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Abstract

The overall purpose of this thesis is to investigate the economic value and use of geological information. Earth
observations of a geological nature, may have profound impacts on peoples everyday lives. Geological information
plays a key role in addressing the challenges of sustainable development, and contributes to improved decision-
making processes related to, for instance, land degradation and water protection. Still, few have researched the
economic values attached to such information. This thesis contains an introduction and five self-contained papers.

Paper (I) provides a review of previous research addressing the economic value of geological information and
other earth observations, as well as, related products, services and infrastructure. The paper also identifies
important lessons and topics that require increased attention in future research. The review of prior research shows
that significant economic benefits can be attached to the use of geological information. Still, it is often difficult to
compare results across studies since they differ in scope and make alternative assumptions concerning which
sectors to cover. Furthermore, previous research is not uniform in its treatment of potential (rather than only
existing) users, and it employs varying conceptions of avoided costs. The paper concludes that future research
should devote more attention to the public and experience good characteristics of geological information and other
types of earth observations, thus highlighting the preconditions for information adoption as well as addressing the
role of potential users.

Papers (II) and (III) investigate the determinants of adopting geological information in the public sector, with an
emphasis on Swedish municipalities. Paper (II) contributes to the literature by providing theoretical explanations
and empirical findings on various individual and organizational factors influencing the adoption of geological
information. The paper employs an information adoption model based on literature on diffusion of innovation. It
is estimated using data collected from 677 officials in all Swedish municipalities. The results indicate that
perceived usefulness and educational efforts have the largest influence on the adoption decision followed by a
gender effect. Furthermore, the results also show that organizational effects exist at the working unit level, but
there appear to be no spatial interactions across municipal boundaries.

Paper (III) further investigates the adoption of geological information in the public sector by considering whether
analyses of user patterns can be improved by considering an interrelated model estimation involving two types of
geoinformation. The empirical tests focus on whether there are gender differences in how peer advice affects the
use of geoinformation. The information adoption model is estimated using probit and bivariate probits. Overall the
results indicate a more accurate prediction pattern when a secondary geoinformation decision was included, thus
suggesting that different types of geoinformation should be analyzed jointly. The officials at Swedish
municipalities tend to use both types of geoinformation, thus alluding to a demand for combined geoinformation
products among the target population. Finally, there is evidence of women’s decisions to use geoinformation being
affected by peer advice.

Paper (IV) focuses on the economic value of hydrogeological information, namely water quality. The willingness
to pay (WTP) for reduced health risks following the exposure to emerging contaminants and microbial outbreaks
in drinking water is assessed. Emerging contaminants, such as highly fluorinated substances (e..g., PFOA and
PFOS), have been found in drinking water post treatment on a global level. The drinking water is the main source
of exposure for humans. The WTP is assessed through a choice experiment approach, which also accounts for
differences in perceptions between PFASs and microbial outbreaks due to parasites or bacteria. Knowledge about
public preferences across different health threats is key to assessing support for policies aimed at reducing such
health risks. A majority of the respondents were found to have a higher WTP for reducing the risk of chemical
exposure to PFASs than reducing the corresponding risk of microbial outbreaks.

In Paper (IV) it is evident that risk adverse individuals have a higher WTP for reducing health risks of drinking
water, compared with individuals with other risk preferences. However, there is no consensus in the literature on
how to accurately capture risk preferences beyond financial decisions. Paper (V) therefore discusses the
theoretical assumptions used when measuring risk preferences and whether it is necessary to address domain risk
specific preferences. In order to test if a general risk preference is enough we present a hypothetical experiment
on risk preferences for the health and financial domains, respectively. We also consider the design of the
experiment and compare the format with a reduced form to control for potential framing effects. The risk
preferences were elicited using switch multiple price list lotteries with hypothetical payments, and the questions
were adapted to the health domain by framing the lotteries as improvements in current health status using a visual
analogue scale as the reference point. The results show that individual risk preferences tend to be relatively
inconsistent across the two studied domains, and that the respondents appear to be more risk averse in the health
domain than in the financial. The majority of the respondents tend to give too much weight to low-probability
events, which is consistent with cumulative prospect theory.
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3. Methods and data

This section comments on the efforts that have been put into creating surveys and gathering

data, as well as provides some motivations for the choice of analytical methods applied.
3.1 The geodata user survey

The geodata user survey targeting officials at Swedish municipalities builds on a combination
of theoretical notions from the diffusion of innovation (e.g., Rogers, 2009), technology
acceptance (e.g., Davis, 1989) and behavioral economics literature (e.g., Tversky and
Kahneman, 1986). In the literature on information systems, there has been a shift from
measuring efficiency towards facilitating the end-users’ service encounters (McKenna et al.,
2013). Understanding the adoption of geological information by end-users is an important goal
of geoinformation implementation as it may lead to further dissemination and additional

societal benefits.

Municipality officials were chosen as the target population due to local governments being one
of the leading users of geoinformation (Campbell and Masser, 2007). This group of users may
adopt a large variety of geological information, thus implying that the range of potential
applications may be considerable. Data from the Swedish Geodata Cooperation are usually
ordered by one individual at each municipality, therefore the suppliers of geoinformation, such
as the Swedish Geological Survey (SGU), will typically lack knowledge about end-users’
preferences and priorities. In order to capture an extensive sample group the human resource
unit in all 290 Swedish municipalities were contacted in order to get an e-mail-list of workers
within each municipality. The decision on which units to contact are based on the discussion
with a focus group from a couple of municipalities as well as input from SGU. The reference
month of the lists of workers was either November or December 2013 depending on when they

responded to the request.

The survey questions were carefully chosen in order to capture the characteristics of users and
potential users without losing respondents due to the length of the survey, as there exist a
cognitive burden with answering surveys. The format of a web survey was chosen as this gives
the respondents time to think. Moreover, a web survey can be completed at a time of
convenience for the respondents (Marta-Pedroso et al., 2007). The questionnaire was repeatedly

pre-tested on a small group of respondents from a couple of Swedish municipalities. This group
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consisted of municipality officials that had previously been in contact with SGU in association

with an educational project.

Given that not all respondents were assumed to be familiar with geological information the
survey needed to introduce maps and clarify the difference between geological maps and a
topological map. After providing some demographical information and answering whether they
use the geological information, the respondents were forwarded to separate sections of the web
survey. The active users were asked in which context they employ geological information, to
what extent they do this and what geological products they perceive are important to their work.
This was followed by a question if they knew who to contact if the geological information
needed was not accessible at their municipality. The potential users instead answered if they
had reasons for not using geological information in their work and if they had previously used

it and stopped. See an English version of the questionnaire in appendix A.

The survey was designed using the software EvaSys and roughly 1300 officials were contacted
in the first quarter of 2014. The survey had a response rate of 51 percent (677 responses), which
is relative high and provides a wide sample of current and potential users. This can be compared
to earlier GIS studies on local government that had interview samples ranging from 27
responders when focusing on North Carolina county governments (Nedovic-Budic and
Godschalk, 1996) to around 500 responders when investigating user rates in the United
Kingdom (Campbell and Masser, 2007). The data gathered in this geodata survey were used in
papers II and IIT (see Section 4).

3.2 Choice experiment in the empirical context of hydrogeological information

In order to assess the economic value of using hydrogeological information to examine drinking
water quality and the costs associated with the health risks of contaminated water, a discrete
choice experiment was constructed (DCE). A DCE is based on random utility theory (e.g.,
McFadden, 1974; Manski, 1977) and is consistent with the characteristic theory of consumer
demand (Lancaster, 1966). This implies that the consumer’s subjective utility associated with
improvements in drinking water quality will be a function of the attributes by which the quality

of the drinking water can be described.

The DCE was designed with four attributes, two attributes concerning the exposure to microbial
pathogens (bacterial and parasites), one attribute concerning chemical exposure to PFASs and,
finally, potential additional costs. In order to determine the relevant attributes, their

corresponding levels and how to describe them, discussions were held with focus groups
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involving lay people, as well with experts from the Swedish Geological Survey, the Swedish
National Food Administration and the Swedish Public Health Agency. The feedbacks from
these meetings induced textual changes to the description of the scenarios and adjustments of
the attribute levels. The levels of microbial outbreaks are based on previously reported outbreaks
relying on data from the Swedish Public Health Agency (2015), covering the time period 1994-
2011. However, these were then adjusted for anticipated additional microbial risks in the future
(e.g., Swedish Defence Research Agency, 2012). The reason for including two types of
microbial pathogens was because these require different types of investments to reduce their
associated risks. The risk for each consumer of being exposed to high levels of PFASs are based
on the Swedish municipalities with high PFOS exposure and were discussed with additional

toxicological experts.

The adopted DCE structure makes it possible to test if the consumers have different perceptions
for bacteria versus parasites affecting the WTP to reduce such risk. Given that both of these lead
to gastrointestinal disorder, the consumers may either have the similar WTP for both attributes
or weight one higher than the other. The DCE included a business-as-usual (BAU) scenario plus

two alternatives varying the various attributes, see example in Figure 3.

Figure 3. Example of choice set

Alternative A Alternative B Alternative C
(business as
usual)
Risk of gastrointestinal disorders
caused by viruses (and bacteria) 30 % 30 % 5%
caused by parasites 15 % 7% 25%
Risk of exposure to PFASs 10 % 4% 10 %

( above the national limit)

Percentage who are vulnerable in the next

decade
Remaining population ‘

= Exposed to PFAS (=80ng/T) 'A 1 (

= Infection from parasites

Infection due to bacteria and viruses

Change in annual costs No change Increase with Increase with
150 SEK 50 SEK
| choose alternative [ 1 [ 1 [ 1]

A design including 16 different choice sets was constructed using the D-optimal design

algorithm in the software N-Gene. The objective of a D-optimal design is to extract the
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maximum amount of information given the number of attributes, levels and other
characteristics, as well as the length of the survey (Carlsson and Martinsson, 2003). The final
version comprising 16 choice sets was also blocked into two versions, so that each respondent
faced eight choice sets. By using two subsamples, the response burden of answering the survey
is reduced. The final version had a low D error (0.0004), thus indicating a high confidence in

the design.

Following an introductory welcome note introducing the research project to the respondent, the
survey consisted of three sections. The first covered current consumption of drinking water and
prior experiences with drinking water issues (e.g., perceived problems). The second section
presented the risks associated with microbial contaminations and PFASs, respectively, and the
DCE. The last section included questions collecting socio-demographic information and a
lottery that was explicitly designed to capture the respondents’ risk preferences. See an English

version of the questionnaire in appendix B.

The five selected municipalities are of similar population size and with similar demographics
but with different prior experiences of quality issues with their drinking water. In 2011
Skellefted had outbreaks of the parasites Cryptosporidium. Luled and Vixjo have military
airports that may have released PFOS in the adjacent areas; in Luled 25 private wells had high
levels with over 90 ng/liter of PFOS (half of them above 900ng/l) while in Vixj6 all investigated
wells recorded levels below 10 ng/l. Gévle and Karlstad have no experiences of recent

outbreaks, although in Karlstad some high microbial indicators have been reported.

The DCE survey was developed after extensive focus group testing during 2016, and deployed
through a web panel company called Norstat during the autumn of 2016. In order to get a fairly
representative composition of each municipality, the panel was divided into four age quotas.
Once the quota was filled, the e-mail invitation for that quota closed. Once incomplete
questionnaires had been removed, the sample included a total of 950 completed questionnaires.
Additionally, 127 responses were dropped from the sample because the respondents were not
customers of the municipal drinking water (most had private wells). The overall response rate
was 41.8 percent, which is comparable to other household surveys on water consumption and

health (e.g., Loomis et al., 2009; Veronesi et al., 2014).
3.3 Multiple price lists to elicit individuals’ risk preferences

In order to investigate whether preferences over health risks are best modeled using probability-

weighted utility function or can be reasonably approximated using expected utility theory, the
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multiple price list (MPL) paired lottery method was applied along with hypothetical payments.
The MPL format was originally proposed by Binswanger (1980, 1981) and for our purposes the
so-called switching point version (sMPL) was chosen. This implies that the respondents pick
which row to switch from one lottery to the other, thus enforcing monotonicity. The format
used were proposed by Tanaka et al. (2010), and it has been used extensively in the literature.
In addition to their financial lottery we also created a lottery format concerning health risks.
Since we want to compare across the financial and health domains framing both gambles as
hypothetical will help avoid potential bias (Riddel, 2012). This format allowed us to test
whether the risk preferences follow the expected utility theory (e.g., von Neumann and
Morgenstern, 1944) or instead can be better explained by the so-called cumulative prospect
theory (Tversky and Kahneman, 1992). The main differences between the two theories is that
cumulative prospect theory allows the preferences to be non-linear and allows losses to be

perceived differently than gains.

The sSMPL was tested on focus groups during the fall of 2016 and deployed on students in the
beginning of 2017. During our trial runs it became obvious that the sMPL format is difficult to
comprehend for the respondents, even though the literature describes it as “easy” and “simple”
compared to other trade-off methods (e.g., Riddel, 2012; Anderson and Mellor, 2008). To
improve the format and facilitate the choice task we added a description to each of the risk
levels, e.g., a 10 percent probability was labeled a “quite low probability”. We also examined
if there was a potential to reduce the length of the series from the full version (14+14+7) to a
reduced version (10+10+7). By varying the format of the lotteries slightly, we could test the
sensitivity of the results with respect to the length of the lotteries. Potential framing effects are
seen as a drawback of the SMPL (e.g., Andersen et al., 2006), and by having two subsamples
we could test whether there are biases towards different part of the tables. See an English

version of the questionnaire in appendix C.

The respondents were undergraduate and graduate students at Luled University of Technology,
Sweden. We acknowledge that using a broader population would likely have added to the
discussion concerning demographic and behavioral characteristics of the respondents (Riddel
and Kolstoe, 2013). Although, by including graduate students we had a wider demographical
variation that if we had only focused on undergraduates. The use of a sample of students is
common in the literature (e.g., Wakker and Deneffe, 1996; Holt and Laury, 2012), and this

study offers initial insights to the health domain that later on can be tested on a broad population.
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The experiment was completed by 231 respondents from the fields of social science,

engineering and health science.

4. Summary of papers
The five articles that are included in the thesis are summarized below while Section 5 provides

some general findings and implications.

Paper | :
Haggquist, E., and Séderholm, P. (2015). The Economic Value of Geological Information: Synthesis
and Directions for Future Research. Resources Policy, 43, 91-100.

The purposes of this article are to: (a) provide a review and synthesis of previous research on
the economic value of geological information, other earth observations as well as on the related
products, services and infrastructure; and (b) identify important lessons from this work

including the methodological challenges that require increased attention in future research.

In total about 25 reports and 11 peer-reviewed articles involving the economic assessment of
geological information and/or closely related earth observations are reviewed. Most studies
calculate the avoided costs of using new or improved information. The inclusion of studies
assessing also non-geological information based on other types of earth observations is
motivated by the similarities in the qualities — and the economic characteristics — of such
information. Moreover, prior literature ranges from analyzing the total value to many users of
a marginal increase in the overall quality of the information to assessing the economic value of
information in the context of specific decision-making situations (e.g., monitoring water quality

with the help of satellite information or for mineral exploration).

The paper shows that survey-based methods (based on avoided costs assessments) are the most
commonly used, but that they may also be complemented by other types of value-elicitation
methods (e.g., simulation models, revealed preference approaches etc.). It is noted that
previously assessed values can be transferred to other contexts, i.e., benefit transfers, if the
necessary correspondence conditions are fulfilled. Although it is difficult to compare different
estimates of the value of geological information across studies, the literature overall indicates

that significant values ought to be attached to society’s use of geological information.

Additional research is suggested on the process of adopting new — and/or improved — geological
information. Research focusing on the rates of usage and diffusion of geological information
should lead to a deeper understanding on how such societal benefits arise. Further investigations

are therefore needed into the factors that have potential to influence the adoption process.
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Paper i :
Haggquist, E., and Nilsson, |. (2017). Factors influencing the adoption of geological information in

Swedish municipalities, Journal of Environmental Planning and Management, 60, 1112-1126.

Understanding the impediments to geological information adoption is a prerequisite to a
strategic dissemination of information and of any related information systems. The objective of
this paper is to identify the key factors that influence individuals’ adoption of geological
information. The empirical focus is on officials in Swedish municipalities. The paper also

discusses how to model such an adoption process.

The data covering officials at Swedish municipalities were collected through a web survey
during the spring of 2014. These were then analyzed using a probit model specification.
Furthermore, the estimates also suggest that perceived usefulness and effort tend to be
particularly fundamental to the decision to adopt geological information in Swedish
municipalities. We also test for the presence of spatial autocorrelation among municipalities,

but find no evidence of spatial interaction across municipal boundaries.

The results indicate that the adoption rate is lower at the top of the organization, for example
the municipal board. The adoption rate is high in units focusing on urban planning and
environmental management. Furthermore, the estimates also suggest that perceived usefulness
and effort tend to be particularly fundamental to the decision to adopt geological information
in Swedish municipalities. The users responded that they felt more confident when using
geological maps as a basis for their work assignments. It should be noted that also other model
specifications were tested, e.g., by including secondary data, such as changes in population,
economic indicators and taxation levels, to capture regional difference. However, based on the

inclusion of these indicators no statistical significant regional differences could be identified.

A number of important implications can be highlighted. First, given the lack of exchange of
information between municipalities, the suppliers of the information may need to reconsider
the ways in which the information is presented to potential users. The suppliers could also
provide formalized means to share the information and encourage regional knowledge
spillovers. Second, the result that perceived usefulness is a fundamental aspect considered by
individuals prior to using the information, implies that it is important for suppliers to highlight
the benefits of adopting the information. The suppliers should lower the opportunity costs by
presenting the information in such a way that it is easily understood by potential users, this in

order to overcome the issues arising from being an ‘experience good’ (Nelson, 1970).
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Paper lll :
Haggquist, E. (2017). The interrelated use of geological information and other types of geoinformation

in local governments, Transactions in GIS, forthcoming.

In this paper it is suggested that the model specification employed in paper 11 (Higgquist and
Nilsson, 2017) could be expanded to also consider the often interrelated use of geological
information and other types of geoinformation. Specifically, one challenge with analyzing what
influences the adoption of geological information is that the information may be selected jointly
with other types of data. The paper therefore estimates discrete choice models — separately and
jointly — of geological and related-information adoption. The related information considered in
this paper is other map data (geographic information), demographic information concerning
population and building information. The joint estimation is considered in order to account for

the presence of potential unobserved correlation across the adoption decisions.

The empirical results show that the decisions to use geological and other geoinformation,
respectively, are interrelated. This strengthens the notion that geological information should not
be assessed separately from other data used in the same information system. Since geological
information often is used within GIS, interrelationship between the information decisions may

seem intuitive, but it has previously not been confirmed in the literature.

As expected, and fully in line with results from paper II, the results indicate that perceived
advantage has the largest effect on the likelihood of adopting the studied information. The
motivation to adopt and perceived skills from education are also important determinants of such
adoption. Moreover, the results also indicate that collegial advice affects the rate of usage for
geological information. Interpersonal contacts act as an important source of information that

can affect the level of individual involvement with the information.

The paper also sheds some new light on the gender aspects of information adoption. Currently,
women tend to have a lower adoption rate of geoinformation than men within local
governments. The underlying reason to a lower adoption rate among women should be further
explored. However, the results suggest that peer-communication has a positive impact on
women’s use of geoinformation. This insight can be used to construct educational efforts which

encourage peer-communication and further boost adoption among women.
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Paper IV :
Haggquist, E. (2017). Willingness to pay for reduction in health risks posed by emerging contaminants

(PFASSs) and microbial outbreaks in tap water.

The management of potable water supplies faces increasing quality challenges, not least given
the expected increase of extreme rain events that transfer chemical and microbial contaminants
to water bodies. This places greater demands on the continuous monitoring of water quality.
Furthermore, the discovery of new persistent pollutants, such as highly fluorinated substances
(PFASs) in groundwater, implies a need for additional screening activities. Hence, it is
predicted that additional investments are needed to maintain drinking water quality in the near

future.

This paper focuses on the economic values of reducing the risk of health hazards related to
microbial outbreaks (e.g., bacterial and parasites) as well as the potential health effects of
emerging contaminants. The paper adds to the existing literature on the economic valuation of
health risks by exploring perceived risks from new emerging contaminants such as highly
fluorinated substances (PFASs), and by applying the choice experiment method to assess WTP

to reduce the associated health risks.

Drinking water is a dominant source of PFASs exposure for nearby populations. Despite
frequent warnings, the problems associated with drinking water contaminated with PFASs are
only beginning to be addressed. The PFASs problem and the shortcomings when it comes to
water quality monitoring can also be extended to the general monitoring situation. Knowledge
about public preferences between different threats to human health is key to assessing support

for policies aimed at reducing the health risks associated with drinking water.

The results show that a majority of respondents have a larger WTP for reducing the risk
associated with exposure to PFASs than reducing risk of microbial outbreaks. The results
support the wider use of measures to reduce the potential health risks of such emerging
contaminants. This suggest a higher willingness towards less known health risks and could be
based on an overestimation of low-probability events. The results also indicate that drinking
water consumers are, on average, more afraid of gastrointestinal infections due to bacteria rather
than parasites. Given that the costs of mitigating risks related to drinking water are relatively
low, and that there exist strong consumer preference towards reducing the associated risks,
municipal water suppliers should implement a precautionary approach when prioritizing future

investments concerning emerging contaminants.
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Paper V :
Haggquist, E., and Ek, K. (2017). Risk preferences in Health and Financial choices.

This paper discusses the transferability of risk preferences between the financial and health
domains. We also investigate whether risk preferences are best modelled based on cumulative
prospect theory (CPT) or expected utility theory (EUT), while also considering a number of

experiment design issues.

Health-economic evaluations are frequently used to help allocate society’s scarce health care
resources. Such evaluations often entail cost-benefit analyses, where health benefits are
expressed in terms of utility; the common utility model used is the Quality-Adjusted Life-Years
(QALY) model, which in turn is based upon EUT. We can however conclude that our results
are inconsistent with the EUT assumptions and the empirical validity of the standard QALY

model can therefore be challenged.

Results are based on data collected in student experiments. In sum, the results suggest that
participants are risk averse (in particular in the health risk lottery), that risk attitudes are

different across domains and that EUT should be rejected in favour of the less restrictive CPT.

In spite of the somewhat challenging lottery format for eliciting risk preferences we note that
the literature evaluating the impacts of different probabilities and payoffs or of framing and
ordering effects is basically missing. This is in contrast with the large number of studies
evaluating different aspects of stated choice methods, not least with regard to different formats

and framing of choice experiments, which may also come with a cognitive challenge.

This study includes a tentative attempt to analyze such methodological aspects, i.e., by
presenting a shorter lottery series to a sub-sample, we evaluate the tendency towards midpoint
bias and the strength in the indication of probability weighting. Although we did not find any
evidence of midpoint bias we encourage more research focus on the possible sensitivity of risk

attitudes with respect to the design and setup of the multiple price lists.

25



5. Findings and implications

This thesis deals with the value of geological information. The contribution of the thesis is in
its attempts to provide additional understanding of the end users of the information, the drivers
behind adopting information, and the economic values that can be attributed to geological
information. Some of the general findings and implications of the analysis carried out in the

five papers can be summarized as follows.

In this thesis it is highlighted that geological information has clear ‘experience good’ qualities
(e.g., Nelson, 1970), which implies that geological information products have characteristics
that are difficult to observe in advance of consumption. Due to being experience goods there
are potential market segmentations of geological information and the opportunity cost of
learning-by-doing will have a significant impact on the demand for the information. Assuming
that learning-by-doing affects efficiency (e.g., Arrow, 1962; Becker, 1964) and that perceived
usefulness affects the degree to which information is adopted (e.g., Héggquist and Nilsson,
2017), there are potential lessons to learn from the results of the geodata user survey. The
combined picture from the responses suggests that the needs of the individual end users are not
currently met and that the users want free geodata that are accurate and easy-to-use. Since the
issues are through this thesis partly identified it is possible to reduce the issues even with small
means. Better instructions, 3-D maps and the developing of portfolio products could lead to an
increase in demand and to lower the barrier for potential users. Portfolios are a range of
information products suggested to users based on their work title, so that officials can discover
additional information layers and/or products. The portfolios could potentially make it easier
for the producer to highlight the width of available information, which currently is not apparent

for end-users.

By accounting for unobserved correlation between different types of geoinformation it is
possible to improve the accuracy in estimating the information usage. While this result is by no
means surprising, it implies that the users seek information products from a range of
geoinformation sources and that there may exist a demand for combined information products.
This result also strengthens the notion that end-users would appreciate being suggested different
portfolios to start with, or products to expand with. This implies that the information providing
system should be modified to capture the end users patterns and suggest relevant products used

by others with similar profiles. Follow-up geodata user surveys that capture how demand for
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certain information products evolve over time would provide a means to check if the portfolios

are viable.

The aggregation of costs and benefits in the case of hydrogeological information highlights the
difficulty of extrapolating results. From the literature synthesis it was clear that more attention
should be put on the potential of benefit transfer method. In the hydrogeological paper
concerning health risks it was large differences between estimates on municipalities versus the
full sample containing household from several municipalities. Transferring values can therefore
be difficult. While using a benefit transfer method and value chains method will likely be viable
means used to increase estimations of the societal value of geological information and other

geoinformation, it will likely only serve as a very rough indicator.

The suppliers monitoring of microbial pathogens appears to be done sporadically in water
treatment plants. Swedish drinking water has over the last 20 years been more affected by
microbial outbreaks of bacterial and viruses than parasites (Swedish Public Health Agency,
2015). Nevertheless, the water suppliers conduct more tests for different types of parasites
(Swedish National Food Agency, 2012). This dissonance between local water monitoring and
risk levels suggest that the local water suppliers make priorities that may not be consistent with
the risk preferences held by the citizens that they serve. This can also be a sign of overweighting
the risks of extreme events. This is of importance as there are currently several well identified
gaps of which water quality elements Sweden should monitor more consistently (e.g., EU
Commission, 2012). This also suggests that the decision concerning what elements to screen
and at which frequency this should be done should probably not be on a local level. Clear
guidelines and procedures have to be developed and established countrywide to secure what

hydrogeological information to gather and which elements to monitor.

Societies contend with a large number of risks (e.g., environmental, health etc.) and decision
makers intervene to reduce such risks. The last part of this thesis focuses on health economics
and show that households value risks differently, with heterogeneity between different groups,
making the value attached to reduced risks methodologically difficult to measure. Many
economic models assume that consumers behave rationally and have a linear view on the
probabilities of risks, which can lead to misleading results. Health-economic evaluations are
frequently used to help allocate scarce health care resources. There exits extensive evidence
that individuals decisions can be inconsistent with what is expected in the expected utility
theory, e.g., the Allais (1953) paradox and Ellbergs (1961) paradox. Regardless EUT is still

widely used. We find that the majority of responses concerning risk preferences are inconsistent
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with the EUT assumptions and that the empirical validity of, for instance, the standard QALY
model can therefore be challenged. Further developments of cost-utility analyses based on less

restrictive assumptions is therefore recommended.

There are sizeable benefits attached to geological information and other earth observations. It
could therefore be beneficial for society if the information was used more frequently than
currently is the case in Sweden. Releasing more data openly has previously led to an increased
demand for both geological information (e.g., maps provided by the US Geological Survey)
and other geodata (e.g., data provided by the Danish geodata agency). Thus, one should

carefully consider how the licenses and packaging of data affect the demand.

This thesis does not attempt to provide all answers but rather open the field for future research
on the issues concerning estimating value of informational products. Additional research on the
benefits of using geological information should devote more attention to the experience good
qualities of the information, the use of discount rates, benefit transfer approaches, and the
relationship between geological information and the information products or services that

provide such information.
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Introduction
Background and motivation

Earth observations (e.g., of a geological, meteorological or
topological nature) may have profound impacts on our everyday
lives, but most people are generally not well informed about the
economic values attached to this type of information. In this
review paper we address the ways in which such values can be
comprehended and measured, report results from previous stu-
dies, and identify important issues and challenges for future
research.

Natural processes and human activities often cause stress to
the environmental system's capacity. Having reliable information
about such impacts is therefore a critical input into a large
number of decision-making processes involving potentially sig-
nificant environmental impacts (Bernknopf et al., 1993; Swedish
Geological Survey, 2012). When natural phenomena, such as
landslides or earthquakes, are better understood important
societal costs can be avoided (Berg, 2005). For this reason,

* Corresponding author. Tel.: +46 72 560 11 57.
E-mail address: elisabeth.haggquist@Itu.se (E. Higgquist).
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geological information and other types of earth observations
are important for addressing the challenges of sustainable devel-
opment (Grant and Williamson, 1999; Ting, 2002; Rodriguez-
Pabon, 2005).

