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Spatial Effects in Willingness to Pay
for Avoiding Nuclear Risks®

b
YVES SCHNEIDER’ and PETER ZWEIFEL®

JEL-Classification: R3, 1.94, C9.

Keywords: citation, discrete choice experiment, liability insurance, nuclear accident, willingness
to pay.

1. Introduction

The risks associated with nuclear power cause a great deal of debate in many coun-
tries. The two most prominent are accidents at the power plant and waste dis-
posal. As to the first, economic theory predicts that marginal willingness to pay
for reducing the financial consequences of a nuclear power plant accident (MWP,)
depends on distance from plant. However, one needs to take into account that res-
idential location is endogenous because individuals concerned about nuclear risks
tend to locate farther away from nuclear power plants. Since there are many other
factors that determine an individual’s residential location, distance from plant is
expected to have an effect only on those individuals’ MWP.. for whom nuclear
risks are important. Moreover, locational choice is a costly alternative for reducing
one’s exposure to nuclear risks. Thus there will be positive willingness to pay (wtp)
for reducing the exposure further even after an individual’s choice of residential
location. We find evidence that MWP,. for individuals concerned about nuclear
accident risks tends to increase with distance from plant whereas MWP,. for indi-
viduals less concerned about nuclear accident risks tends to decrease with distance.
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358 SCHNEIDER/ ZWEIFEL

As to the second risk, distance from plant should not have an impact on wep
for having a solution to the waste disposal problem (M WP,). The reason is that
even an individual residing far from plant may face the possibility of trucks with
radiating materials to pass close by.

By choosing a location further away from nuclear power plants, individuals
self-insure: They reduce their losses which are caused, for example, by radiation
in case of a severe nuclear accident. EHRLICH and BeckEeR (1972) analyze the
effect of the simultaneous availability of self-insurance and market insurance and
conclude that both “technologies” are substitutes as long as the price of market
insurance is independent of the amount of self-insurance. Since up to now it
has not been possible for Swiss citizens to buy insurance against the financial
consequences of nuclear risks, the only option available is self-insurance. In the
absence of an insurance market, the optimal level of self-insurance increases with
increased risk aversion (see e.g. D1oNNE and EEckHOUDT, 1985).

We conducted a discrete choice experiment that introduces a hypothetical
market for insurance against nuclear risks. In SCHNEIDER and ZwEIFEL (2004)
we estimated respondents’ willingness to pay for increased insurance coverage
against nuclear risks but did not take the spatial dimension of respondents’ pref-
erences into account. However, respondents evidently make their choices in our
experiment after having set their optimal level of self-insurance through their
residential choice. Although there is no need to account for strategic interaction
between market insurance and self-insurance (KeLLy and KLEFENER, 2003), it is
necessary to account for self-insurance that has taken place prior to the experi-
ment. Thus, estimated wtp for insurance coverage is expected to vary system-
atically with the degree of self-insurance, i.e. with respondents’ distance from
nuclear power plants in the present context.

There is a large body of empirical work estimating the effect of proximity to
a source of disamenity on property values. The case of nuclear power plants was
first studied by NeLson (1981) and GamBLE and DownNING (1982). In the wake
of the 1979 incident at Three Mile Island, they find weak or even reversed dis-
tance effects, viz. higher property values in the vicinity of the plant. ForLanp and
HoucH (2000) extend their focus beyond a single power plant, analyzing a panel
data set of broad market areas across the United States. Their evidence points
to a negative impact of nuclear power plants on land prices, with distance again
having an ambiguous effect. GawaNDE and JENkINs-SmITH (2001) find that
being five miles away from a nuclear waste shipment route was associated with
a 3 percent increase of average house value compared to property on the route.

Nuclear power is but one of many potential sources of disamenities. In their
review, GAWANDE and JENKINS-SMITH (2001) conclude that a wide range of
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disamenities such as Superfund sites and polluted water negatively influence
the value of residential property. FARBER (1998) finds that the effect of distance
from the source of the disamenity depends on the type of facility, community
characteristics, and setting (rural or urban). Chemical refineries and nuclear
power plants seem to have roughly comparable (positive) gradients, amounting to
USD 200-300 per mile of distance (in 1993 dollars). Compared to other facili-
ties, this is a rather small effect, as a proposed radioactive waste disposal site was
associated with a gradient of USD 4,440 per mile. As CLARK and ALLISON (1999)
found in their study, the distance effect weakens over time, suggesting that relo-
cation of individuals may replenish demand for property close to the source of
the externality by those who believe to be little affected.

