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1. Introduction 
It is of interest to empirically investigate how people perceive time. Psychological 
research usually considers the perception or experience of time, decision making or 
problem solving under restricted time or “stress”, or other performances in relation to 
short time intervals [e.g. 1,2 3], but there is also some research using long and very 
long time intervals. Svenson and Nilsson [4] found in 1986 e.g. that students and 
other groups of respondents gave relatively correct time estimates of past historic and 
natural scientific events up to about 5,000-10,000 years, and that underestimations 
increased dramatically for longer time periods. The authors observed discontinuance 
in the trend between historic and biological events on the one hand and geological 
events on the other (at around 107.5 years). The results referring to increasing 
underestimations of time in the relatively near historic perspective were replicated in 
a group of experts, who actually made almost correct time estimates of the much 
more distant geological events. Svenson and Nilsson also noted that the experts gave 
lower risk estimates regarding future events in comparison with other groups, and 
that this was especially the case regarding estimates related to the storage of spent 
nuclear fuel in bedrock or in ocean sediments. The tendency of lower risk estimates 
by expert groups regarding various negative future events, as compared to groups of 
novices or the public, has been observed in a number of risk perception studies [e.g. 
5, 6, 7]. Previous studies have also shown, however, that experts give higher risk 
estimates across long time periods in relation to the storage of spent nuclear fuel, as 
compared to the general public, and that the public often wants a deeper localisation 
of a repository in bedrock (i.e. more than 500 meters) than do the experts [8, 9].  

The here presented empirical study of risk and time perception [10] was initiated and 
financed by the Swedish Radiation Protection Authority (SSI). Its aim was to 
investigate how ordinary citizens rated the importance of the authority’s reviews of 
the implementer’s, the Swedish Nuclear Fuel and Waste Management Co’s (SKB), 
research programs regarding the storage of high level nuclear wastes for long time 
periods, i.e. up to a million years. Among the central tasks for the respondents were 
to judge risks and dangers of a Swedish repository for shorter and longer time 
periods, and to consider risks and responsibilities in relation to future generations. To 
provide a basis for an understanding of people’s risk estimates in this context several 
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other questions and rating tasks were included in the study for comparison reasons. 
Such tasks involved e.g. to put historic and geological events into a time frame, and 
to provide opinions and estimates related to possible future events, etc.  

2. Method 
2.1 Data collection and participants 
A postal questionnaire was sent to randomly chosen citizens, between 18 and 75 
years of age, of the Oskarshamn and Östhammar municipalities in 2002 (N= 1501, 
response rate 41). These municipalities participated in site specific investigations for 
the building of a Swedish repository for high level nuclear wastes, administered by 
SKB. For comparison reasons, a small group of experts from SSI (N=13) also 
responded to selected topics in the questionnaire. 

2.3 Questionnaire contents
The questionnaire covered four major themes, apart from background variables and 
space for comments: (1) questions regarding the importance of the authority’s (SSI) 
evaluation of the entrepreneur’s (SKB) research program, (2) judgements of risk and 
danger related to spent nuclear fuel across time periods and storage (depth) in 
bedrock, (3) experiences related to time perspectives (past & future), and (4) 
questions on views of future generations, and of responsibilities of current 
generations. Only a selection of the topics and results will be presented in this paper.  

Several of the response alternatives were open ended, i.e. the respondents were asked 
to fill out e.g. a number or a short reply with their own words within a provided 
space. The questionnaire also used response scales, and category response 
alternatives. The response formats will be presented adjacent to the reported results.   

