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1. Introduction
Public opinion and public protest substantially influence policy making (Burstein 2003). There are many
recent examples of public protest in Europe and elsewhere, such as the movements against the
Transatlantic Trade and Investment Partnership (TTIP), austerity measures, nuclear energy or gene food.
In many cases, public protests result in policy changes. For example, more than half of European Union
member states have recently decided to ban their farmers from growing gene modified crops. This
decision was taken after several protest movements in these countries demanded such ban.
Public protests are often driven by (negative) emotions (Van Stekelenburg and Klandermans 2010).
Feelings of deprivation, such as anger, are particularly important in sparking protest (Walker and Smith
2002). Yet, such emotions and feelings can be temporary and may cool off over time. Consequently,
protests might ebb away over time and protest movements become less powerful as emotions cool
down. If this is indeed the case, policy maker might reasonably wait for emotions to cool off and public
opinions to stabilize before taking political actions.
In fact, there is some evidence from the field that cooling-off periods can change behaviour and limit
potentially detrimental effects of negative emotions. A prominent historical example in this regard is
the custom of the British and Prussian armies of allowing complaints only the day after an incidence, so
that soldiers are forced to rethink their complaints for a night.1 In a similar vein, divorce petitions in
South Korea can only be filed after a cooling-off period. This practice has led to a significant decrease in
divorce rates (Lee 2013). Laboratory experiments have more directly tested for the role of emotions in
changing behaviour. In particular, cooling-off periods changed the behaviour of respondents when
playing ultimatum games (Grimm and Mengel 2011), and they also reduced respondents’ self-reported
negative emotions and led to a change in punishment behaviour (Wang et al. 2011). These examples
show that cooling-off periods can change human behaviour and make decisions less dependent of
temporary emotions. Therefore, public protest, if caused by emotional decision making in a hot state,
might ebb away over time when rethought in a cold state.
The present paper analyses to which extent negative emotions with respect to a new technology cool
off over time and how this affects public opposition against this technology. The technology we consider
for this exercise is solar radiation management (SRM). Among scientists, SRM is a controversially
debated climate engineering (CE) technique that addresses climate change by the injection of sulphate
aerosols into the stratosphere. On the one hand, SRM is supposed to be very effective in counteracting
global warming; on the other hand, it involves large risks and uncertainties (Royal Society 2009; Klepper
and Rickels 2014). Because the technology involves a deliberate manipulation of the earth‘s
1

Even today, this custom holds for the Military Complaints Regulations of the German Armed Forces.

environmental system, information on public perception is one important prerequisite for making
informed decisions on research and deployment (e.g. Merk et al. 2015). So far, SRM is rather unknown
to the broader public (Merk et al. 2015; Mercer et al. 2011) and media coverage is still low. This makes it
a particular interesting case to test for the influence of emotions on public perception over time.
Public opinion polls show that the majority of respondents oppose SRM after being informed about it
(Bellamy and Hulme 2011; Borick and Rabe 2012; Kniebes et al. 2014; Macnaghten and Szerszynski
2013). Public concern has also been voiced in protests against research projects on stratospheric aerosol
injection and ocean iron fertilization (Stilgoe et al. 2013; Schäfer et al. 2015). Based on the empirical
evidence available, one could conclude that public opposition against SRM is probably too strong for
considering it to be an acceptable part of a climate policy portfolio. However, in the surveys conducted
so far, respondents had to state their acceptance right after they had heard about SRM for the first time.
Therefore, opposition might be mainly driven by (negative) emotions in a hot state and could possibly
decline after a cooling-off period. This is an important issue since public opposition has far reaching
implications not only for research and deployment of CE but also for future design of climate policy.
Understanding public perception of CE and in particular SRM seems critically important given the need
for profound societal changes associated with mitigation and adaption measures in case CE is considered
unacceptable by the public.
Our study uses novel panel survey data with more than 3,900 observations to analyse the acceptance of
SRM in Germany over time. We add to the literature in three respects: First, we provide evidence on
how a cooling-off period affects acceptance of SRM and identify potential drivers of change. In
particular, we test whether emotions drive acceptance and whether the cooling-off of such emotions
changes acceptance over time. Second, we analyse if the length of the cooling-off period affects
acceptance. Our three sub-samples allow us to analyse the effect of three different time lengths of
cooling-off periods. Third, we test whether not only emotions but also cognitive reflection or impatient
behaviour drive changes in acceptance.
Our results provide evidence for the existence of a cooling-off effect. We find that acceptance of SRM
increases over time and that the increase becomes larger, the longer the cooling-off period is. For the
shortest cooling-off period of one month, 26% of respondents stated a higher level of support for SRM
in the second panel wave than in the first. For the longest cooling-off period of 18 months, 45 % of
respondents increased their support for SRM. We also find that informing lay people for the first time
about SRM leads to strong emotions and that the attenuation of these emotions over time drives the
observed increase of acceptance. In addition, other individual specific factors, such as cognitive
reflection and impatience, are correlated with the observed changes in acceptance. Higher levels of
reflectivity and lower levels of impulsivity lead to smaller changes in acceptance over time.
3