Turning to stated choice rather than marketbased studies, SmrTH and DEs-
vousGEs (1986) employ a contingent valuation study to analyze the impact of
distance between respondents’ homes and land based disposal sites for hazardous
wastes on the subjective value of these homes. They obtain a positive distance
gradient of USD 330-495 per mile. A study related to the present paper is by
RippEL, DwYER, and SHAW (2003), who estimate the effect of several planned
nuclear waste transportation routes from power plants to the Yucca Mountain
(Nevada) repository. They find evidence that perceived risk decreases with dis-
tance to the planned transportation route and that higher perceived risk results
in a higher probability of moving away from the route.

Most existing studies rely on hedonic modeling, linking price data to a set of
characteristics of real estate property. As Davis (2004) points out, the heteroge-
neity of individuals (with respect to income or preferences in general) contam-
inates housing price data. Furthermore, the cost of changing location, which
constitutes the cost of this particular self-insurance technology, is arguably not
trivial. Moreover, market prices also depend on supply which in turn is affected
by zoning laws and building regulations. For these reasons, estimates of indi-
vidual wtp derived from analyzing the compensating differentials contained in
market data are potentially distorted and incomplete. Experimental evidence,
while having its own drawbacks (see e.g. D1aMoND and Hausman, 1994), may
thus complement information gleaned from market daca.

The remainder of this paper is structured as follows. Section 2 describes the
stated choice experiment that was applied to measure wtp of the Swiss popula-
tion for reducing nuclear power externalities. The hypotheses to be tested are
formulated in Section 3, while the econometric specification is presented in
Section 4. Estimation results follow in Section 5, and concluding remarks are
offered in Section 6.

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)
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2. The Discrete Choice Experiment

Our discrete choice experiment (DCE)' was conducted in 2001 and was designed
to elicit individuals’ wtp for reducing their financial exposure to two nuclear
risks: accident at the plant and disposal of spent fuel.

In discrete choice experiments, respondents are confronted with hypothetical
choice situations where they have to decide whether they prefer the status quo or
some alternative product (which potentially differs in all product attributes). For
each such choice set, respondents have to indicate their preferred choice, which
requires them to trade off one set of attributes against the other, implicitly reveal-
ing their preferences regarding the different attributes.

Table 1: Levels of Attributes

Attribute Levels (Coding) Unit Status quo
PRICE 05 105 30; 60 (0;10;30;60) percent 0
BLACKOUTS 2; 14 (0;1) number/year 0
NOWASTE unresolved problems (0); 0

no unresolved problems (1)
DAMAGE" 0.1; 10; 100; 200 (0.1;10;100;200) CHEF bn. 200
COVERAGE 1; 20; 50; 100 (1;20;50;100) in percent of loss 1

a  Values in USD bn.: 0.1; 10; 100; 200 (USD 1 ~ CHF 1 at 2010 exchange rates)

DCE:s are applied in fields such as health economics, environmental economics,
and industrial organization. For a recent overview of DCE in health economics
see DE BECKER-GROB, RyaN, and GErarD (2010). In industrial organization
DCEs are used to estimate price elasticities of demand (see Ipa and Kuropa,
e.g. 2000). In the present context, the DCE has individuals choose among dif-
ferent types of electricity. During the decision process, the attributes (among
them price) of electricity are traded off against each other. Participants in the
experiment are asked to pairwise evaluate several different electricity products
by indicating their preferred choice (see Appendix Al for an example). In a tele-
phone survey preceding the main survey, the following five product attributes

1 Bisaor and HeBerLEIN (1979) followed by HanEmMANN (1984) introduced discrete choice

contingent valuation experiments to environmental economics. For an overview see LOUVIERE,
HENSHER, and Swart (2000).

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)
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emerged as the most important (see Table 2): average price per kwh (PRICE), reli-
ability defined as low frequency of blackouts (BLACKOUT), secure and sustain-
able waste disposal (NOWASTE), size of area exposed to hazard (DAMAGE), and
financial compensation of victims in case of an accident (COVERAGE). Because
this study is concerned with insurance against financial risks of a nuclear acci-
dent, DAMAGE was defined as billions of CHF at risk rather than area exposed to
hazard while reducing the financial consequences of nuclear power plant acci-
dents was framed in terms of an increase of mandatory liability insurance car-
ried by nuclear plant operators.”

Table 2 shows the different levels of each attribute. PRICE was framed as a 0%,
10%, 30%, or 60% increase of the respondents’ annual electricity bill. Because
respondents also provided information on their annual electricity bill, we con-
verted these relative price increases into absolute price increases expressed in CHF
and termed this new variable ouTLAY.

The attribute BLACKOUT served as a proxy for service quality and was coded
binary: The electricity product is either associated with a low incidence of black-
outs (2 per year, BLACKOUT = 0) or a high incidence of blackouts (14 per year,
Brackour=1).

