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Abstract 

 

The purposes of this thesis are to: (a) provide a review of previous research on the economic value of 

geological information, including the identification of important lessons from such work: and (b) 

assess the current use and non-use of geological information in Swedish municipalities. The thesis 

consists of three papers all related to the assessment or adoption of geological information.   

Paper I provides a review of previous research on the economic value of geological information and 

other earth observations as well as related products, services and infrastructure. Furthermore, the 

paper identifies important lessons and issues that require increased attention in future research. The 

review of prior research shows that significant economic benefits are attached to the use of geological 

information. The value of geological information has typically been measured in terms of avoided 

costs. Still, it is 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 this type of information, thus highlighting the 

preconditions for information adoption as well as addressing the role of potential users. A number of 

specific methodological challenges also deserve further scrutiny in future research, such as the use of 

discount rates and benefit-transfer approaches in the empirical context of geological information.  

Based on the results of Paper I it is important to also analyze what, beyond technological advances, 

influences the adoption of geological information. Paper 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 theoretical explanations and empirical findings on individual 

and organizational effects influencing the adoption of geological information. In this paper an 

information adoption model is proposed and tested against data collected from 677 officials in 

Swedish municipalities. The model is estimated using linear probability (LPM) and instrument 

variable generalized method of moment (IV-GMM) approaches. The results suggest that perceived 

advantages have the largest effect on the likelihood of adopting geological information, but also 

follow-up education (motivation) and gender are found to affect adoption behavior. In addition, the 

results also indicate a group effect within working units. Some implications of the findings and future 

research areas are discussed.  

Paper III further investigates the adoption of geological information in the public sector by 

considering social effects (collegial advice), and whether the information is jointly adopted with 

related information. The related information considered in this paper is other geoinformation such as 

map data, demographic information concerning population or building information. The empirical 

analysis builds on the survey sent out to officials at Swedish municipalities. The information adoption 

model is estimated using probit and bivariate probits. The results suggest that the adoption of 

geological and related information is a joint and complementary decision. It is also found that 

collegial advice, perceived skills from education, motivation to adopt, perceived advantage, gender 

and working unit affect the likelihood of adopting geological information. 
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Preface 

1. Introduction  

The need for understanding environmental dynamics is more urgent now than ever given the issues 

today’s society is facing, such as land degradation, groundwater protection and climate changes. For 

example, Bernknopf et al. (1997) note that changes in land use affect erosion, sedimentation and 

groundwater supply. Having reliable earth observations, such as geological information, on natural 

and manmade phenomena’s and their effects on the environmental system is therefore critical to 

decision-making processes. For instance this type of information can be valuable for (a) the 

development, sustainable use and protection of groundwater; (b) environmental impact assessment; 

(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 permitting industrial facilities (Bhagwat 

and Ipe, 2000; Swedish Geological Survey, 2011). Therefore, geological information is needed to 

effectively manage the challenges of sustainable development (e.g. Grant and Williamson, 2002; 

Ting, 2002; Rodriguez-Pabon, 2005). 

Geological information is mainly collected and analyzed by national government-funded geological 

survey agencies and it is suggested that without such funding very little information would be 

provided (Bhagwat and Ipe, 2000). However, since the economic value attached to such information 

is generally unknown outside the user community the provision of information could be inadequately 

funded (Reedman et al., 2002). At the same time there is greater attention on assessing governmental 

investments than previously. Assessing the value of geological information 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 from such investments 

(Castelein et al., 2010). 

This licentiate thesis is an attempt to evaluate the socioeconomic impact of geological information in 

Sweden. Although the research on the valuation of information is increasing there is a need for 

defining consistent and accepted methods for quantifying the socioeconomic benefits of such 

information. The challenge is to estimate the value of a knowledge-creating process, which in this 

thesis is argued to have several experience good qualities (see further section 1.3). As knowledge 

remains intangible until applied it is easy to draw the connection to experience good; yet this has not 

been previously identified in the literature on geological information. For instance, geological 

information is location- and context-dependent and has learning-by-using qualities.   
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1.1 Objectives and Scope 

The purposes of this thesis are to: (a) provide a review of previous research on the economic value of 

geological information, including the identification of important lessons from such work: and (b) 

assess the current use and non-use of geological information in Swedish municipalities. Given the 

results of our review of prior value assessments we found that one should devote more attention to 

information adoption as well as addressing the role of potential users. Moreover, we suggest that 

research focusing on the rates of usage and adoption of geological information could lead to a deeper 

understanding on how such societal benefits arise. Although identified as something that could add 

to the literature the adoption process of geological information has not been investigated. Given this 

the second and third paper focuses on the adoption of geological information.  

1.2 Geological Maps 

This thesis focus on geological information, with the main product being geological maps, which can 

be used either in an information system or as a physical map. A geological map, describes the physical 

world by linking geological materials and structures to a geographic position. In order to capture the 

dynamic nature such maps includes projections on how these interact over time.  

Topological maps shows the landscape, roads, and urban environments. While topological maps 

depict the forms of the surface, a geological map focuses on what exists below the surface. A 

geological map uses combinations of colors, lines and symbols to capture the dynamic changes in 

geological composition and structures. Figure 1 provides an example of this by showing a generalized 

picture of the groundwater situation in the city of Stockholm, i.e. the extent of ground water and 

removable volumes.  

1.3 Geological Information as an Economic Good 

Geological information possesses clear public good features, such as being non-rival and lacking 

congestion costs. The information can be restricted through licensing, or due to intellectual property 

rights, which leads to the definition of a quasi-public good. This influences the assessment of the 

economic value since it is not limited to the financial profitability of a give project alone, but its value 

to a broad range of users must be acknowledged.   

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 is likely to have 

a significant impact on demand. Moreover, the information is typically highly location and context 

dependent, and there may exist significant market segmentations. The perceived benefits of using 

geological maps also differ across users due to the nature of the projects undertaken (Longhorn and 

Blakemore, 2008).   
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Figure 1. Example of a geological map 

 (Source: Geological Survey of Sweden, SGU)  
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2. User Survey 

Although identified as something that could add to the literature the adoption process of geological 

information has not been investigated. Given this the second and the third paper focuses on the 

adoption of geological information. Data were collected relying on theoretical notion from diffusion 

of innovation (e.g. Rogers, 2010). Diffusion of innovation explains how technology or information 

spread (i.e. diffuse), and what factors influence individuals to adopt products, in our case geological 

information. The information adoption is measured through self-reporting, an approach which is 

common in technology acceptance models (e.g., Davis, 1989, 1993; Legris et al., 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 insights to what qualities contribute to the 

information adoption.  

Both Paper II and III in this thesis make use of data collected through a user survey. Prior surveys 

on geological information have included some questions concerning what products and to which 

degree the information is used (e.g., Bhagwat and Ipe, 2000; Garcia-Cortés et al., 2005). However, 

the present survey focuses on the usage, and is used to investigate differences in decision-making 

practices across officials, including potential differences across municipalities.  

The data were collected through a web survey that was sent out to approximately 1700 officials 

working at the 290 Swedish municipalities during the spring of 2014. Around 250 of these were 

identified as no longer working at the municipalities due to completed service, maternity or sick leave. 

Hence 1450 officials working at the municipalities were contacted. A total of 740 respondents 

answered the survey and after removing incomplete answers we ended up with a sample of 677 

responses, thus yielding a response rate of 46,7 %. This is higher response rate than expected as the 

survey was sent to both users and potential users of geological information.  

2.1 Survey Design 

The survey should capture qualities of the users and the potential users (i.e. current non-users) without 

losing respondents due to the length of the survey. The length of a survey is normally negatively 

correlated with the response rate. The format of a web survey is chosen as it provides the respondents 

with time to think, and it can be completed at a time of convenience for the respondents (Marta-

Pedroso et al., 2007). In addition, the web survey has no interview effect (Nielsen, 2011), and it is 

easy to follow-up and remind of the survey. The web survey also captures the data in electronic 

format, thus making the analysis faster and cheaper compared to conventional mailed paper 

questionnaires. There are also disadvantages of using web survey, e.g., it can lead to a limited 

sampling, possible cooperation issues, and an absence of an interviewer who could clarify and remind.  
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The web survey was constructed to take between 10 to 15 minutes to answer, and the questions were 

carefully chosen to address some important aspects of the respondents’ use of geological information. 

The questionnaire was pre-tested on a small group of respondents from Swedish municipalities. 

Given that not all respondents are assumed to be familiar with geological information the first page 

of the survey consist of an introduction to geological information, and exemplifies the difference 

between two geological maps and one geographic map (see survey in appendix A). The survey 

continues with a page concerning where they are working, in which working unit and for how many 

years they have been working there. This part of the survey also asks with which units the respondents 

cooperate, as well as personal characteristics such as gender, education and perceived knowledge 

concerning geological information they have gained from their education. The next section focuses 

on geological information with questions concerning if they are using it, if they are using related 

information, if they have taken initiatives to further education concerning geological information, and 

if they perceive that there exist benefits or disadvantages with using the information. If the question 

concerning perceived benefits is answered yes a follow-up open end question concerning examples 

is asked.  

Based on whether the respondent is an adopter or non-adopter they are forwarded to separate last 

sections. The reported adopters are asked in which context they are using geological information, to 

what extent and which geological products that they perceive important to their work. This is followed 

up by a question if they know who to contact if the geological information needed is not accessible 

at their municipality. The section also includes two questions considering the situation where they 

have either asked others for advice or been asked to advice others concerning geological information. 

The non-adopters are instead asked why they are not using the geological information and if they 

have been using such information in the past.  

2.2 Sample  

Data from the Swedish Geodata Cooperation are usually procured by some officials at each 

municipality. Hence, the suppliers are unable to detect the end users, and the full population is 

therefore unknown. 

In order to capture an extensive sample group the municipalities’ human resource unit were contacted 

to provide e-mail lists of full and part time workers within each municipality. The reference month 

for the lists with workers are either November or December 2013, given when the municipalities sent 

us the contact information. By using lists of workers compiled by the human resource unit we should 

be able to minimize the issue of limited sampling. From these lists a stratified sample was drawn on 

individuals working within units for environmental management, urban planning, mapping, 
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construction, communication/tourism, trade, exploitation and municipal board (including its 

administration). These units are considered to comprise potential users due to the information 

gathered from initial interviews held with individuals at a number of municipalities before creating 

the survey.  

Since it is difficult to capture the full population it is important to discuss the issue of selection bias. 

The non-response of a survey is often used as an indicator of data quality. A low loss is seen as a 

guarantee that the survey is of good quality. While this is partly true it is an oversimplification. In 

this case a high number of non-response was expected as the targeted population included both 

individuals currently using the information and individuals who have yet not adopted (or that never 

will adopt) geological information.   

To preserve the confidentiality of all 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 reminder or send us a response e-mail in order 

to stop receiving reminders.  

A snowball sample was collected to find additional hidden actors by using the social networks of the 

members of the known population (Coleman, 1958; Goodman, 1961). The snowball survey was sent 

to 200 individuals and responded by 67 of these. However, when comparing the variable means of 

the initial and the snowball sample we find that they are statistically different from each other. Hence, 

papers II and III only use the initial sample of 677 responds. 

Table 1. Results of non-response biasness analysis on sample and snowball sample 

Variables Sample Snowball  sample Significance 

Number of respondents 677 67   

Adopting geological information   0.678 (0.018)* 0.895 (0.037)* t= -5.214 p=0.000 

Work experience  7.826 (8.415) 8.463 (7.276) t= -0.665 p=0.507 

Motivated to adopt  0.083 (0.276) 0.119 (0.281) t= -0.888 p=0.377 

Perceived advantage  0.798 (0.402)* 0.970 (0.171)* t= -6.627 p=0.000 

Gender (women) 0.576 (0.019) 0.552 (0.061) t=0.372 p=0.711 

* Significantly different means  

 

In paper II the variable means of the initial sample and the snowball sample are compared and found 

statistically different from each other. Hence, papers II and III only use the initial sample of 677 

responds. 

Some of the non-responding individuals sent e-mails, which indicated two main reasons for not 

participating. The first was that they felt uneasy answering questions concerning information they did 

not use in their job. The other was that they felt that the characteristic questions took too much effort 
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to respond to. Due to this some sensitivity analysis of the impact of possible self-selection bias is 

relevant, and such analyses are reported in papers II and III. 

In the survey 335 (49.4 %) answered that they thought that additional education would make the 

information more useful. This is an interesting result since the estimations in paper II suggest that 

education did not affect the adoption. We also included more specific geological education (ranging 

from one day courses to longer education) without finding any statistically significant effect.  

3. Summary of Papers 

The three papers included in the thesis are summarized in the following section while section 4 

provides some general findings made from the thesis. 

Paper I:  The economic value of geological information: Synthesis and directions for future 

research. Resources Policy, Vol. 43, pp. 91-100 (with Patrik Söderholm). 

The purposes of this article are to: (a) provide a review of previous research on the economic value 

of geological information and other earth observations as well as related products, services and 

infrastructure; and (b) identify important lessons from this work including methodological challenges 

that require increased attention in future research. 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 economic characteristics – of such information. 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, mineral exploration decisions 

etc.). 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 in the paper. Most 

studies base the valuation on a calculation of the avoided costs of using new or improved information. 

The paper 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.). It is noted that previously assessed values 

can be used to new location, i.e. benefit transfers, if the necessary site correspondence condition is 

fulfilled. Whereas it is difficult to compare different estimations the prior literature all indicates 

significant values attached to using geological information in societal activities, for instance, 

minimizing the risk of contamination in groundwater, landfills or road constructions. 

We argue that geological information have clear experience good, which has not been properly 

addressed in the literature. The potential effects of this are a) underestimated ex ante assessments, b) 
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disregarding potential market segmentations, and c) not discussing how the opportunity cost of 

learning-by-using can affect the demand. 

Further research is suggested on the process of adopting new geological information. Research 

focusing on the rates of usage and adoption of geological information could lead to a deeper 

understanding on how such societal benefits arise. Although identified as something that could add 

to the literature the adoption process of geological information has not been investigated. Given this, 

the second and third paper in this licentiate thesis focus on the adoption of geological information. 

Paper II:  The adoption of geological information in the public sector: the case of Swedish 

municipalities (with Isabelle Nilsson).  