3. Results 
3.1 The perceived importance of the review of the research program 
The core part of the questionnaire concerned the importance people ascribed to SSI’s 
examination of the entrepreneur’s (SKB) research program with respect to the 
repository for high level nuclear wastes. The extreme time period of more than 
100.000 years of radiological conditions that the authority’s examination covers was 
divided into distinguishable time categories and presented to the respondents. These 
categories also included the phase of the construction work and filling of the 
repository although this time period, before the closure of the repository, is not 
included in the authority’s specified examination task. However, the phase before the 
expected closure of the repository, i.e. around 2050, was included in the study for 
pedagogical and comparison reasons. The information presented to the respondents 
can be seen in Table 1. The related question put to the respondents was “How 
important do you think it is that SSI now examines the (SKB) research program in 
relation to the different time periods?” Responses were given on a 5-point scale 
ranging from (1) “Unimportant” to (5) “Very important”. As can be seen in Table 2, 
the public perceived the importance of SSI’s review of SKB’s research programs as 
high. Note also that the perceived importance increased the closer the estimate came 
to the current time. Thus, the construction phase was rated as of the highest 
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importance to review. There were minor differences between the two municipalities, 
and no differences between various age categories. Women rated the importance of 
SSI’s examination of the three long time perspective groups consistently higher than 
men did. In contrast, the highest ratings in the expert group concerned the 1,000 and 
10,000 years periods. The only statistically significant difference between experts 
and the public, however, was related to the construction phase1. See table 2. 

Table 1. An overview of three major time blocks, five time periods, and examples of 
the Swedish Radiation Authority’s (SSI) bases for radiation protection, as presented 
to respondents of the questionnaire study. 
                                                                                   Examples of the authority’s bases  
  Major time block         Time  period                          for radiation protection
Under construction:        According to SKB                Worker protection – interferences, mishaps, 
work in the repository.    appr. 2010 – 2050.                accidents and environmental influence.               
Foreseeable time after       Up to a thousand years.        The society functions as today.  
the closing/sealing of                 
the repository. 
Long time perspectives.   Up to ten thousand years.    Before the next glacial period. 
                                              
                                         Up to a hundred thousand    Influenced by a glacial period - the society 
                                          years.                                   unknown.                                                         

                                         Up to a million years.          Possibly several glacial periods. Society not 
                                                                                     known. Not known whether human beings            
                                                                                     exist as a species. 
                                                                                      

Table 2. Statistics based on judgements by the public, by men and women, and the 
expert group regarding the importance of SSI’s examination of SKB’s research 
program in relation to specified time periods. 

Groups Statistics1

During
the work 
period

To
1,000  
years

To
10,000 
years

To
100,000 
years

To
1 million 
years

All public Mean 4.67 4.39 3.79 3.21     2.75 
N=614 SD 0.78 0.99 1.28 1.48     1.64 
Men Mean 4.63 4.34  3.672 3.063     2.564

N=336 SD 0.85 1.01 1.33 1.51     1.63 
Women Mean 4.72 4.45 3.93 3.41     2.99 
N=262 SD 0.68 0.97 1.20 1.40     1.63 
Experts Mean  4.155 4.62 4.38 3.33     1.92 
N=13 SD 1.28 0.65 1.19 1.44     1.08 

1 Scale: 1=”Unimportant” to 5=”Very important”. 2-4 Sex differences, p<0.02 – 0.003. 
5 Difference between the public’s and the experts’ rating, p<0.02. 

1 Note, however, the small number of experts included, rendering low power to the statistical analysis. 
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People similarly perceived potential consequences to be much more severe in the 
shorter time perspectives than in the longer ones, e.g. if there were to be a leakage 
from the repository. See the results presented in Table 3. 

Table 3. Judgements* of the seriousness of the consequences if there were to be a 
leakage from the final repository, within five given time periods. Mean values and 
standard deviations for municipal respondents, an expert group, and men and women. 