The waste disposal problem was incorporated through the binary attribute
NOWASTE. It can either attain the level “unresolved problems with waste disposal”
(NowasTE=0), which corresponds to the status quo, or the hypothetical level
“no unresolved problems with waste disposal” (\owasTE = 1). The attribute was
described as follows, “... Disposal of waste occasions problems and risks of vari-
able magnitude. This holds in particular for nuclear waste, where these problems
are not resolved yet.” Respondents were instructed to assume that whenever a
type of power was associated with “no unresolved problems with waste disposal”
waste disposal was indeed solved and no longer an issue.

The attributes DAMAGE and COVERAGE described the possible damage a power
plant can cause and what part of it was covered by a liability insurance. DAMAGE
was framed in CHF billions and cOVERAGE as the percentage of that damage
covered by insurance.

Note that the DCE did not include the probability of an accident at the power
plant but treated it as constant. The survey provided information on experts’ esti-
mate of accident probabilities and asked respondents to indicate their own sub-
jective belief about the accident probability relative to the experts estimate. This
information was used to categorize the respondents into “pessimistic” respondents

2 At the time of the DCE, operators were obliged to insure for CHF 1.8 billion (bn.), which
amounts to approx. USD 1.8 bn. [USD 1~ CHF 1 at 2010 exchange rates].
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if they considered an accident to be more than ten times more probable than
experts do (see Table 2).

The various levels of the five attributes result in a total of 256 (=4-2-2-4-4)
possible scenarios. Out of these 256 potential attribute combinations we choose
a D-optimal design that allows us to estimate all linear, quadratic, and inter-
action effects.” A D-optimal design maximizes the determinant of the Fisher
information matrix for linear models. This does generally not result in an opti-
mal design for non-linear models like ours. However, an optimal design for non-
linear models depends on the value of the estimated coefficients and is thus not
easily determined ex ante before estimating the model. One could employ an
iterative procedure in which the design is updated based on results from a first
round of estimates. The updated design would then be used to generate a new
set of estimates, and so on. Unfortunately we were not able to implement such
a considerably more costly survey procedure. We chose a D-“optimal” design
which, although not optimal for our non-linear model, is more robust than the
truly optimal design which is sensitive to the assumed parameter estimates. For a
discussion of issues in the design of discrete choice experiments see, for example,
LouvIeRE, P1HLENS, and CarsoN (2010).

The questionnaire for the main survey was divided in three parts: warm-up
questions, the actual choice experiment, and socioeconomic information. In the
first part, data on monthly electricity outlay, attitudes towards nuclear energy,
and the importance of choice between different types of electricity was collected.
Respondents then had to read a description of the risks of nuclear and hydro
power plants. Emphasis was put on possible worst-case scenarios and their finan-
cial consequences. Respondents were also told that nuclear power plants were
already mandated to have liability insurance but that coverage fell far short of
possible financial loss in case of a major accident. A more detailed description of
the questionnaire can be found in SCHNEIDER and ZwEIFEL (2004) and is avail-
able from the authors.

The second part of the questionnaire consisted of the actual DCE. Respond-
ents were confronted with 14 different choice situations where they had to decide
whether they preferred a proposed type of power to the status quo. They could
always opt out by stating “cannot decide” (see Appendix Al for an example). In
the third and last part of the questionnaire, standard socioeconomic data was
collected. Table 2 summarizes the socioeconomic data used in the estimation.
Specifically, distance from the nearest nuclear power plant (p1sT) was calculated
using zip codes provided by respondents. PEss =1 obtains if on a visual analog

3 We used the program Gosset by HARDIN and SLoANE (1991-2003) to find the optimal design.
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Table 2: Sample Description of Explanatory Variables

Description Mean Median  Std. dev.

DIST distance in kilometers from respondent’s residence 45 36 30
to nearest nuclear power plant.

PESS = 1 if respondent considered a nuclear accidentat ~ 0.59 1 0.49
least ten times more probable than experts.

oPPONENT = 1 if respondent said to be against nuclear energy ~ 0.21 0 0.41
even if there was no waste disposal problem.

SEXM = 1 if respondent is male. 0.52 1 0.5

INCOME yearly income in CHE Seven income categories 73,480 60,000 35,400
were used in the questionnaire. 44 percent did
not reveal their income.

inc_missg =1 if income missing 0.44 0 0.5

scale, respondents marked their estimated accident probability at least one order
of magnitude higher than experts. This variable serves as an indicator for the
respondent’s concern about nuclear risks.