Understanding the impediments to information adoption is a prerequisite to a strategic dissemination 

of geological information and related information systems. Prior research has shown significant 

socioeconomic benefits connected to the use of geological information, and this raises the question 

what influences the adoption decision of individual officials working in public sector. The objective 

of this paper is to identify the factors that influence the individual officials’ adoption of geological 

information and to discuss how to model such a process.  

The information adoption model is empirically tested with data collected from 677 officials in 

Swedish municipalities. To address a potential response bias we compared the mean values of early 

and late respondents without finding any statistical significant difference. The information adoption are 

estimated using linear probability (LPM) and instrument variable generalized method of moment (IV-

GMM). Three instrument variables are generated to adjust potential endogeneity problems in 

perceived advantage, following Lewbel (2012) and Baum et al. (2013).  

The results suggest that perceived advantages have the largest effect on the likelihood of adopting 

geological information. Moreover follow-up education (motivation) and gender affect the adoption 

behavior. In addition, the results also indicate group effects from working unit affiliation, which 

suggest a bottom-up adoption process within the municipalities. No spatial correlation are found 

between neighboring municipalities. Some implications of the findings and future research areas are 

discussed. 

Paper III:   The adoption of geological information in the public sector: a joint  

  estimation with related information.  

In this paper it is suggested that the model used in paper II could be expanded to also consider the 

social effects of collegial advice. Moreover, one challenge with estimating what influences the 

adoption of geological information is that the information may be selected jointly with other types of 



9 

 

data. This article therefore estimates discrete choice models (separately and jointly) of geological and 

related information adoption. The related information considered in this paper other map data, 

demographic information or building information. Building information can, for instance, include tax 

assessment data, building inspections or designation of the property. The information adoption are 

estimated probits and a bivariate probit model. The bivariate estimation is considered in order to 

account for the presence of potential unobserved correlation among the adoption decisions. The 

information adoption model is empirically tested with data collected in a survey in 2014 from 677 

officials in Swedish municipalities. 

As expected, the results indicate that perceived advantage has the largest effect on the likelihood of 

adopting geological information among officials at Swedish municipalities; this is followed by the 

motivation to adopt, perceived skills from education. Moreover, the results indicate that collegial 

advice affects the rate of adopting geological information. Interpersonal contacts act as an important 

source of information that can influence the level of individual involvement with the information. 

4. General Findings and Some Directions for Future Research 

The research covered in this thesis are divided into two parts (e.g. a literature review and empirical 

studies on information adoption). These parts show some of the potential effects geological maps can 

have on society, either by measurable benefits to societal activities, as seen in paper I, or by 

attributing to officials being more confident about their decision making, as indicated in the 

descriptive results from the user survey in paper II.  

In paper I we argue that geological information have clear experience good qualities (e.g. learning-

by-using, location and context dependent), which has not been properly addressed in the literature. 

This affects both the limitations of ex ante assessments and suggest the need to address potential 

market segmentations. The cost of learning-by-using could affect the demand and if the opportunity 

cost is too high it might create a lock-out effect for potential user. In the article it is suggested that 

research focusing on the rates of usage and adoption of geological information could lead to a deeper 

understanding on geological information and the benefits arising from using it.  

Paper I suggest that future 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.   

The second part of the thesis, i.e., paper II and III, switches focus from reviewing benefit 

assessments to investigating the information adoption in Swedish municipalities. These papers 

contribute to the literature through empirical findings on individual and organizational effects in 
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information adoption. The results from these papers indicate that perceiving advantages is important 

for the decision to adopt geological information. Still, many of the users could not pinpoint the actual 

benefits but more connect them to the fact that they felt more confident in their decision-making. 

Moreover, both papers find that the motivation to adopt as well as gender affect the adoption process. 

The third paper also found that collegial advice and perceived skills from education tend to affect the 

adoption rates.  

The estimations indicate no spatial dependence in the adoption of geological information among 

Swedish municipalities. This implies that officials at municipalities are not affected by the adoption 

of geological information in neighboring municipalities. This could be an indication that there is no 

exchange of information between municipalities concerning geological information. Harvey (2003) 

found that local governments share geoinformation, but that it is neither regulated nor formalized 

instead a “give now and get later” mentality was noted. Hence, we also tried including variables for 

internal and external cooperation, but found no evidence of such effects. It should be noted that we 

also tried including secondary data, such as changes in population, economic indicators and taxation 

levels, in order to capture regional differences, without finding any indications of statistically 

significant regional differences. These additional estimations are not included in the thesis but 

available from the authors upon request. 

Both papers suggest that women are currently more cautious to adopt the information. Prior literature 

suggest that the gender difference is due to subject norm. We consider that this effect should diminish 

further on in the diffusion process (i.e., when more have adopted the information). However policy 

makers and producers of information products should consider creating user-friendly settings that 

allows for triability. By lowering the opportunity-cost of trying the information the demand could 

increase, which then could lead to a higher social pressure to adopt.  

Paper III indicates that the information adoption decision is made jointly within the information 

system, and by accounting for unobserved correlation between different types of geoinformation one 

can improve the accuracy in estimating the information adoption. While this result is not surprising, 

it implies that the users seek information products from a range of sources and that there may exist a 

demand for combined information products. In the survey 183 (27 %) stated that better instructions 

could contribute to making the information more useful, along with 168 (24.8 %) suggesting 3-D 

maps and 164 (24.2 %) suggesting clearer portfolios/profile products to make geological information 

more useful. Portfolios are a range of information products suggested to users based on their work 

assignments, so that officials can discover additional products. Profile products are suggestions based 

on people with same “profile”, for instance, trending products within their units. This supports that 

new – combined – information products (so called mashups) could lead to an increased demand for 
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geological information. In the survey 26 % of the users did not know how to find and access additional 

geological information that is not already available at their work. The combined picture of the 

responses suggests that the needs of the individual end-users are not currently facilitated.   

The results of this thesis have some implications. First, this research highlights that geological 

information has clear experience good qualities, which have been disregarded in the prior literature. 

This should have several consequences for the estimation of the socioeconomic values attached to 

this information. For instance, there may exist significant market segmentation and the opportunity 

cost of learning-by-using will have a significant impact on the demand. Secondly, the research gives 

insight on understanding how officials’ form their perceptions of the value of geological information. 

This confirms the importance of potential adopters’ perception of the characteristics of the 

information. The results also indicate that interpersonal contacts act as an important source of 

information. This implies that instead of trying to educate everyone it is important to find the 

individuals who are motivated to use it and that are willing to share his/her knowledge with 

colleagues. Third, we found that adoption behavior is not affected by neighboring municipalities. 

Given the lack of exchange of information the producers should consider to present easily-understood 

– yet formalized means to share – information.  Finally, the results in this thesis also suggest that 

there exist a demand for mashup of geoinformation products. Mashups combine contents from several 

sources to create a single new service, usually function through an application programming interface 

(API) or by a web map service (WMS). 

A potential direction for further research on information adoption is to include measurement of 

complexity connected to new software and standards. It would also be interesting to investigate what 

products are suitable for mashups. More in-depth analysis on service-based conflation and 

interoperability of geoinformation could also add to the literature. 
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a b s t r a c t

Geological information can play a key role in addressing challenges of sustainable development such as
land degradation and groundwater protection, and contribute to improved decision-making processes.
In this paper we: (a) provide a review of previous research on the economic value of geological
information and other earth observations as well as related products, services and infrastructure; and
(b) identify important lessons from this work as well as methodological challenges that require
increased attention in future research. The review of prior research shows significant economic benefits
attached to the generation of this type of public information. The value of geological information has
typically been measured in terms of avoided costs. Still, it is 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 their treatment of potential (rather than only existing)
users, and employ varying conceptions of avoided costs. The paper concludes that future research should
devote more attention to the public and experience good characteristics of this type of information, thus
highlighting the preconditions for information adoption as well as addressing the role of potential users.
A number of specific methodological challenges also deserve further scrutiny in future research, such as
the use of discount rates and benefit-transfer approaches. We also provide some thoughts on how to
proceed with such research.

& 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/).

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,

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,
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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 Eyjafjallajökull 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.1

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
infrastructures2 increased attention needs to be devoted to asses-
sing the social and economic impacts of such infrastructure. In

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

1 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.
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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.3 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).4 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).

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.),5 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.

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 It 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).

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, α, 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 α. Thus, we have

EC T ; α;Rð Þwhere
∂EC
∂T

40;
∂EC
∂α

o0;
∂EC
∂R

40 ð1Þ

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.,
RZR. 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 Tn

p, the expected cost under cost-minimizing
effort will thus be equal to

EC Tn

p; αp;R
� �

ð2Þ

In the alternative situation new or improved geological infor-
mation is available, and this increases the credibility of the project
report. We use the subscriptm 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 Tn

m, and it follows that Tn

moTn

p. We thus have

EC Tn

m; αm;R
� � ð3Þ

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

ES¼ EC Tn

p;αp;R
� �

� EC Tn

m;αm;R
� � ð4Þ

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 R4R. 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
assessments

OXERA (1999) Investigates the use of topographic data in the
production of other goods. Based on customer
interviews.

In 1996 the Ordnance Survey contributed to 12–20% of gross
valued added in several sectors (e.g. utilities, local
government and transport).

n.a.

Frank (2001) Analyses the value of the topographic survey activities
in Austria.

In 2000 the topographic data contributed EUR 1100 million
to private sector activities. This represented 6–12% of the
Austrian gross valued added.

318:1

Roger Tym
and Partners
(2003)

Uses a value-added method by identifying rough
indicators of the products and services provided by the
British Geological Survey (BGS).

The total benefit considerably exceeds the turnover. In 2001
the BGS contributed GBP 34–61 billion, representing 5–8% of
the total UK output.

0.8–
1.5:1

Ovadia (2007) Examines the contribution to national economies
attributable to the geosciences. Based on literature
review.

There exist clear benefits from geological information. Raises
the question if future investments in geological information
would maintain a high net benefit.

100–
1000:1

Avoided cost
approaches of
geological
information

Cressman and
Noger (1981)

Evaluates the Kentucky Geological Survey, 1960–1978
(e.g. mineral commodities, engineering geology,
environmental geology, land use etc.).

The geological information creates benefits, and can result in
saving taxpayers' money on the application of government
services.

n.a.

Cocking
(1992)

Evaluation of an aid-funded geological mapping
project in Kenya. Assesses the geological data
collection costs avoided by different enterprises.

Users placed a value on the costs that would have been
incurred by their operations had the maps and reports not
been available. A net benefit of more than GBP 0.2 million
per year is reported in the study.

n.a.

Bhagwat and
Berg (1991,
1992)

Assesses the geological mapping in the state of Illinois
based on Bone and Winnebago counties in the case of
groundwater contamination risks.

The results strongly support the economic feasibility of
geologic mapping programs that are used to support the
environmental planning process.

1.2–
2.7:1

Bernknopf
et al. (1993,
1997)

Estimates cost savings attributed to the use of a new
map for two regulatory cases: a landfill
(contamination) and the Washington Bypass
(construction).

The authors report annual net benefits of USD 1.28–3.50
million (1993 price level).

2–4:1

Ellison and
Calow (1996)

Assesses the impacts of information gained through
geological mapping projects in the UK (including a
case study from a local re-mapping).

The estimated net benefits of the re-mapping application was
GBP 0.54million. For the anecdotal national remapping program
a baseline net value was estimated at GBP 15.7 million.

n.a.

Bhagwat and
Ipe (2000)

Estimates the economic benefits of the entire
geological mapping program of the state of Kentucky.

Based on survey results of avoided costs the authors
estimated savings of USD 2.2–3.5 billion.

17–28:1

Reedman
et al. (2002)

Estimates water supply development costs with and
without the information provided by hydrological
information in Nigeria.

Estimated savings in borehole-drilling costs of GBP 751000
(1996 price level) for the time period 1996–2006.

3:1

Scott et al.
(2002)

Assessment of the value of a regional geological
mapping program for mineral exploration purposes in
Australia.

The authors use a revealed preference approach and report
an annual net benefit of AUD 4.3 million for mineral
exploration.

n.a.

Garica-Cortés
et al. (2005)

Assessment of the economic benefits of the so-called
MAGNA sheets (the national geological maps of Spain).

The authors estimate net benefits of EUR 1.25–3.34 million for
the geological mapping program based on the costs avoided.

10–27:1

Bernknopf
et al. (2007)

Analysis of improved government geological map
information for mineral exploration efficiency in
Canada (two case studies).

Both cases indicate that the improved mapping implied
increases in expected targets and a reduction in search
efforts (efficiency). In one of the cases the net benefits of an
updated map are estimated at CAD 0.4–13.4 million.

1–13:1

Other earth
observations and
related spatial data
infrastructure (SDI)

Price
Waterhouse
Coopers
(1995)

Benefit assessment of SDI in Australia based on
surveys.

For the time period 1989–1994 land and geographic
information data generated benefits of AUD 4.5 billion to the
Australian economy.

4:1

PIRA (2000) Public sector information in Europe (geographical
information).

Value added from geographical information of EUR 36 billion
per year.

n.a.

Dufourmont
(2004)

Extended impact assessment of infrastructure for
spatial information in Europe (INSPIRE).

The benefits outweigh the investment requirements by a
considerable amount, with an annual net benefit of EUR 36
million.

n.a.

Halsing et al.
(2004)

Simulating the costs and benefits of the U.S. Geological
Survey's national mapping program.

Net benefits estimated at USD 1–3 billion. The break-even
point is after 14 years, due to high upfront cost while
benefits accumulate over the years.

n.a.

Booz Allen
Hamilton
(2005)

Assessing the return on investment of geospatial
interoperability at NASA.

Risk-adjusted ROI of 119 % indicating that for every USD
invested, USD 1,19 is saved on operations and maintenance
costs.

n.a.

ACIL-Tasman
(2008)

Impact assessment of SDI technologies on the
Australian economy.

In 2006–2007, the spatial information contributed to a
cumulative gain of AUD 6.43–12.57 billion (equivalent to
0.6–1.2% of the Australian GDP).

n.a.

ACIL-Tasman
(2009)

Assesses productivity gains from the use of spatial
information in New Zealand.

In 2008, the use and re-use of spatial information added
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.

5:1

Bouma et al.
(2009)

Assesses the value of geoinformation for water quality
management in the North Sea (e.g. observing algal
blooming).

