absolute values: 
1807, 1753, 1717, 1626, 1536 
 
Absolute values: 
1807, 1753, 1717, 1626, 1536 

Foreign_Q Reduction in the amount of plastic in US East 
Coast beaches and coastal waters (items per sq 
km) 
 
 
 
Reduce the amount of plastic in UK beaches 
and coastal waters (items per sq km) 

Percentage decrease: 
0ʈ, 5, 10, 15, 20 
 
Absolute values: 
2605, 2475, 2344, 2214, 2084 
 
Absolute values: 
1020, 969, 918, 867, 816 

Csplit_Qhome Percentage of program cost paid by home 
country and foreign country 
 
 

Percentage split: 
25% home, 75% foreign ʈ 
50% home, 50% foreign 
75% home, 25% foreign 
 
 

Cost Cost to your household per year paid through an 
increase in annual taxes and fees 

£0ʈ, £35, £60, £75, £150, £230 
 
$0ʈ, $50, $80, $100, $200, $300 
 

* The italicized description and levels explain the US version attribute description and associated levels. Both 
versions had the same percentage levels, but due to the different status quo starting values, the absolute values 
differ across the two versions. 
ŧ The Q in each attribute variable name corresponds to the percentage decrease. For example, beach_25 represents 
a decrease in beach plastic by 25%. For the Csplit_home attribute, the Q signifies the home country share, i.e., in 
the UK survey version, Csplit_25home means 25% paid by the UK and 75% paid by the US.  
ʈ Represents the status quo base level which is omitted for analysis.  
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Table 2. Sample statistics for UK and US versions 962 

Socio-Economic Variable UK Version 
(N=2,028) 

US Version 
(N=2,662) 

UK 
Populationd  

US 
Populationi 

Age (Mean) 47 59a 40.71 40.27 
Female (Mean) 0.49 0.40 0.51 0.51 
Number of adults ≥18 in household 2.10 1.98a 2.25e 2.48e 
Children < 18 in household 0.49 0.35a   
Education level: b 
No formal qualification 
GCSEs/O-levels (Less than HS) 
A-levels (HS or equivalent) 
Diploma/technical qualification 
(Associate’s degree) 
Bachelor’s degree 
Master’s degree 
PhD or higher 

 
0.04 
0.19 
0.16 
0.17 

 
0.30 
0.11 
0.03 

 
0.0008 
0.0083 

0.21 
0.14 

 
0.35 
0.22 
0.06 

 
0.19 
0.11 
0.13 
0.21 

 
0.33f 

 
 

0.05 
0.26 
0.26 

 
0.23 
0.16j 

 
Combined annual household income: b 
≤£12,500 (≤$15,000)c  
£12,501-£20,000 ($15,001-$24,999) 
£20,001-£30,000 ($25,000- $34,999) 
£30,001-£50,000 ($35,000- $49,999) 
£50,001-£70,000 ($50,000-74,999)  
£70,001-£100,000 ($75,000-$99,999)  
£100,001-£150,000 ($100,000-$149,999)  
≥£150,001 ($150,000-$199,999)  
(≥$200,000) 

 
0.13 
0.14 
0.22 
0.27 
0.13 
0.07 
0.03 
0.01 

 
0.04 
0.06 
0.06 
0.11 
0.18 
0.17 
0.22 
0.09 
0.06 

 
£38,131g 

 
$110,599 g 

Employment: b 
Employed full-time 
Employed part-time 
Self-employed 
Temporarily unemployed 
Unable to work due to sickness/disability 
Looking after a home full-time 
Student 
Retired 

 
0.41 
0.13 
0.07 
0.05 
0.03 
0.05 
0.05 
0.21 

 
0.35 
0.06 
0.04 
0.04 
0.03 
0.03 
0.01 
0.44 

 
0.51h 

 
0.10 
0.04 
0.04 
0.05 
0.06 
0.22 

 
0.62h 

 
0.03 
0.04 

0.37kj 

 
 
 

a Difference to the UK sample significant at the 5% level based on t-test.  
b Distributions differ between samples at the 5% level based on a chi-squared test.  
c Income levels in brackets () represent equivalent, or near equivalent, levels presented in the US version. Numbers 
may not add to 1 due to rounding and due to the US version not requiring all follow-up questions to be mandatory 
(due to ethical restrictions). 
d Weighted UK data sources from Scotland's Census (2011) and England/Wales Census (UK Office for National 
Statistics 2021). 
e Statistic represents “Total household size”. 
f Statistic represents “Degree, postgraduate qualification or higher”. 
g Statistic represents mean individual income. Census data did not precisely match the categories from the survey, 
therefore mean income is reported. 
h Employment part-time data was not readily available for England/Wales nor the 14 sample states, therefore only 
full-time employment is reported. 
iWeighted US for the 14 sample states, data collected at US Census Bureau (2023) using 2021 census data. 
j Statistic represents “professional degree”k Statistic represents those “Not in labor force”. 
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Table 3. Responses to DCE follow-up questions (including payment and policy consequentiality)  