During the 
work period 

To 1,000 

*Scale: 1=”Insignificant” to 5=”Very serious”. #Includes all respondents from the two municipalities. 1 Sex
difference [t=3.54, p<0.0005]. 2 Sex difference [t=3.92, p<0.0005]. 3 Sex difference [t=3.14, p<0.002]. 4

Sex difference [t=3.35, p<0.001]. 5 Difference experts and public [t=-5.48, p<0.0005.] 6 Difference experts 
and public [t=-2.04, p<0.05.] 7 Difference experts and public [t=-2.10, p<0.04.] . 

years 
To 10,000
years 

To 100,000 
years 

To 1 miljon 
years 

All# Mean 4.64 4.22 3.55 2.95 2.49 
N=614 SD 0.81 1.07 1.32 1.45 1.62 
Men Mean 4.59  4.09 1  3.36 2  2.78 3  2.28 4

N=336 SD 0.84 1.12 1.36 1.45 1.56 
Women Mean 4.70 4.42 3.81 3.18 2.76 
N=262 SD 0.77 0.96 1.20 1.42 1.66 
Experts Mean 3.275 3.586 3.09 2.17 1.507

N=13 SD 1.35 1.38 1.22 1.19 0.90 

3.2 Judgements of risk and danger related to a repository 
The participants also estimated the risk over time regarding the storage of used 
nuclear fuel for human beings by presenting their own numerical values, in years, in 
the questionnaire. The translated wording of the question was “For how long time do 
you believe there will be a risk that radioactivity from spent nuclear fuel may harm 
human beings?”2 The results varied between 0 and 100 billion years (!), and about 
25% considered the time span for the risk as 100 years or less. The results are 
displayed in rough categories in Table 4. 

Table 4. Categorisations of the public’s own time estimates, in years, of the risk that 
radioactivity from spent nuclear fuel may harm human beings. 

Year 0 1-100
101-
500

501-
1,000

1,001-
10,000

10,001-
100,000

More than 
100,000

Total
N

N 18 116 63 120 80 83 31 511
% 3.5 22.7 12.3 23.5 15.6 16.2 6.1 - 

Note that more than half of the responses (62%) gave a time frame of 1,000 years or 
less, and that almost 78% of the estimates covered the time period 10,000 years or 
less. Only 6% of the respondents estimated the risk of radioactivity to last more than 
100,000 years.  

2 The question in Swedish: Under hur lång tid tror du att det finns risk för att radioaktivitet från använt 
kärnbränsle kan komma att skada människor? 3 The question in Swedish: ”Om det använda kärnbränslet 
skall slutförvaras i berg, på vilket djup föreslår du att det skall ligga?” 
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A related question (N=494) asked about the preferred depth in bedrock for the 
storage of spent nuclear fuel. The (translated) question was: “If the used nuclear fuel 
shall be finally stored in bedrock, at what depth do you suggest it should be placed?3

As can be seen in Table 5 the responses varied from 0 to more than 100,000 meters. 
About 15% of the respondents suggested a depth of 300 meters or less, and 
approximately half the group (45%) responded 550 meters or less. Around 40% 
suggested a storage placed between 1,000 and 5,000 meters, whereas 7% suggested a 
depth of 6,000 meters or (much) more. 

Table 5. An overview of rough categories of the respondents’ suggestions of the 
depth in meters regarding where to store spent nuclear fuel in bedrock. 

Depth 
in
meters

0-
50

100-
 300 

400-
450

500-
550

 600-
 900 

    
1,000-
 5,000 

6 000- 
10,000

11,000-
100,000

More 
than
100,000

N 14 63 8 141 36 197 20 10 5
% 2.8 12.8 1.6 28.5 7.3 39.9 4.0 2.0 1.0 

The results suggest that ordinary people tend to underestimate the risk over time, but 
that they seem to “compensate” this underestimation by suggesting a deep or very 
deep indeed localisation of the storage facility in the bedrock. 