The authors report that the satellite geoinformation
provided annual net benefits of EUR 0.24 million in the case
of water management.

1.48:1

Castelein et al.
(2010)

Assesses the economic value of the Dutch geo-
information (mainly using turnover data).

The estimated value of the Dutch geo-information sector
was estimated at EUR 1.4 billion, which corresponds to about
0.25 % of the Dutch GDP.

n.a.

n.a.
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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.6

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

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.7 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.

Table 1 (continued )

Study Case and method Results Benefit-
cost
ratio

Other earth observations
and related spatial
data infrastructure
(SDI)

Craglia and
Campagna
(2010, 2012)

The economic impacts of the European INSPIRE
geoportal, with a focus on regional cases (e.g.,
Lombardy).

The tangible economic benefits are significantly greater
than the investment costs, with an average economic cost
savings at EUR 3 million per annnum in the Lombardy case
study.

Booz Allen
Hamilton
(2013)

Impact analyses on the socioeconomic benefits of earth
observation; case study of volcanic ash advisories and
aviation safety.

The data saved USD 24–72 million in avoided revenue losses
due to unnecessary delays and avoided aircraft damage
costs.

n.a.

Miller et al.
(2013)

Assesses the value of the US Landsat, moderate-
resolution satellite imagery in the USA, using WTP
estimates.

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.

n.a.

Note: EUR¼Euro, USD¼United States Dollars, AUD¼ Australian Dollars, NZD¼ New Zealand Dollars, CAD¼Canadian Dollars, and GBP¼Pound sterling.

6 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.

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.8

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

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

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.
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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).
Häggquist 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.

Acknowledgments

Financial support from the Geological Survey of Sweden (SGU)
is gratefully acknowledged (Grant no. 61-1451/2011), as are valu-
able comments on the paper from Susana Goytia Casermeiro, Jonas
Grafström, Elin Spegel, Åsa Lindman, and one anonymous
reviewer. Any remaining errors, however, reside solely with the
authors.

References

ACIL-Tasman, 2008. The value of spatial information: the impact of modern spatial
information technologies on the Australian economy. Prepared for the CRC for
Spatial Information & ANZLIC – the Spatial Information Council, ANZLIC,
Melbourne.

ACIL-Tasman, 2009. Spatial information in the New Zealand economy: realising
productivity gains. Prepared for land information New Zealand, Department of
Conservation; Ministry of Economic Development, Melbourne.

Adamowicz, W.L., Louviere, J., Williams, M., 1994. Combining stated and revealed
preference methods for valuing environmental amenities. J. Environ. Econ.
Manag. 26, 271–292.

Adamowicz, W.L., Swait, J., Boxall, P., Louviere, J., Williams, M., 1997. Perceptions
versus objective measures of environmental quality in comined revealed and

stated preference models of environmental valuation. J. Environ. Econ. Manag.
32, 65–84.

Andersson, D.E., Andersson, Å.E., 2013. The economic value of experience goods. In:
Sundbo, J., Sørensen, F. (Eds.), Handbook on the Experience Economy. Edward
Elgar Publishing Limited, Cheltenham, pp. 84–97.

Arrow, K., 1962. Economic welfare and the allocation of resources for invention. In:
Nelson, R. (Ed.), The Rate and Direction of Inventive Activity. Princeton
University Press, Princeton.

Berg, R.C., 2005. Societal and economic benefits of three-dimensional geological
mapping for environmental protection at multiple scales: an overview per-
spective from Illinois, USA. In: Ostaficzuk, S. (Ed.), The Current Role of
Geological Mapping in Geosciences. Springer, Netherlands.

Brander, L.M., Koetse, M.J., 2011. The value of urban open space: meta-analyses of
contingent valuation and hedonic pricing results. J. Environ. Manag. 92,
2763–2773.

Brennan, T.J., 2012. Commentary: valuing information, ascertaining risk, and setting
the target. In: Laxminarayan, R., Macauley, M.K. (Eds.), The Value of Informa-
tion: Methodological Frontiers and New Applications in Environment and
Health. Springer, London.

Bernknopf, R.L., Brookshire, D.S., McKee, M., Soller, D.R., 1993. Societal Value of
Geologic Maps. U.S. Geological Survey, Virginia (Circular No. 1111).

Bernknopf, R.L., Brookshire, D.S., McKee, M., Soller, D.R., 1997. Estimating the social
value of geologic map information: a regulatory application. J. Environ. Econ.
Manag. 32 (2), 204–218.

Bernknopf, R.L., Wein, A.M., St-Onge, M.R., Lucas, S.B., 2007. Analysis of improved
government geological map information for mineral exploration: incorporating
efficiency, productivity, effectiveness, and risk consideration. Geological Survey of
Canada, Bulletin No. 593, U.S. Geological Survey, Professional Paper No.1721, Virginia.

Bhagwat, S.B., and Berg, R.C., 1991. Benefits and costs of geologic mapping programs
in illinois: case study of boone and winnebago counties and its statewide
applicability. Illinois State Geological Survey, Circular No. 549.

Bhagwat, S.B., Berg, R.C., 1992. Environmental benefits vs. cost of geologic mapping.
Environ. Geol. Water Sci. 19 (1), 33–40.

Bhagwat, S.B., and Ipe, V.C., 2000. Economic benefits of detailed geologic mapping
to Kentucky. Illinois State Geological Survey, Special Report No. 3.

Booz Allen Hamilton, 2005. Geospatial interoperability return on investment study.
NASA, Geospatial Interoperability Office.

Booz Allen Hamilton, 2013. Measuring socioeconomic impacts of earth observa-
tions – a primer. NASA, The Earth Science Division, The Applied Sciences
Program.

Borzacchiello, M.T., Craglia, M., 2011. Socio-economic benefits from the use of earth
observation. Report from the International Workshop held at Joint Research
Centre. European Commission Joint Research Centre, EUR 2495.

Bouma, J.A., van der Woerd, H., Kuik, O., 2009. Assessing the value of information
for water quality management in the North Sea. J. Environ. Manag. 90 (2),
1280–1288.

Castelein, T.W., Bregt, A., Pluimers, Y., 2010. The economic value of the Dutch
geoinformation sector. Int. J. Spat. Data Infrastruct. Res. 5, 58–76.

Champ, P.A., Bishop, R.C., 2006. Is willingness to pay for a public good sensitive to
the elicitation format. Land Econ. 82 (2), 162–173.

Cocking, J., 1992. Synthesis of geological survey evaluations. Evaluation Depart-
ment, Overseas Development Administration UK. Evaluation Report No. 542.

Craglia, M., Campagna, M., 2012. The socioeconomic impact of the spatial
data infrastructure of Lombardy. Environ. Plan. B: Plan. Des. 39 (6),
1069–1083.

Craglia, M., Friedl, L., Pearlman, J., 2012. Quantifying the value of environmental
information to society. EOS Trans. Am. Geophys. Union 93 (30), 291.

Craglia, M., Nowak, J., 2006. Assessing the impact of Spatial Data Infrastructures,
Report of the International Workshop in Spatial Data Infrastructures' Cost-
Benefit/ Return on Investment. European Comission, Joint Research Centre, EUR
22294.

Craglia, M., Pavanello, L., Smith, R.S., 2010. The use of spatial data for the
preparation of environmental reports in Europe. European Commission Joint
Research Centre, EUR 24327.

Cressman, E., Noger, M.C., 1981. Geologic mapping of Kentucky – a history and
evaluation of the Kentucky geological survey – U.S. geological survey mapping
program 1960–1978. U.S. Geological Survey, Circular No. 801, Virginia.

Ellison, R.A., Calow, R., 1996. The Economic Evaluation of BGS Geological Mapping
in the UK, British Geological Survey.

Frank, A., 2001. The Surveying activities at the Austrian Federal Office for Metrology
and Surveying: An Economic Analysis. Austrian Federal Ministry of Economics
& Labour, Vienna.

Garica-Cortés, A., Vivancos, J., Fernández-Gianotti, J., 2005. Evaluación económica y
social del Plan MAGNA. Bol. Geol. Min. 116 (4), 291–305.

Gillespie, S., 2000. An empirical approach to estimating GIS benefits. URISA 12 (1),
7–14.

Grant, D., Williamson, I., 1999. The Bathurst declaration on land administration for
sustainable development. Fédération Internationale des Géomètres, FIG pub-
lication No. 21.

Halsing, D., Theissen, K., Bernknopf, R.L., 2004. A Cost-Benefit Analysis of The
National Map. U.S. Geological Survey, Virginia (Circular No.1271).

Häggquist, E., Nilsson, I., 2015. The Adoption of Geological Information in Local
Governments: The Case of Swedish Municipalities. Luleå University of Technol-
ogy, Sweden (unpublished working paper).

Johnston, R.J., Rosenberger, R.S., 2010. Methods, trends and controversies in
contemporary benefit transfer. J. Econ. Surv. 24 (3), 479–510.

E. Häggquist, P. Söderholm / Resources Policy 43 (2015) 91–100 99



Kleinhenz and associates, 2011. An Economic Impact Analysis of the Ohio Geolo-
gical Survey's Products and Services. Ohio Geological Survey.

Krek, A., Frank, A., 2000. The economic value of geo information. J. Spat. Inf. Decis.
Mak. 13 (3), 10–12.

Krek, A., 2002. An Agent-based Model for Quantifying the Economic Value of
Geographic Information. Vienna University of Technology, Vienna University of
Technology, Austria (Ph.D. dissertation).

Loomis, J.B., Rosenberger, R.S., 2006. Reducing barriers in future benefit transfers:
Needed improvements in primary study design and reporting. Ecol. Econ. 60,
343–350.

Longhorn, R., 2010. Valuing the Invaluable: A Geoinformation Conundrum. Keynote
at the GeoValue Workshop.

Macauley, M., Laxminarayan, R., 2010. The value of information: methodological
frontiers and new applications for realizing social benefit workshop. Sp. Policy
26, 249–251.

Magesan, A., Turner, M.A., 2010. The value of information in regulation. B.E. J. Econ.
Anal. Policy (Article 76).

Miller, H., Sexton, N.R., Koontz, L., Loomis, J., Koontz, S.R., Hermans, C., 2011. The
users, uses, and value of landsat and other moderate-resolution satellite
imagery in the United States. U.S. Geological Survey, Open-File Report No.
2011-1031, Virginia.

Miller, H., Richardson, L., Koontz, S.R., Loomis, J., Koontz, L., 2013. The Users, Uses,
and Value of Landsat Satellite Imagery – Results from the 2012 Survey of Users.
U.S. Geological Survey, Open-File Report No. 2013-1269.

Morrison, M., Brown, T.C., 2009. Testing the effectiveness of certainty scales, cheap
talk, and dissonance-minimization in reducing hypothetical bias in contingent
valuation studies. Environ. Resour. Econ. 44, 307–326.

Nelson, P., 1970. Information and consumer behavior. J. Polit. Econ. 78, 311–329.
Olsen, M., Bailey, M., 1981. Positive Time Preference. J. Polit. Econ. 89 (1), 1–25.
Ovadia, D., 2007. Geology as a contributor to national economies and their

development. British Geological Survey.
Oxford Economic Research Associates Ltd., 1999. The Economic Contribution of the

Ordinance Survey of Great Britain. OXERA, Oxford, United Kingdom.

Pira International Ltd., University of East Anglia and Knowledge View Ltd., 2000.
Commercial Exploitation of Europe's Public Sector Information – Final Report.
European Commission, Directorate-General for the Information Society, PIRA.

Price Waterhouse Coopers, 1995. ANZLIC Benefit Study, Australian and New
Zealand Land Information Council. ANZLIC, Australia.

Reedman, A.J., Calow, R., Johnson, C.C., Piper, D.P., Bate, D.G., 2002. The value of
geoscience information in less developed countries. British Geological Survey,
Commissioned Report CR/02/087N.

Results Task Force XIA. In: Dufourmont, H. (Ed.), 2004.
Rodriguez-Pabon, O., 2005. Cadre Théorique Pour Lévaluation des Infrastructures d

´Information Géospatiale. (Ph.D. dissertation). Université Laval, Canada.
Roger Tym & Partners, 2003. The economic value of the BGS. British Geological

Survey.
Scott, M., Dimitrakopoulos, R., Brown, R.P.C., 2002. Valuing regional geoscientific

data acquisition programmes: addressing issues of quantification, uncertainty
and risk. Nat. Resour. Forum 26, 55–68.

Smith, V.K., van Houtven, G., Pattanayak, S.K., 2002. Benefit transfer via preference
calibration: “prudential algebra” for policy. Land Econ. 78, 132–152.

Stephan, P., 2005. Robert K Merton's perspective on priority and the provision of
the public good knowledge. Scientometrics 60 (1), 81–87.

Stiglitz, J.E., 1999. Public Policy for a Knowledge Economy, Department for Trade
and Industry. Center for Economic Policy Research, London.

Swedish Geological Survey, 2011. Annual Report 2011, Uppsala.
Swedish Geological Survey, 2012. Annual Report 2012, Uppsala.
Ting, L., 2002. Principles for an Integrated Land Administration System to Support

Sustainable Development. (Ph.D. dissertation). University of Melbourne,
Australia.

Whitehead, J.C., Pattanayak, S.K., Van Houtven, G.K., Gelso, B.R., 2008. Comsbining
Revealed and stated preference data to estimate the nonmarket value of
ecological services: an assessment of the state of the science. J. Econ. Surv. 22
(5), 872–908.

E. Häggquist, P. Söderholm / Resources Policy 43 (2015) 91–100100



 
 
 
 
 

Paper  II 



 

 

 



The Adoption of Geological Information in the Public Sector:  

The Case of Swedish Municipalities 

 

ELISABETH HÄGGQUIST   ISABELLE NILSSON 

         Economic Unit  Geography and Planning 

Luleå University of Technology   University of Toledo 

 
E-mail: elisabeth.haggquist@ltu.se    

 

  

 
Abstract: Recent studies acknowledge that the rates of usage and the adoption process of publicly 

available geological information are vital for an understanding of the benefits arising from such 

information. However these properties are poorly understood and there is a clear need for studies on 

the adoption of geological information. The objective of this paper is to identify factors that influence 

adoption of geological information, and to discuss how to model such a process. We explore the 

adoption of geological information in the public sector by using a diffusion of innovation framework. This 

study proposes an information adoption model and this is tested against data collected from 677 officials 

in Swedish municipalities. Variables covering prior work experience, education, motivation to adopt, 

gender, perceived advantage and organizational fixed effects are included in linear probability (LPM) 

and instrument variable generalized method of moment (IV-GMM). The results suggest that perceived 

advantages have the most profound effect on the likelihood of adopting geological information. In 

addition, the results indicate that organizational effects exist on the working unit level, yet no spatial 

effects from neighboring municipalities. Implications of the findings and future research areas are 

discussed. 
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1. Introduction  

Although the development and use of information system is changing rapidly, their implementation 

is costly and frequently has a low adoption rate (Legris et al., 2013). An example of an information 

product that has not yet reached a complete diffusion is geological information. Geological 

information, such as geological maps, links geological materials and structures to a geographic 

position and is then implemented in information systems. Geological information can be used to 

improve land use decisions or to reduce the negative impacts of different types of investment projects. 