Moreover, respondents were asked to indicate their income. Since more than 40
percent of respondents refused to indicate their income, restricting the sample to
individuals with information on income had to be avoided. The solution retained
is to equate missing values to zero (INcOME = 0) while creating a dummy variable
INC_MissG that takes on the value of one if income information is not available.”

Face-to-face interviews were performed with randomly drawn respondents in
the German-speaking part of Switzerland. In total, 391 persons were interviewed.
Each respondent evaluated 14 choice scenarios, resulting in 5,474 recorded deci-
sions. After excluding inconsistent choices (we added one dominated alternative
to check for consistency of responses), “cannot decide” answers, and missing
values, a total of 4,613 observations were retained.

3. Hypotheses to Be Tested
We focus on the effect of distance from nuclear power plants on marginal will-
ingness to pay for (i) increased insurance coverage against accidents at nuclear

power plants and (ii) for solving the nuclear waste disposal problem.

4 This procedure assumes that information on income is missing at random.

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)



364 SCHNEIDER/ ZWEIFEL

(i) When deciding about the choices presented to them in the DCE, participants
arguably take the distance from their residential location to the next nuclear
power plant into account. If located far away, they are less affected by an accident.
This argument assumes that respondents’ residential location choice, which took
place prior to the experiment, was independent of the presence of a nuclear power
plant. Because the last nuclear power plant in Switzerland was built in 1984, it
seems quite implausible that residential location occurred independently of deci-
sions concerning distance to nuclear power plants. Assuming that respondents
differ with respect to their preferences for (against) nuclear power (e.g. because of
heterogeneous subjective accident probabilities), the more skeptical types should
be found farther away from the plant. Therefore, respondents located farther
away from the plant have a higher disutility from nuclear risk and may well be
willing to pay more for additional insurance coverage against operational risk
than those located in its vicinity.

However, by locating farther away these types reduced their exposure to the
accident risk. The two counteracting effects of sorting (the skeptical types select
locations far away) and self-insurance (being farther away reduces exposure) gen-
erate an inverted U-shape relationship of wtp for additional insurance coverage
(denoted by MWP,) and distance from the plant: Near the plant, M WP, values
are low and increase with distance because the more concerned people live far-
ther away (selection effect dominates). Beyond a certain distance, M WP, . values
start to decrease because the consequences of an accident at the plant become
less important (the self-insurance effect dominates).

Nuclear risk is but one of many factors governing the choice of residential loca-
tion. Employment opportunities, proximity to the family, recreational consider-
ations are some of the factors affecting choice of one’s residence. Hence, there is a
significant cost associated with relocating, and sorting with respect to operational
risk is expected to be less than perfect. However, the stronger a person’s attitude
towards nuclear risk, the greater is the weight of this risk in his or her decisions.
Only persons with a strong negative attitude, high perceived risk or marked risk
aversion are expected to rank operational risks high enough to make the sorting
effect measurable in the available data.

Three indicators for respondents’ attitude towards nuclear power plant are used
in the estimation, (1) whether they state to be opposed to nuclear energy in prin-
ciple (orPONENT), (2) whether they perceive nuclear accidents to be much more
likely than experts’ best estimates (PEss), and (3) male sex (sexm). The last indi-
cator is based on several studies. HARTOG, FERRER-1 CARBONELL, and JONKER
(2002) analyze the influence of individual characteristics on risk aversion and
find survey evidence that men are less risk-averse than women. NIELSEN et al.

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)
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(2003) conclude that men have a lower perception of risk than women. There-
fore, sexM is predicted to display a negative relationship with MWP,..

In Section 5 we show that women do indeed have significantly higher MWD
for increased insurance coverage than men. However, their wtp monotonically
decreases with distance from the plant as opposed to men’s wep. This points to
another possible effect of gender on wtp. Because houscholds rather than indi-
viduals choose their residential location, the intra-household decision process
affects the degree of sorting. Suppose that on average the main breadwinners’
preferences are reflected in a household’s decision concerning place of residence.
In chis case, only the main breadwinner’s MWP,. is expected to increase with
distance, while the other household members” (who did not sort) M WP, should
be decreasing with distance. If the main breadwinners are predominantly men,
then it is expected that they are more strongly spatially sorted than women.’