In brief, geological information could be - and is often - useful
for decision-making in a wide range of societal activities, such as:
(a) the development, sustainable use and protection of ground-
water; (b) environmental impact assessments; (c) the exploration
and development of minerals and fuels; (d) understanding and
managing the causes of geologic hazards; (e) the construction of
infrastructure projects; (f) city planning including zoning and
landscaping; and (g) regional planning such as siting and permit-
ting industrial facilities (Bhagwat and Ipe, 2000; Swedish
Geological Survey, 2011).

A noteworthy example of a product containing geological
information is the geological map. It describes the physical world
by linking spatially based information, geological materials and
geologic structures. Geological maps also add time and space
interpretations on how these materials and structures interact.
Improved geological information in terms of novelty and resolu-
tion, e.g., communicated through a geological map, may generate
several benefits. It could influence mineral exploration and invest-
ment by reducing the risks at the early stages of the exploration
process (Bernknopf et al., 2007; Scott et al, 2002). Moreover,

0301-4207/© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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excavations are dependent on accurate knowledge concerning soil
conditions.

The costs of providing geological information are connected to
the collection of the information and subsequently to the compila-
tion, database construction, publication and distribution. The bulk
of the costs are borne up front, in part since the gathering of new
geological information such as maps is labor intensive, and
requires field work and a highly skilled staff. The distribution
costs are instead relatively low, and the costs of serving an
additional customer are therefore also low. Moreover, the costs
of providing geological information can be accessed via existing
market prices, such as wages for skilled workers (Cressman and
Noger, 1981) and the market prices of other inputs (Castelein et al.,
2010).

However, whereas the costs of providing geological informa-
tion are fairly straightforward to assess, this is typically not true
for the economic benefits of such provision. First, the costs occur
in the present while the benefits are allocated over time, thus
motivating the use of appropriate social discount rates. Second,
several users can appropriate the benefits of the information at the
same time (i.e., non-rivalry in consumption), and the information
is in part non-exclusive in use. Due to these public good char-
acteristics geological information is typically not effectively priced
in existing economic markets.

Since public goods typically are underprovided in the free
market, this sets the stage for the government's interest in the
provision of geological information. Geological information is
mainly collected and analyzed by national government-funded
geological survey agencies. Bhagwat and Ipe (2000) suggest that in
the absence of government funding very little geological informa-
tion would be provided.

In addition to this, critique has been expressed concerning the
amount of government funding towards the generation of geolo-
gical information and the existing distribution trends of such
information. Reedman et al. (2002) argue that the provision of
geological information often is inadequately funded and as a result
poorly informed decisions may lead to substantial economic losses
for society. A related critique has been directed towards the use of
earth observations in general. For instance, Booz Allen Hamilton
(2013) estimates that earth observation data saved USD 24-72
million in avoided revenue losses and avoided aircraft damages
after the Eyjafjallajokull volcano eruption in 2010. Still, the authors
conclude that if the ash cloud data had been implemented and
used directly from the time of the eruption (and not with a one-
week lag), the total avoided costs could have been as high as USD
200 million."

A comprehensive assessment of the value of geological infor-
mation and other earth observations is not only important for
judging the viability of investments in information collection and
provision (Borzacchiello and Craglia, 2011), but also for identifying
the sectors of society that would benefit the most from such
efforts (Castelein et al., 2010). Craglia and Nowak (2006) remark
that since many countries have established new spatial data
infrastructures® increased attention needs to be devoted to asses-
sing the social and economic impacts of such infrastructure. In

! The London Volcanic Ash Advisory Center (VAAC) had not previously used
the so-called Aura data. Hence, after the volcano eruption the VAAC had to work
against the clock to develop, and deliver the requested data products. The data
products were intended for the VAAC warnings and for European officials to assess
which airspace to open. The VAAC first presented and used the Aura products on
April 19, 2010, that is a week after the eruption began. By that time some flights
had already resumed.

2 Such infrastructure includes technology and information standards that are
necessary in order to acquire, process, distribute, use, maintain, and preserve data.
Geospatial standards are technical documents containing detail interfaces or
encodings.

addition, Craglia et al. (2012) note that there has not yet been any
convergence of the reference methodology, and there is therefore
a need for more consistent methodologies aiming at valuing earth
observations.

The potential societal and environmental importance of geolo-
gical information motivates a closer scrutiny of how the associated
economic values have been defined and assessed in previous work.
Such a review of existing research in terms of theoretical founda-
tions, and methodological and empirical scope is important for
identifying gaps in the academic literature as well as unresolved
challenges that ought to be addressed in future research.

Objectives, scope and approach

The objectives of this paper are to: (a) provide a review of
previous empirical research on the economic value of geological
information (including any related products, services and infra-
structure); and (b) identify important lessons from this work as
well as issues and challenges that deserve increased attention in
future research.

The paper focuses on previous research that has assessed the
economic values of either geological information or other earth
observations. The literature on earth observations is broad and
fragmented into different fields, including geological, meteorolo-
gical and topological research. The inclusion in this paper of
studies assessing also non-geological information based on other
types of earth observations is motivated by the similarities in the
qualities — and economic characteristics - of such information. The
methodological challenges involved in the valuation of informa-
tion are also very similar across these research fields.

Previous work ranges from analyzing the value to many users
of a marginal increase in the overall quality of the information to
assessing the economic value of information in the context of
specific decision-making situations (e.g., monitoring water quality
with the help of satellite information or for mineral exploration
decisions). Moreover, a number of studies explicitly address the
value of spatial data infrastructure, including technological stan-
dards or policies that enable the use of, for instance, geological
information in society. This latter work therefore provides a more
complex picture of any associated information products and
services.

In our search for previous research on the value of geological
information, we employed a combination of different keywords.
Specifically, we carried out searches on combinations of terms
such as “societal value” or “economic value” on the one hand, and
“geological information”, “earth observations”, “geodata” or “spa-
tial data infrastructure” on the other in key bibliographic data-
bases such as Web of Science, Science Direct, Wiley Online Library
and Google Scholar. In order to find recently published literature,
we forward-followed quotations on the articles identified by this
keyword search. In addition, since the economics literature on
assessing the economic value of geological information is rela-
tively narrow a keyword search was also conducted on a wide
range of national geological surveys in order to identify additional
relevant work on the topic. In total about 25 reports and 11 peer-
reviewed articles involving the economic assessment of geological
information and/or closely related earth observations have been
reviewed. Most of the reports are - even if not all are peer-
reviewed in line with academic standards - well described (and
cited) in the scientific literature.

Outline of paper
The paper proceeds as follows. In the next section we discuss

geological information as an economic good, as well as the
theoretical foundations for valuing such information. Most
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empirical work broadly defines this value in terms of the expected
cost savings from having access to such information compared to
not having access to it. Results and lessons from previous
empirical research synthesizes the existing empirical work based
on a categorization of the research by methodological approach
and empirical scope, respectively. In Discussion and directions for
future research we identify and discuss a number of important
challenges and issues to be addressed in future research.

The value of geological information: theoretical remarks

The interest in the economic value of earth observation
information has increased over the last decade, and at a number
of recent workshops the value-generating processes have been
discussed.’ In brief, the economic value will be determined by in
which way the information is processed and used. In general the
benefits of earth-based information are considered largest when;
(a) the information makes decision-makers indifferent towards
alternative choices; (b) action can be taken in response to the
information; (c) the consequences of making the wrong choices is
large; (d) the constraints on using the information are few; and
(e) the costs of using the information are low (Macauley and
Laxminarayan, 2010; Borzacchiello and Craglia, 2011). Further-
more, the value should also be considered influenced by the
characteristics of information as an economic good. In this section
some theoretical foundations of valuation as well as important
economic characteristics of geological information will be
discussed.

The public and experience good characteristics of geological
information

Geological information, such as geological maps, is a non-rival
good as it can be reused and accessed by several users at the same
time, without any congestion costs (Stephan, 2005). For the above
reasons such information possesses clear public good features
even though it must be considered a quasi-public good since the
benefits accruing to society may be restricted through licensing, or
due to intellectual property rights as well as a lack of competence
among users (e.g., Stiglitz, 1999; Frank, 2001).

Nevertheless, scholars tend to agree that there are extensive
positive economic externalities associated with the production of
geological maps (e.g., Bernknopf et al., 1997; Bhagwat and Ipe,
2000; Berg, 2005).* The public good nature of geological informa-
tion influences the assessment of the societal benefits since the
decision-making process is not limited to the financial profitability
of a given project alone (Bhagwat and Berg, 1991).

Geological information is also a knowledge-creating good (e.g.,
Bhagwat and Berg, 1991; Reedman et al.,, 2002), and according to
Bhagwat and Ipe (2000) this is in contrast to many other public
goods and services as the information remains intangible until it is
applied for visible benefits. Still, the processes of generating
knowledge typically suffer from imperfect information and match-
ing problems. Acquiring information about the data gives rise to
costs for the potential user (Krek, 2002).

3 See presentations and reports from, for instance, the Group on Earth
Observation 10th Summit “Understanding Socio-economic Benefits and Impacts”
(2014), the INSPIRE Conference (2013) “Information for Innovation and Socio-
economic Development” (2013), and the GEO Task workshop “Socio-economic
Benefits From the Use of Earth Observation Workshop” (2011).

4 1t has been suggested that the knowledge generated by geological informa-
tion does not diminish but is rather augmented by use (Stephan, 2005). For
instance, once the mapping is carried out the information provided by the maps
has the possibility to benefit everyone in similarity to the case of clean air (Bhagwat
and Berg, 1991).

In this paper we argue that since the economic benefits of
geological information only emerge along with its use, these
benefits possess some important characteristics associated with
so-called experience goods (Krek and Frank, 2000; Nelson, 1970).
All goods and services have some characteristics of an experience
good, nonetheless such characteristics have been overlooked in
the prior literature on geological information. In this paper we
therefore highlight the effects of experience good characteristics
such as: (a) learning-by-using and (b) location and context
dependence (Andersson and Andersson, 2013).

A straightforward approach to elicit the economic value of
geological information is to ask directly for the user's maximum
willingness-to-pay (WTP) for the specific information. However,
the public and experience good characteristics render great
difficulties in presenting valid WTP estimates. Although the
economics literature on public goods valuation through the use
of survey techniques has developed a number of methods to avoid
generating biased value estimates (e.g., due to strategic concerns
of the respondent, hypothetical bias etc.),” the results from such
investigations may still suffer from biases and be difficult to
interpret. Furthermore, the experience good nature of geological
information may exacerbate the problems of eliciting WTP, both
for existing users of such information (due to the location- and
context-dependent benefits) and for potential new users (due to
the importance of learning-by-using). These methodological chal-
lenges suggest that more practical approaches may have to be
considered, and we therefore present a theoretical framework that
has been used frequently in previous research.

Theoretical framework

At a general level geological information creates value by
improving different types of decision-making processes. The
assessment of these values requires an understanding of how
more or improved information could lead to superior decision-
making while at the same time incorporating the individual
objectives of the decision-maker. The decision-makers may in
turn range from private companies such as mineral exploration
firms (Bernknopf et al., 2007) to regulatory authorities consider-
ing, for instance, different land uses (Bernknopf et al., 1997).

In both cases the benefit assessment may be analyzed by
comparing the economic impacts of decisions that would be made
using the new information relative to decisions based on the
already existing information. In monetary terms the value of
information can therefore be expressed by identifying the losses
averted from having access to the information and/or as a reduc-
tion in uncertainty. In the case of geological information the
potential value may come from: (a) direct savings in terms of
avoided costs from contaminations or erosion; (b) reduced poten-
tial for liability; (c) lower costs for groundwater protection;
(d) safer infrastructure; and (e) improved mineral exploration
efficiency (Bhagwat and Berg, 1992; Magesan and Turner, 2010;
Kleinhenz and associates, 2011).

From a theoretical view the benefits of geological information
can therefore be evaluated through a comparison between differ-
ent cost minimization problems. In the following we outline the
theoretical framework provided by Bhagwat and Ipe (2000), which
has been frequently used in empirical work. In their setting a risk-
neutral economic agent is preparing a project report for setting up
a landfill, and this report makes use of geological information to
improve decision-making.

5 These methods include cheap talk, discrete choice design, and certainty
scales. See, for instance, Morrison and Brown (2009) or Champ and Bishop (2006).
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The expected cost of preparing a project report of a given
quality is denoted EC, and can be assumed to be a function of the
efforts put into preparing the report, T, the geological information
available, «, and the credibility of the report, R. EC increases with
increases in both T and R (the latter due to, for instance, higher
safety requirements), but decreases with higher a. Thus, we have
EC(T, a,R) where (’:—TC>O, %<0, ?—RF>0 1)

In Bhagwat's and Ipe's framework the economic agents' objec-
tive is to choose the level of effort T so as to minimize EC while at
the same adhering to a certain minimum level of credibility, i.e.,
R>R. Thus, R represents this minimum level of R.

By employing this simple theoretical framework we can com-
pare the expected costs under two different situations, one with
baseline information and one in which new or improved geologi-
cal information is available. In the first of these situations there is
only limited prior information about the geological conditions,
here indicated by the subscript p. Here the agent will have to put
in some extra effort to collect information in order to meet the
credibility constraint. Still, in this setting the cost-minimizing
agent has no incentive to overcomply with this constraint, i.e.,
the credibility of the report will equal R. If the chosen level of
effort is denoted T;, the expected cost under cost-minimizing
effort will thus be equal to

EC(T},ap.R) @

In the alternative situation new or improved geological infor-
mation is available, and this increases the credibility of the project
report. We use the subscript m to denote this available information
case. Here the agent does not need to collect the geological
information required to complete the project, and he/she can
use all the information available and prepare a report that has a
higher credbility than R. The chosen level of effort in this case can
be denoted T}, and it follows that T}, < T;. We thus have

EC(T%. am.R) 3)

Egs. (2) and (3) suggest that the value of the information, i.e.,
the expected cost savings (ES), will be equal to

ES = EC(T},ap.R) — EC(T},am. R) )

Bhagwat and Ipe (2000) employ this framework to operatio-
nalize the minium and maximium value of geological information.
The minimum value attained equals the amount of money that the
cost-minimizing agent would have spent to collect the relevant
information (had this not been available) but while maintaining
the required credbility level. This is a minimum value since there is
no use for the agent to invest in R > R. Moreover, the agents could
also be asked to state the amount of money saved because of the
availability of the new or improved information. This would be a
maximum value since in this case all the information available
could be used to prepare a better project report.

Although the above approach has been frequently used in
previous empirical research, it poses a number of practical and
conceptual difficulties. Clearly, collecting the needed data is far
from straighforward (Bhagwat and Berg, 1992). In practice this has
been done employing user surveys, thus giving rise to the standard
problems associated with obtaining reliable and relevant answers
to the research questions posed. Some studies also employ
different types of revealed preference approaches, thus making
use of variations across time and/or over users in the availability of
information. Bernknopf et al. (1997, 2007) instead explicitly model
improved decision-making following the use of geological infor-
mation with higher-quality, e.g., investigating the value of
improved mineral exploration efficiency by comparing the impacts

of improved information to a baseline scenario with existing
information.

Results and lessons from previous empirical research

Our review of previous research studies on the economic value
of geological information (including other types of earth observa-
tions) is summarized in Table 1. It shows that overall there appear
to be significant economic benefits attached to the generation of
this type of public information. Most studies show favorable
benefit-cost ratios, and the resulting benefits affect a number of
different users. However, the methodologies used differ across
studies, as do important assumptions on sectors evaluated as well
as on discount rates. In the remainder of this section we synthesize
this research, primarily focusing on some important method-
logical challenges and choices. In order to provide a template for
the literature synthesis, we have organized this research into the
following categories: (a) existing studies addressing aggregate
data on expenses and turnover of geological information or other
geodata services (Input-based assessments using expense and cost
data); (b) research explicitly addressing - often through the use of
survey-based or revealed-preference approaches - the economic
value of geological information (The avoided costs and improved
decision-making of geological map use); and (c) related valuation
studies addressing the economic value of either other types of
earth observations or spatial data infrastructures (Assessments of
other earth observations and related SDI).

Input-based assessments using expense and cost data

Some previous studies on the economic importance of geolo-
gical information are government and consultancy reports addres-
sing not so much the societal value of such information, but rather
the turnover (i.e., market size) of related products and services (e.
g., geological maps), and/or the costs of providing these products.
Thus, while it is useful to provide a brief review of such work it
should be noted that these studies do generally not build on an
appropriate theoretical notion of economic value. Another impor-
tant feature of this category of studies is that they primarily focus
on aggregate — rather than marginal - values. In spite of this,
though, some of these studies offer a decent description of the size
of the markets related to geological information.

Examples of this type of work include Ovadia (2007) and Roger
Tym and Partners (2003), which both assess the economic value of
geological information by identifying rough indicators of the
products and services provided by geological surveys. Specifically,
the reports assess the total expenses of the relevant geological
surveys, and/or present estimates of the total value of all goods
and services produced by the surveys. Roger Tym and Partners
(2003) use the value-added method described by OXERA (1999).
Frank (2001) also employs the OXERA approach, and uses this to
conduct a cost-benefit analysis of the topographic survey in
Austria. An important exception, though, is that Frank assesses
the economic contribution of this information in terms of VAT
(value added tax) revenues.

Input-based approaches provide only limited and arguably
biased assessments of the real economic value of geological
information or other earth based observations. Such studies
assume that geological information is efficiently priced in the
market place, and they therefore ignore important public good
characteristics, which may include important spillover effects.
Hence, the aggregate market value of a product, such as geological
maps, will provide an underestimation of the total benefits by
ignoring the size of the total consumer surplus.
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Table 1
Previous research on the value of geological information and other earth observations.

Study Case and method Results Benefit-
cost
ratio

Input-based OXERA (1999) Investigates the use of topographic data in the In 1996 the Ordnance Survey contributed to 12-20% of gross n.a.
assessments production of other goods. Based on customer valued added in several sectors (e.g. utilities, local

interviews. government and transport).
Frank (2001)  Analyses the value of the topographic survey activities In 2000 the topographic data contributed EUR 1100 million 318:1
in Austria. to private sector activities. This represented 6-12% of the
Austrian gross valued added.

Roger Tym Uses a value-added method by identifying rough The total benefit considerably exceeds the turnover. In 2001 0.8—

and Partners  indicators of the products and services provided by the the BGS contributed GBP 34-61 billion, representing 5-8% of 1.5:1

(2003) British Geological Survey (BGS). the total UK output.

Ovadia (2007) Examines the contribution to national economies There exist clear benefits from geological information. Raises 100-

attributable to the geosciences. Based on literature the question if future investments in geological information 1000:1
review. would maintain a high net benefit.

Avoided cost Cressman and Evaluates the Kentucky Geological Survey, 1960-1978 The geological information creates benefits, and can result in ~ n.a.
approaches of Noger (1981)  (e.g. mineral commodities, engineering geology, saving taxpayers’ money on the application of government
geological environmental geology, land use etc.). services.
information Cocking Evaluation of an aid-funded geological mapping Users placed a value on the costs that would have been n.a

(1992) project in Kenya. Assesses the geological data incurred by their operations had the maps and reports not

collection costs avoided by different enterprises. been available. A net benefit of more than GBP 0.2 million
per year is reported in the study.

Bhagwat and  Assesses the geological mapping in the state of Illinois The results strongly support the economic feasibility of 12-

Berg (1991, based on Bone and Winnebago counties in the case of geologic mapping programs that are used to support the 2.7:1

1992) groundwater contamination risks. environmental planning process.

Bernknopf Estimates cost savings attributed to the use of a new The authors report annual net benefits of USD 1.28-3.50 2-4:1

et al. (1993, map for two regulatory cases: a landfill million (1993 price level).

1997) (contamination) and the Washington Bypass

(construction).

Ellison and Assesses the impacts of information gained through  The estimated net benefits of the re-mapping application was  n.a.

Calow (1996) geological mapping projects in the UK (including a GBP 0.54 million. For the anecdotal national remapping program

case study from a local re-mapping). a baseline net value was estimated at GBP 15.7 million.

Bhagwat and  Estimates the economic benefits of the entire Based on survey results of avoided costs the authors 17-28:1

Ipe (2000) geological mapping program of the state of Kentucky. estimated savings of USD 2.2-3.5 billion.

Reedman Estimates water supply development costs with and  Estimated savings in borehole-drilling costs of GBP 751000 3:1

et al. (2002)  without the information provided by hydrological (1996 price level) for the time period 1996-2006.

information in Nigeria.
Scott et al. Assessment of the value of a regional geological The authors use a revealed preference approach and report n.a.
(2002) mapping program for mineral exploration purposes in an annual net benefit of AUD 4.3 million for mineral

Australia. exploration.

Garica-Cortés ~ Assessment of the economic benefits of the so-called The authors estimate net benefits of EUR 1.25-3.34 million for 10-27:1

et al. (2005)  MAGNA sheets (the national geological maps of Spain). the geological mapping program based on the costs avoided.

Bernknopf Analysis of improved government geological map Both cases indicate that the improved mapping implied 1-13:1

et al. (2007)  information for mineral exploration efficiency in increases in expected targets and a reduction in search

Canada (two case studies). efforts (efficiency). In one of the cases the net benefits of an
updated map are estimated at CAD 0.4-13.4 million.

Other earth Price Benefit assessment of SDI in Australia based on For the time period 1989-1994 land and geographic 4:1
observations and Waterhouse surveys. information data generated benefits of AUD 4.5 billion to the
related spatial data  Coopers Australian economy.
infrastructure (SDI)  (1995)

PIRA (2000)  Public sector information in Europe (geographical Value added from geographical information of EUR 36 billion n.a.

information). per year.

Dufourmont  Extended impact assessment of infrastructure for The benefits outweigh the investment requirements by a n.a

(2004) spatial information in Europe (INSPIRE). considerable amount, with an annual net benefit of EUR 36

million.

Halsing et al. ~ Simulating the costs and benefits of the U.S. Geological Net benefits estimated at USD 1-3 billion. The break-even  n.a.

(2004) Survey's national mapping program. point is after 14 years, due to high upfront cost while

benefits accumulate over the years.

Booz Allen Assessing the return on investment of geospatial Risk-adjusted ROI of 119 % indicating that for every USD na

Hamilton interoperability at NASA. invested, USD 1,19 is saved on operations and maintenance

(2005) costs.

ACIL-Tasman  Impact assessment of SDI technologies on the In 2006-2007, the spatial information contributed to a n.a

(2008) Australian economy. cumulative gain of AUD 6.43-12.57 billion (equivalent to

0.6-1.2% of the Australian GDP).
ACIL-Tasman  Assesses productivity gains from the use of spatial In 2008, the use and re-use of spatial information added 5:1
(2009) information in New Zealand. NZD 1.2 billion in product-related benefits. An additional

NZD 481 million could have been realized if existing barriers

to use had been removed.

Bouma et al.  Assesses the value of geoinformation for water quality The authors report that the satellite geoinformation 1.48:1

(2009) management in the North Sea (e.g. observing algal provided annual net benefits of EUR 0.24 million in the case

blooming). of water management.

Castelein et al. Assesses the economic value of the Dutch geo- The estimated value of the Dutch geo-information sector n.a

(2010) information (mainly using turnover data).

was estimated at EUR 1.4 billion, which corresponds to about
0.25 % of the Dutch GDP.

n.a.
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Table 1 (continued )

Study Case and method Results Benefit-
cost
ratio

Other earth observations Craglia and The economic impacts of the European INSPIRE The tangible economic benefits are significantly greater n.a.

and related spatial Campagna geoportal, with a focus on regional cases (e.g.,
data infrastructure (2010, 2012)  Lombardy).
(sDI)
Booz Allen
Hamilton
(2013) aviation safety.
Miller et al. Assesses the value of the US Landsat, moderate-
(2013) resolution satellite imagery in the USA, using WTP

estimates.

than the investment costs, with an average economic cost
savings at EUR 3 million per annnum in the Lombardy case
study.

Impact analyses on the socioeconomic benefits of earth The data saved USD 24-72 million in avoided revenue losses n.a.
observation; case study of volcanic ash advisories and due to unnecessary delays and avoided aircraft damage

costs.

The authors estimate a total annual benefit of USD 2.0-2.2
billion from the Landsat imagery, however not including
benefits from the reuse of the imagery.

Note: EUR=Euro, USD=United States Dollars, AUD= Australian Dollars, NZD= New Zealand Dollars, CAD=Canadian Dollars, and GBP=Pound sterling.

Overall these studies fail in addressing the full economic value
of geological information due to the significant difficulties asso-
ciated with defining and valuing the benefits of activities that
generate public information. Achieving this purpose directly
through the value of marketable goods and services represents a
biased approach.

These difficulties are also connected to the fact that geological
information are usually not the final products or services but
rather inputs into other planning processes (Scott et al.,, 2002).
Hence, it may not be appropriate to assign values to the geological
information alone, separating it from the value of the service
delivering the data.®

The avoided costs and improved decision-making of geological
map use

Most empirical work assessing the economic benefits of geo-
logical information focuses on the avoided costs and improved
decision-making (e.g., in terms of higher productivity or reduced
uncertainty) of having access to information compared to the cases
where such information is not available.

One of the first studies with this scope was Cressman and
Noger (1981), and later followed by Bhagwat and Berg (1992).
However, the first rigorous economic treatment of the value of
geological maps based on expected benefits and costs was out-
lined by Bernknopf et al. (1993, 1997). They focus on the regula-
tory decision-making process in the USA, and evaluate the role of
improved geological information for permitting a particular land
use in terms of threshold geological conditions. The value of the
improved information is the net value of the economic and
environmental losses avoided. The authors applied this approach
to a contamination case (i.e., the location of a waste disposal
facility), as well as the case of slope failure in the routing of a
highway. For each of these cases the authors investigated the value
of a marginal increase in the quality of geologic mapping.

Another important U.S. study is Bhagwat and Ipe (2000). The
authors identify different activities that require geological maps,
assess the importance of using such maps in projects undertaken,
and estimate the economic value of these to the users. The
economic benefits of improved geological information are
assessed by calculating the avoided costs associated with not

¢ Longhorn (2010) as well as Borzacchiello and Craglia (2011) discussed the
value of geoinformation, and whether it is suitable to assess the value of one
dataset or instead the value of the information product of which the dataset is part
of. It is clear that this distinction is valid also in the case of geological information.
This is further discussed in Discussion and directions for future research.

having to collect the needed information (in the absence of
publicly available information). Specifically, a minimum value
and a maximum value of this cost are assessed; the former asks
for the amount the users would have been willing to spend to
collect the information contained in the map while the latter asks
for the amount of money saved because of the availability of the
maps. By basing their results on nine possible elicited values the
authors hope to reduce the bias that could otherwise arise from
strategic behavior in revealing the respondents’ subjective
estimates.

The Bhagwat and Ipe (2000) approach has been used exten-
sively in more recent work applied on geological mapping in other
countries and regions.” Following the same approach Kleinhenz
and associates (2011) estimate the economic benefits of the Ohio
Geological Survey's products and services. The analysis is based on
a user survey, roundtable discussions as well as one-on-one
interviews with different industry experts. The results show that
in the absence of the geological maps provided by the state of Ohio
an average of 17 percent of the project costs would have had to be
spent on own information gathering and research in order to gain
the corresponding information through own efforts.

While the above studies address a wide variety of geological
map users, another set of studies focus on the value of geological
information in specific empirical contexts (e.g., Ellison and Calow,
1996; Reedman et al, 2002; Bernknopf et al., 2007). In Ellison and
Calow (1996) land subsidence costs are estimated with and with-
out the incorporation of new geohazard information. Reedman
et al. (2002) estimate the water supply development costs with
and without hydrogeological information. Scott et al. (2002) and
Bernknopf et al. (2007) focus on the role of updated geological
information in improving decision-making in the mineral extrac-
tion sector. In an attempt to estimate the societal value of
upgraded geological information, Scott et al. (2002) rely on
revealed preference monetary information on additional royalty
revenues and investment. While this type of information may be
indicative of the important economic role of geological informa-
tion it may not explicitly address its value to society. In the added
investment case it builds on the assumption that each additional
dollar of exploration investment is economically efficient from
society's point of view.

7 The work by Garica-Cortés et al. (2005) is an apt example of this; these
authors focus on the case of the so called MAGNA sheets in Spain (i.e., national
geological maps). In similar measure Cocking (1992) conducted an ex-post survey of
geological map users. In this work the benefits of such information is not based on
the value of the avoided losses, but instead on the private costs of collecting the
data had it not been publicly available.
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Bernknopf et al. (2007) also address the issue of improved
mineral exploration efficiency. However, they specify a model that
converts the geological maps into likelihoods of a geological
setting containing an exploration target. This approach permits
minimizing the search areas in exploration, and maximizing the
expected number of exploration targets. The value of upgraded
geological information can then be derived by comparing optimal
exploration campaigns to existing ones (or those defined in a
baseline scenario). This analysis shows that the improved informa-
tion provided more exploration options, reduced exploration risks,
as well as improved efficiency and productivity.