The information therefore has the potential of being useful in a wide range of public sector decisions 

such as city planning, infrastructure projects, tourism, geohazard identification, environmental impact 

assessment and the development of water supply facilities (Bhagwat and Ipe, 2000; Häggquist and 

Söderholm, 2015). The production and accessibility of geological information has changed 

dramatically over the last decades, yet the level of adoption is lower than expected. 1 

Bernknopf et al. (1997) considered how a marginal increase in the quality of geological information 

adds to the regulatory authority’s decision for permitting a particular land use. The authors considered 

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. The authors found substantial socioeconomic benefits from using the 

marginally improved information, and based on only these two applications the improved map could 

be justified.2 Halsing et al. (2004) note that the adoption of geological information is vital for 

understanding the benefits arising from such information. However, the properties of adoption of 

publicly available geological information and the rates of usage are poorly understood. Häggquist 

and Söderholm (2015) provided a review of empirical research and found that previous articles 

indicate clear significant economic benefits attached to the use of geological information and related 

information infrastructure. The authors’ suggest that further societal benefits could be realized if 

existing barriers to adopting geological information were to be removed. If the geological information 

is adopted by a wider audience the increased use could have profound impacts on the future 

development of the information system. Understanding the impediments to information adoption is a 

prerequisite to a strategic dissemination of geological information and related information systems. 

The objective of this paper is to identify the factors that influence the adoption of geological 

information, and to discuss how to model such a process. This is done in the empirical context of the 

                                                 
1 If the diffusion was in a later stage all officials with similar tasks would have adopted the information as it can add to their decision 

making. This is however not the case in Swedish municipalities. See, for instance, Hultkrantz et al. (2014). 

2 The map was also anticipated to be used for a wide range of activities, such as, airport expansion and siting, land use planning, surface 

water impoundments, and siting of quarrying operations. The actual adoption of these other cases has not been investigated. 
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adoption by officials in the public sector in Sweden. Adoption is an important domain in information 

system research (Dong and Zhang, 2011) and prior studies on geographic information systems (GIS) 

indicate that the information tends to spread from the individual user to the rest of the organization 

in a bottom-up pattern (e.g., Moore, 1993; Masser and Campbell, 1995, Nedovic-Budic and 

Godschalk, 1996). This suggests that the diffusion will occur in the organization yet through the 

decisions of individual level adopters. As noted by McKenna et al. (2013) there has been a shift of 

focus in developing information systems from focusing on efficiency towards facilitating the end 

users’ service encounters. An efficient system built for an organization may not be catering to the 

actual needs of the individual users. Hence, the adoption of geological information by the end-user is 

an important goal of geodata implementation as it may increase efficiency, and lead to further 

dissemination. 

According to traditional economic theory the individual user is assumed to choose to adopt the 

geological information if there are benefits attached with using the information, and that the cost of 

obtaining the information is lower than or equal to the expected benefits. Such benefits could 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 making an information 

choice it is often too costly to investigate to the point where the payoffs of different actions are known 

with certainty (Matejka and McKay, 2015). As a result, the chosen action may not be the one that 

provides the optimal information to the official but rather fulfills a minimum level of credibility.  

According to McFadden (1999) the economic research is focusing on the standard economic model 

of decision-making and therefore neglects to analyze what is affecting the information process.3 The 

literature on users’ adoption of information services has – in contrast to the standard economic model 

– assumed that the individual users’ beliefs and attitudes impact the rate of adoption. Many studies 

on adoption of information services therefore use the technology acceptance model (Davis, 1989; 

Venkatesh and Davis, 2003; Venkatesh et al., 2012) or diffusion of innovation theory (Rogers, 2010; 

Nedovic-Budic and Godschalk, 1996) as basis for understanding adoption behavior. Officials can be 

considered to have a limited capacity to process information (March, 1994; Kornov and Thissen, 

2000; Sims 1998, 2003) and this restricts the search for more information and leads to cognitive 

shortcuts (Tversky and Kahneman, 1986; Rubenstien, 1998; Weyland, 2007). These shortcuts can be 

understood as routines due to past experience, knowledge, beliefs, values and capabilities of the 

organization and the individual decision-maker (van Ees et al., 2009). In this study we draw on the 

                                                 
3 The standard model of “the rational economic man” assumes that consumers behave as if information is processed in order to form 

perception and beliefs rather than acknowledging that, for instance, adoption processes are influenced by prior knowledge and beliefs. 
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literature on the diffusion of innovations. Hence, we assume that prior conditions (e.g., experience) 

and the users’ beliefs (e.g., perceived advantages) should also affect the adoption rate. 

The information adoption will be measured through self-reporting, an approach which is common in 

technology acceptance models (e.g., Davis, 1989, 1993; Legris et al., 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 insights to what qualities contribute to the information 

diffusion. The data were collected through a web survey during the spring of 2014. The data are used 

to display differences in practices across individuals and investigate potential differences between 

Swedish municipalities. The web survey was sent out to approximately 1700 officials working at the 

290 Swedish municipalities and the response rate was 51 percent. This is a higher response rate than 

expected as the survey was sent to both users and potential users of geological information. The data 

are analyzed using linear probability (LPM) and instrument variable generalized method of moment 

(IV-GMM) models. The IV-GMM model is estimated to mitigate potential endogeneity issues found 

in one of the independent variables. We also test for the presence of spatial correlation among 

municipalities.  

The paper proceeds as follows. In section two we present some prior literature on information 

adoption, our conceptual model and variables. Section three focuses on the econometric method. 

Section four describes the survey design, sample and an evaluation of the survey responses. In section 

five the empirical results are presented and discussed while section six concludes the paper. 

2. Empirical and Theoretical Aspects of Information Adoption 

2.1 Theoretical Points of Departure  

The literature on the behavioral intention to adopt has proposed several theories explaining the 

intention or actual adoption behavior. Noteworthy theories are the innovation diffusion theory 

(Rogers, 2010; Nedovic-Budic and Godschalk, 1996), the theory of reasoned action (Fishbein and 

Ajzen, 1975; Ajzen and Fishbein, 2005), the theory of planned behavior (Ajzen, 1985, 1991) and the 

technology acceptance model (Davis, 1989; Venkatesh and Davis, 2003; Venkatesh et al., 2012). 

Although presenting different models, these theories propose that individuals’ beliefs and attitudes 

should impact the rate of information adoption. Nedovic and Godschalk (1996) focus on human 

factors in the adoption of GIS in local governments in North Carolina. The authors find that perceived 

advantages, previous computer experience, and exposure to technology and networking are 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. 
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Masser and Campbell (1995) investigate the GIS adoption in local governments by surveying British 

local authorities and found that 29 % of all 514 respondents had GIS. The authors find that the main 

perceived benefits of GIS are improved information processing capabilities (60 %), followed by better 

decisions (21 %). The main problems include hardware reliability, lack of skills and appropriate 

organizational arrangements, as well as concerns over the cost of data capture. The authors’ results 

suggest that 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 diffusion. The 

overall findings by the authors is that GIS adoption in British local government is largely 

decentralized and bottom-up in nature.  

In Sweden the municipalities have access to geological information through the Swedish Geodata 

Cooperation, and therefore we assume that a general initiation already has occurred in the 

organizational level.4 On the other hand the adoption of information is much more complex than 

acquiring the software and data. Masser and Onsrud (1993) describes the process as giving the clients 

bricks (i.e., software and data) but leaving them to themselves to build the house (i.e., implement it 

into their decision-making processes). Nonetheless, after information technology is acquired the 

decision on its use is made by or for each employee individually (Moore, 1993; Nedovic and 

Godschalk, 1996). Our paper focuses on the individuals and factors influencing their decision to adopt 

or reject the geological information. 

In an empirical analysis Hägerstrand (1967) mapped the adoption of farm soil mapping in a Swedish 

region for different time periods. From this analysis the author identified an initial diffusion with 

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 (Bennett, 1991; Brueckner, 2003; Neumayer and Plümper, 2012). Hence, we will 

also test for spatial dependence as a case of cross-sectional dependence, i.e., if the municipalities are 

influenced by their neighbouring municipalities.  

The idea of spatial spillovers suggests that the probability of an information transfer from one 

individual to another declines with distance between the two. We will therefore also estimate a model 

with potential effects found within municipalities, since this is the first level at which such effects 

could exist.  

                                                 
4 This was also indicated by interviews held with officials at municipalities when initiating the work on this paper.  
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In this paper we draw on the literature on diffusion of innovation (e.g., Rogers, 2010; Nedovic and 

Godschalk, 1996). Hence, we acknowledge that prior conditions (e.g., experience) and the 

individuals’ beliefs (e.g., perceived advantages) should affect the adoption rate. The theoretical model 

of information adoption proposed consists of individual and organizational effects, see figure 1. Both 

of these contexts are discussed in the next section. The individual effects refer to prior work 

experience, education, motivation to adopt, gender and perceived advantage. Organizational effects 

such as spatial and working unit affiliation (fixed effects) are considered.  

Figure 1. Theoretical model  

 

 

2.2 Variables and Hypothesized Effects on the Adoption of Information  

Geological information has experience- and public- good qualities, which makes it difficult for the 

official to investigate the potential outcomes of actions. For example, geological information has a 

learning-by-using quality and the opportunity cost of this should have a significant impact on the 

adoption rate. This learning-by-using quality is also a cost for the official to consider prior to adoption.  

In this paper we add to the adoption modeling by investigating the impact from the officials’ 

motivation to adopt information. This should indicate if the individual feels that the information 

improves the management of the decision-making process, and is an action taken to lower the cost of 

learning-by-using. Therefore, a variable indicating whether the individual has taken initiative to 

further education on geological information is used as an indicator of the individual's motivation. 

In order to achieve a more effective decision-making process the official creates cognitive shortcuts 

(Tversky and Kahneman, 1986; Rubenstien, 1998; Weyland, 2007). These shortcuts can be 

understood as routines due to past experiences, knowledge, beliefs, values and capabilities of the 
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organization and the individual user (van Ees et al., 2009). Given this the adoption model should 

capture prior exposure to the information system or similar information decisions. We will therefore 

include work experience in the model. Noting that work experience is defined as years working at 

municipality with similar tasks, it does not necessarily indicate that the decision-maker have been 

exposed to the information system. This could also capture how cheap it is to learn to use it and what 

the official know about benefits of learning. We will also include the general level of education in the 

model. We assume that both work experience and general education lower the cost of obtaining the 

information and expect a positive effect from these. However it should be noted that the prior 

experience could also create a lock-in effect to old systems due to routines, which could instead have 

a negative effect from work experience. 

It has been suggested that gender differences is a fundamental aspect of culture that have been 

overlooked in technology adoption studies (Dong and Zhang, 2011; Gefen and Straub, 1997). 

Furthermore, the adoption literature that has included gender in their estimations found differences 

between men and women. Some attributes the difference to women being more influenced by 

subjective norms (e.g., Venkatesh and Morris, 2000; Hwang, 2010; Slyke et al., 2010). Given this we 

will add a gender dummy to our model in order to check for potential differences between men and 

women.5 

The diffusion of innovation theory (e.g., Rogers, 2010) was developed to explain how a technology 

or ideas 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 (2010), studies of adoption often include relative advantage, 

compatibility, complexity, triability and observability. In this paper we will include perceived 

advantage, which should indicate that the information is seen as superior to its predecessor (Teo et 

al., 1995). The feedback from prior experience could create a lock-in effect as the potential adopter 

may prefer to use old systems/information because he/she is used to it.  

The results of Masser and Campbell (1995) suggest that planning and development departments are 

the leaders in the adoption of GIS followed by highway and estates. In this paper it is assumed that 

similar organizational effects will exist for the case of geological information. We therefore include 

following working units to check for fixed effects: a) environmental management unit; b) urban 

planning unit; c) communication and tourism unit; and d) municipal board and its administration. The 

                                                 
5 Morris et al. (2005) indicated that the gender effects in individual adoption differed based on age but we do not capture age in the 

survey. However, we did test for the interaction between work experience and gender without any indication of any effect.  
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base working unit named “others” comprised of individuals working at mapping, construction, trade 

or exploitation units.  

Table 1. Variable definitions and hypothesis on the effects on the rate of adoption 

 

Given the results by Masser and Campbell (1995) we hypothesize that the units of environmental 

management and urban planning will have a leading adoption due to their work assignments requiring 

earth data. Moreover, we consider it unlikely that the communication and tourism unit will lead the 

Variables Definition Hypothesized effect on the adoption 

probability 

Expected 

Sign 
Work experience  Number of years worked with 

same/similar tasks, categorical 

Individuals with work experience 

have a lower cost of obtaining the 

information.  

Positive 

  Individuals with work experience may 

be prefer to stick to older information 

systems.   
 

Negative 

Education Level of finished education, categorical 

for primary school; upper secondary 

school; or university degree 

Education leads to lower cost of 

obtaining the information.  
 

Positive 

Motivation to adopt 1 if taken initiative for further education 

on geological information,  

0 otherwise 

Initiating further education is an 

action to lower the cost of learning-

by-using.  
 

Positive 

Gender  (women) 1 if woman,  

0 otherwise 

Women will be more cautious in 

adopting the information. 
 

Negative 

Perceived 

advantage 

 

1 if perceiving advantage,  

0 otherwise 

Perceived advantage from using the 

information  

Positive 

Working units 

 

   

Environmental 

management 
1 if individual worked at  environmental 

management unit or their description of 

main job activities fitted with others 

description within such unit, 

0 otherwise 

 

Environmental management and urban 

planning will have a leading adoption, due 

to their work assignments. 