3.3 Looking back and forward in time 
The questionnaire included tasks where the respondents estimated e.g. the 
approximate time period since specified historic and geological events took place 
(e.g. when the first human landed on the moon, when the pyramids in Egypt were 
built, the time period since the last ice age, etc.). The purpose of these tasks was to 
create a frame of reference to the time perception estimates related to the storage of 
high level nuclear wastes. The results showed that the respondents’ time horizons 
were rather restricted, although the data showed considerable variation. For example, 
(in 2002) about 15% of the respondents believed the Chernobyl accident had 
occurred in the last decade, 82% responded in the time frame of 11-20 years ago, and 
others gave a longer time estimate. Furthermore, about 28% estimated that 
Christopher Columbus reached America less than 400 years ago and 16% thought 
that the historic achievements took place more than 600 years ago.  

Other questions asked for time estimates of possible future events, e.g. how long it 
would take until radiation would leak from canisters in the repository, a glacial 
period would cover Sweden with ice, etc. Table 6 shows e.g. that 45% of the group 
of municipal respondents believed that the Swedish repository for high level wastes 
would start to leak radioactivity at some point in time. Considering only these 
respondents, 43% believed that the leakage would take place within 1 to 100 years. 
Compare these results to the 67% who believed that the world will experience a new 
world war, and that 49% of this group thought this will happen within 25 years. 
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Table 6. A review of judgements regarding possible future events. Frequencies of 
Yes-responses, and frequencies as well as percentages of those who gave a time 
estimate among those responding ”yes”. 

     Frequences  
    (total N=614) 

If YES, in how many years? 

Suggested future event YES, it will 
happen

YES-responses
that also give a 
time response 

Comments 

N % N % 
Sweden becomes a member 
of the EMU 

553 90,0 510 92,2 M=4.18 years, 
SD=6.51 

There will be severe 
earthquakes in Sweden 

180 29,3 152 84,4 51% between 0-
150 years 

All fish in the Baltic sea die 264 43,0 228 86,4 73% between
0-100 years 

A serious radiological  
accident occurs in a Swedish 
nuclear power plant 

236 38,4 180 76,3 84% between 1-
50 years 

A new glacial period covers 
all of Sweden with ice 

304 49,5 262 86,2 66%: between 
10-10.000 years 

The world experiences a new 
world war 

414 67,4 325 78,5 49% between 1-
25 years 

The Swedish repository for 
high level wastes starts to 
leak radioactivity 

277 45,1 224 80,9 43%: 1-100 
years  & 78%: 
1-1000 years 

3.4 Perceptions of risk to self, others and future generations 
Regarding perceived degrees of danger to oneself, to others and to future generations 
respectively, of the storage of used nuclear fuel Table 7 shows that the risk to others 
was, as usual, perceived as higher than the risk to oneself [e.g. 11]. However, 
comparing the three types of ratings, the risk to “future generations” was consistently 
perceived as the highest. Women gave a significantly higher estimate [t=4.28, 
p<0.0005] of  “risk to people generally” than men did, and two significant 
differences related to age groups showed e.g. that persons aged 46-55 years gave a 
higher estimate of danger “to you personally” than younger persons and those above 
55 years of age [F(5,532)=2.64, p<0.03]. A similar trend could be discerned in 
relation to estimates of the risk “to future generations” [F(5,529)=3.26, p<0.007]. 

Ratings of the current generations’ responsibilities for future generations’ life 
situation resulted in overall high estimates of perceived responsibility (above 4 on 5-
point scales). Women presented significantly higher estimates than men. 
Interestingly, it was the younger age groups that gave the lower ratings [for a 
presentation of data see 10]. 
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Table 7. Mean values and standard deviations for all respondents judging the degree 
of danger of used nuclear fuel 1) for oneself, 2) for others in the municipality, and 3) 
to future generations. 

Degree of danger 1

Grupper 1) to you personally 2) to others 3) to future generations 

Alla Mean 2.66 2.81 3.06 
N=614 SD 1.46 1.42 1.43 

1 Scale: 1=”Completely harmless” to 5=”Very dangerous”.  

In addition, eight areas were rated on 5-point scales measuring the current 
generations’ degree of responsibility for future generations. The construction of a 
safe final repository for spent nuclear fuel ranked, in the public group, the highest of 
our times’ responsibilities, i.e. higher than the responsibility “to fight criminality” 
and “to give children and youth a good education”. It was fifth in the expert group. 
Again women provided the higher ratings as compared to men, and there was a 
significant difference between the age groups regarding e.g. the responsibility of a 
final repository, and older respondents assigned higher responsibility. See Table 8.  