Both Bernknopf et al. (1993, 1997) and Bhagwat and Ipe (2000)
disregard the issue of discounting by assuming a zero real discount
rate. Bhagwat and Ipe (2000) justify this by stating that it is within
the recommended range for public investments and that knowl-
edge does not diminish with time. Bhagwat and Berg (1992) and
Reedman et al. (2002) on the other hand assume a 10 percent real
discount rate following recommendations for public project
evaluations.

Assessments of other earth observations and related SDI

The research on the economic value of geological information is
similar to work on other types of earth observations (e.g., meteor-
ological and topological information). Much of this latter work
focuses specifically on the value of public investments in spatial
data infrastructure (SDI) supplying such information. Since the
methodological challenges in terms of benefit assessment are very
similar to the work addressing geological information, it is useful
to provide a brief review also of this work.

The research on this topic also employs a multitude of meth-
ods, and the literature includes work using aggregate economic
indicators (e.g., Castelein et al. (2010) on the Dutch geoinformation
sector using data on turnover and employment), stated-preference
techniques (e.g., Bouma et al. (2009) on the benefits of satellite
information for managing water quality in the North Sea), as well
as the avoided costs and improved decision-making of having
access to improved or more extended information (Price
Waterhouse Coopers, 1995; Gillespie 2000; Halsing et al., 2004;
Booz Allen Hamilton, 2005).

An early study by Gillespie (2000) employs a revealed pre-
ference approach to investigate the value of using GIS in different
applications in the USA. Similar to Scott et al. (2002) the authors
use econometric methods. Efficiency benefits result when a GIS is
used to do a task previously done without access to a GIS, i.e., the
same quality of output is produced but quicker and at a lower
overall cost. The economic benefits of using GIS are thus derived
from the extra cost of having to rely on non-GIS methods.

A similar approach based on avoided costs is adopted in
Halsing et al. (2004), who conduct an ex ante estimation of the
costs and benefits of the US national mapping program. The
estimation of expected benefits is based on likely improvements
in processing information, and the study takes into account the
fact that the adoption of technology involves a time lag and that
not all applications are needed in every place or in every year.
Booz Allen Hamilton (2005) introduces a value measuring method
to estimate the return on investment of geospatial interoperate
initiatives at NASA.®

Miller et al. (2011) estimate the economic benefits of the US
Landsat and other types of moderate-resolution (MR) satellite

8 Craglia and Novak (2006) identify Booz Allen Hamilton (2005) and Halsing
et al. (2004) as examples of good methodological practice in the field. For instance,
the valuation method outlined by Booz Allen Hamilton (2005) provides, it is
argued, a useful structured framework to capture a wide range of benefits to several
stakeholders.

imagery in the USA. This study focuses on MR users, and the value
of the information provided by US Landsat is assumed to be equal
to what the individual users would pay for that information
otherwise. This is equivalent to the low avoided cost approach
outlined by Bhagwat and Ipe (2000). The net benefits, Miller et al.
(2011) assert, depend on the uncertainty associated with the
project in which the information will be used, the importance of
the outcome of the project, the cost of using the information and
the cost of an appropriate substitute. Miller et al. (2013) continued
investigating the users, usage and benefits of the Landsat imagery,
now with a slightly modified version of the survey previously
used. For instance, the latter survey provided double bounded
contingent valuation results whereas the first survey only gave
singe-bounded results.

Discussion and directions for future research

Geological information can play a key role in addressing the
challenges of sustainable development, such as land degradation
and groundwater protection, and it can in this way contribute to
improved decision-making processes. For this reason, it is impor-
tant to assess whether improved information should be provided.
We have noted that some studies, although labeled as benefit
assessments, merely present indicators of the importance of those
sectors using geological information and/or reproduce sales fig-
ures. These studies do thus not provide explicit information about
the economic values attached to the information.

The more theoretically consistent studies are either based on
user surveys investigating the self-reported avoided costs of
having access to improved information or on revealed preference
approaches addressing how the decision-making process has
improved (e.g., become more efficient in terms of higher produc-
tivity in mineral exploration efforts). The empirical results from
previous research indicate that overall significant economic ben-
efits can be attached to the use of publicly available geological
information. Nevertheless, our understanding of how to assess the
benefits of investing in geological information is still limited. The
academic research is scarce and there exist a need for comparisons
of methods. In the remainder of this section we identify a number
of important issues for future research and initiate a discussion of
how these issues can - and should be - addressed.

One methodological challenge connected to the value assess-
ment of geological information is that the information generates
different benefits (and costs) depending on the context in which it
is used. The literature ranges from studying specific decision-
making processes (e.g., Bernknopf et al., 1997) to addressing the
aggregated benefits of entire regions (e.g., Garica-Cortés et al.,
2005), without problematizing how these different contexts affect
the reliability and validity of these assessments. We therefore
suggest that the issue of context-sensitive results is devoted
increased attention in future research, and that clearer criteria
could enable transparent benefit transfers.

The benefit transfer method is the adaptation of existing
information to new contexts, e.g., estimating economic values of
ecosystem services by transferring available information from
studies already completed in another location. While the eco-
nomic values of geological information typically are highly con-
text-specific, it will remain too complicated to conduct explicit
benefit assessments for each and every situation. In such situa-
tions we could instead draw on previous experiences in a sys-
tematic and transparent manner. The environmental economics
literature has devoted a lot of attention to benefit-transfer and
important lessons can be drawn from this work also in the case of
valuing information. For instance, the literature expresses site
correspondence as a necessary condition for benefit transfer
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(Smith et al., 2002; Loomis and Rosenberger, 2006; Johnston and
Rosenberger, 2010). The underlying assumption is that similar
quality sites will likely result in similar values per unit. Detailed
information about the study sites is therefore necessary if transfer
application should be made possible.

The access to primary studies data on geological information is
today very limited, hence we suggest that a database with similar
structure as, for instance, the so-called Environmental Value
Reference Inventory (EVRI) should be considered. EVRI includes
information about value assessments from a wide range of
environmental goods. For each study there is information con-
cerning references, area studied, method(s), variables included
and a summary of the study. Increased access to prior collected
data could also enable meta-analysis, which summarizes the
results of existing studies by estimating statistical relationships
between the values reported. This would capture the heterogene-
ity within and across studies and help identify the criteria needed
form future benefit transfer studies.

Our review shows that survey-based methods (based on avoided
costs assessments) are the most commonly used, but they are also
complemented by other types of value-elicitation methods (e.g.,
simulation models, revealed preference approaches etc.). Some
scholars argue that as of yet there has not been a convergence in
terms of the reference methodology (e.g., Craglia and Novak, 2006),
but this should not be interpreted as a case for not encouraging
different types of methodological approaches. So far there is very
little research involving systematic comparison of different methods,
i.e., research where different methods are applied to the same case.
For instance, by comparing the experiences expressed by companies
in survey studies compared to the actual outcomes (revealed
preference approaches) the assessments methods can be further
scrutinized. We encourage such work as it could further clarify
important strengths and weaknesses of the existing methods, and
help improve these or even develop new ones. Brander and Koetse
(2011) conducted two meta-analyses of contingent valuation and
hedonic pricing results in the case of urban open space and found
that the methodological differences in study design had a large
influence on estimated values and that there existed important
regional differences. Similar studies do not yet exist in the context
of geological information.

Within the environmental economics field there is also growing
literature on how one can combine methods to improve valuation
models. For example Adamowicz et al. (1994) and Adamowicz et al.
(1997) combined revealed and stated preference methods for valuing
environmental public goods. Both articles found that once the
heterogeneity of variance is accounted for, the joint models are
superior. Whitehead et al. (2008) noted that the combination of such
data can exploit the advantages of each data source while mitigating
the problems associated with their respective weaknesses. Revealed
preference estimations are, for instance, limited by the range of
conditions to which the respondents can be exposed to as well as the
multicollinearity issue. Stated preference data can mitigate these
problems. Another advantage of a joint estimation is the increased
efficiency of the estimation in terms of econometric efficiency, but
also lower research costs since a smaller sample size is needed for
the combined model.

Another methodological issue that is important to address in
future research is to what extent it is meaningful to assign values to
geological information as such, thus separating it from the services
delivering the information. Arguably, the value is derived from the
use of the information (i.e., service or decision-process) rather than
from a specific data set. We argue that the quasi-public good qualities
(e.g. non-rival but with licensing restrictions) of geological informa-
tion should therefore be further examined by discussing the inter-
operability of this information with other statistical information
sources. Our review indicates that more attention has been devoted

to this question in the empirical context of other types of earth
observations, and less so with respect to geological information.

Many studies acknowledge that while the investments in
geological information are made upfront the benefits are typically
generated over a certain time period, and therefore need to be
discounted into a present value. The choice of an appropriate
discount rate is an important issue in all cost-benefit analyses of
public projects, and the case of geological information is no
exception. Nevertheless, we do find significant differences in the
assumptions made on the discount rate. These assumptions are
within the 0-10 percent range. However, both of these end points
are hard to motivate. A ten percent discount rate may be appro-
priate for private companies with relatively high rate-of-return
requirements (e.g., due to higher risk-taking), but appears less
motivated in the case of public investments in geological informa-
tion. A zero discount rate also appears misleading for many
reasons. First, it suggests that the social rate-of-return on alter-
native public investments - such as health care or education - is
very low (zero), which is unlikely to be the case. In addition, from
a consumption perspective the logical implication of zero dis-
counting is the impoverishment of the current generation in favor
of all future generations (e.g., Olsen and Bailey, 1981), which also
could be questioned. The above shows that increased attention
should be devoted to the appropriate choice of discount rate, and
that neither zero percent nor ten percent discount rates are likely
to be appropriate from a societal point of view.

Progressing from the specific methodological issues of benefit
assessments, it should also be noted that these benefit assessments
are conducted both ex ante and ex post. In the former case the
assessment is made prior to investing while the latter case involves
the evaluation of past investments. So far in this section we have
focused on ex post assessments. Clearly, the ex ante assessments can
be biased due to unforeseen events whose effects can only be
comprehended ex post. In this paper we argue that geological
information should be considered an experience good. Given this it
could be difficult for, in particular, potential users to assess the
avoided costs of using geological information. The users will there-
fore also find it difficult to ex ante assess the need for — and the value
of — putting in more effort in collecting information. Since the users
are often not aware of the value before the information is available it
could lead to underestimations ex ante (see also Arrow, 1962;
Brennan, 2012). Recalling the results reported by Bhagwat and Ipe
(2000) that only 30 percent of the use of the geological maps in the
state of Kentucky represented decision-making processes that initi-
ally justified the investment in these maps.

This carries at least two important implications for future
research. First, while the estimated benefit-cost ratios could be
biased ex ante, this could be evaluated in ex post assessments. So
far such ex post verifications have been scarce, even though the
literature has expressed a growing awareness of the need to
conduct such retrospective assessments of the economic impacts
of earth observations. By verifying prior ex ante assessments, the
level of uncertainty experienced by public decision-makers may be
reduced. Second, there is also a need for additional empirical
research on the determinants of the adoption of geological
information among different types of users.

ACIL-Tasman (2009) concludes that there is a tremendous
potential for further societal benefits to be realized if existing
barriers to adopt SDI were to be removed. Arguably, the same
argument could be applied to geological information. If the
geological information could be made more accessible and reach
a wider audience, this could in turn lead to additional societal
benefits. The population of existing and potential users is to a
significant extent unknown, yet there have been few studies
addressing this issue. We therefore suggest that future research
could focus more on the heterogeneity among actors and on the
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factors that determine information adoption among users facing
different goals and incentives.

Moreover, one could consider the adoption of new information
as a process similar to those explained in the research literature on
innovation. The rate of adopting information could then be
perceived influenced by compatibility with prior conditions (e.g.,
previous practices and norms) and the complexity connected to
adopting new information (e.g. new software or standards).
Haggquist and Nilsson (2015) consider the adoption of geological
information in Swedish municipalities. The authors estimate linear
probability (LPM) and instrument variable generalized method of
moment (IV-GMM) models of adoption, and find that personal
beliefs and capabilities affect the rate of adoption. The results thus
indicate that the models used in the innovation literature can be
adapted to capture the adoption of geological information.

Conclusion

This paper has provided a review of empirical research on the
economic value of geological information. The results from pre-
vious research indicate that significant economic benefits are
attached to the use of geological information. Still, the methodo-
logical approaches differ and there is a need to understand more
about the strengths and weakness of each of these. Specific
attention should also be devoted to the use of discount rates,
benefit-transfer approaches, and the relationship between geolo-
gical information and the products that provide such information.

This paper argues that geological information have clear
experience good qualities, which have been disregarded in the
prior literature, but should have several implications for the
societal value. First economic values assessed, ex ante may be
underestimated and should be confirmed ex post. Second, the
geological information is typically highly location and context
dependent, and there may therefore exist significant market
segmentations. Moreover, the use of geological information
implies an initial knowledge threshold, i.e., a basic understanding
to appropriate the benefits of this good, and the opportunity cost
of learning-by-using will have a significant impact on demand.
Finally, additional research is also suggested on the behavior of
and the incentives faced by existing and potential users of
geological information, and on the process of adopting new
geological information.
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A geological map includes a description (e.g., geological composition and structures)
as well as an interpretation of materials (e.g., porosity or extraction capacity).
Geological maps are pertinent to city planning, infrastructure projects and
environmental impact assessments. While the maps are identified in the literature as
beneficial to society, few have discussed the adoption of geological maps. By
investigating factors influencing information adoption, one can identify barriers for
potential users. We consider the literature on diffusion of innovation and discuss the
effects of information being a so-called ‘experience good,” which implies high
opportunity costs and sunk costs. The framework is empirically tested on survey data
collected from officials in Swedish municipalities. The results suggest that perceived
usefulness and educational effort have the largest influence on the adoption decision.
Furthermore, the results indicate that organizational effects exist on the working unit
level, but there are no spatial interactions across municipal boundaries.

Keywords: Information adoption; geological information; GIS data; municipalities

1. Introduction

The use of information systems has potential to overcome barriers to information access
(Kellogg 1999), but implementation is often costly and, as a result, information systems
have a relatively low adoption rate (Legris, Ingham, and Collerette 2003). An example of
an information product that has not yet reached the anticipated level of usage is
geological information. Geological information, such as geological maps, link geological
materials and structures to a geographic position and can then be used in geographical
information systems (GIS) analysis or as an analog map. Information has the potential to
be useful in a wide range of public sector decisions such as city planning, infrastructure
projects, geohazard identification, environmental impact assessment and the development
of water supply facilities (Bhagwat and Ipe 2000). The production and accessibility of
geological information have changed dramatically over the last decades; yet, the level of
adoption is lower than expected, given the produced information.

Halsing, Theissen, and Bernknopf (2004) note that the adoption of geological
information is crucial for understanding the benefits arising from its applications.
However, understanding of the properties surrounding the adoption process is lacking.
Haggquist and Soderholm (2015) provide a review of empirical research indicating clear
significant economic benefits attached to the use of geological information and related
information infrastructures. The authors suggest that further societal benefits can be
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realized if existing barriers to adopting geological information are removed. If the
geological information is adopted by a wider audience, the increased use could have
profound impacts on the future development of information products.

In the literature on information systems, there has been a shift from efficiency towards
facilitating the end-users’ service encounters (McKenna, Tuunanen, and Gardner 2013).
A system built for an efficient organization may not cater to the actual needs of the
individual users. Hence, understanding the adoption of geological information by end-
users is an important goal of geodata implementation as it may lead to further
dissemination.

This paper aims to identify the factors that influence the adoption of geological
information and to discuss the manner in which such a process could be estimated.
Understanding the barriers to information adoption is a prerequisite for strategic
dissemination of geological information. Our model is empirically tested on information
adoption by officials in Swedish municipalities. Municipalities use a wide range of
geological information and have access to similar information, which makes them
reasonable survey items.

Masser and Campbell (1995) have found that the adoption of GIS by British local
authorities was perceived to improve information processing capabilities. However, the
main barriers to adoption include hardware reliability, lack of skills and appropriate
organizational arrangements, as well as concerns over the cost of collecting and storing.
The service level agreement reached between the Ordnance Survey and British local
governments in 1993 is likely to have provided a significant boost to further GIS
adoption.

Swedish municipalities have access to geological information through the Geodata
Cooperation, a service level agreement to facilitate access to spatial data. Governmental
agencies, municipalities and county councils pay an annual fee, and gain access to a
comprehensive range of geodata products. We, therefore, assume that municipalities have
started to adopt geological information on an organizational level, and anticipate an
increase in adoption similar to what was witnessed in Britain. Still, adopting information
is much more complex than merely acquiring the software and data. Masser and Onsrud
(1993) describe this as giving clients the bricks (i.e., software and data), but leaving them
to themselves to build the house (i.e., implementation). Nonetheless, after information
technology is acquired, the decision on its use is made by each employee individually
and spread from these users to the rest of the organization in a bottom-up pattern (Moore
1993; Nedovic-Budic and Godschalk 1996).

In an empirical analysis, Hagerstrand (1967) mapped the adoption of farm soil
mapping in a Swedish region for different time periods. The author identified local
concentrations of early adopters followed by a radial outward dissemination of adoptions.
This outward dissemination is consistent with learning theories, which assume that
bureaucrats do not know the optimal policy but can observe the effect of policies in other
jurisdictions and profit from their experiences (Neumayer and Plumper 2012). Therefore,
we will test for any effects on neighboring municipalities using spatial econometric
techniques.

This paper focuses on the individual end-user and factors influencing their decision to
adopt or reject the geological maps. The data were collected through a web survey,
during the spring of 2014, which was sent to officials working at the 290 Swedish
municipalities. Half of all respondents answered, giving us a higher response rate than
anticipated, considering that it targeted both current and potential users. The respondents
self-reported what geological products they use. Bedrock, quaternary and groundwater
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maps were the most widely used, but the survey also captured use of ore and mineral,
biogeochemical, geochemical, geophysical and marine geological maps. The data are
analyzed using a probit model and the estimates suggest that perceived usefulness and
effort are fundamental to the usage decision. We also test for the presence of spatial
autocorrelation among municipalities, but find no evidence of spatial interaction across
municipal boundaries.

2. Information adoption
2.1. Theoretical reflections

In line with traditional economic theory, the individual user is assumed to choose to adopt
geological information if the cost of obtaining the information is lower than or equal to
the expected benefits. Such benefits can be expressed in terms of less effort or increased
credibility. Another aspect in relation to the cost of obtaining the information is the risk
that the information is inaccurate. Before deciding to use the information, it is often too
costly to investigate potential payoffs associated with different actions (Matejka and
McKay 2015). As a result, the chosen action may not be the one that provides the optimal
information to the individual user, but rather fulfills a minimum level of credibility.

According to McFadden (1999), economic research focuses too much on the standard
economic model of decision-making and, thus, neglects to analyze the factors affecting
the information process. The standard model of the rational economic individual assumes
that consumers behave as if information is processed in order to form perception and
beliefs. The standard model fails to acknowledge that the adoption decision is influenced
by prior knowledge and beliefs, which are the cornerstones of the literature on behavioral
intention to adopt. Noteworthy theories are the innovation diffusion theory (Rogers 2003;
Kellogg 1999), the theory of reasoned action (Fishbein and Ajzen 1975; Ajzen and
Fishbein 2005), the theory of planned behavior (Ajzen 1991) and the technology
acceptance model (Davis 1989; Venkatesh, Thong, and Xu 2012). Although presenting
different models, these theories propose that individuals’ beliefs and attitudes should
impact the rate of information adoption.

The diffusion of innovation theory explains how a technology or idea spreads through
a specific population. According to this theory, the decision to adopt information can be
considered as a process where an individual passes from obtaining knowledge of
geological information, to forming an attitude toward the information, to a decision to
adopt or reject the information. According to Rogers (2003), studies of adoption often
include relative advantage, compatibility, complexity, trialability and observability.
Nedovic-Budic and Godschalk (1996) used the diffusion of innovation theory as a point
of departure when investigating the adoption of GIS in local governments in North
Carolina. The authors found that perceived advantage, previous computer experience,
and exposure to technology and networking were the most significant determinants of a
decision-makers’ willingness to use GIS. Since geological information is often used
within a GIS framework, it is likely to have similar adoption determinants.

2.2. Information products as ‘experience goods’

In economics, there are different categorizations of products and services based on
attributes, such as excludability, rivalry and if the product can be monetarily evaluated
before purchase. The categories are described as different types of goods. Information
products are often defined as experience goods, where the value of the good is
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experienced differently among consumers (Shapiro and Varian 1999). The true quality/
value of the information is only experienced upon consumption (Nelson 1970). Since the
potential users will have imperfect knowledge about its features prior to the adoption, it
is difficult to convince them of the value of the geological product (Haggquist and
Soderholm 2015). The opportunity costs and sunk costs associated with this learning
process should have a significant impact on the adoption rate as it creates lock-in effects.’

According to the literature, individuals can be considered to have a limited capacity to
process information (Kornov and Thissen 2000; Simes 2003). This restricts the search for
more information and leads to cognitive shortcuts (Tversky and Kahneman 1986;
Rubenstien 1998). These shortcuts can be understood as routines due to past experience,
knowledge, beliefs and capabilities of the organization and the individual user (Van Ees,
Gabrielsson, and Huse 2009). Hence, education can be indicative of a potential adopter’s
ability to learn (Agarwal and Prasad 1999). Gender is another aspect that can shape an
individual’s beliefs and values (Gefen and Straub 1997). Some attribute the gender
difference in adoption patterns to women being more influenced by subjective norms
(e.g., Venkatesh and Morris 2000). Subjective norms refer to the perceived social
pressure to perform a certain behavior (Ajzen 1991). Venkatesh and Morris (2000) find
that women have a lower probability of adopting technology. Gefen and Straub (1997)
argue that the social conformity in the latter phases of the user dispersion might cause
women to use the information in a similar pattern as men.

The initial high sunk cost of adopting geological information suggests that the
potential users need to form a belief about the features without complete knowledge. This
implies that they already assumed the information to be useful prior to adopting it. The
technology acceptance model often includes perceived usefulness, which indicates how
the information can enhance job performance (Venkatesh, Morris, and Davis 2003). This
is similar to the concept of relative advantage in the innovation theory (Rogers 2003),
where a set of information is perceived as better than the information it supersedes.

3. Conceptual framework adoption of geological information

As mentioned earlier, we consider prior literature concerned with the diffusion of
innovation and acknowledge that geological information is an ‘experience good.” The
variables included in our framework, their potential effects and supporting literature are
summarized in Table 1. The following section will discuss the expected impacts further.

The information adoption is measured through self-reporting, an approach which is
common in technology acceptance models (e.g., Davis 1989, Legris, Ingham, and
Collerette 2003), although it should be considered as a relative indicator of use. By
investigating the difference between users and non-users, based on a comprehensive
survey, we offer insight into what factors contribute to the usage decision.

The suggested adoption model includes work experience, defined as years working at
the municipality with similar tasks. It should be noted that work experience does not
necessarily indicate that the potential user has been exposed to the information system.
Work experience can also capture the cost of learning how to use the system. The
respondent’s general level of education is also included in the model. It is assumed that
both work experience and general education lower the cost of obtaining the information.
We expect to uncover a positive effect from these. Prior experience could also have the
potential to create a lock-in effect to old systems due to routines. Given the prior
knowledge, the potential adopter may prefer to use old systems/information simply
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because he or she is used to it. Therefore, work experience can have a negative effect on
the adoption of new information.

Due to the initial sunk cost of learning how to use geological information, we include
a measure of perceived usefulness, which should indicate if the information is seen as
superior to its predecessor. The perceived usefulness is self-reported in the survey and
those who consider the information useful must specify how it is helping them. The
perceived usefulness is in the literature related to technology acceptance, often measured
as a ‘degree of usefulness,’ yet, due to the nature of information it is more likely discrete
(i.e., useful or not). Based on previous literature highlighting the differences in adoption
between men and women, the model also includes a binary variable indicating the user’s
gender.

Some potential users may have considered the opportunity costs of learning the new
information and decided to put in effort to lower such costs. This ‘effort” will be based on
whether the potential user has initiated further education, which is seen as an indication
of a motivation to adopt the new (geological) information.

Based on the outward dissemination uncovered in prior studies, we test for spatial
dependence as a case of cross-sectional dependence, i.e., if municipalities are influenced by
practices in neighboring municipalities. The idea of spatial spillovers suggests that the
probability of an information transfer from one individual to another declines as the
distance between the two increases. We, therefore, estimate a model with potential effects
found within working units at municipalities, as the first organizational level for adoption.
In Masser and Campbell (1995), the chief executive’s department was well represented
among the adopters; however, we hypothesize that the municipal board should have a
lower probability of adopting geological maps, i.e., negative unit effect. We base this on
the nature of their work assignments and the presumed bottom-up nature of the information
adoption process. The municipal boards are more likely to be indirect users. Indirect users
are those who do not analyze the information, but rather receive analyses that are based on
the information. Since the indirect users are not exposed to the information system, they
have an even higher cost for learning-by-using. This is also supported by the findings in
Hultkrantz (2014), where the municipal board had less knowledge of geological
information than other units at the municipality. We expect that working units such as
environmental management and urban planning are more likely to adopt geological
information since their work assignments often require the use of earth-based data.

4. Data and method
4.1. Data collection

In the spring of 2014, a survey of officials in Swedish municipalities was conducted in
order to examine factors affecting the adoption of geological information. The web
survey was constructed to take between 10 and 15 minutes to complete and the questions
were carefully chosen to address some important aspects of the respondents’ use of
geological information, as well as demographic variables. The questionnaire was pre-
tested on a small focus group with individuals from a selected group of municipalities.
Prior to opening the web survey the respondents were made aware of the difference
between a topographic map and two types of geological maps. The example included a
groundwater map and a quaternary deposit map depicting a central part of Stockholm,
Sweden. The examples were included to make non-users more aware of the difference
between geological and topographic information.
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Table 2. Variable measurements.

Variables Questions answered by respondent Defined as
Information Geological maps and thematic products (e.g., 1if Yes, user
decision reports of natural gravel or erosion) 0 if No, potential user

represent geological info. Have you ever
used such information in your work?

Work experience What year did you start working with your

Number of years (0—46)

(Categorical) current job activities?
Education What is the highest level of education you 1 = Primary school
(Categorical) have attained? 2 = High school
3 = Bachelor degree or higher
Effort Have you initiated any further education in the 1 if taken initiative for further
(Discrete) field of geological information? education,
0 otherwise
Perceived Do you feel that there are any benefits from 1 if perceived information is
usefulness using geological information in your work? useful,
(Discrete) 0 otherwise
Gender Sex (woman, man, or do not want to disclose). 1 if woman,
(Discrete) 0 otherwise
Working units ~ What unit do you work at? Describe the job 1 if individual worked at [] unit
(Fixed effects) activities that occupy most of your working  or due to the described job
hours. activities,
0 otherwise
Neighboring ‘Which municipality or local federation do you A continuity criterion (queen)
municipalities ~ work for? was used to define
(Spatial effect) neighboring municipalities

The stratified sample is based on officials in the 290 Swedish municipalities and
includes individuals working with environmental management, urban planning, mapping,
construction, communication/tourism, trade, exploitation and the municipal board
(including administration). These units were identified during initial interviews held with
the focus group and, therefore, considered to include potential users. Respondents were
drawn from a list of current workers defined by the municipalities’ human resource units.
To preserve the confidentiality of respondents, no identifiers were placed on the
submissions of questionnaires. Instead, a reminder was sent out after two weeks to all
respondents stating that those who had already responded could either just ignore the
reminders or send us an email in order to not receive reminders. Table 2 includes the
questions from the survey that were used to create variables and how they are defined.

A total of 740 questionnaires were received. However, 63 responses were excluded
due to incomplete information. Among the remaining 677 respondents, 459 were
categorized as users and 218 potential users of geological information. The
respondents came from 258 (out of 290) Swedish municipalities, a sufficient sample
size to test for potential spatial dependence in adoption patterns. Table 3 contains the
descriptive statistics of the variables for the full population, adopters and non-adopters
of geological information. The mean for adopters is higher than the non-adopters in
experience, effort, perceived usefulness, education, environmental management and
urban planning. The mean is lower for the communication and tourism unit as well as
for the municipal board. This implies that there are less individuals working in these
units among the adopters.
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Table 3. Descriptive statistics.