Positive 

Urban planning 1 if individual worked at  urban panning 

unit or their description of main job 

activities fitted with others description 

within such unit, 

0 otherwise 

Positive 

Communication  

and tourism 
1 if individual worked at  communication 

and tourism unit or their description of 

main job activities fitted with others 

description within such unit, 

0 otherwise 

Municipal board and administration as 

well as communication and tourism could 

have a lower probability due to the nature 

of their work assignments. 

Negative 

Municipal board 

and administration 
1 if individual worked at  municipal board 

and administration or their description of 

main job activities fitted with others 

description within such unit, 

0 otherwise 

Negative 

Others  

(base unit) 
1 if individual worked with other  unit than 

mentioned above,  

0 otherwise 

  



8 

 

diffusion due to their main work assignments. In Masser and Campbell (1995) chief executive’s 

department was well represented in the adopters. However, in this paper it is hypothesized that the 

municipal board should have a lower probability (i.e., negative unit effect) due to their work 

assignments and the presumed bottom-up nature of the adoption process. If the pattern is that the 

adoption occurs at the individual and then spreads within the organization it seems contradictory to 

assume that the municipal board should lead the diffusion, they are more likely to be indirect users 

than acquiring the information themselves. 

The results of Masser and Campbell (1996) also indicated that there is a higher probability of a local 

authority having GIS in the wealthier region of the country. Due to this we estimated a model 

including the taxation level in the municipalities as well as population growth 2008-2014 as proxy 

for the financial constraints. Neither of these, however, indicated any statistically significant effects 

on adoption behavior.   

3. Model Specification  

The most common approach to estimate the adoption is through the use of dichotomous choice data 

models (adopt or reject). The decision-maker’s adoption 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 𝑅𝑖
∗, which is related to the set of variables depicting individual capabilities, 

personal beliefs and organizational effects(𝑋𝑖): 

Ri
∗ = Xiβ + εi ,   i = 1,2 … . N                                                      (1) 

where 𝛽 is a vector of adoption parameters and 𝜀𝑖 is the error term. The adoption occurs if the expected 

net benefits of adoption are greater than those of non-adoption (i.e. if 𝑅𝐴
∗ > 𝑅𝑅

∗ ).6  After knowing the 

decision-maker’s choice, the observed pattern of adoption can be represented by the dummy variable 

(𝑦𝑖) where these observed values are related to 𝑦∗ in the sense that:  

yi = 1 if RA
∗ > RR

∗  

yi = 0 otherwise                                      (2) 

When deciding which statistical technique to use the purpose of the analysis is an important 

consideration. The objective in this paper is to predict influencing factors of adoption, and for this the 

                                                 
6 The potential adopter needs to see a clear and contrast advantage of the new information in their decision making process in order to 

adopt it (Lee et al., 2011), hence we assume that  𝑅𝐴
∗ > 𝑅𝑅

∗  better fits the adoption process than 𝑅𝐴
∗ ≥ 𝑅𝑅

∗ . 
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linear probability model (LPM) is often used (Legris et al., 2003). The LPM predicts the probability 

of an event occurring, and assumes that the effects of the X’s on the probabilities are linear.  

Pr(Y = 1|x) = Xiβ + εi ,     i = 1,2 … . N       (3) 

Some argue that a logit model should be considered since LPM may predict probabilities outside the 

range 0-1, and that statistical tests become inappropriate with a binary dependent variable. However, 

Hellevik (2009) shows that the correlations between a set of P-values from linear and logistic 

estimations were as high as 0.999 and that in only one case out of 320 did a 5 % level significance 

test result in conflicting conclusion from the two tests. Hence, we feel confident about LPM, which 

has intuitive interpretation. With LPM the coefficients are usually very close to average effect 

estimates - or the discrete counterpart - and should be considered a good model option for limited 

dependent variables (e.g., Mood, 2010; Angrist and Pischke, 2009). The residuals of the LPM model 

will by definition be heteroscedastic since the variance varies with the explanatory variables but the 

estimator is still unbiased.  

We also consider that the variable perceived advantage (PA) may suffer from endogeneity problems 

and we therefore conduct an IV-GMM estimation to consider if the LPM creates misleading 

estimations (i.e., check if the zero conditional mean assumption are violated).7 In our case this can be 

described as  

Y1 =  Pr(Y = 1|x) = Xiβ1 + PAγ1 + ε1       (4) 

PA = Xiβ2 + Y1γ2 + ε2       (5) 

If the identifying restrictions are absent the structural parameters are not identified. Since we are using 

individual survey data it will be difficult to identify appropriate instruments for PA. Hence, we 

estimate an instrument variable model with generated instruments using Lewbel (2012) method. 

Following Baum et al. (2013) instruments (𝑍𝑗) can be generated from the auxiliary equations’ 

residuals, multiplied by each of the included exogenous variables in mean-centered form: 

𝑍𝑗 = (𝑋𝑗 − �̅�) ∗ 𝜖       (6) 

where 𝜖 is the vector of residuals from the auxiliary equation of the endogenous regressor on all 

exogenous regressors, including a constant vector. According to Baum et al. (2013) the centered 

regressors will contain sizable elements if there is clear scale-related heteroskedasticity, which in turn 

                                                 
7 If there is heteroskedasticity an instrument variable model estimated with 2SLS will not be asymptotically efficient and we can 

therefore expect the GMM estimator to be more efficient than 2SLS. If the error term is homoscedastic the GMM will be reduced to 

the 2SLS estimator. 
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will be correlated with the endogenous variable.  Furthermore, we assume that eq. (7) and eq. (8) for 

estimated instruments (𝑍𝑗) will identify the structural parameters.  

cov(X, εj
2) ≠ 0 ,      j = 1,2        (7) 

cov(Z, ε1ε2) = 0        (8) 

After the instruments are generated the IV-GMM model can be estimated with generated instrument 

that are considered to add to the model. Both the LPM and IV-GMM model will also be estimated to 

allow for intragroup correlation (i.e., clustering over municipalities).  

In order to check if the municipalities are influenced by their neighbours we will calculate Global 

Moran’s I in ArcMap. As we are interested in whether there is 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 I statistic is given as: 

I =
N

∑ ∑ wi,j N
j=1

N
i=1

∑ ∑ wi,jzizj N
j=1

N
i=1

∑ zi
2N

i=1

                                (9) 

where 𝑧𝑖 is the deviation of an attribute (in this case e) for feature i from its mean (ei - ebar),𝑤𝑖,𝑗 is 

the spatial weight between i 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.  

4. Survey  

The web survey was constructed to take between 10 to 15 minutes to answer and the questions were 

carefully chosen to address some important aspects of the respondents’ use of geological information. 

The questionnaire was pre-tested on a small group of respondents from municipalities. The survey 

start with exemplifying the difference between geological and topological maps. The survey then 

covers working unit, how long they have been working there, gender, education. This is followed by 

questions concerning if they are using geological information, taken initiative to further education 

concerning geological information and if they perceive that there exist benefits or disadvantages with 

using geological information.8 

                                                 
8 See Appendix A for a copy of the survey.  
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The stratified sample is based on officials in the 290 Swedish municipalities, drawn on individuals 

working within units for environmental management, urban planning, mapping, construction, 

communication/tourism, trade, exploitation and municipal board including its administration. These 

units are considered to have potential users due to the information gathered from initial interviews 

held with individuals at some municipalities before creating the survey. Subjects were drawn from a 

list of current workers defined by the municipalities’ human resource units. To preserve the 

confidentiality no identifiers were placed on the submissions of questionnaires. Instead a reminder 

was sent out after two week to all respondents stating that those who had already responded could 

either just ignore the reminders or send us an email in order to stop receiving reminders.  

A total of seven hundred and fourth questionnaires were received. However, 63 responses were 

excluded because of incomplete responses, which gives a response rate of 46.7 %. This is higher 

response rate than expected as the survey was sent to both users and potential users. Among the 

remaining 677 respondents, 459 (67.8 %) were categorized as adopters of geological information. 

This leaves 218 (32.2 %) officials as non-adopters. The respondents came from 258 (89 %) Swedish 

municipalities, which should be sufficient amount to check for spatial issues.  

Some of the non-responding individuals sent e-mails, which indicated two main reasons for not 

participating. The first was that they felt uneasy answering questions concerning information they did 

not use in their job. The other was that they felt that the characteristic questions took too much effort 

to respond to. Due to this some sensitivity analysis of the impact of possible self-selection bias is 

relevant.  

Since it is difficult to capture the full population it is important to discuss potential selection bias. The 

non-response of a survey is often used as an indicator of data quality. A low loss is seen as a guarantee 

that the survey is of good quality. While this is partly true it is an oversimplification. In this case a 

high number of non-response was expected as the targeted population included both individuals 

currently using the information and individuals who have yet not adopted geological information.   

The non-response is a potential bias in survey studies and therefore we evaluates the sample by 

comparing early and late responses (e.g. Kuan and Chau, 2001; Lindner, Murphy and Briers, 2001). 

Early respondents were defined as those who had completed the questionnaires before reminders. 

Around 65 % of the responses (439 out of 677) were considered early respondents. No significant 

differences were found between early and late respondents, see Table 2. Our test suggests that the 

non-response bias of our sample is not significant. 
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Table 2. Results of non-response biases analysis on responses to question items 

Variables Early respondents Late respondents Significance 

Number of respondents 439 238  

Information decision 

(adopt/reject)  

0.679 0.676 t= -0.062 p= 0.950 

Work experience  7.902  7.685  t= -0.315 p= 0.753 

Motivation to adopt 0.082 0.084 t= 0.091  p= 0.927 

Perceived advantage  0.788 0.815 t= 0.846  p= 0.398 

Education 2,722 2.61 t= -2.057 p= 0.040 

Gender (women) 0.572 0.584 t= 0.308  p= 0.758 

 

Table 3 contains the descriptive statistics of the variables for adopters and non-adopters of geological 

information. The mean for adopters are higher than the non-adopters in experience, motivated, 

perceived advantage, education, environmental management and urban planning. The mean is lower 

for gender, communication/tourism unit as well as for municipal board and its administration. The 

survey results indicated that many felt that there are perceived advantages of using geological 

information, yet could not define the benefits. Instead the respondents described work assignments 

and that they felt more confident in their decision-making. 

Table 3. Descriptive statistics 

 

Variables 

 

Population  
Mean (std dev) 

Adopter  

 

Non-adopter  
Min Max  

Number of respondents 677 459 218    

Information decision 

(adopt/reject) 

0.678 (0.468) 1 0 0 1  

Work experience  7.826 (8.415) 8.113 (8.651) 7.220 (7.878) 0 46  

Motivation to adopt 0.083 (0.276) 0.120 (0.325) 0.005 (0.067) 0 1  

Perceived advantage 0.798 (0.402) 0.967 (0.178) 0.440 (0.497) 0 1  

Education 2.684 (0.658) 2.749 (0.620) 2.546 (0.712) 0 3  

Gender (women) 0.576 (0.494) 0.523 (0.500) 0.689 (0.464) 0 1  

Working units      Observations 

Environmental 

management  

0.186 (0.389) 0.236 (0.425) 0.083 (0.276) 0 1 126 

Urban planning  0.229 (0.420) 0.288 (0.453) 0.105 (0.308) 0 1 155 

Communication and 

tourism 

0.083 (0.276) 0.017 (0.131) 0.220 (0.415) 0 1 56 

Municipal board and 

administration  

0.077 (0.266) 0.054 (0.227) 0.124 (0.330) 0 1 52 

Others (base unit) 0.425 (0.495) 0.405 (0.491) 0.468 (0.500) 0 1 288 

 

5. Empirical analysis 

5.1 Econometric Results 

The estimated coefficients of the parameters of the LPM and IV-GMM models are summarized in 

Table 4. The IV-GMM estimation is conducted in order to correct for potential endogeneity issues 

pertaining to the variable measuring perceived advantage. Three instrument variables are simulated 

and included based on education, gender (women) and motivation to adopt. The Hansen J statistics 

indicates that the simulated instrument variables should be considered as valid instruments.  
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The Kleibergen-Paap LM of the IV-GMM models indicates that the null hypothesis of weak 

instruments should be rejected, i.e. the model is considered identified. The results show minor 

differences in the GMM estimates produced by clustering and without it. The overidentifying 

restrictions are tested (Hansen J), and the p-values indicate no overidentification issues. Although 

there might be endogeneity present between the dependent variable and the perceived advantage 

variable, the estimated coefficient of perceived advantages stays consistent. This is the case not only 

between the IV-GMM and LPM estimations, but also between different model specifications that 

were estimated before arriving at the final model specification. 

The Moran’s I test conducted on the residuals from the models shows no significant pattern in the 

residuals. This implies that we cannot reject the null hypothesis of no spatial dependence in the 

adoption of geological information among Swedish municipalities. For this reason the non-spatial 

regression estimates displayed in Table 4 are considered sufficient. A continuity criterion was used 

to define neighbors.  

Table 4. Estimated coefficients of adopting geological information 

 

The results indicate that gender, motivation and perceived advantages all affect the probability of 

adopting geological information. Work experience and general education are statistically 

insignificant in all estimated equations. The organizational effect from working units indicates that 

environmental management and urban planning units are more likely to adopt the information than 

 LPM  

 

LMP clustering 

on municipalities  
IV-GMM  

 

IV-GMM  clustering 

on municipalities 

Number of respondents 677 677 677 677 

constant  0.149 ** 0.149 **  0.147 *  0.173 * 

Work experience  0.000 0.000  0.000  0.000 

Education  0.035 0.035  0.034  0.039 

Gender (women) -0.111 *** -0.111 *** -0.111 *** -0.113 *** 

Motivation to adopt  0.161 *** 0.161 ***  0.160 ***  0.150*** 

Perceived advantage  0.584 *** 0.584 ***  0.587 *** a  0.544 *** a 

Working units     

Environmental management   0.115 *** 0.115 ***  0.115 ***  0.115 *** 

Urban planning  0.123 *** 0.123 ***  0.123 ***  0.123 *** 

Communication  and tourism -0.285 *** -0.285 *** -0.284 *** -0.305 *** 

Municipal board and administration -0.115 ** -0.115 ** -0.115 ** -0.120 ** 

1st stage results Shea Partial R2 0.158 0.158 

 F 41.74 *** 14.88 *** 

2nd stage results Kleibergen-Paap LM 107.281 *** 31.862 *** 

 Hansen J statistic 3.91 (0.142) 2.69 (0.261) 

root MSE 0.346 0.346 0.344 0.344 

Tjur R2 0.458 0.458 0.459 0.441 

Moran’s I b  -0.034 -0.034 -0.034 -0.029 

Z-score (p-value) -0.696 (0.486) -0.696 (0.486) -0.706 (0.480) -0.581 (0.561) 
*** significant at the 1 % level ** significant at the 5% level * significant at the 10% level  

a perceived advantage is instrumented based on education, gender and motivation to adopt, see equation (6). 

b calculated using equation (9) in ArcMap using  Euclidean distance. 
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decision-makers in the base unit of “others”. Communication and tourism as well as the municipal 

board and administration have a lower probability than the base unit.  