The remainder of the paper is structured as follows. Section 2 surveys the previous literature and relates
it to our research questions. Section 3 outlines the survey design and the data, while section 4 presents
the methodological approach. Section 5 describes the results of our empirical analysis. Section 6
discusses and concludes.

2. Previous literature
So far, a cooling-off effect has been observed only in fields other than environmental technologies.
Walgrave et al. (2011), for example, find a declining protest cycle in demonstrations against the Iraqwar between 2003 and 2006. However, the causes for this decline remain unclear and the authors do
not analyse potential cooling-off effects further. Cramton et al. (1999) analyse the cooling-off effect in a
field study on wage negotiations between unions and firms in Canada. They find that cooling-off periods
reduce the strike incidence of labour unions since some potential strikes settle during the mandatory
cooling-off period. Lee (2013) analyses the effect of a mandatory waiting period on the divorce rate in
South Korea and finds that a cooling-off period significantly decreases the divorce rate. Faas and
Blumenberg (2013) shed light on the public protest against the development of the train station in
Stuttgart, Germany, between 2010 and 2012. They use, as we do, data from repeated online surveys.
They find that the share of supporters remains nearly the same over time, but that negative emotions
decrease over time.2 However, they do not run a regression analysis and they do not analyse the
relation between support and emotions (over time).
Besides these observations from the field, studies analysed the cooling-off effect in controlled
laboratory experiments, with students playing ultimatum games, providing mixed evidence. Bosman et
al. (2001) show that unfair offers sparked negative emotions in ultimatum games, which then lead to
the rejection of unfair offers. However, they find no evidence for the existence of a cooling-off effect: A
time delay of one hour between offer and decision did neither affect emotions nor decisions. In
contrast, more recently Grimm and Mengel (2011) find that a time-delay of 10 minutes already
increases acceptance rates of unfair offers significantly. This effect is more pronounced for men than
woman (Espinosa and Kovarik 2015). Similarly, Oechssler et al. (2015) find that a cooling-off period of 24
hours lowers rejection rates in ultimatum games. They also find evidence that the cooling-off effect is
more pronounced for impulsive decision-makers (although the effect is not significant).
Regarding the role of emotions, in their laboratory experiments, both Grimm and Mengel (2011) and
Oechssler et al. (2015) do not measure emotions explicitly but rather assume that cooling-off is caused
by a change in (negative) emotions and that particularly negative emotions drive participants’ decisions.
Bosman et al. (2001), in contrast, measure respondents’ emotions and confirm that negative emotions
2
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drive the rejection rate in ultimatum games. Similarly, Wang et al. (2011) and Neo at al. (2013) find that
cooling-off reduces negative emotions and decreases the punishment rate in ultimatum games. In
addition, Wang et al. (2011) also find that the length of the cooling-off periods influences the
punishment rate.
Turning to CE research, quite a number of studies have investigated public perception of CE
technologies (e.g., Kniebes et al. 2014; Mercer et al. 2011; Spence et al. 2010). All these studies find that
people are generally sceptical about SRM; acceptance rates are, therefore, low. However, there is yet
no evidence on the longer-term evolution of public acceptance of SRM or any other CE technique. It is
also unclear whether emotions influence acceptance and furthermore whether an emotional cooling-off
influences acceptance over time.
Summing up, there is some evidence both from the lab and from the field for the existence of a coolingoff effect. Our study builds upon these findings and contributes to the existing literature in various
ways. Novel to the literature, we examine the case of SRM, which is an optimal test case since most
people have never heard of SRM and media coverage is still low. Using panel survey data with more
than 3900 observations from Germany, we track the acceptance of lay people over time. The two
studies that elicited public perception of SRM among the German population provide first insights on
public opposition against SRM (Merk et al. 2015) and compare public perception of SRM to two other
techniques to counteract climate change (Kniebes et al. 2014). Neither these two studies and nor any of
the other studies on public perception of CE provide evidence on the longer-term evolution of
perception.
There is, therefore, also no consistent evidence on how a cooling-off period and in particular its length
affects acceptance. We, therefore, analyse how different lengths of cooling-off periods affect a
respondent’s acceptance. For doing so, we use a comprehensive regression framework to quantify the
effect of cooling-off on the change in acceptance over time. Also systematic evidence on the drivers of
change is very limited. For example, none of the previous studies analyse the influence of positive
emotions. We, therefore, analyse the influence of both positive and negative emotions and control for
other factors such as cognitive reflection and condition on potentially important individual-specific
factors that might drive a respondent’s change in acceptance.