Mean (std dev)

Population Adopter Non-adopter
Number of respondents 677 459 218
Individual
Information decision (adopt/reject) 0.678 (0.468) 1 0
Work experience 7.826(8.415) 8.113(8.651) 7.220 (7.878)
Effort 0.083 (0.276)  0.120(0.325)  0.005 (0.067)
Perceived usefulness 0.798 (0.402)  0.967 (0.178)  0.440 (0.497)
Education 2.684 (0.658) 2.749 (0.620) 2.546 (0.712)
Gender (women) 0.576 (0.494)  0.523 (0.500) 0.689 (0.464)
Organization (working units) Observations
Environmental management 0.186 (0.389)  0.236 (0.425) 0.083 (0.276) 126
Urban planning 0.229 (0.420)  0.288 (0.453)  0.105 (0.308) 155
Communication and tourism 0.083 (0.276)  0.017 (0.131)  0.220 (0.415) 56
Municipal board 0.077 (0.266)  0.054 (0.227)  0.124 (0.330) 52
Others (base unit) 0.425(0.495)  0.405(0.491) 0.468 (0.500) 288

Although many users of geological information perceived that there are benefits of
using the information, they had a hard time defining these benefits. Instead, the
respondents described work assignments and stated that they felt more confident
conducting such assignments with the information. This is reasonable as the demand for
geological information is, in essence, dependent on the assignments the end-user is trying
to solve.

Some non-responding individuals sent us emails indicating two main reasons for not
responding to the survey. The first was that they felt uneasy answering questions
concerning information they did not currently use. The second was that they felt that the
characteristic questions took too much time to respond to. Given these responses, some
sensitivity analyses of the impact of possible self-selection bias are relevant. The non-
response is a potential bias in survey studies and, therefore, we evaluate the sample by
comparing early and late responses in Section 5.2 (Kuan and Chau 2001; Lindner,
Murphy, and Briers 2001).

4.2. Statistical methods

The most common approach to estimate the adoption is through the use of dichotomous
choice data models (adopt or reject). The decision-maker’s choice to adopt occurs if the
credibility of adoption fulfills a minimum level, which would otherwise not be achieved.
The credibility is not observed but defined by the latent variable R}, which is related to the
set of variables depicting individual capabilities, beliefs and organizational effects(X;):

R;‘:&ﬂ—}—&'h i:l,Z,...,N (1)

where g is a vector of adoption parameters and ¢; is the error term. The adoption occurs if the
expected net benefits of adoption are greater than those of non-adoption (i.e., if R} > R}).
The potential adopter needs to see a clear benefit of the new information in their decision-
making process in order to adopt it (Lee et al. 2011); hence, we assume that R’ > R}, better
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fits the adoption process than R >Rj. After knowing the decision-maker’s choice, the
observed pattern of adoption can be represented by the dummy variable (y;) where these
observed values are related to y* in the sense that

yi=1, if Ry >R}
y; =0 otherwise 2)

When deciding which statistical technique to use, it is important to recall the purpose of the
analysis. The aim of this paper is to identify factors that influence the choice of adopting
geological information, and for this purpose, probit models are often used. The log-
likelihood function is given by Equation (3), where ® is the cumulative distribution
function and w; denotes the optimal weights.

InL=">"win®(X;8) + > win{l — O(X;p)} 3)

JjeS JES

We also consider that perceived usefulness may suffer from endogeneity problems,
since it is difficult to perceive benefits of information without using it. The Wald test of
exogeneity is estimated and suggests that perceived usefulness is exogenous.?

In order to check if the municipalities are influenced by their neighbors, we compute
global Moran’s I in GeoDa, a software for exploratory spatial data analysis. As we are
interested in whether there exists a structural spatial dependence in the choice of adopting
geological information between municipalities, we test whether there is spatial dependence
in the residuals, e, of the estimated models. If present, a spatial econometric framework is
needed in order to account for such dependencies. The Moran’s [ statistic is given as:

N N
D > Wijziz

1j=1

i

4)

where z; is the deviation of an attribute (in this case, e) for feature i from its mean (ei —
ebar), w;; is the spatial weight between 7 and j, N is equal to the total number of features
(Aldstadt 2010). The null hypothesis states that the attribute being analyzed is randomly
distributed among the geographical units (municipalities) in our models, in which case a
spatial econometric framework is not needed.

5. Data analysis and results
5.1. Results and discussion

The probit model technique is applied to test our adoption model. We estimate several
model specifications to check for consistency. In one specification, we assume that there
are some municipal level effects present by grouping all individuals from the same
municipalities into clusters, with errors uncorrelated across clusters but correlated within.
In addition, we also test for potential interactions between work experience, effort and
gender without any indication of significant effects. Some previous studies have found a
higher probability for a local authority in wealthier regions of a country to adopt GIS. To
check for such effects, we included the taxation level in the municipalities, as well as
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Table 4. Estimated coefficients of adopting geological information probit model.

Probit estimation Marginal effects
Constant —1.284"
Individual
Work experience 0.004 0.001
Education 0.153 0.051
Gender (women) —0.533" —0.173"*
Effort 1.326" 0.280"""
Perceived usefulness 1.926™ 0.664™*
Organization (working units)
Environmental management 0.528" 0.158"
Urban planning 0.535"" 0.162"
Communication and tourism —1.118" —0.421"*
Municipal board —0.454™ —0.166"
Number of respondents 677
Tjur r2 0.473
Global Moran’s I* —0.020
Z-score (p-value) —0.391 (0.351)

Note: Statistically significant at the *** 1%, ** 5% or * 10% significance level.
“Calculated with queen weight matrix in GeoDa.

population growth between the years 2008 and 2014, as a proxy for financial constraints.
We also estimated a version of the model including cooperation within and between
municipalities. Neither of these, however, indicate any statistically significant effects on
adoption behavior.

The global Moran’s [ test conducted on the residuals from the models also shows no
statistically significant pattern in the residuals. This indicates that individuals were
unaffected by the adoption of geological information in neighboring municipalities. One
could see this as an indication that there is limited exchange of information between
municipalities concerning the use and the value of geological information. Given the
Moran’s [ test, the non-spatial regression estimates displayed in Table 4 are considered
sufficient. The probit estimates indicate that gender, effort, perceived usefulness and
working units affect the probability of adopting geological information.

Often, economists do not further interpret the coefficients from a probit regression.
Instead, they focus on the marginal effect of the coefficients (see Figure 1). The marginal
effects indicate how much the conditional probability of a respondent to adopt the
information changes when one of the coefficients changes value, ceteris paribus.

The marginal effect indicates that the potential users who perceive the information as
useful are 66% more likely to adopt the geological information. Individuals that perceive
benefits from using the information have a higher probability to adopt geological
information, which is expected due to information being an ‘experience good.” This
could be connected to some prior exposure to GIS, which has provided the user with
enough feedback to appreciate the usefulness of geological information.

The marginal effect shows that the second largest influence on the probability to start
using the information is the effort, i.e., if the individual has pursued further education on
geological information. This raises the question of whether workshops, seminars and
similar measures could be used to increase exposure. This, in turn, could strengthen the
perceived usefulness and, thereby, further affect the usage.
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Figure 1. Marginal effects, illustration of each factor’s influence on the probability of adopting
geological information. (See online colour version for full interpretation.)

Our results suggest that there is no influence from neighboring municipalities. This
implies that the outward dissemination stops at the municipal level and only affects other
working units within the same municipality. As expected, environmental management
and urban planning are more likely to adopt the information, which is consistent with
findings from Masser and Campbell (1995). The municipal board has a lower than
average adoption rate, supporting the pattern described in Hultkrantz (2014). Since the
indirect users are not exposed to the information system, they have an even higher cost
for learning-by-using. The marginal effect suggests that communication and tourism unit
is currently the least likely user group within the municipalities.

The negative marginal effects highlight how the conditional probability is lower for
some coefficients. For instance, the marginal effect indicates that women have a 17%
lower probability to adopt the information compared to their male colleagues. These
results are in line with Venkatesh and Morris (2000). The gender effect should affect how
marketing, management and policies regarding geological information are designed.
Since the results suggest that women are, at this stage, more cautious regarding adoption,
it is even more pressing to find user-friendly settings which allow users to interact with
the information (trialability). As suggested by Gefen and Straub (1997), it is likely
that the gender differences will decrease over time, as more have started using the
information and there is a social conformity concerning the benefits of the information.

5.2. Evaluation of non-response bias

The non-response of a survey is often used as an indicator of data quality. A low degree of
non-responses is seen as a guarantee that the survey is of good quality. This is only partly
true. In this case, a high number of non-responses were expected as the targeted
population included both individuals currently using the information and individuals who
have not yet adopted geological information.

As a measure of potential biases, we compare early and late responses, where early is
defined as questionnaires completed prior to a response reminder. Around 65% of the
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Table 5. Comparison of early and late respondents.

Early respondents Late respondents

Number of respondents 439 238

Information decision (adopt/reject) 0.679 0.676
Work experience 7.902 7.685
Effort 0.082 0.084
Perceived usefulness 0.788 0.815
Education 2.722* 2.61

Gender (women) 0.572 0.584

**p-value below 0.05 indicating statistical significance difference between the two groups at the 5% significance
level.

responses were considered as early respondents. The only variable with significant
differences was the level of education with a p-value less than 0.05 (Table 5). This should
not affect the overall model since the difference between the groups is marginal and
education did not have an impact on the information adoption. Our test suggests that the
non-response bias of our sample, if any, should not be an issue.

5.3. Research limitations and further research

Our study has a number of limitations that should be acknowledged. First, the information
on use is self-reported and, therefore, our estimation serves only as a relative indicator.
This is commonly used in the literature but should still be seen as a limitation. Second,
the study presents a snapshot of information adoption on a single cross-section data.
Third, the results indicate that there exist differences within working units that could be
further addressed.

Suggested future research could include a follow-up survey that captures the adoption
variables over time. Future research should also investigate if the reason behind the lower
adoption rate among women relates to the different perceived social pressure, as
suggested in the literature, or if there are other aspects to the process that are currently
not captured in the adoption models.

6. Concluding remarks

Prior research has shown significant socioeconomic benefits connected to the use of
geological maps and we, therefore, investigate factors influencing the decision to use
such information in Swedish municipalities.

The results indicate that the adoption rate is lower at the top of the organization, for
example the municipal board. This is consistent with a bottom-up adoption process
similar to those found in prior studies.

Given the lack of exchange of information between municipalities, the producers of
the information should reconsider the way in which the information is presented to
potential users. The producers should also provide formalized means to share the
information and encourage regional knowledge spillovers.

The users indicated that they felt more confident when using geological maps as a
basis for their work assignments. The results highlight that perceived usefulness is a
fundamental aspect considered by individuals prior to using the information. It is,
therefore, important for the producers to lower the opportunity costs and sunk costs
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associated with the learning process. The information should be presented in such a way
that it is easily understood by potential users, in order to overcome the issues arising from
being an ‘experience good.’

Notes

1. Scarcity of resources necessitates trade-offs, which results in an opportunity cost. The opportunity
cost of a decision, e.g. acquiring knowledge, is the value of the alternative foregone in order to
achieve such a decision. Sunk costs refer to irreversible time (and monetary costs) that an
individual needs to spend in order to learn how to use the new information or information system.

2. For a description on how the Wald test works, we refer the reader to Greene (2012).
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There is a growing interest in the use of geoinformation in govern-
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may, therefore, not be catering to the needs of the individual user
and understanding the perceived barriers to using geological informa-
tion should be an important goal of geodata implementation. The
objectives of this article are to: (1) investigate whether the analyses of
user patterns are improved by considering an interrelated estimation
with two types of geoinformation, and (2) explore whether there are
gender differences in how peer advice affects the use of geoinforma-
tion. The data were collected in 2014 through a web survey, and the
sample consisted of 390 women and 287 men working in Swedish
municipalities. The results indicates a more accurate prediction pat-
tern when a secondary geoinformation decision was included, thus
suggesting that different types of geoinformation should be jointly
analyzed. The officials tend to use both types of geoinformation,
alluding to a demand for combined geoinformation products among
the target population. Finally, there is evidence of women's decision

to use geoinformation being affected by peer advice.

1 | INTRODUCTION

The literature on information systems reflects an interest in understanding the predicting factors for successful
diffusion and use of geographical information systems, hereafter GIS (Masser & Campbell, 1995; de Man & van den
Toorn, 2002). Geological information, which represents one type of geoinformation used in GIS, has been overlooked
in the literature of usability and is therefore used as a case in this article. GIS can unite seemingly disparate information
layers and visualize them. It is therefore plausible that the decision to use geological information is affected not only
by the benefits of that type of information itself, but also by other secondary information contributions within the sys-
tem. This article investigates if the accuracy in predicting usage of geological information could be improved by an

interrelated estimation including the use of a second type of geoinformation.

1010 | © 2016 John Wiley & Sons Ltd wileyonlinelibrary.com/journal/tgis Transactions in GIS. 2017;21:1010-1022.
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in GIS
Diffusion of GIS is a fairly recent research area (Onsrud & Pinto, 1993; Rajabifard, 2002) with a majority of the lit-

erature focusing on GIS implementation on an organizational level. The literature on information systems, in general,
has previously emphasized organizational diffusion, but there is currently a shift towards focusing on individual end-
users within organizations instead (e.g. Nedovic-Budic & Pinto, 2001; McKenna, Tuunanen, & Gardner, 2013). A sys-
tem built for an efficient organization may not cater to the actual needs of the individual users. The social construction
of GIS requires a two-way relationship between technology and users (Harvey & Chrisman, 1998), and implementation
successes are influenced by factors that often have little to do with the technology (Ramasubramanian, 1999). For the
above reasons, this article focuses on the use of geological information and the interrelationship with the decision to
use other types of geoinformation.

Local governments are one of the leading users of GIS (Masser & Campbell, 1995; Harvey & Tulloch, 2006; Lin,
2008). Since the local governments oversee land development, community facilities and environmental compliance
amongst other responsibilities (McDougall, Rajabifard, & Williamson, 2009), they tend to rely on similar types of geoin-
formation (Tulloch, 1999). Hence, this article focuses on Swedish municipalities as an example of local governments.
Swedish municipalities have access to geological information through the so-called Geodata Cooperation, a service
level agreement to facilitate access to spatial data in Sweden. The Swedish geodata follow the standardized specifica-
tion for geodata and services according to Infrastructure for Spatial Information in Europe (INSPIRE), which is a Euro-
pean Union (EU) directive focused on harmonizing geodata within the EU. Insights into the diffusion of geoinformation
should therefore be of relevance for the EU market in general.

A recent report suggested that users within Swedish municipalities had a demand for further mapping (Hultkrantz,
2014). Yet some of the requested geological information was already available through the geodata cooperation. As a
barrier to further usage, the author noted that the geological information is perceived as difficult to locate and hard to
interpret. Haggquist and Nilsson (2016) considered officials’ use of geological information in Swedish municipalities.
They found that the users’ perceived usefulness, educational efforts and gender affected the rate of usage, as well as
their work tasks. Although gender differences have been present in previous GIS studies (e.g. Wasike, 2005), they have
been limited to dichotomous measures. Venketesh and Morris (2000) note that gender difference in diffusion may also
be proxies for psychological constructs needing to be further investigated. In order to further investigate the roots of
such gender differences, this article considers the role of peer communication, a concept from the theory diffusion of
innovation (Rogers, 2003), and tests whether it tends to differ among men and women.

The objectives of this article are to:

1. Investigate if the analyses of user patterns are improved by considering an interrelated estimation with two types
of geoinformation, and

2. Explore whether there are gender differences in how peer advice affects the usage of geoinformation.

1.1 | Geoinformation

Geoinformation can be defined as digital descriptions of a geographic location, which include features and phenomena
for a given time period. Figure 1 shows examples of the two types of geoinformation considered in this article. A geo-
logical map includes a description (e.g. geological composition and structures) as well as an interpretation of materials
(e.g. porosity or extraction capacity). Geological maps can be used for environmental impact assessments and infra-
structure projects, as well as for siting and permitting industrial facilities. The literature on geological information con-
sistently indicates significant socioeconomic benefits attributed from the use of such information (e.g. Loomis et al.,
2015; Haggquist & Soderholm, 2015). The second type of geoinformation considered in this article is demographic
information or building information. Building information can, for instance, include tax assessment data or designation
of the property.

By considering a correlating effect between two types of geoinformation, this article aims to improve the accuracy
of the analysis of the user pattern of geoinformation in local governments. Since the two information decisions of using
geological information (Y1) and a second type of geoinformation (Y2) have not been estimated simultaneously in
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in GIS

¢ GEOLOGICAL (Y1) map data concerning bedrock, biochemical, geophysics,
ground water, soil stability, quaternary, or ores and mineral.

GEOINFORMATION

e DEMOGRAPHICAL (Y2) map data concerning demographic information,
designation of the property or tax assessment data.

FIGURE 1 Two categories of geoinformation

previous studies, they could either be completely separate decisions or affected by some unobserved correlation
between them. If the decisions are unrelated, a simple probit model should be sufficient to analyze the usage. The joint
analysis will summarize the four possible outcomes as probabilities for every individual i given the two decisions (see
Table 1).

If there exists a pattern of using both geological information and the second type of geoinformation, i.e. a high
probability P4,i, the results imply that there exists some demand for combined geoinformation products, so called spa-
tial data fusion. Spatial data fusion, in turn, implies that the contents from several reliable sources are combined to cre-
ate a single new product.

In the discussion raised by Longhorn (2010) concerning assessing information versus the service delivered, it is
argued that one cannot differentiate among the various layers of information included in the final product. Hence, we
assume that the analysis of both geoinformation decisions (Y1 and Y2) should include the same independent variables,
and any quantitative analysis should explicitly address the interrelationship between these decisions.

2 | RESEARCH FRAMEWORK

My approach in this article is quantitative and the binary choice to use information will be econometrically tested on sur-
vey data of individual users within a Swedish municipality. The framework guiding this research is derived from the diffu-
sion of innovation theory (Nedovic-Budic & Godschalk, 1996; Kellogg, 1999; Rogers, 2003), with a particular focus on
how beliefs can influence usage decisions. The decision to use information is often influenced by different types of
beliefs, including beliefs about the characteristics of the focal information. The information usage is measured through
self-reporting, an approach which is common in technology acceptance models (Davis, 1989). Still, it should be consid-
ered as a relative indicator of use. The independent variables included in the framework are summarized in Table 2.

There are high sunk-costs associated with learning to use GIS, and for this reason the framework includes a mea-
sure of perceived usefulness. Perceived usefulness is defined as the extent to which a person believes that using a par-
ticular technology will enhance her or his job performance (Davis, 1989; Venkatesh & Morris, 2000). In the literature
on technology acceptance, the perceived usefulness is often measured as categorical degrees of usefulness. Still, given
that the geoinformation has a derived demand from wanting to improve their job performance, perceived usefulness
can be treated as a discrete factor (i.e. useful or not). The perceived usefulness is self-reported, and those who consider
the information useful must specify how it is currently helping them to enhance their job performance.

Some potential users take into consideration the opportunity costs associated with learning to use geological infor-

mation when they decide to invest in efforts to acquire the new skills (Haggquist & Nilsson, 2016). Such efforts will be

TABLE 1 Probability of information decisions

Information decision (Y1) geological geoinformation
Use Y1 Reject Y1

Information decision (Y2) Use Y2 Both used (P12;) Y2 used (Po2i)

Demographical geoinformation Reject Y2 Y1 used (P40) Neither used (Pgo;)
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TABLE 2 Summary of aspects considered for the diffusion of geoinformation

Variables

Effort

Perceived skills from education

Perceived usefulness

Peer communication

(Asked and/or Advised)

Working units (Fixed effects)

Potential effects

Initiating further education on geological
info is an action to lower the cost of
learning-by-using.

Should lead to lower cost of obtaining
the information.

If there are perceived benefits from using
the information in their work it is more
likely to be used.

Peer communication probably affects
women more then men.

Due to the nature of their work assign-
ments some units have a higher prob-

Based on

Agarwald and Prasad (1999), Venkatesh
and Morris (2000), Rogers (2003),
Haggquist and Nilsson (2016).

Agarwald and Prasad (1999), Venkatesh
and Morris (2000), Rogers (2003).

Nedovic-Budic and Godschalk (1996),
Kellogg (1999), Venkatesh and Morris
(2000), Rogers (2003), Haggquist and
Nilsson (2016).

Hofstede (1980), Budic (1993), De Man
and van de Toorn (2002), Rajabifard
(2002), Wasike (2005).

Masser and Campbell (1995); Haggquist
and Nilsson (2016).

ability of using the geoinformation.

based on whether the potential user has initiated further education, which can be seen as an indication of a motivation to
start using geoinformation. In order to further investigate the potential effects of education, we include perceived educa-
tional skills in the estimations. Perceived educational skills indicate if the decision-maker believes that his or her education
has made it easier to comprehend and thus make use of geological information. This is in line with the diffusion theory,
where it is assumed that the perceived complexity influences the decision to start using new products (Rogers, 2003).

Prior research suggests that men and women differ in their beliefs regarding the use of information technology
(e.g. van Slyke, Bélanger, Johnson, & Hightower, 2010), in turn causing men to have a higher probability of using GIS
than women (Wasike, 2005; Haggquist & Nilsson, 2016). Most research on the diffusion of innovations has confirmed
that ideas and practices spread through communication (Barahona & Pentland, 2007), and that most individuals rely on
experience of peers (Rogers, 2003). This dependence on the experience of peers rests on the assumption that the
potential user imitates colleagues who already use the information. De Man and van de Toorn (2002) applied Hof-
stede’s (1980) so-called cultural indicators in the case of GIS adoption, and suggested that men generally have a low
level of communication and information sharing in comparison with women. In order to discuss this further, the frame-
work includes peer advice concerning the use of geological information. The peer advice dummy variables are included
if an individual, during the last year, has either: (1) asked for advice; (2) given advice; or (3) both. The sample is divided
into subsamples of men and women in order to check if there is a gender difference in how peer advice tends to affect
the decisions to use geoinformation.

Furthermore, in order to account for behavioral differences due to different assignments within the municipalities,
fixed effects from working units are also included. This approach has been used in previous work on GIS diffusion (e.g.
Masser & Campbell, 1995; Haggquist & Nilsson, 2016).

3 | SURVEY DESIGN AND LOGISTICS

3.1 | Sample

Data from the Swedish Geodata Cooperation are usually ordered by a few individuals at each municipality, and for this
reason the suppliers of the data are unable to contact the end users. In order to capture an extensive sample group,
the 290 Swedish municipalities’ human resource units were contacted in order to get an e-mail list of full- and part-
time workers within each municipality. The reference month was either November or December 2013, depending on

when a response was obtained. By using the e-mail lists, one should be able to minimize the issue of limited sampling.
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The sample was drawn from workers within the following units: environmental management, urban planning, mapping,

construction, communication/tourism, trade, exploitation and the municipal board.

3.2 | The questionnaire

The survey captured different characteristics of the users and the potential users (i.e. current non-users), without losing
respondents due to the length of the survey. The format of a web survey was chosen as this gives the respondents
time to think, and the questionnaire can be completed at a time convenient for the respondent (Marta-Pedroso,
Freitas, & Domingos, 2007). In addition, web surveys do not suffer from an interview effect (Nielsen, 2011). Web
surveys also capture the data in electronic format, making the analysis faster and cheaper than conventional mailed
paper questionnaires. There are also disadvantages of using a web survey, e.g. it can lead to a limited sampling.

Prior to entering the web survey, the respondents were informed about the differences between one topographic
map and two geological maps (see Figure 2). This information was included to introduce non-users to the concept of
geological maps.

The design of the questionnaire was largely inspired by the diffusion of innovation literature (e.g. Nedovic-Budic &
Godschalk, 1996; Rogers, 2003). The questionnaire was pre-tested on a small focus group with individuals from a
selected group of municipalities. The survey consisted of questions concerning the respondents working units, personal
characteristics (e.g. gender, effort), personal beliefs (perceived usefulness and perceived skills) and peer advice concern-
ing geological information. Table 3 includes definition of variables used in this article along with the questions that
they are based on.

3.3 | Controlling for Non-response

The non-response of a survey is often used as an indicator of data quality. A low non-response rate is seen as a guar-
antee that the survey is of good quality. While this is partly true, it is an oversimplification. In this case, a high number
of non-responses were expected as the targeted population included both individuals currently using the information
and individuals who have yet to use geological information. A common approach is to compare early and late
responders (Lindner, Murphy, & Briers, 2001), since late responders have sometimes been shown to be similar to non-
respondents (Oppenheim, 1966). In this article the groups are differentiated by prior or after the last reminder. As a
complement to the wave method of non-response, a subsample of identified non-respondents was contacted as a

Below is an example of the same area in Stockholm illustrated with a topographic map, in the middle, and two
different types of geological maps. The map at the left shows a generalized picture of the groundwater, i.e. the
extent of ground water and removable volumes. The geological map to the right shows the quaternary deposits
in or near the surface.

Quaternary deposit map

Groundwater map Topographic map

R - sordarrta
SD terrain map (© Lantmateriet MS 2009/08799). The geological maps were
provided by the Geological Survey of Sweden (© SGU)

FIGURE 2 Example of maps included in survey
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TABLE 3 Survey questions and coding

Variables

Information decision (Y1)

Information decision (Y2)

Effort

Perceived skills from
education
Perceived usefulness

Advised peer

Asked peer

Working units
(Fixed effects)

Gender

Questions (statements) in questionnaire

Geological maps and thematic products (e.g. reports of
natural gravel or erosion) represent geological information.
Have you used such information in your work?

Geological information can be combined with other map data
such as demographic data or building information. Have you
used such other types of geoinformation in your work?

Have you initiated any further education in geological
information?

Have you, during your education, developed skills that make
it easier for you to interpret geological information?

Do you feel that there are any benefits from using geological
information in your work?

Consider all the situations in the recent year when others
have asked you for advice on geological information. Who
turned to you for advice?

Consider all the situations in the past few years when you
have had to use geological information for your work but you
did not have the knowledge that was needed. To whom did
you turn to for advice?

At what unit do you work? Describe the job activities that
occupy most of your working hours.

Sex (woman, man or do not wish to disclose)

@ WILEYL®

Coding

1 if Yes (user), O if No
(potential user)

1 if Yes (user), O if No
(potential user)

1 if taken initiative for
further education,
0 otherwise

1 if reported 4 or 5 on
Likert scale, O otherwise

1 if perceived information
useful, O otherwise

1 if more than 1 asked for
advice, 0 otherwise

1 if more than 1 asked for
advice, O otherwise

1 if individual worked at []
unit or due to the described
job activities, O otherwise

1 if woman, O otherwise

follow-up. In this follow-up, the non-respondents were asked to give reasons for their failure to respond (King & He,

2005), and if they could identify any barriers to using geological information.

4 |

STATISTICAL METHODOLOGY

4.1 | Probit and Bivariate Probit

The individuals working in Swedish municipalities are assumed to use the information if it improves their decision-
making process. This can be expressed as a binary choice in terms of using or rejecting the information, which in this
article is estimated through probit and bivariate probit models. Logit and probit functions are both frequently used for
binary choices, and in practice the difference between the estimated results is small. The difference between logistic
and normal cumulative distribution functions is minor for dichotomous data, which is the type of data used in this arti-
cle. The probit model is estimated in STATA using the standard maximum likelihood of a binary decision. The probit
essentially describes the probability of the dependent variable (Y) being Y=1 given a vector x; containing independent

variables. The log-likelihood function (InL) for probit is:
InL=In$p(xiB) +IN{1—d(xiB)} +ei (1)

where ¢ denotes the standard normal cumulative distribution function. The estimator g will be consistent and asymp-

totically normal. The probability of using geoinformation (Y=1) will be given by:
Pr(Y=1)=¢(xiB) ()

The bivariate probit model consists of two separate probit models, with correlated disturbances representing two

interrelated decisions made by an official in a Swedish municipality. The decision to use geological information is
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denoted by Y1 and the second decision concerning other geoinformation is denoted by Y2. In the model specification,
Y1, Y2 = 1 denotes users, while Y1, Y2 = O represents non-users. The bivariate probit is formulated as follows:
Y1 =Xiy1Byq Tev1,
Y2 =Xiy2Byo t+ev2, (3)
Eley1, ey2]~BivariateNormal[0,0, 1,1, p, ]

where E(ey1)=E(ey2)=0, Var(ey1)=Var(ey2)=1,Cov(ey1,ey2)=p, and the distribution is bivariate normal. The bivari-
ate model will estimate four probabilities, one for each outcome given Y1 and Y2, so that for a given observation we

have:
P12i=P(Y1;=1, Y2;=1)=b,(Xiv1By1, Xiv2By2, p)
Po2i=P(Y1;=0, Y2;=1)=b(Xiv2By2)— > Xiv1By1,Xiv2By2, p) @)
P10i=P(Y1i=1, Y2;=0)=¢(Xiv1By1)—D2(Xiv1By1, Xiv2By2, p)
Pooi=P(Y1;=0, Y2;=0)=,(Xiv1By1,Xiv2By2, p)— G (Xiv1By1) —d(Xiv2Bv2)

where ¢, is the standard bivariate normal cumulative distribution function and the bivariate probit has Xjy; =Xy, for
all individuals i. To discuss the predicted user pattern, the probabilities from the two separate probit estimations are
stored and cross tabulated to be comparable with the bivariate estimation. The prediction patterns from Equations (2)
and (4) can, then, be compared with the bivariate frequency in the data set to see if the predictions are accurate.