(ii) Unlike the case of operational risks, individuals who fear the risk from
nuclear waste transport or disposal gain little from putting more distance
between their residence and a nuclear power plant.® Therefore, D1sT should not
be a relevant predictor of wtp for solving the problem of nuclear waste (MWP,)).
This statement needs to be qualified in the following way. Shipping of radio-
active waste and spent fuel necessarily originates at plants from where they are
directed to the future national disposal sites (at present, the destinations are
Le Hague in France and Sellafield in Great Britain). This implies that there is
and will be an increased exposure to the risk of nuclear waste in the vicinity of
the plant. For most values of DisT, however, the effect of distance on MWP,, is
expected to be zero.
The preceding arguments may be summed up in the following predictions:

1. Marginal wtp for higher liability insurance coverage (M WP,) may decrease or
increase with distance from the nearest nuclear plant, depending on whether
the direct risk effect of distance or the indirect sorting effect prevails. If the
sorting effect prevails, MWP,. is expected to increase with distance from the
plant.

5  Until recently, men had the legal authority in Switzerland to decide about the residential loca-
tion of a household.

6 Although a waste disposal site has not yet been designated in Switzerland, geological consider-
ations make it unlikely for a future waste disposal site to be near the six existing plants (which
are all located on rivers).

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)
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2. By controlling for respondents’ attitude and gender, and hence the sorting
effect, MWP, is predicted to be a negative function of distance to plant.

3. Wtp for solving the waste (and hence transportation) problem (MWP,) is
predicted not to depend on distance, except in the immediate vicinity of the
plant.

4. Ceteris paribus, increasing values of MWP,. and MWP,, are expected with
higher income since the marginal utility loss due to the increase in the price
of electricity caused by stepping up liability insurance requirements should be
decreasing in income.

4. Econometric Specification

Let an individual be confronted with a discrete choice, e.g. whether to buy a
certain product or not. Given this choice, individuals maximize their (expected)
utility with respect to their budget constraints, obtaining certain utility values.
These values define an indirect utility function conditional on the alternative
selected. It depends on individuals’ characteristics, their incomes, on the par-
ticular attributes of the alternative (including price) as well as on various unob-
servable effects, which are assumed to be random.

In the present experiment, respondents were confronted with 14 binary choice
situations, involving the status quo and an alternative. The dependent variable
y, equals one if respondents chose the alternative and zero if they stayed with the
status quo. Respondent #’s expected indirect utility of the alternative in choice
situation j is denoted by V; the one of the status quo, by V,,. Respondents there-
fore chose the alternative (y,=1) if V, — V,, > 0. The posited utility function reads

V; = 3, + 3, - COVERAGE ; + [3, - NOWASTE ;
+03, - BLACKOUT ; + (3, - DAMAGE ; + [3; - OUTLAY
2
+3; - OUTLAY, + [3, - DIST, - NOWASTE

+3; - DIST; - NOWASTE , + 3, - DIST, - DAMAGE, (1)

2
+03,, - DIST; - DAMAGE ; + 3, - DIST, - COVERAGE

7
2
+/3,, - DIST; - COVERAGE; +...

i

+03,; - INCOME, *OUTLAY ; + By - INC_MISSG, *OUTLAY ; + €.

The status quo remains the same for each individual during the experiment, hence
for each individual 7 the status quo utility V,, remains constant. Because only the

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)
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utility difference V,—V, determines choice, socioeconomic variables, that do
not influence individuals’ valuation of the status quo and the alternative prod-
uct, cancel out. Put differently, unless socioeconomic variables are interacted with
product attributes, they drop out of the equation. Therefore our estimated utility
function contains various interaction terms between socioeconomic variables and
product actributes in order to control for differences across socioeconomic groups.

A second consequence of the constant status quo utility V) is that the error
term €, in the utility function for the status quo does not change either. This
gives rise to an individual-specific error term p1,=¢,,. Because only differences
V,—V,, are relevant for an individual’s decision, the error term of the estimated
functlon is given by 4, — €, calling for a random effects specification.”

The estimated utility functlon V(Z ), with Z being the vector of socioeconomic
variables and product characteristics, permits to calculate marginal wtp for the
different product attributes. It is defined as the marginal utility of the attribute
divided by the marginal utility of income,

0 V(COVERAGE; Z) /| OCOVERAGE

MWP,.(COVERAGE; Z) 1= —— 2)
OV (COVERAGE; Z) / OUTLAY
In the case of wtp for solving the nuclear waste problem, one has
MWP,(Z) = V(NOWASTE =1Z)— V(NOWASTE =0;7 ) 3)

ovV(2) / douTLay

Willingness to pay values reported are in USD per year. Note that INCOME, - OUTLAY,
and ouTLAY," permit marginal utility of income to vary with income.

5. Results

Estimation results are displayed in Table 3. All coefficients of product attrib-
utes (COVERAGE, NOWASTE, BLACKOUT, OUTLAY, OUTLAY’) with the exception
of DAMAGE show the expected sign and are highly significant, indicating that
respondents were (on average) willing to make tradeoffs among the different
attributes. Furthermore, the relative magnitudes of marginal utilities associated
with product attributes are intuitively plausible, and they are quite in line with

7 Asimilar random effects probit specification is also used, e.g., in TELSER and ZwErFEL (2002)
as well as Gyrp-HanseN and StotHUUS (2002).
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Table 3: Random Effects Prohibit Estimation Results.