Individuals, who perceived advantages associated with geological information are 54,4-58,7 % more 

likely to adopt such information than someone with a different opinion. Women officials have an 11 

% lower probability than their male colleagues. If the official has motivation to adopt (pursued further 

education), then they are 16 % more likely to adopt.  

5.2 Discussion 

Understanding the impediments to information adoption is a prerequisite to a strategic dissemination 

of geological information and related information systems. Prior research has shown significant 

socioeconomic benefits connected to the use of geological information, and this raises the question 

what influences the adoption decision of individual officials working in public sector. 

An official that perceives advantages from using the information has a higher probability to adopt 

geological information. Although in line with prior literature on adoption, it is an interesting result 

given that geological information is considered an experience good. This should make it difficult for 

officials assess such advantages prior to the adoption. Even when correcting for potential endogeneity 

issues, the perceived advantage variable has a fairly strong influence on the likelihood of adopting. 

This may be connected to some prior exposure to geological information, which has provided the 

decision-maker with enough feedback to appreciate the advantages of such information.   

Our estimations indicate that neither work experience nor education come out statistically significant, 

these are interesting results as we had hypotheses of several potential effects connected to these 

factors. Still, our results indicate that initiating follow-up education (motivation to adopt) does affect 

the adoption rate. This raises the question if workshops, seminars and similar measures could be used 

to increase exposure. This in turn could strengthen the perceived advantages and thereby further affect 

the usage.   

In our model, we included a gender dummy and found that women are less likely to adopt geological 

information. This is in line with the results found by Venkatesh and Morris (2000) but in contrast 

Dong and Zhang (2011), the latter finding that Chinese men are less likely to adopt information than 

women. This is consistent with the notion that Swedes have similar gender effects as found in the 

USA and but opposite to those in China. Future research should investigate if this effect differs based 

on age and if the suggested reasons of subject norm and women being more cautious regarding 

adopting geological information. Gefen and Straub (1997) argue that the social conformity in the 

latter phases of the diffusion process might cause women to adopt the characteristic of masculine 
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usage patterns. The gender effect should affect how marketing, management and policies regarding 

geological information are designed. Since women are, at this stage, more cautious regarding 

adoption it is even more pressing to find user-friendly settings which allows for triability.  

The results of Moran’s I (equation 9) indicated that no spatial dependence exists in the adoption of 

geological information among Swedish municipalities. Our results indicate that individuals at 

municipalities are not affected by the adoption of geological information in neighboring 

municipalities. This could be an indication that there is limited exchange of information between 

municipalities concerning the use and the value of geological information. Given the lack of exchange 

of information the producers should consider to present easily understood yet formalized means to 

share information.   

Our estimation indicates that even when clustering over municipalities, the estimates are roughly the 

same as without clustering. While there does not seem to exist any spatial effects between 

municipalities our results indicate that there exist fixed effects from working units. Most working 

unit effects are consistent with those found by Masser and Campbell (1995) with a positive effect in 

environmental management and urban planning, but a negative effect in the case of 

communication/tourism. The municipal board and administration unit are less likely adopters, a result 

that is in line with the hypothesized effect. This could be because the units leading the adoption are 

performing assignments where the geological information has a clear purpose whereas other units are 

more likely to be indirect users. Indirect users are those who do not analyze the information but rather 

receive materials including the information. Since the indirect users are not exposed to the 

information system they also have a high cost of learning-by-using. 

Our study has a number of limitations that should be acknowledged. First, the information on use is 

self-reported and our estimation, therefore, serves only as a relative indicator. Secondly, the study 

presents a snapshot of information adoption on a single cross-section data. A follow-up survey that 

captures the adoption variables also over time would enable more comprehensive analysis of 

decision-makers behavior in adopting geological information. Third, the results indicate that there 

exist differences within working units that could be further addressed.  

6. Conclusions 

Prior research has shown significant potential socioeconomic benefits connected to the use of 

geological information, which raises the question what influences the adoption decision of individual 

officials working in public sector. This paper investigates the information adoption in Swedish 

municipalities using data collected from 677 individuals, with around 68 % of them having adopted 

the information.   
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This paper contributes to the literature by theoretical explanations and empirical findings on 

individual and organizational effects in information adoption under a framework based on diffusion 

of innovation. By analyzing data from officials working at Swedish municipalities it was found that 

the information adoption is influenced by individual effects of perceived advantage, motivation and 

gender differences. The results also imply that work experience and general education do not affect 

the diffusion but that initiating follow-up education (motivation to adopt) does. This raises the 

question whether workshops, seminars and similar measures could be used to increase exposure. This 

in turn could strengthen the perceived advantage and thereby further affect the usage. The gender 

effect should affect how marketing, management and policies regarding geological information is 

shaped. Since women are, at this stage, more cautious regarding adoption it is even more pressing to 

find user-friendly settings which allows for triability. 

The results also suggest that organizational effects exist at the working unit level, but no spatial effect 

from neighboring municipalities could be found. Furthermore the results indicate that environmental 

management and urban planning units are leading the adoption within the municipalities, which is 

likely to be connected to the assignments they perform. The results instead indicates that the adoption 

rate is lower in units high up in the organization, such as the municipal board and administration. This 

is consistent with a bottom-up adoption process similar to those found in prior studies.  

Future research includes a follow-up survey that captures the adoption variables over time, testing 

whether the difference between men and women differs based on age, and further investigation into 

differences existing within working units.  
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Abstract: The objective of this paper is to examine the impacts of individual, social and organizational effects 

on the adoption of geological information in the public sector, and to test if this information is jointly adopted 

with related information. Variables covering the motivation to adopt, perceived skills, perceived advantage, 

gender, working unit and collegial advice are included in the estimation. The related information considered in 

this paper includes map data, demographic information and building information. The empirical results build in 

data from Swedish municipalities, and suggest that the adoption of geological and related information is a joint 

and complementary decision. Officials tend to adopt both geological and related information, which supports 

the idea for combined geoinformation products. The results also indicate that collegial advice, perceived skills 

from education, motivation to adopt, perceived advantage, gender and working unit affiliation affect the 

adoption of geological information. Perceived advantage has the largest effect on the likelihood of adopting, 

followed by motivation to adopt and perceived skills from education. This confirms the importance of potential 

adopters’ perception of the characteristics of the information. Moreover, the results also suggest that 

interpersonal contacts act as an important source of information that can affect the level of individual 

involvement with the information. 
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1. Introduction 

1.1 Background and Objectives 

Geological information, such as a geological map, describes the world by linking geological materials 

and structures to a geographic position. Geological maps can be used for environmental impact 

assessments, infrastructure projects, siting and permitting industrial facilities. Hence, geological 

information is vital for addressing the challenges faces by officials in different government 

authorities. Iglesias (2005) suggest that such officials have an expanding need of geoinformation due 

to increased responsibility of disaster management. The literature on geological information – and 

other types of geoinformation – consistently indicates significant socioeconomic benefits attributed 

from the use of such information (e.g., Bernknopf et al., 1997, 2007; Bhagwat and Ipe, 2000; 

Kleinhenz and associates, 2011; Booz Allen Hamilton, 2013; Miller et al, 2013). For instance, 

Bhagwat and Ipe (2000) assess the economic impacts of geological mapping in the state of Kentucky, 

and estimated a cost benefit ratio of 17-28:1. These authors note that geological maps save money, 

improve the quality and the credibility of work. Prior research also suggests that additional studies 

focusing on the rates of usage and adoption of geoinformation should lead to a a more in-depth 

understanding on how benefits arise (e.g. Halsing et al., 2004; Häggquist and Söderholm, 2015). If 

the information reaches a wider audience it could in turn lead to additional benefits and further 

applications of the information.  

Investments in geoinformation generation are growing (Feick and Roche, 2013), and the producers 

aim to provide users with efficient and user-friendly information (e.g. van Loenen and Zevenberger, 

2010). However, there have been few articles investigating the factors affecting the adoption process 

for geoinformation, and it is therefore not likely that those supplying this information are fully 

informed about user needs in the public sector. For instance, Hultkrantz et al. (2014) interviewed 

Swedish municipalities concerning soil stability maps (geological information), and noted a demand 

for further mapping. However, the authors also found that some of the requested additional map 

information may already exist but it is perceived hard to find and difficult to interpret. This suggests 

that the system is not catering the need of the end users within Swedish municipalities. 

Häggquist and Nilsson (2015) investigated officials’ adoption of geological information in Swedish 

municipalities. The authors found that the users' perceived advantage and gender affected the rate of 

adoption as well as fixed effects from working units, the latter due to the differences in work 

assignments. Moreover, their results indicate that work experience and general education do not affect 

the adoption, yet initiating follow-up education (motivation to adopt) does. In this paper, it is argued 
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that the adoption analysis could be expanded to also consider interpersonal knowledge spillovers 

through collegial advice (i.e., social effects).  

The objective of this paper is to examine the impact of individual, social and organizational effects 

on the adoption of geological information in the public sector, and to test if the information is jointly 

adopted with related information. Investigating if officials tend to adopt both types of geoinformation 

is interesting and if it is the case this supports the idea for combined geoinformation products (i.e. 

mashups). Mashups combine contents from several sources to create a single new service, usually 

function through an application programming interface (API) or by a web map service (WMS). 

The data used in this paper were collected in 2014 by Häggquist and Nilsson (2015) through a web 

survey. The survey was sent out to individuals working at the 290 Swedish municipalities and the 

response rate was 51 percent. The survey also included questions concerning whether the respondents 

used so called “related information”, which in this paper is used in order to consider a second 

information decision.  

1.2 Geoinformation  

Geographic information, or geoinformation, can be defined as digital descriptions of a geographic 

location, which includes features and phenomena for a given time period. Figure 1 includes examples 

of the information used in this article.  Geological maps provide information collected to inform and 

influence land-use choices. The maps support an expanding range of uses, such as environmental 

impact assessments, hazard evaluation, mineral resource development etc. The “related information” 

considered in this paper is other geographic data containing demographic information or building 

information. Building information can, for instance, include tax assessment data or designation of the 

property. 

Figure 1. Geoinformation  

 

Both geological and related information is often used as layers within a computerized information 

system, such as geographic information systems (GIS), spatial data infrastructure (SDI) or building 

information models (BIM). 

GEOINFORMATION
- Data with a geographic location 
usually analysed in GIS, SDI or BIM.

• GEOLOGICAL INFORMATION map data concerning
bedrock, ground water, marine geology, quaternary,
biogeochemical, geophysics, ores and mineral.

• RELATED INFORMATION map data concerning
lakes, vegetation or roads, demographic information
concerning population or building information.
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1.3 Outline of paper 

The paper proceeds as follows. In section two the theoretical framework and model specification are 

introduced. Section three describes the data and the variables investigated. Section four includes the 

empirical results and a discussion of these, while section five concludes the paper. 

2. Theoretical Framework  

2.1 Framework for Adoption Geological Information  

The literature on information systems has previously emphasized organizational adoption, but there 

is currently a shift towards the behavior of end users within organizations (e.g., McKenna et al., 2013; 

Nedovic and Godschalk, 1996; Tuunanen et al., 2010; Wiemann and Bernard, 2010; Wytzisk and 

Sliwinski, 2004). In this paper I focus on the adoption of geological information by officials within 

the Swedish municipalities.  

The adoption of geological information is expected to be influenced by individual, social and 

organizational effects, see Figure 2. The individual effects included in the estimation are perceived 

skills, perceived advantage, motivation to learn and gender. The social effect included is collegial 

advice. Organizational effects due to working unit affiliation (fixed effects) are considered. These 

effects are presented below. 

Figure 2. Adoption of geological information 

Häggquist and Nilsson (2015) investigated the adoption of geological information in Swedish 

municipalities. They argue that their model could be expanded to also consider interpersonal 

knowledge spillovers through collegial advice. According to Barahona and Pentland (2007) most 

research on the diffusion of innovations has confirmed that ideas and practices spread through 

interpersonal communication. As an attempt to further address this, the present paper investigates if 

the diffusion of information is affected by collegial advice. This is considered as a soft aspect of 

knowledge adoption as it has a larger probability of being integrated through social transmissions 

INFORMATION DECISION 

Adopt or reject geological 
information

Individual effects
(Perceived skills from education, 

perceived advantage, motivation to 
adopt and gender)

Organizational effects
(fixed effects from working units)

Social effects 
(Collegial advice)
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than by user’s manual (Geroski, 2000). According to Rogers (2010) most people rely on subjective 

evaluation of a product communicated through experience of near-peers. In this paper collegial advice 

is captured when an official has, during the last year, either: a) asked and given advice, b) asked for 

advice, or c) advised colleagues. In order to address the behavioral differences due to different 

assignments within the municipalities fixed effects from working units are also included, which have 

been previously used on GIS adoption (e.g. Masser and Campbell, 1995).  

The feedback from previous experiences should influence the adoption behavior (Ajzen and Fishbein, 

2005). However, the results reported in Häggquist and Nilsson (2015) indicate that neither work 

experience nor education had any effect. Yet, initiating follow-up education (motivation to adopt) did 

appear to impact the adoption rate, and this variable is also included in this paper. In order to further 

investigate the potential effects of education this paper includes perceived educational skills in the 

estimations. Perceived educational skills indicate if the decision-maker perceives that his/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 

adoption (Rogers, 2010). Hence, if an official perceives that their education skills help them then he 

or she is more likely to adopt the information.  