In order to assess the goodness-of-fit of the bivariate probit, a Rao score test is used (Murphy, 2007; Chiburis,
Das, & Lokshin, 2012). This test adds more parameters to the model and checks whether the additional parameters are
all zeroes using the score for the additional parameter at the probit. The test rejects the null hypothesis of normality if
there is an excess kurtosis or skewness in the error distributions. The Rao score test has been suggested to be a better
measure than variants of the Hosmer-Lemeshow test. Due to the issues raised by Bartus (2005), the marginal effects
are estimated to correct for dummy variables indicating different categories of a single underlying variable, which in
this article include the peer advice and working units variables.

4.2 | Tetrachoric correlation

If the errors between the two information decisions are independent of one another, it is sufficient to just estimate a
separate probit model for the case of geological information use. In order to check if Cov|y1, y2] # O, a tetrachoric
correlation will be estimated following Greene'’s (2012) definition of the tetrachoric correlation measure for two binary
variables. The tetrachoric correlation (p) is a directly comparable measure of association between the probabilities of
using geological and demographic geoinformation, respectively.

The null hypothesis is that the correlation between the unobserved explanatory variables of both information deci-
sions (Y1 and Y2) is zero. The null hypothesis can be rejected if the tetrachoric correlation (p) and the ancillary parame-
ter from the bivariate probit (p,) is statistically significant. If p is statistically significant, the estimation of a bivariate

probit including both decisions could improve the accuracy in predicting the user pattern of geological information.

5 | RESULTS AND DISCUSSION

5.1 | Descriptive results

Given that the targeted population included non-users, the survey was expected to have a relatively high number of
non-responses. The response rate was 51%. After removing missing or incomplete answers, the data set consisted of
677 observations. The sample consisted of just over 20% non-users, which is more than enough to compare the differ-
ences across groups. By looking at the bivariate frequency for geological and demographic geoinformation (Table 4),
one can surmise that these are positively correlated and that the men's usage pattern is different from women's. More-
over, the subsamples indicate that almost 25% of the women and 14% of the men did not use either type of

geoinformation.
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The non-responders that were contacted through a follow-up suggested that they felt uneasy answering questions
concerning information they did not currently use. In addition, some of the non-responders noted that they felt that
the characteristic part of the questionnaire implied too much effort on their part. Thus, some sensitivity analysis of the
impact of possible self-selection bias is relevant. The non-response bias sensitivity check indicates, however, no signifi-
cant differences between the two groups (see Table 5).

The most frequent barrier to usage reported in the survey was lack of education about geological information. The
survey results indicated a high perceived complexity in searching for additional information. In line with Hultkrantz
(2014), many were unaware of the geoinformation currently available in Sweden. Somewhat alarmingly, 26% of the
current users of geological information were unaware of how to get access to desired information if it was not pro-
vided at their unit within the municipalities.

Many respondents suggested that additional education could contribute to their level of usage and indicated a
need for better instructions. Users also mentioned that they were interested in 3-D maps and profile products. Profile

TABLE 4 Descriptive survey results

Bivariate frequency

Population Women Men
Number of respondents 677 390 287
Using both types of geoinformation (P42;) 58.2% 52.3% 66.2%
Geological geoinformation used (P;;) 9.6% 9.2% 10.1%
Demographical geoinformation used (Pgy;) 11.8% 13.6% 9.4%
Neither used (Poo;) 20.4% 24.9% 14.3%
Mean (std)
Variables Population Women Men
Effort 0.083 0.072 0.097
(0.275) (0.258) (0.297)
Perceived skills from education 0.390 0.372 0.415
(0.488) (0.484) (0.493)
Perceived usefulness 0.798 0.769 0.836
(0.402) (0.422) (0.371)
Advised and Asked Peer 0.158 0.159 0.157
(0.365) (0.366) (0.383)
Asked Peer 0.169 0.161 0.178
(0.374) (0.368) (0.377)
Advised Peer 0.094 0.087 0.184
(0.293) (0.282) (0.389)
Working units within municipality Number of observations
Environmental management 126 77 49
Urban planning 155 102 53
Communication and tourism 56 39 17
Municipal board and administration 52 27 25

Others (base unit) 288 145 143
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TABLE 5 Testing for the presence of non-response bias

Variables Early respondents Late respondents Statistical significance
Number of respondents 439 238

Geological geoinformation (Y1) 0.679 0.676 t= —0.062 p= 0.950
Demographical geoinformation (Y2) 0.706 0.689 t= —0.460 p= 0.646
Perceived skills from education 0.408 0.357 t= —1.298 p=0.195
Effort 0.082 0.084 t= 0.091 p= 0.927
Perceived usefulness 0.788 0.815 t= 0.846 p= 0.398
Gender 0.572 0.584 t= 0.308 p= 0.758
Advised and Asked Peer 0.150 0.172 t= 0.734 p= 0.463
Asked Peer 0.328 0.323 t= —0.119 p= 0.905
Advised Peer 0.237 0.281 t= 1.254 p= 0.211

products are suggestions based on individuals with similar profiles, for instance, trending information products within
their working units. By creating a range of information products suggested to users based on their work assignments,
the officials could discover additional products.

5.2 | Analysis of interrelated usage

The estimated tetrachoric correlation (p) of 0.723, with an asymptotic standard error of 0.038, indicates a positively
correlated usage, i.e. the null hypothesis is rejected. The results show a high degree of association, suggesting that the
decisions to use these types of geoinformation are not independent of each other. This further strengthens the
hypothesis that the adoption process for, for instance, geological information should not be estimated separately.

Both estimated models are summarized in Table 6. The first model consists of a probit model specification analyz-
ing the two information decisions separately, given the assumption that no interrelation exists. The score test of the
probit for demographic geoinformation indicates that there are excess skewness and/or kurtosis in the error distribu-
tion, thus demonstrating heteroscedasticity. The score test of the probit model estimating the adoption of geological
information, however, indicates normality. The second model specification is a system of equations assuming that an
interrelated relationship exists. The score test of the bivariate probit indicates normality. The hypothesis that, the cor-
relation between the unobserved explanatory variables of both equations is zero, was rejected as the value of the
ancillary parameter rho (p,) and the arc-hyperbolic tangent are statistically significant at the 1% level. This suggests
that the disturbance terms of the two adoption equations are correlated and hence supports the use of a system-of-
equation estimation. As shown in Table 6, the econometric results of the interrelated estimation reveal that most
parameter estimates are statistically significant and that the model fits the data well. Moreover, the positive sign of rho
suggests that the two information adoption decisions are ‘complementary’; suggesting that diffusion of either type of
geoinformation could speed up the diffusion process of the other.

Furthermore, the results indicate that for both information decisions, perceived usefulness has the strongest effect
on the adoption decision followed by effort. An individual that perceives that he or she has skills from education is
more likely to use either piece of information. One implication of this is that personal beliefs about the difficulties to
use geological information influence user patterns.

The results of the predicted probabilities indicate that the probit model has an overall poor prediction of
probabilities; whereas the bivariate estimation is at most 0.2% off from the frequency in the data (see Table 7). This
confirms that the interrelated model is a better method of estimating the diffusion of geoinformation.

An important finding is that users tend to seek information products that do not include solely geological
information. For instance, new - combined - information products (i.e. spatial data fusion) could lead to increased
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TABLE 6 Parameter estimates of the information decision models

Model 1 (unrelated usage decisions) Model 2 (interrelated usage decisions)
Variables Geological (Y1) Demographical (Y2) Geological (Y1) Demographical (Y2)

Coef. Coef. Coef. Coef.
Constant —1.514*** —0.971*** —1.487*** —0.958 ***
Perceived skills from 0.468*** 0.435*** 0.458*** 0.430 ***
education
Effort 1.380** 1.058 *** 1.444**> 1.109 ***
Perceived usefulness 1.953*** 1.347 *** 1.947**> 1.339 ***
Advised and Asked Peer 0.439** 0.157 0.430 ** 0.153
Asked Peer 0.399** 0.250 0.383 ** 0.240
Advised Peer 0.750*** 0.460** 0.692 *** 0.452**
Working units
Environmental management 0.425** 0.358** 0.419** 0.352**
Urban planning 0.411** 0.331 ** 0.391 *** 0.321 **
Communication and tourism —1.049 *** 0.366 * -1.113 *** 0.346 *
Municipal board and —0.332 0.046 —1.487 0.056
administration
Score goodness-of-fit test 19.79 *** 1.90 Murphy’s score test 27.91 ***

for biprobit Wald test  32.552 ***

of rho=0, chi2(1)
usage of geoinformation in local governments. Given the more detailed user patterns present in our survey data,
one could create profile products that include commonly used layers and, through the Geodata Cooperation, mar-
ket these to current potential users working with similar tasks in other Swedish municipalities. This could poten-
tially mitigate the issue expressed by Hultkrantz (2014) that the geological information was perceived as difficult

to locate.

5.3 | Subsample analysis of usage based on gender

In order to explore potential gender differences in how peer advice may affect the user rate, the subsamples of men
and women are scrutinized in more detail (see Table 8). The results suggest that women have a lower probability of
using geoinformation and tend to be more affected by peer advice.

Figure 3 shows significant marginal effects for the case of joint adoption (P1,). Women’s communication with
peers has a positive effect on their diffusion process, and they also have stronger fixed effects based on working

TABLE 7 Predicted probabilities of using geoinformation

Model 1 Model 2 Data

Probit Bivariate Probit Bivariate frequency
Neither used (Pooi) 18.5% 20.2% 20.4%
Demographical geoinformation used (Poy;) 16.7% 11.8% 11.8%
Geological geoinformation used (P1o;) 13.6% 9.7% 9.6%
Both types of geoinformation used (P15 51.3% 58.2% 58.2%

Prediction of user pattern: Poorly Good
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TABLE 8 Estimation of gender differences

Subsample: Women (390) Men (287)
Variables Geological (Y1)  Demographical (Y2)  Geological (Y1) = Demographical (Y2)
Coef. Coef. Coef. Coef.
Constant —1.733*** —1.204*** -1.218*** —0.619***
Perceived skills from education 0.427** 0.462*** 0.517** 0.384*
Effort 1.246* 1.134** 6.642"** 0.966*
Perceived usefulness 1.898*** 1.375"** 2.020"** 1.258***
Advised and Asked Peer 0.534** 0.251 0.259 0.025
Asked Peer 0.506** 0.560*** 0.217 —0.203
Advised Peer 0.584* 0.713** 1.052*** 0.098
Working units
Environmental management 0.473** 0.494** 0.772** 0.225
Urban planning 0.642*** 0.341* 0.108 0.497*
Communication and tourism —0.863"* 0.545** —1.355** 0.100
Municipal board and administration —0.259 -0.167 —0.480 0.379
Wald test of rho=0, chi2(1) 21.543*** 13.546***

unit. This suggests that women are more influenced by their surroundings than men. While men had a similar

level of peer communication in the data, it did not affect their information decisions. Men who have initiated fur-

ther education (effort) have a relatively high adoption rate. For this reason, one may argue, educational efforts

should be structured to involve continuing coaching of certain officials at their unit and encouraging them to

share their knowledge.

FIGURE 3
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6 | CONCLUSIONS AND FUTURE RESEARCH

In this article, | proposed and illustrated an empirical approach to analyze the use of geological information in local gov-

ernments. The contributions are as follows:

e The interrelationship between different types of geoinformation needs to be considered to achieve unbiased estima-
tions of the diffusion process;

e More accurate prediction pattern of the use of geological information can be achieved by jointly considering a sec-
ond geoinformation decision, and

e Peer communication tends to affect only women'’s decision to use geoinformation.

The empirical results show that the decisions to use geological and other geoinformation are interrelated. This
strengthens the notion that geological information should not be assessed separately from other data used in the same
information system. Both the initial estimation and the subsamples (men and women) indicate that the interrelated
model is better at correctly classifying the usage of geoinformation. As geological information often is used within GIS,
the positive relationship between the information decisions may seem intuitive, but it has previously not been con-
firmed in the literature.

Currently, women have a lower adoption rate of geoinformation than men within local governments. Initially, |
argued it was driven by difference in communication; yet the results show that the peer communication has a positive
impact on women'’s use of geoinformation. The underlying reason to a lower adoption rate among women should,
therefore, be further explored. A potential direction for further research is to add measures of cognitive absorption
(e.g. Agarwal & Karahanna, 2000). The overall pattern of gender differences presents suppliers with important informa-
tion in terms of designing interventions to foster use. More in-depth analysis on service-based conflation and intero-
perability of geoinformation could also add to the literature.
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Abstract:

Emerging contaminants, such as, highly fluorinated substances (PFASs), have been found in post-
treatment drinking water in many countries. This paper adds to the existing literature on the economic
valuation of health risks by exploring perceived risks from new emerging contaminants such as PFASs,
and by applying the choice experiment method to assess willingness-to-pay (WTP) to reduce the
associated health risks. The choice experiment also accounts for the differences in the perception
between microbial outbreaks due to parasites or bacteria. Knowledge about public preferences between
different threats to human health is key to assessing support for policies aimed at reducing the health
risks associated with drinking water. The results show that a majority of respondents have a larger WTP
for reducing the risk associated with exposure to PFASs than reducing risk of microbial outbreaks. The
results support the wider use of measures to reduce the potential health risks of such emerging

contaminants.

Keywords: Willingness-to-pay, perceived health risks, emerging contaminants PFASs, PFAA, PFC, PFOS,
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1. Introduction

The protection of drinking water from contamination is a major policy concern due to its
importance for general public health (Maxwell et al., 1999). Drinking water may contribute to
diseases through the transmission of contagious substances and chemical hazards. Management
of potable water supplies also faces increasing quality challenges, given the expected increase
of extreme rain events which may transfer chemical and microbial contaminants to waterbodies
(May, 2008). This places greater demands on the continuous monitoring of water quality and
additional investments will be needed to maintain the quality in the near future (Veronesi et al.,
2014). Furthermore, the discovery of new persistent pollutants such as highly fluorinated
substances (PFASs such as PFOS and PFOA) in drinking water implies a need for additional
screening and potentially added treatments. The issue of PFASs leakage is well documented
across the world. This paper focuses on the risk perception on health effects related to microbial
outbreaks (e.g. bacterial and parasites) as well as the potential health effects of emerging

persistent organic pollutants, such as per- and poly-fluorinated acids (PFASs).

Numerous studies have investigated the health-related economic benefits of water quality,
particularly with regard to specific contamination incidents (e.g., Loomis et al., 2009;
Adamowicz et al., 2011) and the general preservation of water quality (e.g., Poluzou et al.,
2011; Stenger and Willinger, 1998). Emerging contaminants are substances which previously
were undetectable or unknown to cause any significant health risks in drinking water (Stuart et
al., 2012). This paper is the first attempt to estimate the benefits of reducing diffuse and
uncertain health risks posed by emerging contaminants, such as PFASs. Such benefit estimates
are necessary if cost-benefit comparisons of policies and management actions to improve
drinking water quality are to be undertaken. This paper presents such benefit estimates based

on choice-experiment data from tap water consumers in five Swedish municipalities.

Currently there is a dissonance between the surveying of Swedish drinking water quality and
the most reoccurring microbial outbreaks, suggesting that the suppliers adjust their screening
to minimize the publics’ fear of the water quality. This article aims to reduce the gap in the
literature by identifying households’ preferences among different pathogens, and by
measuring the additional threats of largely unknown chemical risks. The results should assist
local water suppliers, and other public agencies concerned with water quality, when

considering how to prioritize future investments.



In the case of household supply of piped drinking water, there is typically no market from which
it is possible to obtain values associated with low health risks and good quality. Since market
prices do not exist for the health risk reductions, economic valuation must rely on either stated
or revealed preference methods. In the former approach, the researcher elicits preferences in
hypothetical drinking water markets using surveys of the relevant population (Casey et al.,
2006). The latter approach relies on the analysis of averting behavior, for example by examining
expenditures on piped drinking water quality substitutes such as bottled water or filters (Um et
al.,2002; Dupont and Jahan, 2012). The averting behavior method implies that actions are based

on risk minimization, but purchases could also be due to personal preferences for bottled water.

Discrete choice experiments are one type of stated preference method that have become
increasingly used in health economics (de Bekker-Grob et al., 2010). The discrete choice
experiment is based on random utility theory (McFadden, 1974; Manski, 1977) and is consistent
with the characteristic theory of consumer demand (Lancaster, 1966). According to Lancaster’s
approach consumers derive their utility not from the product as such but from the attributes by
which the product can be described, suggesting that the value of a good is a function of each
attribute of such good, and people’s preferences for these attributes. This creates the opportunity
to check if there exist differences in the valuation of health risks associated with different
microbial outbreaks such as bacteria or parasites, and compare these to preferences over

reducing risks from emerging chemical contaminants, such as, PFASs.

By investigating which health risks the households prefer to mitigate, water suppliers have
additional information to consider when prioritizing future investments. An overly conservative
water treatment program can waste public funding, while a minimal cost solution can be
inadequate and may lead to greater risks (James and Gorelick, 1994). This paper therefore
estimates aggregated willingness to pay (WTP) to be compared with total costs of some possible
investments, which would lower the health risks associated with drinking water. This

comparison is included to further aid the local water suppliers’ future investments decisions.

2. Exploring drinking water health risks

2.1 Risks of highly fluorinated substances
Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are a large class of chemicals. The most
notable PFASs are perfluoroalkyl acids (PFAASs), such as perfluorooctanoic acid (PFOA) and

perfluorooctane sulfonic acid (PFOS), both in terms of production volumes and use (Filipovic,



2015). PFASs have been used in commercial products such as fire-fighting foams, water-
resistant coatings for clothing, food containers and oil-resistant coatings for cooking pans (Pal
et al., 2014). Particularly, the use of firefighting foams (AFFF) at military air fields has been
recognized as a significant point source of PFASs in water which has been consistently
confirmed in the literature (e.g., Briunig et al., 2017; Levine et al., 1997; Moody et al., 2003).
Prior studies also confirm that drinking water exposure is the dominant source of PFASs for
populations living near sources of contaminated drinking water (Vestergren and Cousins,
2009). While PFASs leakage is well documented in the literature the problems with drinking

water contaminated with PFASs is only beginning to be addressed in most countries.

Drinking water containing PFASs will not cause acute health problems. However, a recent
review concluded that the empirical evidence indicates an association between PFOS and lower
fertility and fecundity measures (USA Environmental Protection Agency, 2016). Other recent
studies suggest that PFASs affect hormone-dependent diseases such as endometriosis, which is
one of the leading causes of infertility (Wang et al., 2017). Borg et al. (2013) note that there is
no concern for reproductive toxicity in general for the Swedish population, but that some with
high local exposure levels may be concerned. Other health risks are changed cholesterol
metabolism (Geiger et al., 2014), and a reduced immune system functioning (Kielsen et al.,
2015; Pennings et al., 2016). Elevated exposures to PFASs are also linked to lower response to
routine childhood immunizations, thus creating depressed immune functionality (Granum et al.,

2013). These health risks are, however, still considered highly uncertain.

Varieties of PFASs have been found in treated drinking water after such supplies leave
treatment plants (Benson et al., 2017; Flores et al., 2013). Measured concentrations indicate
that humans and the natural environment risk exposure to PFASs at levels that may cause
adverse effects. Knowledge on PFASs occurrence in Sweden is still quite low, although
monitoring is currently ongoing (Banzhaf et al., 2017). A screening of Swedish municipal water
supplies found that 22 % included traces of PFASs (Swedish Water and Wastewater
Association, 2014). Around 10 public water supplies exceeded the national ‘threshold level’
suggested by the Swedish National Food Agency (i.e., at 90 ng/liter the water supplier should
introduce mitigating actions). Roughly 300,000 Swedes have therefore been exposed to high
PFAS:s levels through their municipal drinking water. The threshold for PFASs varies across
countries. The US Environmental Protection Agency recently lowered their health advisory
threshold for tap water to 0.07 ng/l over a lifetime. To put this in a broader perspective, at this

substantially lower threshold 144 of the Swedish public water supplies would be instantly above
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the US lifetime level.! A recent multi-district litigation in USA, concerning PFOA
contaminations in drinking water and the environment, was settled at about 670 million USD.
Initiations of lawsuits have also been made in Sweden, however, it is yet not clear who should
be considered responsible — is it the military due to their use of AFFF or local authorities for
not providing drinking water of high quality? Regardless, the exposures of PFASs through
drinking water are described in media as one of the biggest environmental contamination issues

in recent decades.

2.2 Risks of microbial outbreaks

Microbial water contamination incidents in the Swedish municipalities of Ostersund in 2010
and Skellefted in 2011 resulted in high levels of gastrointestinal infections (GI) due to outbreaks
of the parasite Cryptospordium (Swedish Defence Research Agency, 2011). The outbreak in
Ostersund was the largest known outbreak in Europe and highlighted that inadequate
wastewater management can have serious consequences for public health (Widerstrom et al.,
2014). The outbreak resulted in almost one out of four adults in the region to take out sick leave
with an estimated loss of 50,000 workdays in total (Ridderstedt et al. 2017). For a vast majority
of water consumers, contracting a GI will only cause diarrhea for a couple weeks, and it is
generally not fatal. Still, these incidents and the associated inquiries highlighted that microbes

constitute threats to Swedish drinking water quality.

The Swedish water monitoring programs have been considered insufficient, given that not all
relevant biological quality elements and chemical pollution are monitored (EU Commission,
2012). The Swedish National Food Agency (2012) conducted a survey concerning sampling
frequency for microbial parameters and collected data on Swedish surface water treatment
plants. The results show that very sporadic analyses of pathogens are implemented, and that an
overwhelming majority of water suppliers do not conduct any such analyses at all. Regarding
bacteria, only a few treatment plants make measurements, and then only once a year or even
less frequently. The Swedish National Food Agency concluded that there is inadequate
knowledge concerning the microbiological quality of Swedish drinking water. Their survey also
indicated that it is more common to test for parasites than for bacterial parameters. This is
unanticipated in light of the fact that there are, on average, more Swedes affected by bacterial

outbreaks than by parasites (Swedish Public Health Agency, 2015).

' 144 public water sources had more than 1 ng/l of the combined measure of PFAS (Swedish Environmental
Protection Agency, 2016).



Maintenance and renewal of the existing systems for the distribution of drinking water is an
important measure for increased preparedness for future challenges. Poorly managed data
collection programs produce gaps in water quality data, something which in turn may cause
significant uncertainty in water monitoring (e.g., Shagadan, 2008). Municipal drinking water
suppliers are inclined to improve their data to reduce this uncertainty, but such improvements
come with non-negligible costs. Investing in additional filtration comes with costs. For
example, the cost for UV-filters, used to minimize parasites and other pathogens, would be
between EUR 0.06-0.1 million annually for supplying a population of 100.000. Investments
in active coal facilities, in order to mitigate PFOS, can cost between EUR 0.56-0.63 million

annually.

3. Survey design

The trade-offs that consumers of municipal drinking water are willing to make between money
and different types of health risks associated with their drinking water are the focus of this
paper. Drinking water is assumed to be associated with two attributes concerning microbial risks
(bacterial and parasites), as well as one attribute with health risks connected to chemical
exposure (PFASs). In addition, the potential costs of measures are also included as a cost
attribute, so that the marginal willingness-to-pay for reductions in water contamination can be

estimated. The cost attribute was defined as an annual increase in the water bill.

The analysis focuses on five Swedish municipalities, and these have different prior experiences
with drinking water contamination. Skellefted had outbreaks of the parasites Cryptosporidium
in 2011. Luled and Vix;j6 have military airports that have been at risk of releasing PFOS in the
area. In Luled 25 private wells had high levels with over 90 ng/liter (half of them above
900ng/1), while in Vixjo all wells were below 10 ng/l. Gévle and Karlstad have no recent

outbreaks, although supplies in Karlstad have had some high microbial indicators.

3.1 Survey administration

An online survey targeting Swedish households in the five municipalities was implemented
during the autumn of 2016. The survey was administered by Norstat, a European internet panel
company. This company uses a randomly recruited panel aimed to be a representative sample of
the Swedish population. Incentives for survey completion were points that can be exchanged for
gift cards or given to charity. The internet approach was chosen since it allowed the visual

presentation of questions, the ability to control the order in which respondents answer the survey,



and the speed of data retrieval. The survey was developed so that it could be answered using

cellphones, tablets or computers.

The survey was developed after extensive focus group testing during 2016. In order to meet the
target of 1000 complete responses from five municipalities, Norstat sent out 2270 email
invitations to a random sample of its panel of internet users. In order to get an accurate
composition of each municipality, the panel was divided into four age quotas. Once the quota
was filled, the e-mail invitations for that quota closed. When incompletely answered
questionnaires were removed, the final sample included 950 completed questionnaires. This
represents a response rate of 41.8 percent, which is comparable with other surveys on water
consumption and health (e.g., Loomis et al., 2009; Veronesi et al., 2014). Additional 127
responses were dropped from the sample because they are not customers of the municipal

drinking water supplier.

3.2 Survey structure

Following an introductory welcome note to the respondent introducing the research project, the
survey consisted of three sections. The first section covered consumption of drinking water and
prior experiences related to water consumption. This section identified if respondents had a
public water supplier, their perceived annual cost of water, prior experience of poor water
quality (e.g., rusty water, turbidity, unpleasant tastes or smells), and if they personally have
experienced any illnesses due to contaminated drinking water. The respondents were then asked
to define how they perceived their current drinking water quality and if they thought it would

improve or worsen during the coming two years.

Section two briefly described the gastrointestinal disorders that can arise from microbial
contamination and the expected health risks of PFASs. The section also informed that health
risks may be larger for children. Section two also included the choice experiment in which each
respondent faced eight choice sets. An example choice set is available in the supplementary
information. The last section included socio-demographical questions and the respondents were
also asked to state their self-perceived health status using a visual analog scale (VAS) ranging
from 0 to 100, with 100 representing perfect health. This scale enabled a test of whether an
individual’s perceived health status affects their choices (Gudex et al., 1996). The survey ended
with a lottery to capture respondents’ risk preferences. The lottery follows a standard multiple

price list format used by Holt and Laury (2002) to enable risk preferences to be measured. This



facilitates a test of whether individual differences in risk attitudes affect the WTPs for reductions

in the risks from exposure to PFASs or the risks of GI due to a microbial outbreak

The survey structure was tested and modified in several steps prior to the data collection to
account for the respondents’ understanding of the choice tasks, policy options and attributes.
The health risks are presented as average frequencies. It is therefore important to consider the
literature on how to communicate risks and if visual aids could improve the understanding of
the respondents. It is difficult to communicate low-level risks of different magnitudes in order
to capture realistic WTP estimates for a reduction in risks. Long term low-level risks are difficult
to communicate, partly due to the inherent cognitive difficulty of understanding such risks
(Veronesi et al., 2014). Previous studies suggest that visual aids can improve respondents’
understanding of the risk and monetary tradeoffs (Corso et al., 2001). After several trials of
different visual aids in pretests, the final version included pie charts, since other visual aids such

as square grids and risk ladders were poorly understood by the pre-test groups.

3.3 Design of the choice experiment

In order to determine the relevant attributes and how to describe them, discussions were held
with focus groups, as well with experts from the Swedish Geological Survey, the Swedish
National Food Administration and the Swedish Public Health Agency. The feedbacks from
these meetings induced textual changes to the description of the scenarios and adjustments to the
attributes. The choice experiment was designed with four attributes, each with four levels. Note
that the attributes in Table 1 are expressed in terms of the percentage risk over the next decade,

for each inhabitant drinking the tap water.