The Dependent Variable Is the Probability of Accepting the Alternative Type of Power.

Coeft.

S.€.
CONSTANT 0.62489 0.09024***
COVERAGE 0.02053 0.00424***
NOWASTE 0.35806 0.17971**
BLACKOUT -0.35731 0.04953***
DAMAGE —0.00034 0.00087
OUTLAY —-0.00339 0.00029***
OUTLAY 1.17-107 1.11- 107
DIST-NOWASTE 0.00556 0.00637
DIST’-NOWASTE -3.20-10° 5.08-107
DIST'DAMAGE -2.95-107 3.58-107
DIST - DAMAGE 3.80-10° 2.95-107
DIST-COVERAGE -5.39-107" 1.74-107%**
DIST-COVERAGE 3.35-10° 1.43-107%%*
SEXM*NOWASTE -0.18718 0.09561**
SEXM-COVERAGE —0.01489 0.00426***
DIST-SEXM-COV 4.24-107 1.77 107
DIST’-SEXM-COV -2.11-10°° 1.47-10°
PESS-NOWASTE 0.09246 0.09762
PESS-COVERAGE —0.01148 0.00451**
DIST-PESS-COV 4.04-10™ 1.86- 107+
DIST’-PESS:COV —2.24-10°° 1.54-10°°
OPPONENT-NOWASTE 0.33556 0.12145***
OPPONENT:-COVERAGE 0.00194 0.00528
DIST-OPP-COV -1.45-107 2.11-10™
DIST-OPP-COV —4.02-107 1.64-10°°
INCOME-OUTLAY 8.16-107 2.81- 107
INC_MISSG-OUTLAY 6.94-10™* 3.15- 107**
Ino?, 0.10630 0.11006
o, 1.05459 0.05803
p 0.52655 0.02744

Notes: N=4,613; 376 respondents; Logl =-2196.79; L,=-2596.96. ***, **, * significant at the
1, 5, 10 percent level.
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ScHNEIDER and ZwEIFEL (2004). Note that COVERAGE measures the increase in
insurance coverage in percentage points, whereas NOWASTE is an all-or-nothing
variable indicating whether or not there are any problems regarding nuclear waste.

Respondents are not only concerned about the risks associated with nuclear
energy (COVERAGE, NOWASTE), but also about the frequency of power outages
(BLackouT). Interestingly, respondents value a low frequency of power outages
(2 instead of 14 per year) by the same amount as solving the waste disposal prob-
lem in that both variables have a coefficient of 0.36.

Respondents also care about the cost of electricity (outLay and ouTLAY’). The
coefficient of oUTLAY is —0.00339 meaning that each Dollar spent on electricity
reduces utility be 0.00339 units. At the median level for outlay, amounting to
USD 120 annually, utility is reduced by 0.41 units. This is comparable to the util-
ity gained by solving the waste disposal problem or by having a low frequency of
blackouts (both 0.36). The positive coefficients of ouTLAY’ and INCOME - OUTLAY
point to a decreasing marginal utility of income.

Because 44% of the respondents did not report their income, we added the
term INC_MISSG - OUTLAY (see last term in Table 1). The coefficient of this
term turns out to be 85,050 times greater than the coefficient of the term
INCOME - OUTLAY, indicating that those respondents not reporting income value
nuclear risk as though their income was roughly CHF 11,500 greater than the
average income of those reporting income (CHF 73,480, see Table 2). By includ-
ing INC_MISSG - OUTLAY in our regression, we take this effect into account. In
addition, we checked whether those respondents not reporting income differ sys-
tematically in their valuation of the product attributes from those not reporting
income. To this end we added interaction terms between the dummy variable
INC_MissG and the product attributes. Because all these interaction terms were
not statistically significant, we conclude that missing observations for income do
not systematically distort our findings.

5.1 Effect of Attitudinal Variables on Willingness to Pay

Using eqs. (2) and (3), respectively, MWP. and MWP,, are evaluated for dif-
ferent values of sexm and pEss while keeping the remaining variables at the
sample median values (see Table 2). The results in Table 2 indicate that women
are more concerned about nuclear risks than men (see the negative coefficient of
SEXM - COVERAGE in Table 3).