 
 
Statement Variable Name 

Strongly 
Disagree Disagree 

Neither 
Agree 

nor 
Disagree Agree 

Strongly 
Agree 

Mean 
Scorea 

UK Version 
I already pay enough in taxes. pay_enough 1.58% 5.77% 34.66% 32.94% 25.05% 3.74 
I would like to reduce marine plastic, but it is 
not my responsibility to pay for it. 

not_my_respon 4.49% 21.50% 32.25% 25.59% 16.17% 3.27 

I think it is really important to reduce the 
amount of plastic in marine environments. 

important_reduce 0.49% 0.94% 7.54% 31.26% 59.76% 4.48 

My responses to this survey will have an 
influence on whether these measures will be 
implemented or not. 

policy_con 3.25% 7.79% 35.95% 36.05% 16.96% 3.55 

If the government carries out the measures 
described above, I believe I will be charged a 
tax to support them. 

payment_con 0.59% 2.66% 19.72% 49.56% 27.47% 4.00 

If the program is implemented, I think there 
will be a change in the amount of plastic in 
the North Atlantic. 

impact_con 1.58% 5.42% 25.94% 47.49% 19.58% 3.78 

US Version 
I already pay enough in taxes. pay_enough  1.70% 5.55% 30.75% 30.98% 31.02% 3.84 
I would like to reduce marine plastic, but it is 
not my responsibility to pay for it. 

not_my_respon  7.72% 24.75% 31.53% 18.83% 17.18% 3.12 

I think it is really important to reduce the 
amount of plastic in marine environments. 

important_reduce  0.49% 0.64% 6.92% 35.90% 56.05% 4.46 

My responses to this survey will have an 
influence on whether these measures will be 
implemented or not. 

policy_con  3.95% 9.77% 41.54% 30.19% 14.55% 3.41 
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If the government carries out the measures 
described above, I believe I will be charged a 
tax to support them. 

payment_con 0.79% 1.99% 20.08% 49.08% 28.06% 4.01 

If the program is implemented, I think there 
will be a change in the amount of plastic in 
the North Atlantic. 

impact_con  2.59% 5.49% 22.89% 48.65% 20.38% 3.78 

a Coded as 1- strongly disagree to 5- strongly agree. 
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Table 4. MXL model in preference space  