Table 1. Attribute levels for choice alternatives

Attribute description Business as usual Attribute levels

(BAU) (option B and C)
Gl due to bacteria 30 % 5,10, 30, 50 %
Gl due to parasites 15 % 5,7,15,25%
Chemical exposure (PFASs) 10 % 1,4,7,10 %
Additional water charge 0 EUR 10,50,100,150 EUR

GI = gastrointestinal infection

The first and second attributes are microbial that leads to gastrointestinal infection (GI), but each
require different types of investments to reduce the possibility of an outbreak. By including both
it is possible to check if some participants, for instance, perceive it would be worse to be affected
by a parasite than by a bacteria, although the outcome is the same. The percentage risk for each
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consumer to get GI due to microbial outbreaks are based on prior reported outbreaks (1994-
2011) with data from the Swedish Public Health Agency (2015). The attributes also include a
scenario with higher risk, since increased microbial risks are anticipated in the near future (e.g.,
Swedish Defence Research Agency, 2012). The percentage risk for each consumer of being
exposed to high levels of PFASs are based on the Swedish municipalities with high PFOS
exposure. The level used for the cost attribute are of similar magnitudes as the increased cost for
drinking water experienced by households during the last five years (Swedish Water and
Wastewater Association, 2016), and are similar to costs levels used in previous studies (e.g.

Hasler et al., 2005; Andersson et al., 2016).

4. Empirical model specifications

4.1 Conditional logit model

As previously described, individuals who participated in the survey were asked to choose their
preferred option out of a total of three alternatives (the business-as-usual and two hypothetical
scenarios) in eight choice sets. The conditional logit model (CL) is considered as a baseline
model in most stated choice analysis (Johnston et al., 2017). In a conditional logit specification
the utility the individual n derives from choosing alternative j in choice set ¢ is given by equation
(1) where B, is a vector of individual-specific coefficients, x,, j; is a vector of observed attributes
relating to individual n and alternative j at time t and &, is a random term assumed to be

distributed IID extreme value (i.e. log-log link).

Unjt = Br’lxnjt + Enjt (D

The increase in costs necessary to keep the utility of individual » unchanged following the
introduction of policy measures, which lowers the probability of illness (Andersson et al.,
2016), is given by equation (2). For the microbial attributes the marginal WTP described above
represents an annual benefit of a reduction of one percent probability of gastrointestinal
infection over the next decade. For the attribute of PFASs exposure the WTP should be seen as
the annual benefit of a reduction in risk equivalent to one percent probability of high exposure.

WTP... = aUnjt/aSiCknjt
™7 9Upje/dcostyje

2

4.2 Latent class model
The latent class model (LCM) extends the conditional logit model by allowing the preferences

of respondents in different latent groups to vary, while maintaining the assumption of
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preference homogeneity within classes. Conditional on membership of class ¢, the probability
that respondent n chooses alternative j in the choice set ¢ is equation (3) where Vyj¢|c is the

deterministic part of the utility function.

3

baele = 220

c=1exp(Vnjtlc)
In the latent class model, it is assumed that all attributes are fully considered. It might be
unrealistic to assume that all respondents considered all attributes while making their choices.
Therefore an equality constrained latent class model which is aimed at accommodating attribute
non-attendance (ANA) behavior through parameter restrictions was also estimated (Campbell
et al., 2011). This model infers class probability and the probability of non-attendance, from
the respondents’ choices (Scarpa et al., 2009).

Estimates of the individual latent class membership marginal WTPs will be probability
weighted to a combined measure (Adamowicz et al., 2011). Model fit of the conditional logit
model and the latent class models was evaluated using the Pseudo R? and Akaike Information
Criterion (AIC). The number of correct and incorrect predictions made by a model compared

to the actual outcomes in the data is also reported.

4.3 Value of statistical iliness

Using the marginal WTP is the current standard for calculating value of statistical life (VSL)
and suggest a marginal rate of substitution between wealth and the risk of dying (OECD, 2010).
Value of statistical illness (VSI) is the equivalent of VSL but focus on valuing reduced illness
instead of death. The VSI measure have previously been used in the literature covering health
risks associated with drinking water (e.g., Adamowicz et al. 2011; Andersson et al., 2016). The
VSl is estimated as a product of the marginal WTP, which are aggregated on households in the
municipality and over the time period (in this paper over 10 years), see equation (4). The VSI
is estimated for each municipality and their respective populations are based on national

registration data (references month November 2016). This gives:

VSlaterivute = WT Pexpected vaiue * Households) = Time period 4)

The VSIs are estimated to be compared with the cost for the municipal water supplier if they
invested to reduce the microbial and chemical risks. The benefit side of the “cost-benefit”
calculus should be seen as a lower bound estimate as it only considers that a fraction of the

population would be ill in case of an outbreak in the drinking water, whereas recent well-known



outbreaks such as the one in Ostersund indicated high levels of sick leaves. For the case of
PFAS the parameter is called value of statistical exposure (VSE) to highlight that the measure

focus on high exposure rather than illness.

5. Results

5.1 Estimated results

The sample consists of 823 respondents of which 55.3 percentage are women. The geometric
mean of self-reported health on the VAS-scale is 77.6, which is slightly lower than prior
Swedish studies that have had mean of around 80 (Brooks et al. 1991; Andersson et al., 2016).
The data indicate that few respondents are aware of the amount they are currently paying for
drinking water and less than 15 percent reported costs consistent with the average in these
municipalities. This is particularly interesting as the cost of piped drinking water have been
increasing with on average 19 percent over the last five years in Sweden. See in appendix table

A1 for descriptive information and table A2 for perceived costs.

Table 2 reports the regression results for the conditional logit (CL) and latent class models
(LCM), respectively. All model specifications include the various health risk attributes, the
water bill increase, and a business-as-usual constant (known as the ASC). In the LCM, class
membership is affected by age, gender, risk preferences and self-assessed health status. All
estimations were carried out with STATA 12 and NLOGIT 5. A number of additional model
specifications including commonly used socioeconomic variables, e.g. education, income, type
of housing, number of children etc., have been tested but did not help improve the explanatory
power of any of the models. The three-class LCM appears to best represent the data, see more
on the numbers of classes in table A3 in the appendix. The LCM has greater predictive ability
than the CL, which suggests that it more accurately describes the choices. Given the AIC, R?
and predictive ability, the LCM is a clear improvement from the baseline model. The equality-
constrained latent class model (ANA) did not further improve the model, and the results from

this are therefore available as table A4 in the appendix.

In the three-class LCM, the first latent class comprises individuals who are cost sensitive and
attend to all attributes, suggesting that these individuals are willing to tradeoff between money
and risk reduction and gain utility by reducing the risk of being exposed to the negative aspects
related to drinking water. This class consists of 31 percent of the respondents and members are

less likely to choose the business-as-usual alternative. Risk-averse individuals are more likely
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to being grouped into this class, while older individuals are less likely to be part of this class.
The second class represents respondents that are reluctant to move away from the business-as-
usual option, although, the health-related attributes are still statistically significant. This group’s
choices are, however, not significantly influenced by increases in the water bill. Moreover, this
is the largest group with 37 percent of the respondents, and older respondents have a higher
probability of being grouped into this class. The third last class consists of the remaining 32
percent of the respondents, and choices in this group tend to be significantly affected by
variations in all attributes except GI due to parasites. The results suggest that, in general, these
respondents prefer measures with lower costs as well as those with a reduction in the probability

of Gl illness or exposure to PFASs.

Table 2. Estimated models for health risk reductions in drinking water

Model: Conditional logit Latent class
(CL) (LCM)
Class 1 Class 2 Class 3
Mean Mean Mean Mean
PFASs exposure -0.032 *** -0.176 *** -0.193 *** -0.033 ***
Gl due to bacteria -0.027 *** -0.031 *** -0.030 *** -0.017 ***
Gl due to parasites -0.032 *** -0.028 *** -0.034 ** -0.004
Cost (per year) -0.00001516 *** -0.000274 ***  -0.000026 -0.000036 ***
ASC 0.129* -4.587 *** 4.804 *** -1.879 ***
Interaction with ASC Class probability function
Constant . 1.815 *** 1.019 ***

Risk Averse -0.028 0.948 ** 0.500

Health (below average) 0.008 *** -0.009 -0.006

Age (18-29) -0.009 *** -0.005 -0.010

Age (50-74) 0.005 *** -0.011 * 0.007 **
Gender (Women) -0.009 0.035 0.034 .
Class Class 1 Class 2 Class 3
Class size 31 % 37 % 32 %
Log-likelihood values - 6762 - 3670
AIC/N 2.06 1.13
Pseudo R? 0.06 0.49
Correctly classified 68 % 88.7 %

* Significant at 10 % level ** Significant at 5 % level *** significant at 1 % level

Table 3 reports the mean marginal WTPs for reduced health risks. This indicates the annual
value (in EUR) to reduce risks by 1 percentage point. Estimates across models suggest the same
pattern, with WTP for reducing microbial risks being lower than the WTP for reducing risk of

exposure to chemicals such as PFASs.
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Table 3. Comparison of mean marginal WTP estimates CL and LCM (in EUR)

Conditional Latent class model
logit model
Marginal value of Class 1 Class 2 Class 3 Weighted WTP?
High PFASs 21.4 *** 6.4 *** 72.8 9.3 *** 31.9
exposure
Gl due to bacteria 17.7 == 1.0 *** 11.3 4.8 *** 6
Gl due to parasites 15.4 *** 1.1 % 12.8 1.0 5.4

* Significant at 10 % level ** Significant at 5 % level *** significant at 1 % level
2 estimates are individual latent class membership probability weighted.

5.2 Value of statistical iliness (VSI) and cost of additional investments

Table 4 reports the weighted marginal W7Ps from the full sample as well as weighted marginal
WTPs based on municipal level estimates of the LCM. The results indicate that there are
regional differences. For instance, the highest marginal WTP for reduced risk of exposure to
PFAS:s exist in Véxjo and the lowest exist in Lulea. This is an interesting result as both of these
municipalities have tested for PFOS pollution leaching from use of AFFF at military airports.
It should be noted that none of the municipalities had chemical exposure above the current
Swedish limits in their municipal drinking water. In Véxjo, the tests for PFASs where carried
out after nearby residents had raised the issue of fear for exposure; whereas in Luled the
Swedish Armed Forces decided to test the private wells in the area of the military airport. In
Luled, most tested private wells had high levels and can no longer be used. Another interesting
result is that Skellefted, which has prior experience of microbial outbreaks due to parasites, has
the lowest marginal WTP for reducing the risk of such outbreaks. Still Skelleftea has a high
marginal WTP for bacteria, which would give the same GI symptoms, suggesting that the

population is possibly more afraid of unknown health risks.

Table 4. Weighted marginal WTP (in EUR)

All Municipality

Vaxj0 Karlstad Gavle Skellefted Lulea
High PFASs exposure 31.9 86.55 29.41 18.59 45.46 17.49

Gl due to bacteria 6 325 8.69 5.49 8.17 8.41

Gl due to parasites 5.4 4437 2527 8.9 0.59 8.87
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The difference in weighted marginal WTP showcases the difficulty of extrapolating results from
the full sample to each municipality, although such estimations can be used as a rough indicator.
On the other hand it is possible that the weighted marginal WTP from the municipal sample
could be less robust and overestimate the WTPs. Since the article aim at a lower bound estimate
the value of statistical illness (VSI) for microbial illnesses and value of statistical exposure

(VSE) to PFASs are therefore based on the weighted marginal WTP from the full sample.

The weighted marginal WTPs are aggregated on the number of household in each municipality
to VSI respectively VSE measures in order to be compared with the cost for reduced illness or
exposure. The VSI and VSE estimates are reported in Table 5. The VSE estimate for reducing
PFASs exposure ranges between EUR million 11.38 to 15.76. The VSI estimate for reducing
risk of GI due to bacteria range between EUR million 0.21 to 0.3, and VSI for GI due to
parasites between EUR million 0.19 to 0.27. To put these results in some context Adamowicz
et al. (2011) estimated a VSI for microbial illness to be between EUR 15000 to 17000
(conversion from 2004 CAD) also based on a one percent reduction in probability of illness for
38500 households over a time period of 35 years. Their population were therefore smaller but

covered a longer time period.

Table 5. VSI and VSE for reduced health risks (in million EUR)

VSE VSI VSI

for PFASs exposure for Gl due to bacteria for Gl due to parasites
Vaxjo 13.71 0.26 0.23
Karlstad 14.81 0.28 0.25
Gavle 15.76 0.30 0.27
Skelleftea 11.38 0.21 0.19
Lulea 1242 0.23 0.21

To further illustrate the policy relevance of these results, the VSE is discounted and compared
to the total costs to reduce health risks of the exposure to PFASs through. The estimated benefits
are the mean values ranging from assuming benefits for households weighted as 0.5 to assuming
all in the municipal population would receive benefits from reduced chemical exposure. The
costs of active coal filters facilities are estimated based on three scenarios. The first scenario
considering an updating existing facility to a cost of 0.6 million EUR. The two remaining
scenarios are based on cost of investing in a new facility with the cost ranging from 1.5 to 2
million EUR. All three scenarios also include maintenance cost dependent on the size of the
population, see more in appendix. The annual costs of active coal filters used to reduce the level
of PFASs range between EUR million 0.54 to 0.63, according to contacted local water suppliers

which has already invested in such mitigations. The total costs are here assumed to be covered
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over the first decade, which are a faster cost recovery than used by contacted local water
suppliers. The 10 year recovery is assumed in order to make a conservative estimation and not
underestimate the costs associated with reduced risk of exposure to PEASs. The costs have been
adjusted to the number of citizens in each municipality to give an indication of how it may
differ across municipalities, as filters will need to be replaced faster with more customers. All
municipalities have a positive “benefit cost ratio”, supporting further investments, see ranges

in table 6. For more information on the estimated ranges see tables A5 in appendix.

Table 6. Costs and benefits for reduced risk of high exposure to PFASs (in million EUR)

Range of Range of B/C ratios
Municipality estimated estimated total
benefits costs

(after 10 years)  (after 10 years)

Véaxjoé 12.05 to 19.68 4.9t06.3 1.9t0 4.1
Karlstad 12.02 to 20.55 5 to6.4 2 to4.1
Gavle 13.85 to 22.26 541t06.8 2 to4.1
Skelleftea 10 to 16.28 41t055 1.8t04
Lulea 10.91to 17.52 4.4t05.8 19to4

6. Conclusions

Perfluoroalkyl and polyfluoroalkyl substances (PFASs) are found in aquatic systems
worldwide. There is no consensus on what levels should be seen as a sufficiently safe thresholds
when these contaminations are considered, yet some agencies have recently dramatically
lowered their advised thresholds for either humans or fauna. Drinking water is a dominant
source of PFASs exposure for nearby residents. Despite clear warnings the problem with
drinking water contaminated with PFASs are only beginning to be addressed. The literature
shows that prior use of firefighting foams (AFFF) is a well-known source of PFASs leaching
into water sources, which should be a clear indicator for initial screenings. However, if the
screening of PFASs mainly focus on contamination hotspots other diffuse sources may be
neglected or overlooked. The PFASs problem and the shortcomings when it comes to water
quality monitoring can be extended for the general monitoring situation as the screening is

sporadic in the Swedish water treatment plants.

The Swedish drinking water have been more affected by microbial outbreaks of bacterial and
viruses than parasites (Swedish Public Health Agency, 2015) but the local water suppliers
conduct more tests for different types of parasites (Swedish National Food Agency, 2012). This

indicates a dissonance and that the perception of different pathogen risks is rooted in additional
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factors than the frequency of prior outbreaks. A potential explanation is non-linear probability
weighting of the risks, which affect the way water quality is being surveyed. This is alarming
given that threats to water quality are predicted to increase in the near future and resources may
not be efficiently used to minimize the actual treats. Clear guidelines and procedures have to be

developed and established countrywide to secure what hydrogeological information to gather.

The data indicated that most respondents underestimated their current cost for drinking water,
even though the costs for drinking water have rapidly increased over the last couple of years. A
potential next step would be to conduct some economical experiments where the end consumers
are getting more direct feedback on their water usage, similar to studies focusing on energy
consumption. For instance, the total cost may be more noticeable if detached from the bill of

waste management and not only presented as a quarterly or annual bill.

Although unaware of their current costs of drinking water the consumers have a higher WTP
for reducing the risk of chemical exposure to PFASs than reducing the corresponding risks of
microbial outbreaks. The results also indicate that drinking water consumers are, on average,
more afraid of gastrointestinal infections due to bacteria rather than parasites. Given that the
cost of mitigating health risks in drinking water are relatively low, and there exist strong
consumer preference towards reducing such risks, municipal water suppliers should implement
a precautionary approach when prioritizing future investments address the prevention of rom

emerging contaminants.
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Appendix A

Table A1. Descriptive information of sample characteristics

Sample Gender Age VAS
Women Men 18-29 30-49 =50 Mean
823 55.3 % 44.7 % 19 % 30.5 % 50.5 % 77.67

Table A2. Perceived annual costs

Unsure 0to149 150t0399 400to599 600to799 =800
EUR EUR EUR EUR EUR

60.8 % 8.1% 16.6 % 9.7 % 3.9% 0.9 %

Table A3. Additional information on LCM classes

Nr LO LL AIC/N  pseudo R2 Additional information
classes

LCM 2 -6730 -5415 1.65 0.25

LCM 3 -6730 -3594 1.10 0.50

LCM 4 -6730 -3552 1.09 0.51 4th Group approaching zero

Table A4. Equality-constrained latent class model

N= 823 (Sample) | Class 1 Class 2 Class 3
coeff coeff coeff
PFASs exposure | -0.033 -0.032 -0.567

*kk Hekk

Gl due to viruses
-0.019 -0.029 -0.009

*kk Hokk

Gl due to parasites | -0.016 -0.027 Fixed (0)
cost | -0.00112 Fixed (0) -0.084
(per year) e
ASC | 0.466 -1.737 0.263
Class probability function
Constant 0.922 1.538

*kk Hkk

Risk Averse 0.044 -0.119

Hekkk

Health 0.000 -0.009

(below average)
Age (18-29) 0.013 0.018
Age (50-74) | -0.015 -0.012

*kk Hekk

Gender | -0.208 0. 054

(Women)
Class Size 0.24 0.6 0.16
Log-likelihood values -5199
AIC/N 1.59

Pseudo R2 0.28
Correctly classified | 81.5 %
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Abstract:

Risk preferences influence a variety of economic behaviors under uncertainty, but in the literature there
appears to be little consensus regarding the existence of general risk preferences or domain-specific risk
preferences. The objective is to analyse the transferability of risk preferences between financial and
health domain. The paper also investigate whether risk preferences are best modelled based on
cumulative prospect theory (CPT) or expected utility theory (EUT), while considering a number of
experiment design issues. Risk preferences are elicited using switch multiple price list lotteries with
hypothetical outcomes, and these are adapted to the health domain by framing the lotteries as
improvements or deteriorations compared to current health status using a visual analogue scale (VAS)
as the reference. The results show that only 4 percent of the respondents indicate behaviour consistent
with EUT. The majority of the respondents are instead consistent with CPT and tend to give too much
weight to low-probability events. Using maximum likelihood methods, we consider the impact on risk
aversion, probability weighting and loss aversion from sociodemographic variables such as age, gender
and personality measures (TIPI). The results show that individual risk preferences tend to be different
across the two studied domains, and that the respondents appear to be more risk averse in the health

(compared to the financial) domain.

Keywords: Risk preferences, lottery choice experiment, health risk behavior, financial risk behavior.



1. Introduction

Understanding how individuals evaluate risks with respect to health impacts is important for
designing effective health-promoting policies. As a result of individual differences in risk
preferences, we may observe heterogeneous responses in situations involving uncertain impacts
on individuals’ health. For instance, risk averse individuals have been found to be more inclined
to contribute financially to reduce the health risks associated with drinking water (Haggquist,
2017). The literature also suggests that risk averse persons are less likely to engage in
behaviours that increase their health risks, such as smoking and drinking (Anderson and Mellor,
2008). Most previous research has however focused on understanding how uncertain choices
are influenced by risk preferences in the financial domain, and typically these studies assume —
implicitly or explicitly — that the risk preferences can be expected to be more or less stable
across different domains (e.g., health and finance). Recent results however challenge this
assumption, as they find that risk preferences across domains tend to be correlated but not
perfectly matched (e.g., Einav et al., 2012; Dohmen et al., 2011). This suggests that it may be
incorrect to use financial risk preferences as proxy in other domains. The risk preferences with
regard to the health domain may differ if people, for instance, put more emphasis on the
probability of extreme events in decisions concerning health risks compared to financial risks.

Hence, decisions made in the health domain based on financial preference may be inefficient.

Given that there is no consensus on how to measure risk preferences in the health domain
(Galizzi et al., 2016), research that further investigates the components of risk preferences will
be useful. The objective of this paper is to analyse the transferability of risk preferences between
the financial and health domain. By this analysis we contribute to the limited literature on health
risk attitudes. Specifically, we differ from most of the previous health risk studies, which
typically build on the expected utility theory (EUT) of von Neumann and Morgenstern (1944),
by relaxing some of the restrictive assumptions that are inherent in EUT. This allows us to also
elicit the risk preferences under the cumulative prospect theory (CPT) developed by Tversky
and Kahneman (1992). There are no previous studies, to our knowledge, that compare risk
attitudes over the health and financial domains and allow for (CPT). There are examples of
studies investigating the risk preferences within the health domain, but these are either made
under the assumptions of EUT (e.g., Anderson and Mellor, 2008; Galizzi et al., 2016) or CPT.
However, these do not make any comparisons with the corresponding risk preferences in the

financial domain (e.g., Riddel and Kolstoe, 2013). In addition, we analyse whether the risk



preferences across individuals tend to vary due to individual-specific characteristics, such as

perceived health status (VAS), socio-demographic characteristics and personality traits.

Methodologically, the analysis relies on a version of the switching multiple-price list (sSMPL)
lotteries introduced by Tanaka et al. (2010). This method involves asking individuals to make
series of choices between two different lotteries, each associated with various outcomes and
probabilities. In this article we will, in addition, vary the format of the lotteries. By doing so we
test the sensitivity of the results with respect to the design of the lotteries. Data were collected

in student experiments conducted in Luled, Sweden.

In addition to the evaluation of risk preferences across domains, the results contribute with
knowledge about the sources of individual differences in risk preferences. For instance, the
analysis sheds light on whether the sources of heterogeneity in preferences stem from how risks
are processed and perceived (i.e., probability weighting or loss aversion) or from individual-
specific differences (e.g., socio-demographic factors and personality traits). Such knowledge is
vital for decision makers; it is, for instance, important to know whether the risks of health
declines are perceived equally by men and women and whether people characterized by specific
personality traits are more or less inclined to probability weighting, in order to design health-

promoting information campaigns effectively.

The paper proceeds as follows. Section 2 gives an introduction to the theoretical framework
underpinning the empirical approach. Section 3 introduces the lottery method used to elicit the
risk preferences, and measures used to identify individual personality traits. Section 4 presents
survey development and selected sample characteristics. In Section 5 the empirical results are

presented and discussed. Finally, Section 6 concludes and points at some implications.
2. Theories concerning risk preferences

The expected utility theory (EUT) deals with situations where individuals make decisions under
uncertainty. The individuals are assumed to choose the decision that results in the highest
expected utility, based on the weighted sums obtained by adding the utility values of outcomes
multiplied by their respective probabilities. The expected utility theory is based on Bernoulli
(1738) and assumes that the risk preferences are determined solely by the concavity of the utility
function. The theory was later expanded by von Neumann and Morgenstern (1944) to include
four axioms. The last axioms focus on independence and that the preference should not change
if additional choices are introduced. The assumptions under EUT have been criticized as

empirical data have demonstrated contradictions. For instance, the Ellsberg’s paradox (1961)
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shows that EUT lacks generality, and the Allais paradox (1953) shows a systematic violation
of the independence axioms. The Allais paradox has been confirmed in the health domain (e.g.,
Llewellyn-Thomas et al., 1982) implying that all available choices affect the risk preferences.
Also, there is an ongoing discussion concerning the role that risk preferences play in the
measurement of quality-adjusted life years (van der Pol and Ruggeri, 2008), since the format

often is based on EUT.

The literature concerning the financial domain suggest an s-inverse shape which is concave for
low probabilities, representing probabilistic risk aversion (Starmer, 2000). Based on the notion
that individuals tend to place more weight on extreme outcomes, several decision-weighting
theories have emerged. These theories were initially broadly divided into sign-dependent
theories, for instance, prospect theory (Kahneman and Tversky, 1979) and rank-dependent
theories, such as, rank-dependent expected utility theory (Quiggin, 1982). Elements of both
sub-classes, such as gain-loss framing and cumulative decision weights, were later combined
in the cumulative prospect theory (CPT) originally developed by Tversky and Kahneman
(1992). CPT assumes that the risk preferences are jointly determined by risk aversion, loss

aversion and probability weighting.

The main difference between the two theories is that CPT allows individuals to weight also the
probabilities and not only the outcomes (e.g., non-linear preference). For instance, if men have
a 2 percent risk of contracting a disease and women a 1 percent risk, it is straightforward to
deduct that the risk is twice as big for men. Yet, most would see the equivalent gender difference
between, say, a 33 percent risk for men and a 32 percent risk for women as trivial (Gonzalez
and Wu, 1999). Another difference is that CPT allows losses to be perceived differently than

gains.

Under CPT three parameters characterize the individual risk preferences: (o) the curvature of
the prospect value function, (@) the degree to which probability weighting occurs, and (1) the
loss aversion parameter. The nonlinear probability weighting measure («) is extended from
Prelec (1998) and Gonzalez and Wu (1999), and we assume that the utility function U for our

two-outcome gamble takes the following form:

v(y) + w(p)[v(x) —v(y)] ifx>y>00rx<y<0

wE)v() + w(g)v () ifx<0<y M
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where v(x) and v(y) are value functions, w(p) and w(q) are probability weighting functions, x
and y are the outcomes, and p and ¢ represent the probabilities associated with those outcomes

(where p+g=1). The value functions can be further defined. In the case of v(x), we have:

x1=o for gains x > 0

—A(—=x)¥"? for losses x <0

ve) = | )
where x is the outcome, ¢ the curvature of the prospect value function and A the loss aversion
parameter. It should be noted that A can only take positive values, the higher the value of A the
more loss averse an individual is. This specification of the value function is a slight variation
of the function used in Tanaka et al. (2010) but is employed here for easier comparison with
respect to the conventional form of EUT under constant relative risk aversion. The same
function has also been applied in recent articles (e.g., Lieu, 2013; Bartzcak et al., 2015). We
use the axiomatically derived probability-weighting function w(p), which takes the following

form:

w(p) = exp[—(—Inp)¥] for0<a<1 3)

The weighting function w(p) takes an inverted S-shape if a<I, which implies an overweighting
of low probabilities and an underweighting of high probabilities (Tversky and Kahneman,
1992). This functional form is flexible enough to allow also for EUT, the latter being the case
if preferences are linear and no probability weighting is present, i.e., « = 1 and A = 1. The risk
preferences are then defined only through the curvature of the prospect value function (o),
which can be seen as a measure of risk aversion. If an individual is risk-seeking o < 0, if risk
neutral then 0 = 0 and if risk averse o > 0. A summary of each parameter under the EUT and

CPT, respectively, is presented in table 1.

Table 1. Values of risk parameters under EUT and CPT

EUT  Expected utility theory2 ~ CPT  Cumulative prospect theory

Probability ~weighting a=1 No probability weighting a <1 Overweight small probabilities

(a)

Loss aversion (A) A=1 Equal weight for gains A>1 Losses weight heavier than
and losses. gains

Risk aversion (o) a>0 g>0
¢ Assuming a standard functional form (CRRA)




We will mainly focus on the risk averse individuals in the empirical analysis. If the EUT does
not apply, the degree of loss aversion increases with A. It should be noted that if & > 1, the
individual overweights high probabilities, thus following neither of these two theories, this is

also a possible outcome.

3. The experiment

3.1 Switching point multiple-price list lotteries

Numerous methods have been used to elicit data relevant for CPT preference functions. In the
literature on health utilities it is common to use a standard gamble with the probability
equivalent or the lottery equivalent method (Spencer et al., 2005). The multiple-price list format
used in this study is one type of lottery equivalent method.! It was originally developed by
Binswanger (1980), and has been frequently used to estimate individuals’ risk preferences, in
particular towards financial risks. The initial version of the format though, only covered

lotteries involving gains under the assumptions of EUT.

One advantage with the multiple-price list format is that both the outcomes and the probabilities
of the outcomes are fixed and therefore controlled. This method also forces monotonicity
(Andersen et al., 2006). In recent literature the switching-point multiple price list lotteries

(sMPL) has become a popular method (e.g., Tanaka et al., 2010, Riddel, 2012).