Table 8. Mean values and standard deviations for judgements1 of our generations’ 
responsibilities for eight specified areas of concern. All municipal respondents, for 
men and women separately, and an expert group. 

Groups 1# 2 3 4 5 6 7 8
All public Mean 4.59 4.56 4.58 4.07 4.46 4.62 4.52 4.76 
N=614 SD 0.68 0.72 0.74 0.97 0.70 0.60 0.79 0.58 
Men Mean 4.50 4.45 4.44 3.91 4.50 4.56 4.43 4.71 
N=336 SD 0.74 0.78 0.82 1.02 0.80 0.64 0.86 0.62 
Women Mean 4.71 4.70 4.74 4.26 4.75 4.69 4.63 4.82 
N=262 SD 0.59 0.61 0.59 0.86 0.53 0.54 0.67 0.52 
Experts Mean 4.54 4.31 4.77 3.92 4.46 4.69 4.62 4.46 
N=13 SD 0.52 0.63 0.44 0.95 0.88 0.48 0.51 0.88 

1Scale: 1=”No responsibility at all”, 2=”Very small”, 3=”Rather small”, 4=”Rather large”, 5=”Very large 
responsibility”. # The columns: 1=To protect animal species from extinction. 2=To protect plants from 
extinction. 3=To hinder human suffering. 4=To equalise economic inequalities. 5=To hinder the spreading 
of HIV. 6=To provide children and youth with good education. 7=To fight criminality. 8=To construct a 
safe final repository. 

Responses to a related question showed that the responsibility for depositing the 
spent nuclear fuel in a reassuring manner mainly was attached to the entrepreneur, 
i.e. SKB, closely followed by the authorities SSI and the Swedish Nuclear Safety 
Authority (SKI). 

4. Summary
There are certainly many perspectives presented in the literature on time and time 
perception [e.g. 12]. This contribution has focused on perceptions of the time frames 
related to risk and danger of radiation from a planned Swedish repository for spent 
nuclear fuel. Respondents from two municipalities judged SSI’s reviews of the 
entrepreneur’s plans and work of high importance, and more important the closer to 
our time the estimate was given. Similarly were the consequences of potential 
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leakage from a repository perceived as more serious the closer it would be to our 
time. Judgements of risks related to the storage of spent nuclear fuel were moderately 
large on the used measurement scales. Experts are experts because they have more 
knowledge, and in this context they underlined e.g. the importance of reviews of the 
radiation situation of time periods up to 100,000 years. It was of interest to note that 
55% of the respondents from the municipalities did not believe that the future 
repository would leak radioactivity. They were much more pessimistic with respect 
to world politics, i.e. a new world war. However, with respect to the seriousness of 
the consequences given a leakage from the repository, the public group consistently 
gave high risk estimates, often significantly higher than those of the expert group. 
The underestimations of time estimates, as seen in the tasks of pinpointing historic 
events, provide examples of the difficulty of making estimations involving long 
times. Similar results showed that thinking of “the future” most often involved about 
30 years. On average, people reported memories of about 2.5 generations back in 
time, and emotional relationships stretching approximately 2.5 generations into the 
future; 94% of the responses, with respect to how many future generations one had 
an emotional relationship, were given in the range of 1-5 generations. Similarly, 
Svenson and Nilsson [4] found the opinion that the current generations’ general 
responsibility for future consequences reached from 3.4 to 5.9 generations, estimated 
to about 80-150 years. These very concrete figures and the presented risk estimates 
do not seem to fit the strength in the often voiced responsibilities of our generations 
unless these are consistent with a very restricted definition of “future generations”. 
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