Perceived advantage indicates that the information improves the management decision-making 

process for the official. The potential users may prefer to use old systems/information because they 

are have a lot of experienced of using it. Hence, they need to see a clear and contrast advantage of the 

new information in their work in order to adopt it (Lee et al., 2011).   

Previous adoption literature also indicates that there may exist gender differences (e.g., Dong and 

Zhang, 2011; Gefen and Straub, 1997; Venkatesh and Morris, 2000; Hwang, 2010; van Slyke et al., 

2010). In the case of geological information, Häggquist and Nilsson (2015) found that women are 

less likely to adopt, which could be due to subject norm and women being more cautious at this stage 

of the adoption process. 

2.2  Adopting Geological and Related Information 

Figure 3 illustrates the joint adoption of geological and related information. Since the two information 

decisions has not been estimated simultaneously before they could either be completely separate 

decisions or affected by some unobserved correlation between them. This is indicated by the blue 

arrow in Figure 3. 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 information product. Hence, it is here assumed that estimations of 

both information decisions (geological and related) should include the same independent variables. 
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The information decisions are expected to be influenced by individual, social and organizational 

effects.  

Figure 3. Theoretical model for information decisions 

 

3.  Methodology 

This article examines the impact of individual, social and organizational effects on the adoption of 

geological information in Swedish municipalities. The officials are assumed to adopt the information 

if the information improves their decision-making process to a certain level. Following Häggquist 

and Nilsson (2015) the criterium of this perceived improvement is not observed but defined by the 

latent variable 𝑅𝑖
∗ which is related to the set of variables depicting individual, social and 

organizational effects(𝑋𝑖): 

𝑅𝑖
∗ = 𝑋𝑖𝛽 + 𝜀𝑖 ,   𝑖 = 1,2 … . 𝑁        (1) 

where 𝛽 is a vector of adoption parameters and 𝜀𝑖 is the error term.  The observed pattern of 

information adoption can be represented by the dummy variable (𝑦𝑖) where these observed values are 

related to 𝑦∗ in the sense that  

𝑦𝑖 =
1 𝑖𝑓 𝑅𝐴

∗ > 𝑅𝑅
∗

0  𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
            (2) 

This can be expressed as a binary choice in terms of the adoption or non-adoption, which in this paper 

is estimated through a probit model. Logit and probit functions are commonly used for binary choices, 

and in practice the difference between the estimated results are small. The difference between logistic 

and normal cumulative distribution function is minor for dichotomous data as used in this paper.   

In this paper I also consider if the accuracy in predicting adoption would be improved by estimating 

a joint adoption of a second geoinformation (related information). If the errors between the two 

information decisions are independent of one another it is sufficient to just estimate the probit model 

INFORMATION DECISION (y1)

Adopt or reject geological information

Individual effects
(Perceived skills, perceived advantage, 

motivation to learn and gender)

Organizational effects
(fixed effects from working units)

INFORMATION DECISION (y2)

Adopt or reject related information

Social effects 
(Collegial advice)

Potential unobserved correlation 
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on the adoption of geological information. In order to check if 𝐶𝑜𝑣[𝜖1, 𝜖2] ≠ 0 a tetrachoric 

correlation will be estimated following Greene’s (2012) definition of the tetrachoric correlation 

measure for two binary variables. The tetrachoric correlation (𝜌) is a directly comparable measure of 

association between the adoption probabilities for geological and related information.  

The null hypothesis is that the correlation between the unobserved explanatory variables of both 

information adoption (geological and related) is zero. The null hypothesis can be rejected if the 

tetrachoric correlation (𝜌) and the ancillary parameter from the bivariate probit (𝜌𝑏) is statistically 

significant. If the tetrachoric correlation (𝜌) is statistically significant the estimation of a bivariate 

probit including both decision could improve the accuracy in predicting the adoption of geological 

information.  

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 decisions 

to adopt geological information is denoted by g and related information is denoted by r. In the model 

specification g,r = 1 for adoption and g,r = 0 for non-adoption. We have: 

𝑦𝑔
∗ = 𝑥𝑔

′ 𝛽𝑔 + 𝜀𝑔, 𝑦𝑔 = 1 𝑖𝑓𝑦𝑔
∗ > 0,0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒     

𝑦𝑟
∗ = 𝑥𝑟

′ 𝛽𝑟 + 𝜀𝑟 , 𝑦𝑟 = 1 𝑖𝑓𝑦𝑟
∗ > 0,0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒      

𝐸[𝜀𝑔, 𝜀𝑟]~𝐵𝑖𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑁𝑜𝑟𝑚𝑎𝑙[0,0,1,1, 𝜌𝑏]       (3) 

where  𝐸(𝜀𝑔) = (𝜀𝑟) = 0, 𝑉𝑎𝑟(𝜀𝑔) = 𝑉𝑎𝑟(𝜀𝑟) = 1, 𝐶𝑜𝑣(𝜀𝑔, 𝜀𝑟) = 𝜌𝑏 and the distribution is 

bivariate normal. The bivariate model will summarize four possible outcomes such that for a given 

observation we have:  

𝑃𝑖11 = 𝑃(𝑦𝑖1 = 1, 𝑦𝑖2 = 1) = ∅2(𝑥𝑖1𝛽1, 𝑥𝑖2𝛽2, 𝜌)              

𝑃𝑖01 = 𝑃(𝑦𝑖1 = 0, 𝑦𝑖2 = 1) = ∅(𝑥𝑖2𝛽2) − ∅2(𝑥1𝑖𝛽1𝑖, 𝑥2𝑖𝛽2𝑖, 𝜌)     

𝑃𝑖10 = 𝑃(𝑦𝑖1 = 1, 𝑦𝑖2 = 0) = ∅(𝑥𝑖1𝛽1) − ∅2(𝑥𝑖1𝛽1, 𝑥𝑖2𝛽2, 𝜌)            

𝑃𝑖00 = 𝑃(𝑦𝑖1 = 0, 𝑦𝑖2 = 0) = ∅2(𝑥𝑖1𝛽1, 𝑥𝑖2𝛽2, 𝜌) − ∅(𝑥𝑖1𝛽1) − ∅(𝑥𝑖2𝛽2)         (4) 

where ∅ denotes the standard normal cumulative distribution function, ∅2 the standard bivariate 

normal cumulative distribution function and the bivariate probit has 𝑋𝑖1 = 𝑋𝑖2 for all i. In order to 

assess the goodness-of-fit of the bivariate probit a Rao score test is used (Murphy, 2007; Chiburis et 

al., 2012). This test adds more parameters to the model and checks whether the additional parameters 

are all zeros 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. 
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Following Greene (2012) marginal effects (MEs) will be computed as E[y1|y2=1, d=1]- E[y1|y2=1, 

d=0], where d is the dummy variable standard errors. Following Bartus (2005) I also calculate a 

second MEs to correct computations involving dummies indicating different categories of a single 

underlying variable, in this case collegial advice and working units.  

4. Data  

The data used in this study were collected in 2014 by Häggquist & Nilsson (2015) through a web 

survey. Prior surveys on geological information have included some survey questions concerning 

what products and to which degree the information is used (e.g., Bhagwat and Ipe, 2000; Garcia-

Cortés et al., 2005). However, this survey was the first evaluating geological information adoption.  

The survey consisted of questions concerning the respondents working units, personal characteristics 

(e.g. gender, education), personal beliefs (perceived relative advantage/disadvantage and motivation 

to use geological information) and collegial advice concerning geological information. The survey 

also included a question concerning if the respondents used related information.  

The survey was sent to a stratified sample based on the 290 Swedish municipalities’ full and part time 

workers. The sample was drawn on workers within units for environmental management, urban 

planning, mapping, construction, communication/tourism, trade, exploitation and municipal board 

including its administration. 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 percent and 

after removing missing or incomplete answers the data set consisted of 677 observations.  

In the survey results, some indications on barriers to adoption could be detected. The most frequent 

barriers reported were lack of education concerning geological information followed by a lack of time 

and difficulties in finding the needed information. Around 18 % of the respondents in our sample did 

not know how to gain access to desired geological information if the information was not provided at 

their unit within the municipalities. 

Table 1 includes definition of variables along with expected signs on their coefficients. Prior 

expectations about the relationship of the explanatory variables are based on theoretical 

underpinnings as well as on previous empirical results. All variables take either the value of zero or 

one. The sample non-response bias is evaluated by comparing the early and late respondents (Lindner, 

Murphy and Briers, 2001), differentiated by before and after the first reminder. This sensitivity check 

indicates no significant difference between these two groups, see Table 2. By looking at the bivariate 

frequency for geological and related information, presented in Table 3, one can surmise that these are 

positively correlated. 
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Table 1. Variable definitions and coding 

 Dependent variables Definition Hypothesized effect on 

the adoption 

probability 

Geological information 1 if adopter of  geological information 

0 if non-adopter or unsure 

 

Related information 1 if adopter of  related information 

0 if non-adopter or unsure 

 

Independent variables   

Perceived  skill from 

education  

1 if answered high perceived skills 

 (i.e., 4-5 on a 1-5 scale), 

0 otherwise 

Positive 

Motivation to learn more  1 if taken initiative for further education on geological 

information , 0 otherwise 

Positive 

Perceived advantage 1 if perceiving relative advantage, 0 otherwise Positive 

Gender (Women) 1 if woman, 0 otherwise Negative 

Collegial advice 1 1 if asked for and given advice concerning geological 

information more than once during the last year, 0 

otherwise 

Positive 

Collegial advice 2 

 

1 if been asked to give advice concerning geological 

information  more than once during the last year (while 

not asked others), 0 otherwise 

Positive 

Collegial advice 3 1 if asked for advice  concerning geological information  

more than once during the last year (while not advised 

others), 0 otherwise 

Positive 

Working units   

Environmental management  1 if individual worked at unit (.) and/or their description 

of main job activities fitted with others description within 

such unit, 0 otherwise 

Positive 

Urban planning Positive 

Communication  and tourism Negative 

Municipal board and 

administration 

Negative 

Others (base) 1 if individual worked with other  unit than mentioned 

above, 

0 otherwise 

 

 

Table 2. Checking for non-response bias 

Variables Early respondents Late respondents Statistical significance 

Number of respondents n = 439 n = 238  

Geological information  0.679 0.676 t= -0.062 p= 0.950 

Related information 0.706 0.689 t= -0.460 p= 0.646 
Perceived skills from education 0.408 0.357 t= -1.298 p=0.195 

Motivation to adopt 0.082 0.084 t= 0.091  p= 0.927 

Perceived advantage  0.788 0.815 t= 0.846  p= 0.398 

Gender 0.572 0.584 t= 0.308  p= 0.758 

Collegial advice 1  0.150 0.172 t= 0.734  p= 0.463 

Collegial advice 2  0.328 0.323 t= -0.119 p= 0.905 

Collegial advice 3  0.237 0.281 t= 1.254 p= 0.211 

 
 

Table 3. Bivariate frequency according to data 

 Related information  

Geological information Non-adopter Adopter Total 

Non-adopter 138 80 218 

Adopter 65 394 459 

Total 203 474 677 
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5. Empirical Analysis 

5.1 Econometric Results  

The estimated tetrachoric correlation (𝜌) of 0.723 with an asymptotic standard error of 0.038 indicates 

a positively correlated adoption, i.e., the null hypothesis is rejected. The results show a high degree 

of association, which indicates that decision-makers tend to adopt both geological and related 

information. This further strengthens the hypothesis that the adoption process should not be estimated 

separately. 

Both estimated models are summarized in Table 4. The first model consists of two probit estimations, 

i.e., an adoption of geological or related information separately, given that no interrelation exists. The 

score test of the probit for related information indicates that there are excess skewness and/or kurtosis 

in the error distribution (i.e., demonstrating heteroskedasticity). The score test of the probit estimating 

adoption of geological information indicates normality.  

The second model is a system of equations assuming that an interrelated relationship exist. The 

Murphy’s score test of the bivariate probit indicates normality. The hypothesis that the correlation 

between the unobserved explanatory variables of both equation is zero was rejected as the value of 

the ancillary parameter rho (𝜌𝑏) and the arc-hyperbolic tangent is statistically significant at the 1 

percent level. This suggests that the disturbance term of the two adoption equations are correlated 

and hence supports the use of a system of equation estimation. Moreover, the positive sign of rho 

(0.477) suggests that the two information adoption decisions are complementary. 

As shown in Table 4 the econometric results of the interrelated estimation reveal that most parameter 

estimates are statistically significant and that the model fits the data well. In the geological adoption 

equation seven coefficients are statistically significant at the 1% level, four at the 5 % level and one 

at the 10 % level. The social effect from collegial advice (advised, asked for advice or both asked and 

gave advice) has a positive effect on the likelihood of adopting geological information. Perceived 

skills from education, perceived advantage, and motivated to learn have, as hypothesized, positive 

effects. Women are less likely to adopt the information. The organizational unit fixed effects indicate 

that officials affiliated with environmental management unit and urban planning unit at the Swedish 

municipalities are more likely to adopt geological information than if they worked at the other 

included units. 

The related information equation has three statistically significant coefficients at the 1 % level. 

Perceived skills from education, perceived advantage and motivated all have a positive effect. At the 

5 % level the social effect from collegial advise 3 (advisor), environmental management unit and 



10 

 

urban planning unit are statistically significant and positive. Women are less likely to adopt this type 

of information. The communication and tourism unit has a positive effect and is statistically 

significant at the 10 % level. Environmental management unit, communication and tourism unit as 

well as the urban planning unit are leading the adopting of related information. 

Table 4. Estimations of the information decisions 

 Model 1 Probit  

(unrelated decisions) 

Model 2 Bivariate probit  

(interrelated decisions) 

Variables Geological Related Geological Related 

 Coef. Coef.  Coef.  Coef.  