 UK US 
  Mean Standard Deviation Mean Standard Deviation 
  Coef. s.e. Coef. s.e. Coef. s.e. Coef. s.e. 
No program reference      reference      
Alternative.1 2.254 *** (0.149) 0.533 *** (0.108) 2.001 *** (0.123) 0.617 *** (0.091) 
Alternative.2 2.372 *** (0.153) 0.480 *** (0.115) 2.126 *** (0.123) 0.493 *** (0.105) 
Beach_0 reference      reference      
Beach_25 0.392 *** (0.088) 0.607 *** (0.184) 0.475 *** (0.081) 0.799 *** (0.142) 
Beach_50 0.659 *** (0.094) 0.622 *** (0.179) 0.833 *** (0.088) 0.615 *** (0.179) 
Beach_75 0.891 *** (0.100) 0.675 *** (0.214) 1.140 *** (0.092) 0.725 *** (0.170) 
Beach_90 0.915 *** (0.108) 0.834 *** (0.191) 1.133 *** (0.104) 1.020 *** (0.165) 
Coastal_0 reference      reference      
Coastal_5 0.264 *** (0.090) 0.621 *** (0.238) 0.158 ** (0.077) 0.011  (1.000) 
Coastal_10 0.271 *** (0.086) 0.161  (0.470) 0.396 *** (0.080) 0.123  (0.210) 
Coastal_15 0.505 *** (0.086) 0.564 *** (0.207) 0.469 *** (0.079) 0.323  (0.299) 
Coastal_20 0.396 *** (0.090) 0.695 *** (0.193) 0.443 *** (0.086) 0.758 *** (0.155) 
Intl_0 reference      reference      
Intl_3 0.044  (0.087) 0.744 *** (0.198) 0.224 *** (0.078) 0.290 * (0.224) 
Intl_5 0.107 * (0.082) 0.223  (0.236) 0.120 * (0.076) 0.357 * (0.267) 
Intl_10 0.020  (0.091) 0.710 *** (0.230) 0.234 *** (0.086) 1.082 *** (0.155) 
Intl_15 0.196 *** (0.083) 0.620 *** (0.212) 0.311 *** (0.074) 0.504 *** (0.194) 
Foreign_0 reference      reference      
Foreign_5 0.033  (0.087) 0.011  (0.261) 0.010  (0.079) 0.464 *** (0.179) 
Foreign_10 0.028  (0.081) 0.262 * (0.175) -0.021  (0.073) 0.401 ** (0.220) 
Foreign_15 0.084  (0.081) 0.035  (0.058) 0.118 * (0.072) 0.025  (0.052) 
Foreign_20 -0.115 * (0.087) 0.397 * (0.251) 0.008  (0.072) 0.015  (0.090) 
Csplit_25home reference      reference      
Csplit_50home 0.183 *** (0.067) 0.574 *** (0.159) 0.329 *** (0.061) 0.528 *** (0.163) 
Csplit_75home -0.330 *** (0.074) 0.933 *** (0.127) 0.044  (0.065) 0.976 *** (0.114) 
Cost -5.397 *** (0.067) 2.963 *** (0.108) -5.608 *** (0.066) 3.818 *** (0.136) 
Number of individuals 2,028        2,662    
Number of choices 10,140        13,310    
LL(final) -7,890        -10,008    
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Adj.Rho-squared  0.285        0.310    
BIC 16,168             20,414    
Notes: s.e. are robust standard errors. BIC – Bayesian information criterion. *, ** and *** indicate significance at the 10%-, 5%- and 1%-level, respectively. 
The likelihood is simulated using 2,000 Sobol draws.  
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Table 5: Tests of equality of estimates of marginal WTP in the two treatments 

Attribute 
level  

WTP UK WTP US Absolute 
difference 

p-value adj. p-value 

beach_25 30.27 45.32 15.05 0.086 0.171 
beach_50 50.92 79.46 28.54 0.009 0.047 
beach_75 68.86 108.65 39.79 0.000 0.003 
beach_90 70.69 107.98 37.30 0.003 0.021 
coastal_5 20.39 15.06 5.33 0.315 0.385 
coastal_10 20.97 37.72 16.76 0.053 0.140 
coastal_15 39.02 44.72 5.71 0.287 0.385 
coastal_20 30.55 42.19 11.64 0.134 0.238 
intl_3 3.40 21.39 18.00 0.036 0.115 
intl_5 8.30 11.44 3.14 0.378 0.404 
intl_10 1.54 22.30 20.76 0.025 0.101 
intl_15 15.18 29.68 14.50 0.062 0.143 
foreign_5 2.52 0.91 1.61 0.439 0.439 
foreign_10 2.13 -1.97 4.10 0.337 0.385 
foreign_15 6.46 11.24 4.78 0.301 0.385 
foreign_20 -8.89 0.73 9.62 0.159 0.254 
Notes: WTP reported in USD. p-values are for the complete combinatorial test with 1,000 draws from each 
WTP distribution (Poe, Giraud, and Loomis 2005). Adjusted p-values are corrected for multiple hypotheses 
testing according to the procedure suggested by Benjamini and Hochberg (1995).  
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List of Figures: 

Figure 1. Visual breakdown of North Atlantic segments 

Figure 2: UK (panel a) and US (panel b) Example DCE choice card 

Figure 3: UK (panel a) and US (panel b) estimates of mean marginal WTP based on the MXL 