The elicitation approach used in this paper was adapted from the format proposed by Tanaka et
al. (2010). The format includes three series of lotteries for each domain, i.e., health and finance,
and each lottery contains between 7 and 14 rows. Table 2 illustrates the financial lottery series
in the left column and the health lottery series in the right column, as well as the corresponding
expected payoffs. In the first two series the probabilities and outcomes are fixed for lottery A,
while the low-probability outcome of lottery B increases for each row. The sequences for each
of the two lotteries are defined so that the expected payoff of lottery B increases. Similar
versions of the sSMPL approach have subsequently been used by, for instance, Riddel and
Kolstoe (2013), Liu (2013) and Bocquého et al. (2014). The same format is used in this study
as it facilitates a comparison of our findings with the results of previous research, although it

should be kept in mind that none of these studies focus specifically on health risk preferences.

!'It is beyond the scope of this paper to review other elicitation procedures. For an overview of different
methods that can be applied to elicit risk preference data, see Harrison and Rutstrom (2008).
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Table 2. Full version of pairwise lotteries in the health and financial domains

Financial lotteries Health lotteries
(in SEK) (in days with perfect health, VAS = 100)
Lottery A Lottery B Health Promotion Health Promotion
A B
Series fairly low fairly high low high fairly low fairly high low high
probability  probability probability  probability probability probability probability probability
1 (30 %) (70%) (10%) (90%) (30 %) (70%) (10%) (90%)
1 400 100 680 50 40 10 68 5
2 400 100 750 50 40 10 75 5
3 400 100 830 50 40 10 83 5
4 400 100 930 50 40 10 93 5
5 400 100 1060 50 40 10 106 5
6 400 100 1250 50 40 10 125 5
7 400 100 1500 50 40 10 150 5
8 400 100 1850 50 40 10 185 5
9 400 100 2200 50 40 10 220 5
10 400 100 3000 50 40 10 300 5
11 400 100 4000 50 40 10 400 5
12 400 100 6000 50 40 10 600 5
13 400 100 10000 50 40 10 1000 5
14 400 100 17000 50 40 10 1700 5
Series high low fairly high fairly low high low fairly high fairly low
probability  probability probability  probability probability probability probability probability
2 (90%) (10%) (70%) (30 %) (90%) (10%) (70%) (30 %)
1 400 300 540 50 40 30 54 5
2 400 300 560 50 40 30 56 5
3 400 300 580 50 40 30 58 5
4 400 300 600 50 40 30 60 5
5 400 300 620 50 40 30 62 5
6 400 300 650 50 40 30 65 5
7 400 300 680 50 40 30 68 5
8 400 300 720 50 40 30 72 5
9 400 300 770 50 40 30 7 5
10 400 300 830 50 40 30 83 5
11 400 300 900 50 40 30 90 5
12 400 300 1000 50 40 30 100 5
13 400 300 1100 50 40 30 110 5
14 400 300 1300 50 40 30 130 5
Series equal probability equal probability equal probability equal probability
3 (50 %) (50 %) (50 %) (50 %)
1 250 -40 300 -210 25 -4 30 -21
2 40 -40 300 -210 4 -4 30 -21
3 10 -40 300 -210 1 -4 30 -21
4 10 —-40 300 - 160 1 -4 30 - 16
5 10 -80 300 - 160 1 -8 30 -16
6 10 -80 300 - 140 1 -8 30 -14
7 10 - 80 300 -110 1 -8 30 -1

One important drawback of sMPLs is that there may be framing effects, e.g., a bias towards

choosing switching points in the middle. We therefore also use a split sample approach where



a subsample of the participants received a version with reduced (7 line) lotteries series. This
permits a test for potential tendencies towards choosing switching points in the middle. In one
subsample, we excluded the first four choices in the first series and the last four choices of the
second series, illustrated in table 3. This framing put the EUT-consistent choices closer to the
middle of the series, allowing us to check if the strong support for CPT in prior studies tends to

be sensitive to the lottery design.

Table 3. Reduced version of the pairwise lotteries in the health and financial domains

Financial lotteries Health lotteries
(in SEK) (in days with perfect health, VAS = 100)
Lottery A Lottery B Health Promotion Health Promotion
A B
Series fairly low fairly high low high fairly low fairly high low high
probability  probability probability  probability probability probability probability probability
1 (30 %) (70%) (10%) (90%) (30 %) (70%) (10%) (90%)
5 400 100 1060 50 40 10 106 5
6 400 100 1250 50 40 10 125 5
7 400 100 1500 50 40 10 150 5
8 400 100 1850 50 40 10 185 5
9 400 100 2200 50 40 10 220 5
10 400 100 3000 50 40 10 300 5
11 400 100 4000 50 40 10 400 5
12 400 100 6000 50 40 10 600 5
13 400 100 10000 50 40 10 1000 5
14 400 100 17000 50 40 10 1700 5
Series high low fairly high fairly low high low fairly high fairly low
probability  probability probability  probability probability probability probability probability
2 (90%) (10%) (70%) (30 %) (90%) (10%) (70%) (30 %)
1 400 300 540 50 40 30 54 5
2 400 300 560 50 40 30 56 5
3 400 300 580 50 40 30 58 5
4 400 300 600 50 40 30 60 5
5 400 300 620 50 40 30 62 5
6 400 300 650 50 40 30 65 5
7 400 300 680 50 40 30 68 5
8 400 300 720 50 40 30 72 5
9 400 300 770 50 40 30 77 5
10 400 300 830 50 40 30 83 5
Series equal probability equal probability equal probability equal probability
3 (50 %) (50 %) (50 %) (50 %)
1 250 -40 300 -210 25 -4 30 - 21
2 40 -40 300 -210 4 -4 30 -21
3 10 -40 300 -210 1 -4 30 -21
4 10 -40 300 - 160 1 -4 30 - 16
5 10 - 80 300 - 160 1 -8 30 - 16
6 10 - 80 300 - 140 1 -8 30 -14
7 10 - 80 300 -110 1 -8 30 -1

The respondents first choose their preferred alternative in the financial lottery and then in the

health lottery. In our pre-tests we tested for possible anchoring but found no indication of such
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effects; i.e., the differences across domains remained stable across various orderings. The
pretests of the lotteries did, however, show that the payoffs in the financial lottery were
considered small in comparison with the outcomes in the health lotteries. For this reason, the
payoffs in the financial lotteries were scaled up by factor 10 compared with Tanaka et al. (2010).
Similar solutions have been used by Bartcak et al. (2015) when analyzing risk preferences in

the financial and environmental domains.

3.2 The health domain lottery

In this study we assume that individuals value health changes differently depending on their
perceived initial health status. In order to operationalize the size of the gains and losses in the
health lottery, i.e., the improvement or deterioration in current health status, we used a visual
analogue scale (VAS) as an initial reference point. Participants were asked to mark their current
perceived health status on a scale ranging between 0 and 100, where 100 is the best possible
health. The VAS scale is commonly used in health economic evaluations to estimate, for
instance, changes in quality-adjusted life years. This is because this scale is easy and
inexpensive to implement, can be administered quickly, and lends itself to self-completion.
VAS is therefore a central component also in many other widely used health-related quality-of-
life measures, such as Quality of Well-Being (QWB), the EQ-5D and Health Utilities Index
(HUD).

It should be acknowledged that criticism has been raised against the theoretical foundations of
VAS as well as possible context and range effects (e.g., Johannesson et al., 1996). However,
there is also a vast literature supporting the use of the VAS, identifying the theoretical basis
(e.g., Krantz et al., 1971; Robinson et al., 2001) and identifying advantages for using the scale
in health state valuations (Parkin and Devlin, 2006). As suggested by Torrance et al. (2001),
we use VAS as an introductory task to familiarize the respondents with the concept of different

levels of health states and to obtain an ordinal measure to be used in the SMPL lotteries.

In the first two series of the health lottery tasks, respondents were asked to make a choice
between two hypothetical health-promoting activities, each with different outcomes that would
both improve their health status to the best possible level. The participants were informed that
the activities would give them perfect health during a limited time, after which they would
revert to their initial VAS level. Participants who considered themselves to have perfect health
(VAS=100) did not participate in the health lotteries, since their health cannot be further

improved as described in the lottery scenarios. Participants with initial health status lower than



100 were informed that none of the hypothetical treatments did imply any costs or negative
effects. In the third series a possible loss, i.e., a temporary decline in health, was introduced.
The payoffs in the third series were consequently presented as either improved or reduced health
for a limited time after which participants were told that they would revert to their initial level
of health. Participants were informed that their health status was either improved to perfect
health or reduced by 10 units compared to their initially reported level of health according to
the VAS.

3.3 Extracting risk parameter values from sMPL

The participants are in the sSMPL asked at which row they would switch from lottery A to B,
they are told that they could switch at any question (row), including the first, and that they do
not have to switch at all. The first two series are used to estimate the curvature of the utility
function (o), as well as the range of the probability-weighting coefficient (a) for each
respondent. When an individual switches from option A to B at row N this individual prefers

option A over B at row N-1 and B over A at row N and thereafter.

Table 4. Extracting information from switching points

Lottery A Lottery B Lottery A Lottery B
Row Py Px Pw Pz Row 30 % 70% 10% 90%
N-1 Y1 XN Wh-1 VAYE! » 4 400 100 930 50
N YN XN Wi 2N 5 400 100 1060 50

Example of switching row 5 in series 1

This selection in each series creates two inequalities, which indicate the ranges of o and & that
are consistent with each switching point. To determine the value ranges for both o and @ the
inequalities described in equation (4) and (5) below should be satisfied. Point estimates are
obtained by overlapping the inequalities for both first series and midpoint estimates are rounded
off to nearest 0.05 (Tanaka et al., 2010; Liu, 2013). The first inequality, equation (4), indicates
that lottery A is preferred over B at row N-1 and the second inequality, equation (5), instead

indicates that lottery B is preferred over A at row N.

(xN—1)1_UexP[_(_ ln(py,N—l))a] * (Y1)t = (xy-1)'"9)

> (zy-1)'"%exp[—(= In(Pwn-1)) 1% (Wy-1)'"" = (zy-1)*") “4)
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()7 exp[—(= In(pyn)) ] * ()7 = (ea)%)
< (zw)%exp[— (= (@) T * (W)= = (2y)7°) (5)

See table Al in appendix for approximated combinations of o and @. The loss aversion
parameter A is determined by the switching point in the third series and is also estimated as the
midpoint of an interval. We use identical approaches for the financial and the health lotteries.

See table A2 in appendix for approximated ranges of A.

3.4 Personality inventory and life satisfaction

Personality can account for some of the individual differences in the willingness to engage in
behaviours that imply risks, as well as for the extent to which probability weighting and loss
aversion occur. We use the Ten-Item Personality Inventory (TIPI) introduced by Gosling et al.
(2003) to measure individual differences in personality traits, see table 5. The TIPI is a shorter
version of the more extensive five-factor model of personality traits (John and Srivastava,
1999;, it has become increasingly popular since it is a relatively simple measure that correlates
with the full five-factor model. This simplicity however comes with the cost of a lower scale

homogeneity (Muck et al., 2007).

Nevertheless, given the length and somewhat challenging task to complete the two multiple-
price list lotteries, we believe the total length and cognitive burden of the survey would be too
high if the full five-factor model had been applied. Each item of the TIPI consists of two trait
descriptors, one scored in the positive direction whereas the other item is scored in the reverse
direction. Items are scored on a Likert-type scale with responses of 1 = strongly disagree to 7 =

strongly agree.

Table 5. Personality inventory (TIPI)

Ten item personality Characteristics Correlation with
inventory (TIPI) risk aversion
Extraversion Extraverted Reserved R -
Agreeableness Sympathetic Critical R +
Conscientiousness Dependable Disorganized R +
Emotional stability 2 Calm Anxious R +/-
Openness Open to new experiences Conventional R -

Y Called neuroticism in the full five-factor model. X denotes reverse coded

The last column of table 5 summarizes the findings of previous research on the correlation

between the TIPI personality traits and risk aversion. Several previous studies find that the
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Extraversion and Openness personality traits tend to have positive effects on the willingness to
take risks, and are thus negatively correlated with risk aversion while prior studies suggest that
the Conscientiousness personality trait is instead positively correlated with risk aversion (e.g.,
Romero et al., 2012). Vollrath and Torgersen (2002) found that Extraversion is negatively
related to risky behaviours and that Conscientiousness is positively related to risky behaviours.
Nicholson et al. (2005) compared the five-factor model personality traits and the self-reported
willingness to undertake risky behaviour in different domains. They found that risk taking was
positively associated with both Extraversion and Openness, and negatively correlated with
Emotional stability, Agreeableness and Conscientiousness in the finance domain. However,
they also found that in the health domain, the effect of Emotional stability on risk taking was
positive. We can therefore not anticipate the same effects of each personality trait on risk

preferences across domains.

In addition to analyzing the possible impacts of personality traits on risk preferences, we
analyze whether individual differences in general life satisfaction can explain individual
differences in risk preferences. Life satisfaction is a measure of subjective well-being that
reflects the cognitive evaluation of whether or not a person is happy with her life (Cheung and
Lucas, 2014). General life satisfaction is often assessed as a single-item and seen as an
acceptable and valid item (e.g., Lucas and Donnellan, 2012; Jovanovic, 2016). The single-item
used in this study is phrased as, “In general, how satisfied are you with the life you are living?”,
and scored on a 4-point Likert-type scale with responses of 1 = not satisfied at all to 4 = very

satisfied.

We also examine possible differences in risk preferences with respect to gender and age. Age
has been shown to increase the probability of being risk averse (Dohmen et al., 2011; Tanaka
et al., 2010). The potential gender effect on risk preferences is unambiguous, some studies find
no gender effects (e.g., Riddel, 2012) while others suggest that women tend to be more risk
averse than men in the financial domain (Dohmen et al., 2011). Riddel and Kolestoe (2013)
find that both age and being a woman are negatively related to probability weighting (a), thus

suggesting that women tend to be more concerned with low-probability losses than men.

4. Data collection and sample characteristics

The survey consisted of four sections. After a brief introduction to the study, the first section
included the financial lotteries series. The second section collected socio-economic data and

information about the participants self-reported health statuses, using the VAS, while the third
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section included the health lotteries series. The fourth part contained the ten-item personality

inventory (TIPI).

Data were collected among students recruited from undergraduate and graduate courses at Luled
University of Technology, during February and March 2017. Given that the main focus of the
experiment is to compare preferences across domains we kept the outcomes in both the lotteries
hypothetical to avoid potential bias, following Riddel (2012). Moreover, we offered a café

giftcard equivalent of 35 SEK (about 0.3 Euro) as an incentive to participate in the experiment.

Since the survey included questions that were expected to be cognitively challenging for the
participants, extensive pre-testing supported its development. About 100 individuals
participated in a number of smaller (with around 10 participants) and one larger pilot study
(with 50 participants). The results from these tests indicated that the survey, and in particular
the lottery parts, was a quite challenging task to manage as substantial proportions of the
participants in the pre-tests made inconsistent choices, e.g., multiple switches in each series. In
order to ensure that participants did not feel they were forced to switch and to facilitate the
tasks, the lotteries were described together with examples of lotteries with illustrations of
different possible choices, including different switching points as well as no switches, before

subjects were asked to answer the survey.

The final sample consisted of 243 responses. After removing responses with multiple switches
the sample included 231 responses for the financial domain and 205 for the health domain, see
table 6. The complete health domain sample is smaller as individuals who consider themselves
to have perfect health (VAS=100) did not participate in the health lotteries (see section 3.4.

above).

Table 6. Descriptive statistics

Mean Min Max
Number of observations financial 231
Number of observations health 205
Age 25 19 54
Perceived health (VAS) 78 0 100
Women 0.49 0 1
Life-satisfaction 3 1 4
Ten item personality inventory (TIPI)
Extraversion 4.6 1 7
Agreeableness 4.8 2 7
Conscientiousness 4.8 2 7
Emotional stability 4.3 1 7
Openness 4.5 1 7
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The majority of the participants, 87 students, were recruited from different study programs in
social sciences while 55 participants studied engineering, 35 studied health sciences and 54
participants were graduate students from the same disciplines. 49 percent of the respondents
stated that they were women, 48 percent men and the remaining one percent did not want to
identify themselves with a binary gender dichotomy. The average participant was 25 years old,
and since the participants were recruited from students it is important to remember that the

results of this study are not necessarily applicable for the risk attitudes of the general population.

The mean value of the VAS-scale in our sample is slightly lower than the values based on
Swedish data reported by Burstrom et al. (2014) indicating that although participants in the
survey are relatively young in comparison with the population in general, they do not seem to
consider themselves as more healthy. Based on the responses to the TIPI items, we calculated
estimates for individual orientation for the five personality traits. The averages of the TIPI items
are similar to the means reported in prior international studies (e.g., Gosling et al., 2014; Muck
et al., 2007). Riddel and Kolstoe (2013) analysed the risk attitudes of individuals that could be
expected to be more risk tolerant and compared these with a student control group. They found
that students were less risk averse than other participants. We could thus expect that based on
our sample we may find a lower level of risk aversion than if the sample had been drawn from

the entire Swedish population.

5. Results

In the first part of this section we analyse the differences of the risk preference parameters,
allowing for CPT, based on the results from the financial and health lotteries. In the second sub-
section we analyse individual differences in risk preference parameters and what factors that

can help explain such differences.
5.1 Comparing risk preferences across domains

As described earlier, the switching points in series 1 and 2 determine the risk aversion parameter
(o) and the probability weighting parameter (a) while the loss aversion parameter (4) is
determined by the choices made in series 3. We also used a split sample approach, where a sub-
sample of the participants received a version with reduced lotteries series, as described in table
3. The average values for the risk parameters for the financial and health domains for the first
sample (14 choices per series), second sample (10 choices per series) and the pooled data,

together with two sample t-test are presented in table 7. The results suggest that there is no
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statistically significant difference between the two samples; we find no evidence that
preferences are sensitive to the length of the lotteries and we will therefore use the pooled
sample for further analyses and estimations. This test also suggests that the length of the
lotteries could potentially be reduced, which in turn could reduce the cognitive burden of

participating in multiple price list lotteries.

Table 7. Risk aversion parameters in each sub-sample

Risk aversion parameter (o) Domain  Mean (Std dev)  Two sample t-test
T-value P-value
-1.642 0.102

1. Full series (14 choices) F 0.38 (0.03)
2. Reduced series (10 choices) F 0.44 (0.03)
T-value P-value
1.037 0.301
1. Full series (14 choices) H 0.51 (0.04)
2. Reduced series (10 choices) H 0.46 (0.03)

Note: F and H denote the financial and health domain, respectively.

Figure 1 shows the distribution of the switching points for the first two series: the switching
points in the financial lottery are presented to the left and the switching points of the health
lottery are presented to the right. In both domains the switching points coloured black represent
the choices consistent with EUT, while blue pairs suggest an overweighting of low probability

events. The height of the spikes indicate the number of observations.

As can be seen in Figure 1, few observations are black and the data reveal that only 4 percent
of the choices in both domains are consistent with EUT, while 89 percent of the choices in the
financial and 83 percent in the health lottery suggest an overweighting of low-probabilities. It
should also be noted that the white choices in the left corner of Figure 1 correspond to about 7
percent of the financial and 13 percent of health domain choices. These switching points are
actually consistent with S-shaped probability rather than the inverted one, thus implying an

overweighting of large probabilities among.
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Table 8 presents the estimated average values of the risk preference parameters derived from
the lotteries. The estimated mean values for o obtained from the pooled samples of the financial
and health lotteries are 0.41 and 0.49, respectively, thus indicating that participants in general
are risk averse in both domains. One possible explanation for this limited risk aversion in the
financial lottery may be that although the payoffs were scaled up as a result of the pre-tests,

participants might still consider them fairly low.

Table 8. Risk preference parameters across the health and financial domains

Parameter Domain Mean (Std dev) Paired Wilcoxon signed-rank test
t-test
T-value p-value Z-value p-value
Risk aversion -2.51 0.013 -2.396 0.013
RAF (oF >0) F 0.41 (0.31)
RAH (on>0) H 0.49 (0.37)
Probability T-value p-value Z-value p-value
weighting parameter -1.460 0.146 -1.343 0.179
ap F 0.66 (0.26)
ay H 0.70 (0.28)
Loss aversion T-value p-value Z-value p-value
Ar F 3.19 (3.60) 2.030 0.043 1.572 0.116
Ay H 2.63 (3.08)

Note: F and H denote the financial and health domain, respectively.

Moreover, the probability weighting parameters («) are significantly lower than one (1) in both
domains; we can therefore reject EUT in favour of inverted S-shaped probability weighting
consistent with the CPT. These results appear valid also in the reduced lottery version with the
EUT consistent choices centred in the middle of the series. The estimated average value of the
probability weighting parameter is slightly lower in the financial lottery (0.66) than in the health
lottery (0.70); yet this difference is not statistically significant at the 10 percent significance
level. This suggests that there appears to be no difference in how small risks are overweighed

across domains.

The estimated average value for the loss aversion parameter (1) in the health domain is slightly
higher than the corresponding value in the financial domain, in turn suggesting that respondents
may dislike declining health even more than financial losses. The results of the paired #-test and
the Wilcoxon signed-rank test with regard to the loss aversion parameter are however
inconclusive; while the loss aversion parameter is different across domains on the 4 percent
statistical significance level based on the t-test, according to the Wilcoxon signed-rank test, the

difference is not statistically significant at the 10 percent level.
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We find that the respondents are more risk averse in the health domain, and this is illustrated in
Figure 2. The means of the risk aversion parameters are statistically different from each other
at any statistical significance level greater than 1.3 percent. Those who are risk averse in the
health domain are considered highly risk averse, which is illustrated in the histogram to the
right were more than 20 percent have a curvature of their prospect value function (c) which is

close to 1.

Figure 2. Distribution of individual risk preference parameters (o)
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(a) Financial domain (b) Health domain
5.2 Individual differences in risk preferences

In this sub-section we analyze what factors that may help explain individual differences in risk
preferences. The midpoint risk aversion parameter (o), the midpoint probability-weighting
factor (@), and the midpoint loss aversion parameter (1) are analyzed by estimating a censored
logit model (following e.g., Riddel, 2012; Bartczak et al., 2015).2 We censored sigma outside
the range of 0.05 to 0.95, hence analyzing only the risk averse respondents.® The loss aversion
parameter is censored outside of 0.1 and 15, as did Liu (2013) and Bartczak et al. (2015). The
probability weighting factor is censored between 0.04 and 1.45 following Riddel (2012).

The estimations were conducted in STATA 12 and the results are reported in table 9. All
estimated models have a relatively high level of correctly classified choices, ranging between

73 and 98 percent. The R? estimates vary significantly (ranging between 0.06 and 0.49) but are

2 We also estimated Tobit interval regression models. The results with regard to signs and statistical significance
were however similar to those reported in censored logit model case, and we therefore chose to present only the
results from the midpoint estimations here since these have a higher explanatory power.

3 In addition we dummy-coded the risk seeking segment of our sample and got the anticipated reverse effects, i.c.,
those who are positive towards risk aversion are negative towards risk seeking.
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fairly low for all models, yet still in similar magnitude to prior studies (e.g., Tanaka et al., 2011;
Liu, 2013). It should thus be noted that the major share of the variation across respondents is

caused by other factors than the ones included in this study.

Table 9. Censored logistic estimates of individual risk preferences in both domains

Model Model | Model I Model 111
Modelling Risk Aversion Probability Weighting Loss Aversion
In domain Financial Health Financial Health Financial Health
(oF) (on) (aF) (an) (4r) (Au)
Ten item personality inventory (TIPI)
Extraversion 0.602 -0.033 1.294 ** -0.116 -0.191 -0.218
Agreeableness 0.356 0.137 1.470 -0.461 0.125* 0.293*
Conscientiousness 0.504 ** -0.015 -2.967 ***  -0.011* -0.131 -0.347
Emotional stability 0.705* -0.123 -0.694 0.942 -0.008 -0.019
Openness -0.607 -0.090 0.404 -0.176 -0.048 -0.063
Age -1.150 -0.305 0.398 -5.456 0.190 0.291*
Age? 0.021 0.006 -0.005 0.105 -0.003 -0.004*
Woman -0.739 1.172 -1.222 0.561 0.781* 0.275*
Perceived health (VAS) -0.020* -0.040 -0.094 ***
Life satisfaction -0.450 -0.593 2.011* 0.025 0.357* 0.251
constant  15.458 7.154 -6.581 76.435 -1.622 5.027
Rz 0.20 0.14 0.49 0.21 0.06 0.21
AIC 63.75 55.59 44.77 53.18 169.42 209.81
Correctly classified 95 % 98 % 73 % 78 % 84 % 88 %
n (after censoring) 214 186 231 205 199 184

* Significant at 10 % level ** Significant at 5 % level *** significant at 1 % level

In general we find limited support for the notion that individual differences in personality is
related to differences in risk preferences. Starting with the estimations analyzing individual
differences in risk aversion (o), we observe that in the financial domain there is a positive
relationship between the personality trait Conscientiousness and risk aversion; i.e., individuals
that score high on the characteristics “dependable” and low on “disorganized” are more risk
averse. The same relationship is visible for the personality trait Emotional stability; participants
categorized as “calm” rather than “anxious” are less prone to accept financial risks. One
possible explanation for this, perhaps somewhat unexpected result, may be that people
categorized as “calm” may be more inclined to reflection and analytical evaluations with regard
to risks than people categorized as “anxious”. This relationship is however only statistically

significant at the ten percent significance level.

However, we find no statistically significant relationship between any of the personality traits
and individual differences in risk attitudes in the health domain. Perceived health status (VAS)

has a statistically significant negative impact on risk aversion in the health domain, thus
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suggesting that participants that consider themselves to have a relatively good health status are

more likely to accept uncertain choices with health implications.

The second model presented in table 9 includes the estimates of the probability-weighting
parameter («). Extraversion is positive and statistically significant in the financial domain and
have a less pronounced curvature. This suggests that people scoring high on this trait are less
prone to probability weighting compared to more reserved individuals. The negative and
statistically significant parameter for Conscientiousness indicates that people scoring high on
this personality trait have instead more pronounced curvature and are more inclined to
overweight small probabilities. This is valid for both domains. In addition, participants
reporting high levels of their perceived life satisfaction are more prone to probability-weighting

in the financial domain.

Finally, the results from analyzing individual differences in the loss aversion parameter (1), i.e.,
the third model presented in Table 9, suggest that the personality trait Agreeableness is
positively related to loss aversion in both domains. In addition, according to these results,
women dislike losses more than men, and in both domains. Participants reporting a high level
of life satisfaction are more loss averse in the financial domain. Perceived health status (VAS)
is negatively related to loss aversion in the health domain; participants considering themselves
as having a good health status dislike losses less than those with worse health. Age has a positive
effect on the size of the loss aversion parameter in the health domain, this impact is, however,
decreasing with age. This suggests that, in spite of the limited variation in the age variable, the
older the participants are, the more sensitive they are to health losses. Age has however no

statistically significant impact on the size of the loss aversion parameter in the financial domain.
6. Concluding discussion

This study examined whether financial risk preferences are appropriate to use also in health
economic assessments or if health risk preferences tend to be domain-specific. It also analysed
whether risk preferences are consistent with expected utility theory (EUT) or if they should be
modeled with probability-weighted utility functions such as in the cumulative prospect theory
(CPT). The CPT allows differences in risk preferences due to the degree to which individuals
are risk averse, the weighting of probabilities as well as in how losses are valued compared to

gains.

In sum, the results suggest that participants are risk averse, in particular in the health risk lottery,
and that the degree of risk aversion is different across domains and that EUT should be rejected
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in favour of the less restrictive CPT. Probability weighting is present in both domains, implying
that, regardless of domain, CPT are favorable over EUT when estimating risk preferences. This
implies that prior studies concerning health risk preferences using EUT may not tell us much.
Only 4 percent were consistent with EUT, which is similar to the findings of Bartczak et al.
(2015) who reported that only 2 percent of the choices in a financial lottery and 3 percent of the

choices in an environmental lottery were consistent with EUT.

Our results add to the literature on transferability of risk preference between various domains.
The results of our experiments are consistent with the premise that individual risk taking is
relatively inconsistent across situations, something which supports a reliance on domain-
specific risk preferences. This provides additional evidence that risk preference should not be

seen as a stable trait but is more likely to be situation dependent.

We found only limited support for the notion that personality traits affect risk preferences.
Participants considering themselves as having good health status are less risk averse and less
negative towards health losses. It should be kept in mind that results are based on a student
experiment, although we did not find any substantial differences with respect to personality
traits, initial perceived health or overall life satisfaction, results cannot be transferred to the
general population. In spite of the somewhat limited variation with regard to age in the sample,
we find that older participants are more loss averse than younger and that women tend to dislike
losses more than men do, which is consistent with previous research (e.g., Dohmen et al., 2011;

Riddel and Kolestoe, 2013).