Constant -1.236 *** -0.821 *** -1.224 *** -0.812 *** 

Perceived skills from education  0.456 ***   0.428 ***  0.443 ***  0.423 *** 

Motivation to adopt  1.374 **   1.033 ***  1.431 ***  1.081 *** 

Perceived advantage  1.942 ***  1.329 ***  1.932 ***  1.321 *** 

Gender -0.493 *** -0.251 ** -0.460 *** -0.243 ** 

collegial advice 1  0.443 **  0.156 *  0.435 **  0.152 

collegial advice 2   0.389 **  0.236  0.364 **  0.227 

collegial advice  3  0.737 ***  0.440 **  0.684 ***  0.436 ** 

Working units     

Environmental management unit  0.514 ***  0.394 **  0.500 **  0.389 ** 

Urban planning unit  0.513 ***  0.383 **  0.489 ***  0.370 ** 

Communication  and tourism unit -0.975 ***  0.405 * -1.040 ***  0.382 * 

Municipal board and administration 

unit 

-0.375  0.049 -0.366 *  0.055 

 

   Athrho  0.519 *** (0.091) 

   rho  0.477  (0.070) 

   Wald test of 

 rho=0, chi2(1) 

 32.552 *** 

Score goodness-of-fit test 14.78 *** 1.80 Murphy’s score 

test for biprobit 

 22.65 *** 

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

 

Figure 4. Predicting the adoption pattern 
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In order to discuss how well the models predict the actual adoption pattern a pie chart comparison is 

included of the data, univariate probits and the bivariate probit (see Figure 4). This illustrates that the 

interrelated model is closer to describing the actual adoption pattern found in the data set than the 

separate univariate probits. The univariate probits tend to underestimate the adoption of related 

information and overestimate the adoption of geological information.  This also highlights that many 

of the respondents use both types of geoinformation, hence there should exist a demand for combined 

information products created through mashups. Moreover, when checking the classification the 

bivariate model is correctly predicting adopting both information at 80.35 %, adopting only 

geological at 85.52% and adopting only related information at 77.69 %. 

Table 5 shows Marginal Effects (MEs) for the case of joint adoption (i.e., when geological and related 

information are both adopted) and are computed using the difference of probabilities given different 

dummy variables. The second estimation of MEs are correcting for dummies that are part of a set of 

indicator variables of different categories (Bartus, 2005), in this case for collegial advice and working 

units. The second MEs has an overall lower scale, except for perceived advantage that have an even 

larger impact on the adoption decision to use both information.  

Table 5. Marginal effects (MEs) from adopting both information  

Variables MEa MEb    

Perceived skills from education  0.119***  0.065***   

Motivation to adopt  0.343***  0.160***   

Perceived advantage  0.441***  0.547***   

Gender (women) -0.094*** -0.034***   

Collegial advice 1   0.080**  0.041**   

Collegial advice 2   0.083**  0.045**   

Collegial advice 3   0.153***  0.084***   

Environmental management unit  0.127***  0.060***   

Urban planning unit  0.125***  0.058***   

Communication  and tourism unit -0.086 -0.050**   

Municipal board and administration unit -0.043 -0.024   
a MEs computed as E[y1|y2=1, d=1]- E[y1|y2=1, d=0] (Greene, 2012), where d is the variable standard errors are computed using the delta method 

b MEs corrected for “categorical” dummies (working unit and collegial advice) ** Significant at 5 % level  *** significant at 1 % level 

 

5.2 Discussion 

This paper was developed upon the conceptual model of information adoption used by Häggquist and 

Nilsson (2015) by checking for the presence of social effects and by accounting for unobserved 

correlation between different types of geoinformation (i.e. geological and related information). The 

estimations and tests suggest that the decisions on adopting geological and related information are 

interrelated. This strengthens the notion that geological information should not be assessed separately 

from other data used in the same information system. As geological information often is used within 

computerized information systems, the positive relationship between the information decisions may 
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seem intuitive but have previously not been confirmed in the literature. An important policy 

implication based on this is that the users seek information products that not only include geological 

information. By further investigating the users need for related information one could come close to 

a strategic dissemination of the information system. Moreover, new – combined – information 

products (i.e. mashups) could lead to an increased use of geoinformation. The continuous diffusion 

of information has been suggested to lead to increased heterogeneity and dynamics in the market for 

information (e.g., Wytzisk and Sliwinski, 2004).  

The impediments to information adoption are surely a prerequisite for understanding the diffusion 

process, and our web survey captured some indications of significant barriers to information adoption. 

The most frequent barrier reported was a lack of education concerning geological information 

followed by a lack of time and difficulties in finding the needed information. Around 18 % of the 

officials did not know how to gain access to desired information when it was not provided at their 

unit. Hence, finding additional data comes at an unnecessary high cost and suggests a perceived 

complexity in searching for additional information. This could potentially be solved by creating 

manuals for the geoinformation or by adding online tutorials, which could also help to minimize 

potential GIS-related anxiety such as described by Nedovic-Budic and Godschalk, (1996).  

The results also suggested that women are less likely to adopt geological and related information, 

which can be due to women being more cautious at this diffusion stage. This is similar to the results 

reported in Häggquist and Nilsson (2015) and Venkatesh and Morris (2000). The current setting is 

not user-friendly for someone unfamiliar with the geoinformation and this could affect men and 

women differently.  

The results indicate that perceived advantage has the strongest effect followed by motivation to adopt 

for both information adoption decisions. An official that perceives he/she has skills from education 

is more likely to adopt either information. This suggests that the personal beliefs about the difficulty 

to use geological information influence the adoption pattern. Moreover, the results indicate that 

collegial advice affects the rate of adopting geological information.  Interpersonal contacts act as an 

important source of information that can affect the level of individual involvement with the 

information. This indicates that communication behavior has a statistically significant influence that 

affected both those who asked and the advisors.  For this reason educational efforts should be 

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

share their knowledge.  

The results also suggest that there exist organizational effects within the working unit level and that 

there is a difference between the two information decisions. For geological information the results 
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show that environmental management and urban planning units are leading the adoption. Häggquist 

and Nilsson (2015) suggested that this is due to the assignments they perform. For related information, 

the environmental management unit together with communication and tourism unit are the leading 

adopters.  

6. Conclusions and implications 

The objective of this paper was to examine the impact of individual, social and organizational effects 

on the adoption of geological information in the public sector, and to test if the information is jointly 

adopted with related information. 

This paper contributes to the literature in four ways. First, the research provides further insight on 

understanding how officials’ for their perceptions of the value of geoinformation. The results indicate 

that collegial advice, perceived skills from education, motivation to adopt, perceived advantages, 

gender and their working unit affects the adoption of geological information. My estimation indicates 

that perceived advantage has the largest effect on the likelihood of adopting, followed by motivation 

to adopt and perceived skills from education. This confirms the importance of potential adopters’ 

perception of the characteristics of the information. Second, this paper finds that interpersonal 

contacts act as important source of information, which affects the adoption. For researchers, this paper 

establishes that social factors influence officials’ decision to adopt geoinformation. In addition, this 

paper accounts for unobserved correlation between different types of geoinformation, which 

improves the accuracy in predicting the information adoption. Finally, the results in this article 

suggest that there exist a demand for mashup of geoinformation products. 

A potential direction for further research is to include measurement of complexity connected to new 

software or standards. This could also include measures on how confident officials are in their 

perceptions and how accurate they expect additional or improved geological information to be. One 

could also add measures of the cognitive absorption and perceived ease of use. Given that both types 

of geoinformation usually are adopted it would be interesting to investigate what products are suitable 

for mashup. More in-depth analysis on service-based conflation and interoperability of 

geoinformation could also add to the literature. 
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Appendix A: User Survey in English 
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 © Lantmäteriet 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?  

(yes 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: 

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

This section is aimed to users of geological information  
21. In the context of 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 B: User Survey in Swedish 
 

Enkäten beräknas ta 10-15 minuter att slutföra och vi är mycket tacksamma för att du bidrar till vår forskning  

 
Geologisk information visar exempelvis jordlager och dess egenskaper eller hur stora grundvattenresurser som finns. 

Vanliga produkter som tillhandahåller geologisk information är geologiska kartor och så kallade tematiska produkter. 

Med tematiska produkter avses analyser eller rapporter som innehåller geologisk information om till exempel 

vattenförsörjning, sulfatjordar, energitorv eller naturgrus.  

 

Geografiska kartor visar landskap, vägar och stadsmiljöer. Geologiska kartor beskriver i stället geologiska material eller 

strukturer (exempelvis berg, sand och gyttja). Nedan visas ett exempel på samma område i Stockholm stad via en 

geografisk karta, i mitten, och två geologiska kartor. Grundvattenkartan, till vänster, visar en generaliserad bild av 

grundvatten, det vill säga utbredningen av grundvattenmagasin och uttagbara mängder. Jordartskartan, till höger, visar 

utbredningen av jordarter i eller nära markytan.  

 

 
Topografiskt underlag är hämtat ur GSD-Terrängkartan © Lantmäteriet MS 2009/08799 Geologiska kartor är hämtade 

via SGU © Sveriges Geologiska Undersökning (SGU) 

Bakgrundsfrågor 
1. Vilken kommun eller kommunalförbund arbetar du för? (Om du jobbar på flera arbetsplatser så ange dessa) 

2. Sedan vilket år har du jobbat på din nuvarande (huvudsakliga) arbetsplats? 
3. Vad heter enheten som du tillhör? 

4. Vad har du för befattning? 

5. Beskriv vad du arbetar med. Ange max 5 aktiviteter - eller arbetsområden - som upptar största delen av din arbetstid. 

Skriv gärna utförligt om dina aktiviteter/arbetsområden 

6. Sedan vilket år har du arbetat med dina nuvarande arbetsuppgifter? 

7. I vilken utsträckning arbetar du? (Heltid 100%, ca 75%, halvtid 50%, mindre än 50%)  

8. Vilka yrkesgrupper inom din kommun brukar du samarbeta med? (Ange yrkesgrupp, enhet och vad samarbetet 

handlar om) 

9. Vilka yrkesgrupper inom andra kommuner brukar du samarbeta med? (Ange yrkesgrupp, enhet och vad samarbetet 

handlar om)  

10. Kön (Kvinna, Man , vill ej besvara)  

11. Högsta avslutade utbildningsnivå (Grundskola/Folkskola, Gymnasieskola/Folkhögskola, Universitet 

kandidatexamen eller högre) 

12. Har du under dina utbildningsår utvecklat färdigheter som gör det lättare för dig att ta till dig geologisk 

information?(Skala från inte alls till i mycket hög utsträckning)  

Geologisk information 

13. Geologisk information finns i geologiska kartor och i tematiska produkter (exempelvis rapporter om naturgrus eller 

stranderosion). Har du någon gång använt geologisk information i ditt arbete? (ja, nej, vet ej)  

14. Geologisk information används ofta i kombination med annan relaterad information. Exempelvis kan geologisk 

information kombineras med kartdata (sjöar, vegetation eller vägar), befolkningsstatistik eller 

med byggnadsinformation. Har du någon gång använt sådan relaterad information i ditt arbete? (ja, nej, vet ej) 

15. Har du gått någon utbildning om geologisk data? (Ja endagskurs, ja flerdagskurs, ja längre utbildning, nej)  

16. Har du tagit initiativ till någon fortbildning inom geologisk information? (ja, nej) 

17. Upplever du att det finns fördelar med att använda geologisk information i ditt arbete?(ja, nej) 



17.b. Om ja, ge exempel: 

18. Upplever du att det finns nackdelar med att använda geologisk information i ditt arbete? 

18.b. Om ja, ge exempel:  

19. Vad skulle kunna göra den geologiska informationen mer användbar utifrån ditt perspektiv? 

(Bättre instruktioner, tydligare portföljer, fler profilprodukter, 3-D kartor, utbildning från leverantör, utbildning från 

annan, vet ej) 

19.b. Andra förslag som skulle kunna göra informationen mer användbar utifrån ditt perspektiv:  

20. Deltar din kommun i datadelningsmodellen Geodatasamverkan? (Ja, nej, vet ej)  

 

Följande avsnitt är riktat till personer som använder geologisk information  
21. Inom ramen för vilka arbetsuppgifter använder du geologisk information? (Svara så utförligt som möjligt) 

22. I hur stor utsträckning använder du geologisk information i ditt arbete?  

(Skala från i mycket liten utsträckning till i mycket hög utsträckning)  

23. Vilka produkter med geologisk information är viktiga för ditt arbete? 

(Berggrundskartor, Grundvatten relaterade kartor, Maringeologiska kartor, Biogeokemiska kartor, Jordartskartor, 

Geokemiska kartor, Geofysiska kartor, Malm & mineral kartor, Rapport om vattenförsörjning, Rapport om 

sulfatjordar, Rapport om energitorv, Rapport med sårbarhetskartor för grundvatten, Rapport om naturgrus) 

23.b. Övriga produkter med geologisk information som är viktiga för ditt arbete: (ange exempel) 

24. Hur får du tillgång till önskad geologisk information när den inte finns tillgänglig på din arbetsplats? (kryssa för ett 

eller flera alternativ) (Fältarbete, Direkt från myndighet, Via Geodatasamverkan, Vet ej)  

24.b. Övriga sätt att få tillgång till önskad information (ange exempel):  

25. Överväg alla situationer de senaste året då andra frågat dig om råd angående geologisk information. Vilka 

yrkesgrupper har vänt sig till dig? (Ange yrkesgrupp och enhet) 

26. Överväg alla situationer det senaste året då du behövde använda geologisk information för ditt arbete men inte själv 

hade den kunskap som behövdes. Till vilka vänder du dig för att få råd? (Ange max 3 yrkesgrupper och enheter, det vill 

säga de som du främst vänt dig till) 

Följande avsnitt är riktat till personer som inte använder geologisk information 

27. Vad är anledningen till att du inte använder geologisk information i ditt arbete? 

(Tidsbrist, problem med referensskalan på olika typer av geodata, har inget behov av informationen inom 

arbetsuppgifter, för hög prisnivå på licenser, svårt att hitta rätt information, svårt att lära sig använda nya 

datorprogram, saknar utbildning kring geologisk information, vet ej)  

27.b. Ange om du har andra anledningar som inte nämnts ovan:  

28. Har du tidigare använt geologisk information men upphört med det? (ja, nej) 

28.b. Om ja, ange varför du upphört med att använda geologisk information:  

Hjälp oss att nå ut till fler och bidra till ett bättre dataunderlag 

Vilka andra personer inom din kommun - eller vid kommuner som du samarbetar med - bör vi skicka enkäten till? 

(Skriv namn samt kontaktuppgift) 

Tack för att du deltog i detta forskningsprojekt 
Tack för att ni deltog i denna studie. Utan er medverkan skulle det inte vara möjligt att genomföra detta 

forskningsprojekt. För att skicka in ditt svar tryck på "submit" i nedre hörnet  

 