model 

 
i The UK and US are amongst the largest individual contributors to plastic accumulation in the North Atlantic 
gyre; with Europe contributing between 16-24% of total mass and Central and North America contributing 64-
65% of total accumulation (Lebreton, Greer, and Borrero 2012). 
ii To eliminate possible confounding of preferences (or scenario adjustment, (Cameron, DeShazo, and Johnson 
2011) due to assumed burden-sharing within agreements of this type, the study also controls for the degree to 
which costs would be shared across collaborating partners. 
iii Values for reductions in non-domestic pollution damages can arise for various reasons, for example because a 
person spends time in those countries, holds non-use values for reductions in pollution damages to others 
(paternalistic altruism), or for other reasons. To the extent that altruism plays a role, we focus solely on the role 
of paternalistic altruism, in which citizens of one country hold preferences for the consumption bundles realized 
in other countries (including bads such as pollution). Altruism of this type is relevant to both benefit-cost 
analysis and optimal policy design (McConnell 1997). The theoretical literature on transboundary pollutants 
implicitly emphasizes this type of altruism, as it typically makes assumptions on whether and how variables on 
non-domestic pollution enter the utility functions of domestic citizens, as clarified in the theoretical framework 
below. In contrast, non-paternalistic or pure altruism would reflect a situation in which citizens of one country 
care about the welfare of individuals elsewhere, but do not care about the consumption bundles of those 
individuals (Johansson-Stenman 2005). For an illustrative discussion of how paternalistic altruism can be 
relevant to transboundary pollutants, see Johansson-Stenman (2005). We do not consider non-paternalistic 
altruism further here. 
iv For example, the existing valuation literature on non-domestic environmental outcomes typically considers 
settings wherein only a one non-domestic outcome is considered, often affecting one iconic system such as the 
Amazon rainforest, well-known transboundary parks or the Baltic Sea. These environmental effects are typically 
homogenous across all non-domestic areas. Rarely considered are settings wherein pollution impacts in different 
domestic, foreign territorial and international locations vary as part of an IEA. 
v Worldwide, roughly 20% of marine plastic originates from ocean-based sources (e.g., the fishing and shipping 
industries, offshore oil and gas extraction, and recreational boaters) whilst 80% originates from land-based 
sources (Mouat, Lozano, and Bateson 2010). 
vi An alternative would have been to frame the DCE as a multilateral agreement with different effects on plastic 
across three or more nations; however, such a framing would have involved greater complexity for respondents. 
vii Three-alternative DCEs cannot be considered incentive compatible unless (among other requirements) 
respondents have uniform priors concerning the preferences of other decision makers (Collins and Vossler 
2009). However, “all formats have potential advantages and disadvantages, beyond those that have been linked 
directly to incentive properties” (Johnston et al. 2017, p.347). A three-alternative format was used here given 
focus group input suggesting that uninformative serial responses (e.g., serial non-participation, yea-saying) 
would be more difficult to avoid within a binary-choice format (c.f., Rolfe and Bennett 2009). 
viii In a comparable study for greenhouse gas reductions, Lee and Cameron (2008) found such a cost share to be 
an important aspect of US residents’ willingness to support a climate change reduction program. This attribute is 
explored further in (Börger et al. 2024). 
ix An outline of how the status quo values were established for each attribute is described in Appendix A. 
x The difference between possible reductions on beaches versus coastal waters reflects the fact that removal of 
plastic pollution already in the natural environment is most effective on land, whereas necessary technology to 
clean up water-borne plastic waste is still under development. 
xi Designs of this type are common; for prior examples see, for instance, e.g., Czajkowski et al. (2017), and 
Johnston and Zawojska (2020), among others. 
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xii Johnston et al. (2024) evaluate the extent to which willingness to pay (WTP) for domestic MPP reductions is 
related to lethal and non-lethal impacts on marine life, including effects realized through the food chain. They 
find that US respondents maintain positive WTP for reductions in domestic MPP, after controlling for the lethal 
and non-lethal effects of MPP on marine life. 
xiii The project’s stakeholder advisory board (which includes direct representation from both UK and US 
government agencies and policy communities) provides a mechanism to make good on this statement. 
xiv Pilot data was also used to verify validity properties of the DCE, including sensitivity to bids and scope, along 
with measures of response quality and attendance (e.g., questionnaire response times, straight-line responses, 
protest responses, etc.). 
xv The sampled states included Connecticut, Delaware, Florida, Georgia, Maine, Maryland, Massachusetts, New 
Hampshire, New Jersey, New York, North Carolina, Pennsylvania, Rhode Island, South Carolina, Virginia, 
Washington D.C. Sampling was restricted to the US east coast to enhance the salience, familiarity and 