To evaluate the validity of our results in the health domain we also compare risk attitude
estimates to self-reported willingness to undertake health risk behaviors such as smoking,
drinking and speeding. We find that the degree of risk aversion in the health domain is
negatively correlated with stated risk behaviors. This is consistent with the results of, for
instance, Anderson and Mellor (2008). One implication of these results is that health-promoting
measures and campaigns could, potentially, be targeted towards younger men; as they, on

average, are more likely to take higher health risks than women and elderly.

One important challenge with the multiple price list lottery format applied here is the cognitive
burden it puts on participants. Although we made clarifications in the survey aiming at
simplifying the task (based on pre-tests) we had 12 responses from the financial lottery and 13
responses from the health lottery that were inconsistent and removed from the final sample. For

this reason, the results of our tentative test with split samples, which does not reject the use of
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shorter choice sets, indicates that this could be further explored. We also encourage more
research focus towards the possible sensitivity of risk attitudes with respect to the design and

setup of the multiple price list lotteries.

Health economic evaluations are frequently used to help allocate scarce health care resources.
Such evaluations often entail cost-utility analyses, where health benefits are expressed in terms
of utility, the common utility model used is the QALY model, which often is based on EUT.
The results obtained in this paper question the ability of the EUT to reflect risk attitudes and
therefore the empirical validity of the standard QALY model can be challenged. Further
developments of cost-utility analyses based on less restrictive assumptions is thus

recommended.
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Appendix A

Table A3. Switching points at which preferences switch from riskless to risky option and
approximate values of parameters sigma and alfa.

Combination of Switching rounds in series 1 and series 2

Series 1 Series 2 Series 1 Series 2 Series 1 Series2 Series 1 Series 2 Series 1 Series 2 Series 1 Series 2 Series 1 Series 2

0.1
2 8 3 7 4 6 5 5 6 4 7 3 8 2
0.2
3 9 4 8 5 7 6 6 7 5 8 4 9 3
0.3
4 10 5 9 6 8 7 7 8 6 9 5 10 4
< 04
= 5 11 6 10 7 9 8 8 9 7 10 6 1 5
O o5
7] 6 12 7 11 8 10 9 9 10 8 11 7 12 6
0.6
7 13 8 12 9 11 10 10 11 9 12 8 13 7
0.7
8 14 9 13 10 12 1 11 12 10 13 9 14 8
0.8
9 -1 10 14 11 13 12 12 13 11 14 10 -1 9
ALFA 0.4 0.5 0.6 0.7 0.8 0.9 1

The switching rounds from series 1 and 2 are used for the approximation of the underlying
behavioural parameters. The parameters sigma and alfa are simultaneously determined and by
combining the choices from the two series we find uniquely identified parameters. For instance
if a respondent switches at the second round in the first series and the eight round in the second

series we identify that the midpoint sigma will be 0.1 and alfa is 0.4 .

Table A4. Approximate ranges of loss aversion parameter (lambda) given different levels of risk

aversion coefficient (sigma).

Series 3 0=01 0=02 =03 0=04 0=05 0=0.6 0=07 0=0.8 0=0.9

1 A= 0.269 A=0.246 A=0.224 A=0.204 A=0.185 A=0.167 A=0.151 A=0.136 A=0.123

2 0.269 <A 0.246 <A 0.224 <A 0.204 <A 0.185 <A 0.167 <A 0.151 <A 0.136 <A 0.123<A
<1.488 <1.450 <1.413 <1.379 <1.346 <1.316 <1.288 <1.262 <1.238

3 1.488 <A 1.450 <A 1413<N  1379<A 1.346 < A 1.316 <A 1.288 <A 1.262 <A 1.238 <A
<1.695 <1.692 <1.696 <1.710 <1.734 <1.769 <1.816 <1.878 <1.955

4 1.695 <A 1.692 <A 1696 <A 1.710<A 1.734 <\ 1.769 <A 1.816 <A 1.878 <A 1.955 <A
<2.354 <2.305 <2.269 <2.247 <2.239 <2.246 <2.270 <2311 <2372

5 2.354 <\ 2.305<A 2269 <N 2247 <A\ 2239 <A\ 2.246 <\ 2270 <A 2311 <A 2.372<A
<3616 <3.629 < 3.666 <3.729 <3.822 <3.948 <4113 <4.323 <4.585

6 3.616 <A 3.629 <A 3666 <A 3.729<A\ 3.822 <A 3.948 <A 4113 <A 4323 <\ 4.585< A
<4.783 <4.763 <4.774 <4.819 <4.903 <5.028 <5.201 <5428 <5717

7 4783 <\ 4763 <\ 4774<\N  4819<A 4.903 <A 5.028 <A 5.201 <A 5428 <A\ 5.717 <A
<9.436 <9.269 <9.167 <9.133 <9.171 <9.286 <9.484 <9.775 <10.169

Never A=9.436 A =9.269 A=9.167 A=9.133 A=9.171 A =9.286 A=9.484 A=9.775 A=10.169
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Appendix I: Questionnaire (English translation)
This survey is designed to be responded on laptop or cellphone

Note: The web survey was only available in Swedish and this translation has been made in order for a more
transparent assessment of the papers. All respondents answered question 1- 20. Those who claim to use
geological information (question 13) had to answer question 21-26 while the non-users had to answer 27-28.

Information prior to enter web survey: The survey is expected to take 10-15 minutes to complete and we
are very grateful that you choose to contribute to our research

Geological data shows, for example, overburden and its properties or how large groundwater resources
available. Common products that provide geological information are geological maps and so-called thematic
products. With thematic products referred analyzes or reports that contain geological information such as water
supply, sulphate soils, energy peat or gravel.

Geographical maps showing the landscape, roads, and urban environments. Geological maps instead
describes geological materials or structures (e.g. rock, sand and mud). Below is an example of the same area
in Stockholm city with a geographical map, in the middle, and two geological maps. Groundwater The map at
left shows a generalized picture of the groundwater, i.e. the extent of ground water and removable volumes.
Soil map, right, shows the distribution of soil types in or near the soil surface.

Topographically basis is taken from the GSD terrain map © Lantméateriet MS 2009/08799 Geological maps are
downloaded via the SGU © Geological Survey of Sweden (SGU)

Questions

1. Which municipality or local federation do you work for? (If you are working for several enter all)

2. What year did you start working at your current (main) job?

3. What unit do you work at?

4. What is your job description?

5. Describe your job activities. Enter up to 5 activities - or areas of work - which occupies most of your
working hours? Please write extensively about your activities / work

6. What year did you begin working with your current job activities.

7. What are your current hours of employment? (Fulltime - 100%, Part time - around 75%, 50% , Less than
50%)

8. Which occupational groups in your municipality do you work with?

9. Which occupational groups in other municipality do you work with?

10. Sex (woman, man, do not wish to answer)

11. What is the highest level of education you have attained? (Primary school, upper secondary school,
university — bachelor degree or higher)

12. Have you, during your schooling, developed skills that make it easier for you gain access to geological
information? (Scale 1-5, 1 - Not at all to 5 - very high degree)



Geological information

13. Geological information, geological maps and thematic products (e.g. reports of natural gravel or beach
erosion) represent geological information. Have you ever used geological information in your work? (yes, no,
do not know)

14. Geological information is often used in combination with other related information. For example,
geological information can be combined with map data (lakes, vegetation or roads), demographic, or with
building information. Have you ever used similar related information in your work? (yes, no, do not know)

15. Have you attended any education on the geological data?

(ves 1 day event, yes couple of days, yes longer education, no)

16. Have you initiated any further education in geological information? (yes, no)

17. Do you feel that there are any benefits from using geological information in your work? (yes, no)
17.b. If yes, give examples:

18. Do you feel that there are any disadvantages to using geological information in you work? (yes, no)
18.b. If yes, give examples:

19. From your perspective, what could make the geological information more useful?

(Better instructions, More profile products, “clearer” portfolios, 3-D maps Education - from supplier, Education
— other, do not know)

19.b. Can you think of any other suggestions that may make the information more useful:

ru
20. Is your municipality part of the Geodata Cooperation?(yes, no, do not know) hdl GeOdata

This section is aimed to users of geological information

21. In the context of your work tasks, how do you use geological information? (Answer as detailed as
possible)

22. To what extent do you use geological information in your work? (Scale 1-5, 1 - Not at all to 5 - very high
degree)

23. What products of geological information are important for your work?

(Bedrock maps, Groundwater related maps, Marine geological maps, Biogeochemical maps, Soil maps,
Geochemical maps, Geophysical maps, Ores and mineral maps, report on water supply, report on sulphate
soil, report on energy peat, report with vulnerability maps for groundwater, report on natural gravel)

23.b. Are there other products of geological information that are important for your work: (give examples)
24. How do you get access to the required geological information when it is not available at your workplace?
(Fieldwork, via agency, Hire an consultant, Via Geodata Cooperation, Do not know)

24.b. Other means to get access to the required information: (give examples)

25. Consider all the situations in recent years when others have asked you for advice on geological
information. Which professionals have turned to you? (Enter the profession and from what unit)

26. Consider all the situations in the past few years when you have had to use geological information for your
work but you did not have the knowledge that was needed. To whom do you turn for advice? (Enter
maximum of 3 professionals and working units, i.e. the ones you mostly turned up for)

This section is aimed to non-users of geological information

27. Do you have reasons for not using geological information in your current work? (Shortage of time,
Problems with the reference scale in various kinds of geodata, No demand for such information, Too high
prices on licenses, Difficult to find the right information, Difficult to learn to use new software, Lack education
concerning geological information , Unsure

27.b Please indicate if you have other reasons not mentioned above:

28. Have you previously used geological information but stopped? (yes, no)

28.b. If yes, give example on why you have stopped using the geological information:

Help us reach more officials and contribute to a better sample
What other people in your community - or the municipalities that you cooperate with - should we send the
questionnaire to? (name and contact information)

Thank you for participating in this research project

Thank you for participating in this study. Without your participation it would not be possible to conduct this
research project. To submit your answer click "Submit" in the bottom corner.
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Appendix II: Household survey eliciting health risks (English translation)
This survey is designed to be responded on laptop or cellphone

Section 1. Your water consumption

This survey focus on clean and safe drinking water. First you will respond to some questions regarding the
water you drink at your home.

1. Do you get most of the water you drink from (Please circle only one answer)

Municipal water utility (Tap water)
Private (shared well)

Private (own well)

Purchased water (bottled)

Other (please specify)

Don’t know

~eocooTo

2. Have you during the past year experienced that drinking water in your home has deviated from normal in
any of the following ways?

Color

Turbidity/Sediment (particles at the bottom of the glass)
Smell

Taste

Other (please state)

No, none of the above

~eoocooTo

3. How do you perceive the quality of the water you have access to in your home?
Good (1) (2) (3) (4) (5) Bad
4. How do you think the quality of your tap water will be in two years from now?
a. worse b. no change c. better d. unsure
5. Approximately how high is your household's annual bill for tap water?
0- 14.9SEK
150 - 399.9 SEK
400 - 599.9 SEK
600 — 799.9 SEK
> 800 SEK
Unsure
6. Do you use water jugs with filters ? (Ex Brita)
Yes No unsure
7. Does your household have your own water filtration system for tap water?
Yes No unsure
8. When you are buying bottled water, you do so because of... (circle as many as you want)

a. | think it is convenient

b. I think it tastes good

c. | think it is healthy (due to the mineral content)

d. | believe that it is clean

e. | do not have access to other water (for example, when I'm out shopping)
f. Other (please specify)

g. Do not know



9. To what extent do you think that tap water is a problem for your health?
no problem at all (1)(2)(3)(4)(5) to a large degree

Section 2. Quality of tap water in your municipality

It is only in exceptional cases that drinking water in Sweden is disease-inducing, but if it occurs many may
become ill. In drinking water there may be parasites as well as viruses and bacteria that cause infections. An
infection usually lasts for two weeks and causes symptoms like diarrhea, abdominal pain, vomiting, nausea
and headache. In cases where treatment is required, it usually consists of fluid replacement. For people with
impaired immune system the symptoms can be severe and in extreme cases lead to death.

PFASs is a collective name for chemical substances used in, among other things, fire extinguishing foam,
textiles, teflon boilers, pizza containers and cleaning products. PFAS occurs in water throughout Sweden, but
the levels are generally low. PFAS has been shown to produce adverse effects on animals, such as reduced
fertility, impaired immune response, and altered cholesterol turnover. There are health hazards also for
humans, the risks are considered to be particularly high for children. However, it is uncertain what level of
PFAS in the drinking water is required for it to be harmful as it does not cause health problems only after
ingestion of high levels for a long time. A survey by the National Food Administration shows that approximately
3.6 million Swedes today have municipal drinking water that is likely to contain PFASs and 300000 are
considered to have been exposed to levels exceeding the National Food Administration’s limit.

The Public Health Authority believes that the risk of infections caused by drinking water in the future will
increase due to the fact that skies are expected to be more and more powerful. It has also been found that
traditional water treatment with chlorine works poorly against parasites. The water can be polluted more often
in the future, and there will be higher demands on drinking water production. For each inhabitant who drinks
tap water in your municipality in the coming decade (10-year period), the following risks are calculated:

e 30 % may at some time experience gastrointestinal problems due to
viruses and bacteria (e.g., e. coli or winter vomiting bug)

e 15 % may at some time experience gastrointestinal problems due to
parasites (e.g., cryptosporidium or gardia)

e 10% are at risk to be exposed to PFAS above the threshold suggested by
the National Food Administration.




Choice experiment

You will get three options concerning drinking water to choose from, A, B, and C. Option A describes a situation
where no measures for better water quality are taken and represent a higher risk than today, given the forecast
with more heavy rainfall. Other options (B and C) describe drinking water after various measures against either
parasites, viruses and bacteria or PFAS. These measures involve costs and would increase your water fee.
Choose the option you prefer, if you think that reduced health risks are worth the extra cost, choose options B
or C. Otherwise, you should select option (A).

A Swedish household living in a house pay, on average, 680 SEK for tap water. The equivalent cost for a
household in an apartment is 430 SEK per year. Keep in mind that by paying more for your water you would
have less money to spend on other things. Remember, there is no correct or wrong answer.

Choice (1). Choose one of the alternative by crossing the box at the end of the table.

Alternative A Alternative B Alternative C

(business as

usual)
Risk of gastrointestinal disorders
caused by viruses (and bacteria) 30 % 30 % 5%
caused by parasites 15% 7% 25%
Risk of exposure to PFASs 10 % 4% 10 %

( above the national limit)
Percentage who are vulnerable in the next
decade

)/ 7. e

Remaining population
= Exposed to PFAS (>90ng/)
= Infection from parasites

Infaction due to bacteria and viruses

Change in annual costs

No change

Increase with
150 SEK

Increase with
50 SEK

I choose alternative

[1

[ 1]

(Note: In the actual survey this was followed by 7 additional choice sets)




a) How confident are you with the choice you made? Assess how sure you are using a scale of 1 to 5, where
1 means that you are not sure at all about your voice and 5 means you are very confident of your voice.

Very unsure (1) (2) (3) (4) (5) Very sure

b) What did you think when you were choosing?

| thought it was easy to choose

| could not relate to the options

| think there was too much information to consider

| do not understand the options

| would like to but cannot afford

| think the options implied too high costs

| think it's not households who have to pay more for a good water quality

Other

Unsure
Section 3 Demographic information

1. Have you ever been sick due to the tap water in your home?
Yes No Unsure
2. To what extent do you perceive the following as a health risk

1 being no problem at all 5 to a high degree a problem
Bacteria and/or viruses | Parasites PFASs
Health risk in | (1) (2) (3) (4) (5) unsure | (1) (2) (3) (4) (5) unsure (1) (2) (3) (4) (5) unsure
your
municipality
Heath risk in | (1) (2) (3) (4) (5) unsure | (1) (2) (3) (4) (5) unsure (1) (2) (3) (4) (5) unsure
Sweden

3. Mark your current perceived health condition.
We want you to mark on this scale how well or bad your health condition is.

Worst possible condition (0) (10) (20)(30)(40)(50)(60)(70)(80)(90)(100) Best possible condition

4. Do you plan to have children in the next 5 years?
Yes No Don’t want to respond

5. Whatis your gender?
Male Female Other Don’t want to respond

6. How old are you ?
7. What is the highest level of education you have completed

primary school high school  college bachelor degree master degree/PhD
8. What is your approximate annual household income from all sources, before taxes?

(Include al incomes, for example, parental allowance, sickness benefit, tuition and / or unemployment
benefits)



9. How many over 18 live in your household? (including yourself)
10. How many children (below 18) live in the household ?
11. How do you live?
Detached house Semi-detached house Apartment Other

Section 4 Lottery

You will make a choice between two hypothetical lotteries, such as those represented as "Option A" and
"Option B" below. For example, in row 1, choose between

e Option A gives you 2 SEK with a probability of 10 % or 1.6 SEK with a probability of 90 %.
e Option B gives you 3.8 SEK with a probability of 10 % or 0.1 SEK with a probability of 90 %.

The probabilities are changing gradually for each row.

Option A Option B Choice ( choose 1 per row)
Row | 2 SEK 1.6 SEK | 3.8 SEK | 0.1 SEK | A B
1 10 % 90 % 10 % 90 % A B
2 20 % 80 % 20 % 80 % A B
3 30 % 70 % 30 % 70 % A B
4 40 % 60 % 40 % 60 % A B
5 50 % 50 % 50 % 50 % A B
6 60 % 40 % 60 % 40 % A B
7 70 % 30 % 70 % 30 % A B
8 80 % 20 % 80 % 20 % A B
9 90 % 10 % 90 % 10 % A B
10 100 % 0% 100 % 0% A B

Thank you for participating in this survey!
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Appendix lll: Multiple price list lotteries and questionnaire (English translation)
This survey is designed to be responded on laptop or cellphone

LEA TEK
= UNIVEI’IEI?KE%

The survey is estimated to take about 10-15 minutes to complete and we are very grateful for contributing to
our research. The study is conducted for academic purposes and all answers are completely anonymous.

As a thank you for your participation, you will receive a coffee coupon that can be used on Unik for a cappuccino
or a latte!

Page 1
Age:
Gender:
Are you currently a university student? (Y/N)
What educational programme are you attenting:
Page 2

Read through the following 3 examples carefully before proceeding to the lotteries
* We want to know which row you choose to switch from Lottery A to B.

* Please do not write the same number in both boxes

Example 1.We assume that one chooses Lottery A from row 1 to 5 and Lottery B from 6 onwards.

Lottery A Lottery B
Row Quite low Quite high Low High
probability probability probability probability

(30 %) (70 %) (10 %) (90 %)
1 400 SEK 100 SEK 680 SEK 50 SEK
2 400 SEK 100 SEK 750 SEK 50 SEK
3 400 SEK 100 SEK 830 SEK 50 SEK
4 400 SEK 100 SEK 930 SEK 50 SEK
5 400 SEK 100 SEK 1060 SEK 50 SEK
6 400 SEK 100 SEK 1250 SEK 50 SEK
7 400 SEK 100 SEK 1500 SEK 50 SEK
8 400 SEK 100 SEK 1850 SEK 50 SEK
9 400 SEK 100 SEK 2200 SEK 50 SEK
10 400 SEK 100 SEK 3000 SEK 50 SEK

Then you should fill in the chart sheet as follows:

In the first box you make sure you select lottery A on questions 1 to 5 (fill in number 5)

In the second box you fill in that you choose lottery B on questions 6 to 10. (Fill in the number 6)



Page 3

Example 2. We assume that one only wants to choose lottery A

Lottery A Lottery B
Row Quite low Quite high Low High
probability probability probability probability

(30 %) (70 %) (10 %) (90 %)
1 400 SEK 100 SEK 1060 SEK 50 SEK
2 400 SEK 100 SEK 1250 SEK 50 SEK
3 400 SEK 100 SEK 1500 SEK 50 SEK
4 400 SEK 100 SEK 1850 SEK 50 SEK
5 400 SEK 100 SEK 2200 SEK 50 SEK
6 400 SEK 100 SEK 3000 SEK 50 SEK
7 400 SEK 100 SEK 4000 SEK 50 SEK
8 400 SEK 100 SEK 6000 SEK 50 SEK
9 400 SEK 100 SEK 10000 SEK 50 SEK
10 400 SEK 100 SEK 17000 SEK 50 SEK

Then you should fill in the chart sheet as follows:
In the first box you make sure you select lottery A on questions 1 to 10 (fill in number 10)
In the second box you fill in that you never choose lottery B. (Choose never)

Page 4

Example 3. We assume that someone chooses Lottery A in row 1 to 3
and B in the remaining rows

Lottery A Lottery B
Row Quite low Quite high Low High
probability probability probability probability

(30 %) (70 %) (10 %) (90 %)
1 400 SEK 100 SEK 1060 SEK 50 SEK
2 400 SEK 100 SEK 1250 SEK 50 SEK
3 400 SEK 100 SEK 1500 SEK 50 SEK
4 400 SEK 100 SEK 1850 SEK 50 SEK
5 400 SEK 100 SEK 2200 SEK 50 SEK
6 400 SEK 100 SEK 3000 SEK 50 SEK
7 400 SEK 100 SEK 4000 SEK 50 SEK
8 400 SEK 100 SEK 6000 SEK 50 SEK
9 400 SEK 100 SEK 10000 SEK 50 SEK
10 400 SEK 100 SEK 17000 SEK 50 SEK

Then you should fill in the chart sheet as follows:
In the first box you make sure you select lottery A on questions 1 to 3 (fill in number 3)

In the second box you fill in that you choose lottery B on questions 4 to 10. (Fill in the number 4)



Page 5
* Now we want to know what you choose, what line do you want to switch from lottery A to B?

* There is cost to participate in the lotteries

Which question (row) do you want to switch from lottery A to lottery B?

Lottery A Lottery B
Row Quite low Quite high Low High
probability probability probability probability
(30 %) (70 %) (10 %) (90 %)
1 40 SEK 10 SEK 106 SEK 5 SEK
2 40 SEK 10 SEK 125 SEK 5 SEK
3 40 SEK 10 SEK 150 SEK 5 SEK
4 40 SEK 10 SEK 185 SEK 5 SEK
5 40 SEK 10 SEK 220 SEK 5 SEK
6 40 SEK 10 SEK 300 SEK 5 SEK
7 40 SEK 10 SEK 400 SEK 5 SEK
8 40 SEK 10 SEK 600 SEK 5 SEK
9 40 SEK 10 SEK 1000 SEK 5 SEK
10 40 SEK 10 SEK 1700 SEK 5 SEK
-
| choose lottery A in row 1 to .
-
| choose lottery B in row to 10.
Page 6

* Now we want to know what you choose, what line do you want to switch from lottery A to B?

* There is cost to participate in the lotteries

Lottery A Lottery B
Row High Low Quite high Quite low
probability probability probability probability
(90 %) (10 %) (70 %) (30 %)
1 40 SEK 30 SEK 54 SEK 5 SEK
2 40 SEK 30 SEK 56 SEK 5 SEK
3 40 SEK 30 SEK 58 SEK 5 SEK
4 40 SEK 30 SEK 60 SEK 5 SEK
5 40 SEK 30 SEK 62 SEK 5 SEK
6 40 SEK 30 SEK 65 SEK 5 SEK
7 40 SEK 30 SEK 68 SEK 5 SEK
8 40 SEK 30 SEK 72 SEK 5 SEK
9 40 SEK 30 SEK 77 SEK 5 SEK
10 40 SEK 30 SEK 83 SEK 5 SEK
.
| choose lottery Ainrow 1to . _

| choose lottery B in row to 10.



Page 7
* Now we want to know what you choose, what line do you want to switch from lottery A to B?
* In this set there are also costs associated with the lotteries.

* The cost is the price of a lottery without any winnings and is indicated in red below.

Lottery A Lottery B
Row 50 % 50 % 50 % 50 %
1 25 SEK -4 SEK 30 SEK -21SEK
2 4 SEK -4 SEK 30 SEK -21 SEK
3 1 SEK -4 SEK 30 SEK - 21 SEK
4 1 SEK -4 SEK 30 SEK -16 SEK
5 1 SEK -8 SEK 30 SEK - 16 SEK
6 1 SEK -8 SEK 30 SEK - 14 SEK
7 1 SEK -8 SEK 30 SEK - 11 SEK
-
| choose lottery A in row 1 to .
-
| choose lottery B in row to7.
Page 8

Select your current health condition on the scale below. Enter a number between one and a hundred
indicating how good or bad you feel your health condition is. O corresponds to worst possible conditions and
100 corresponds to best possible conditions

Health condition

Page 9

Suppose there are health promotion efforts that mean that you experience the best possible health
conditions for a certain number of days (equivalent to 100 in the previous question).

* It is unclear how many days the effect is effective, afterwards you return to your original state of health (X).

* The effort does not cause any discomfort or any costs.

Lottery A Lottery B
Row Quite low Quite high Low High
probability probability probability probability

(30 %) (70 %) (10 %) (90 %)
1 40 DAYS 10 DAYS 106 DAYS 5 DAYS
2 40 DAYS 10 DAYS 125 DAYS 5 DAYS
3 40 DAYS 10 DAYS 150 DAYS 5 DAYS
4 40 DAYS 10 DAYS 185 DAYS 5 DAYS
5 40 DAYS 10 DAYS 220 DAYS 5 DAYS
6 40 DAYS 10 DAYS 300 DAYS 5 DAYS
7 40 DAYS 10 DAYS 400 DAYS 5 DAYS
8 40 DAYS 10 DAYS 600 DAYS 5 DAYS
9 40 DAYS 10 DAYS 1000 DAYS 5 DAYS
10 40 DAYS 10 DAYS 1700 DAYS 5 DAYS




.

| choose lottery A in row 1 to . _

|

| choose lottery B in row to 10.
Page 10

* It is unclear how many days the effect is effective, afterwards you return to your original state of health (X).

* The effort does not cause any discomfort or any costs.

Lottery A Lottery B
Row High Low Quite high Quite low
probability probability probability probability
(90 %) (10 %) (70 %) (30 %)
1 40 DAYS 30 DAYS 54 DAYS 5 DAYS
2 40 DAYS 30 DAYS 56 DAYS 5 DAYS
3 40 DAYS 30 DAYS 58 DAYS 5 DAYS
4 40 DAYS 30 DAYS 60 DAYS 5 DAYS
5 40 DAYS 30 DAYS 62 DAYS 5 DAYS
6 40 DAYS 30 DAYS 65 DAYS 5 DAYS
7 40 DAYS 30 DAYS 68 DAYS 5 DAYS
8 40 DAYS 30 DAYS 72 DAYS 5 DAYS
9 40 DAYS 30 DAYS 77 DAYS 5 DAYS
10 40 DAYS 30 DAYS 83 DAYS 5 DAYS

| choose lottery A in row 1 to .

-
| choose lottery B in row to 10.

Page 11

*You are now at risk for a number of days of worse health than today.
* If your health condition deteriorated as a result of the effort, you can assume that it decreases to

* The number of days with poor health is indicated in red and with the minus sign below.

Lottery A Lottery B

Row 50 % 50 % 50 % 50 %
1 25 DAYS -4 DAYS 30 DAYS - 21 DAYS
2 4 DAYS -4 DAYS 30 DAYS - 21 DAYS
3 1 DAYS -4 DAYS 30 DAYS - 21 DAYS
4 1 DAYS -4 DAYS 30 DAYS -16 DAYS
5 1 DAYS -8 DAYS 30 DAYS - 16 DAYS
6 1 DAYS -8 DAYS 30 DAYS - 14 DAYS
7 1 DAYS -8 DAYS 30 DAYS - 11 DAYS

| choose lottery A in row 1 to .

-
| choose lottery B in row to 10.



Page 12
Do you find what extent the following statements fit your personality

(Scale: Disagree strongly Disagree Neither agree nor disagree Agree Agree strongly)

| see myself as someone who is reserved
| see myself as someone who is generally trustworthy
| see myself as someone who tends to be lazy

Page 13
| see myself as someone relaxed, managing stress well
| see myself as someone who has few artistic interests
| see myself as someone who is outgoing, sociable

Page 14
| see myself as someone who tends to find fault with others
| see myself as someone who does a thorough job

| see myself as someone who becomes easily nervous

Page 15
| see myself as someone who has lively imagination

How satisfied are you at all with the life you live?

Page 16

(Scale: Never A few times a year A few times a month Every week A few times a week Daily Do not
want to disclose)

How often do you consume 1 standard measure* of alcohol in one evening

* 1 standard measure = 4 cl strong liquor, 33 cl strong beer, 12-15 cl wine or equivalent.

Page 17
How often do you consume 4 or more standard measures of alcohol in one evening
Page 18

How often do you smoke 1 cigarette per day?
Page 19

How often do you drive faster than the speed limitations ?

Page 20

LEA TEK
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Thank you for participating!