Indeed, pessimistic women are willing to pay an estimated 70 percent more than
comparable men for a marginal increase in insurance coverage (MWP.=1.96

USD/year compared to 1.13 USD/year) and roughly 45 percent more than men
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for solving the waste disposal problem (MWP,=212 USD/year compared to
147 USD/year). This differential is similar for non-pessimistic women in relative
terms, viz. some 75 percent with respect to increased insurance coverage and 55
percent with respect to solving the waste disposal problem.

Table 4. Marginal Willingness to Pay for Increased Coverage (M WP,) and for Solving
the Waste Disposal Problem (M WP,,), Evaluated at Median Distance (36 km)

in USD per Year
Value s.e.

MWP:

pessimistic men 1.13 0.47

pessimistic women 1.96 0.51

non-pessimistic men 1.08 0.45

non-pessimistic women 1.90 0.50
MWP,,

pessimistic men 146.94 32.05

pessimistic women 212.14 35.23

non-pessimistic men 114.74 32.21

non-pessimistic women 179.94 34.21

a for a percentage point change, e.g. from 1 to 2 percent of maximum loss.

5.2 The Effect of Distance on Willingness to Pay

The results in Table 1 show that DIST- COVERAGE has a negative coefficient,
meaning that the marginal utility from additional insurance coverage decreases
with distance from the plant. However, DIST - PESS - COVERAGE is positive, signif-
icantly reducing the overall effect of distance on marginal utility of insurance
coverage. Also, non-pessimistic women (sExm = 0 and pess =0) exhibit a strong
negative distance gradient whereas pessimistic men show a positive distance gra-
dient for MWZP,. These findings indicate that sexm and PEss are able to control
for respondents’ attitudes.

Section 3. contains several predictions regarding the effects of pisT on the
marginal wtp for coverage (MWP,) and wtp for resolving the waste problem
(MWP,). Specifically, prediction (1) states that MW2P, should exhibit an inverted
U-shaped relationship with distance from plant to the extent that sorting effects
are important. This condition likely is satisfied for pessimistic men. Indeed,
Figure 1 shows such a relationship. Up to a distance of roughly 30 km, pessimis-
tic men’s marginal willingness to pay for additional insurance coverage is zero
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but increases to about USD 5 per year for those living about 100 km away from
the nuclear power plant. This is a substantial amount. Assuming constant mar-
ginal utility of additional insurance coverage, a pessimistic man living at 100 km
distance from the plant is willing to pay up to USD 500 (USD 5 per percentage
point) per year for full insurance coverage.

Next, prediction (2) states that controlling for attitudinal variables in the
regression makes a difference by identifying the (negative) direct effect of dis-
tance from plant on MWZP,. This means that pessimists (PEss = 1) should exhibit
a positive effect relative to optimists. The coefficient of DIST- PESS - COVERAGE
in Table 1 is positive. Also, opponents (OPPONENT = 1) to nuclear energy should
exhibit a positive effect as well.Here, the coefficient of DIST- OPP - COV is negative
but lacks significance. As argued in Section 3, men are hypothesized to be more
strongly sorted than women, causing the sorting effect to become (more) promi-
nent. In fact, a positive coefficient is found for pIST - SEXM - COV.

Because the indicators PEss, oPPONENT and SEXM are designed to capture
the sorting effect, the marginal wtp for more comprehensive insurance cover-
age (MWZP,) should be decreasing in distance for non-pessimistic women not
opposed to nuclear energy (PEss =0, opPONENT =0, sexm = 0). Figure 1 shows
that non-pessimistic women close to the nuclear plant do exhibit positive wtp for
additional coverage amounting to USD 7. However, their marginal willingness
to pay drops with distance from plant and becomes indistinguishable from zero
for non-pessimistic women living 50 kilometers or more away from the plant.

In contrast, Figure 1 reveals a positive but constant MWP,. for pessimistic
women. Non-pessimistic men (Figure 1) also exhibit constant but lower MWP,.
values. In all, hypothesis (2) is largely confirmed.

Turning to the waste problem, hypothesis (3) states that sorting should not make
a difference with respect to MWP,,. Both DIST- NOWASTE and DIST® - NOWASTE
fail to attain statistical significance in Table 3. The distance gradients of wtp for
solving the waste disposal (and transportation) problem are flat in all cases (not
shown). Finally, prediction (4) states that higher income goes along with higher
values of both MWP,_.and WPT,, Indeed, the negative partial effect of ouTLAY
is mitigated by a positive one associated with INCOME - ouTLAY. Therefore, the
denominator in equations (2) and (3) goes towards zero with increasing income,

causing MWP,.and MWP,, to increase.
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Figure 1. Marginal willingness to pay for increased coverage with respect to distance
(measured in km) from nuclear power plant, in USD per year. The thin lines show the
95 percent confidence intervals calculated using the Delta method.