consequentiality of the DCE to respondents. This geographically targeted sampling precludes us from drawing 
conclusions about the preferences of residents of other US states. 
xvi These included a mandatory, five-question sequence of study consent questions, an open-ended, CAPTCHA-
type arithmetic question to identify bots and inattentive respondents, an open-ended comments box at the close 
of the questionnaire (within which bots and fraudulent respondents will often enter nonsensical language), 
verification of survey completion time, and a check for straight-line responses. 
xvii Any attempt to implement non-response corrections (e.g., for demographic observables) would require 
multiple assumptions to reconcile approaches across the two countries. Given the methodological questions that 
would emerge, we leave corrections of this type for future work. 
xviii Marginal WTP for attribute k is computed in standard form as 𝑊𝑊𝑊𝑊𝑊𝑊𝑘𝑘 = −𝛽𝛽𝑘𝑘 𝛽𝛽𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐⁄  where 𝛽𝛽𝑘𝑘 and 𝛽𝛽𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 are 
the preference weights on attribute 𝑘𝑘 and cost, respectively. In an MXL context, this calculation is performed for 
the 2,000 unconditional draws of the estimated model, and mean WTP is reported with 95% confidence 
intervals obtained using a Krinsky and Robb (1986) simulation. 
xix Still other preliminary models were evaluated, including versions that incorporated attribute non-attendance 
(ANA) via equality-constrained latent class (ECLC) models with random parameters (Scarpa et al. 2009). The 
primary finding from these models, as anticipated, is that once one isolates respondents that “attend” to 
attributes on foreign or international MPP reductions, the statistical significance of the associated parameters 
increases. However, the interpretation of results such as these is not always clear, as ECLC models cannot 
readily distinguish true non-attendance from legitimate cases of zero marginal utility (Hess et al. 2013). 
Regardless, WTP estimates from ECLC models are similar to those from the presented MXL models and the 
primary conclusions of the analysis remain unchanged. Only small proportion of respondents (less than 15%) 
appear to ignore cost, and the majority of respondents attend to all attributes. As conclusions from the ECLC 
models are similar to those of the MXL model, we do not report full results here for the sake of conciseness, but 
these results may be obtained from the authors upon request. 
xx For analysis, the UK version cost levels were converted to the USD equivalent using the OECD purchasing 
power parity exchange rate at time of writing. This was 1 USD = 0.6995 GBP (Organisation for Economic Co-
operation and Development 2020). 
xxi Additionally, there is significant and positive marginal utility in both countries for an equal program cost 
split, compared to an unequal cost split where the home country pays less than the foreign country. This finding 
suggests that—all else equal—individuals prefer programs that are paid for equally by the two participating 
countries and are thus perceived as more fair or equitable. For further discussion of preferences for equity and 
cost sharing in MPP IEAs, see Börger et al. (2024).    
xxii Results suggest no mean preference for other levels of international reduction, including 3% and 10%. The 
reason for this apparent non-linearity in preference is unknown. However, it could suggest that the significance 
(p<0.10) of the parameter on Intl_5 is spurious (i.e., due to Type I statistical error), such that respondents only 
hold significant mean preference for the largest possible MPP reduction within international waters. 
xxiii Appendix B reviews the latent class model. As anticipated, the latent class and mixed logit models provide 
distinct insights into preference heterogeneity. However, the primary conclusions related to preferences for 
domestic, foreign and international MPP reductions are robust. In the LC model we find majority classes in both 
countries that value MPP reductions uniquely in all locations, 𝑈𝑈𝑐𝑐�𝑝𝑝𝑑𝑑,𝑝𝑝𝑓𝑓 ,𝑝𝑝𝑤𝑤 , 𝐼𝐼�, with strong evidence of positive 
marginal utility for domestic MPP reductions, some evidence of marginal utility for MPP reductions in 
international waters, and minimal evidence of marginal utility for MPP reductions in foreign waters. Findings 
for the majority classes thus mirror conclusions from the mixed logit model. The latent class models also reveal 
a smaller class (roughly 25% membership probability) that is largely indifferent to reductions everywhere and 
either strongly prefers or strongly dislikes the status quo. A third class in both countries shows some evidence of 
 

by
 g

ue
st

 o
n 

O
ct

ob
er

 5
, 2

02
6.

 C
op

yr
ig

ht
 2

02
5

D
ow

nl
oa

de
d 

fr
om

 



44 
 

 
disliking non-domestic reductions 𝑈𝑈𝑐𝑐(𝑝𝑝𝑑𝑑,𝑝𝑝−𝑑𝑑 , 𝐼𝐼), while maintaining positive marginal utility for domestic 
reductions.  
xxiv Indeed, from a purely statistical viewpoint, for the 16 marginal welfare estimates that are evaluated for 
foreign improvements (US and UK combined), one would expect that between 1-2 of these estimates might 
appear to be significant merely due to Type I error at a significance level of p=0.10 (false positives), even if 
there is no true effect (e.g., a true non-zero marginal WTP for foreign improvements). Viewed from this 
perspective, these results provide minimal evidence of any true positive WTP for MPP reductions in foreign 
territorial waters. 
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