(a) Non-pessimistic women (b) Pessimistic women

20+ 207

—_ —_
) o wn
L I L
—_ —_
) o W
L I L

0 0
-5 . . . T =5
50 100 150 200 250 50 100 150 200 250
Distance (km) Distance (km)
(c) Non-pessimistic men (d) Pessimistic men
20 207

15

104 10+

.
)

-5 . . . . =5
50 100 150 200 250 50 100 150 200 250
Distance (km) Distance (km)

Swiss Journal of Economics and Statistics, 2013, Vol. 149 (3)



Spatial Effects in Willingness to Pay for Avoiding Nuclear Risks 373

6. Conclusion

This article investigates the effect of distance from nuclear power plants on
Swiss citizens” marginal willingness to pay for avoiding two particular risks from
nuclear power: the risk of an accident at power plants, and the risk associated
with nuclear waste disposal. The reduction of the (financial) risk from nuclear
accidents was framed as increased insurance coverage against losses caused by
accidents at power plants.

In the case of Switzerland, respondents had ample opportunity to choose
their residential location according to their preferences regarding nuclear power.
If spatial sorting of individuals is indeed important, one would expect to find
more strongly concerned people residing at a greater distance from plants, result-
ing in an inverted U-shaped relationship between marginal willingness to pay
for increased insurance coverage (MWP,) and distance. On the other hand,
if spatial sorting is not important, one would expect a negative relationship
between MWP, and distance because exposure to the accident risk decreases
with distance.

Using data obtained from a discrete choice experiment, respondents distance
from nuclear power plants proves to be a significant explanatory variable for
MWP,. Controlling for attitudinal variables, the distance gradient of MWP,.
turns out to display the predicted inverted U-shaped profile: Close to the plant
(less than 30 km), marginal willingness to pay is not statistically different from
zero. At greater distance, however, it reaches USD 4 to USD 5 per year for a one
percentage point increase in insurance coverage. On the other hand, individuals
who did not sort spatially with respect to their nuclear risk preferences show a
negative distance gradient: Marginal willingness to pay starts at USD 7 per year
for those living close to a nuclear power plant and reaches USD 0 at a distance
of 50 km from the plant.

Because the risk emanating from nuclear waste disposal is hardly affected
by the distance between the individual’s residential location and nuclear power
plants, distance from plant is predicted to have no impact on willingness to pay
for a solution to the waste disposal problem. Our analysis confirms this hypoth-
esis as well: Regardless of distance, respondents are willing to pay up to USD 212
per year for having the waste disposal problem solved.

Although the risks considered in this study are rather abstract, the findings
from the discrete choice experiment are in accordance with economic intuition
to a surprising degree. This encourages the use of discrete choice experiments
for measurement of preference with regard to complex goods and services. In
particular, discrete choice experiments may provide a valuable basis for policy
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decisions such as phasing out nuclear power. Because respondents must trade off
several desirable attributes of electricity such as a low accident risk, a low price,
and a high security of supply against each other, this method permits to put a
reliable price tag on each attribute. Table 1, for example, indicates that respond-
ents value security of supply by roughly the same amount as they value a solution
to the waste disposal problem. Discrete choice experiments clearly provide more
detailed information than surveys that simply ask citizens whether they approve
or disapprove a nuclear phase-out.

A. Appendix

A.1 Example of a Choice Scenario
Table Al: Example of a Choice Scenario

Type A power Type B power

Price A kilowatt hour costs the same as A kilowatt hour is 60 percent more
today expensive than today

Blackout 2 blackouts per year on average 2 blackouts per year on average

Waste There are unresolved problems There are no unresolved problems
with waste disposal with waste disposal

Damage A large-scale accident can cause A large-scale accident can cause

Insurance coverage

losses up to a maximum of Swiss
francs 200 bn. (This amounts to
Swiss francs 70,000 per household
on average)

1 percent of this maximum damage
is covered

losses up to a maximum of Swiss
francs 100 mn. (This amounts to
Swiss francs 35 per household on
average)

100 percent of this maximum
damage is covered

Your Choice:

O Choose A

O Choose B

O cannot decide
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SUMMARY

How to deal with the risks associated with nuclear energy is a major policy issue.
This paper investigates the effect of an individual’s distance from nuclear power
plants on willingness to pay for increased insurance coverage against nuclear acci-
dents (MWP,) as well as on willingness to pay for solving the nuclear waste dis-
posal problem (MWP,,). Using data from a discrete choice experiment conducted
in Switzerland, we find evidence that MWP,.values decrease with distance from
plant once attitudes influencing choice of residential location are controlled for.
However, distance from plant has no effect on MWZP,, values.
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