3. Data and survey design
Our study uses data from two waves of three representative online surveys on SRM. We conducted the
first wave at three points in time (survey (1) in July 2014, survey (2) in August 2013 and survey (3) in
December 2012) to investigate potential differences in the rate of change depending on the time-span
between the first and the second survey. In the following, we refer to the first wave of each survey as
5

date ’t-1’ surveys. All three surveys were repeated with the same respondents in August 2014. In the
following, we refer to the second wave of each survey date ‘t’ surveys. All respondents aged 18 or above
were recruited through a professional online panel. They were sampled using quotas for gender, age
and place of residence (federal state). In total, our working sample in t-1 includes 3,905 observations. In
t, 1,934 respondents repeated the surveys.
All surveys of a wave were structured identically and differed only with respect to the time of elicitation.
The surveys were structured as follows:
In the first part of the surveys conducted in t-1, we elicited respondents’ perception of the seriousness
of climate change and their ecological values. The ecological values were measured by five items from
the New Ecological Paradigm Scale (NEP, Dunlap et al. 2000). Then, respondents were asked about their
awareness of SRM, i.e., whether they had heard (a little) about SRM before or not.
In the second part of the surveys in t-1, all respondents were shown an information video about SRM
(the content is provided in appendix). The video provided respondents with information on SRM using
animated graphics. The animations were supported by verbal explanations spoken by a professional
radio presenter. Respondents who were not able to listen to or to play the video were excluded at the
beginning of the survey. It was not possible to fast-forward the video or skip parts of it. The video first
provided respondents with information on anthropogenic climate change and its likely consequences
and explained the two-degree target. The video then introduced mitigation, adaptation and SRM as
three possibilities of tackling climate change. Subsequently, the video explained SRM in more detail, i.e.,
its underlying mechanisms and its impact on climate change, the current state of research and the
potential benefits and risks of SRM. The information was based on peer-reviewed papers and scientific
reports (taken from, e.g., Crutzen 2006; IPCC 2007; IPCC 2012; Royal Society 2009). External experts
checked the information for correctness and clarity. After watching the video, we asked respondents
about the clarity of the information provided on the video. For each survey, more than 98% of the
respondents indicated that they had understood the video well or very well.
In the third part of the surveys in t-1, we proceeded to elicit the respondents’ acceptance of SRM.
Respondents were asked about their level of agreement (or otherwise) ’to using SRM to counteract
climate change‘. Potential answers ranged from 1 (‘strongly disagree’) to 4 (‘strongly agree’). Next, we
elicited respondents’ attitude toward a measure such as ‘SRM is the easy way out’. We also measured
trust in various actors or institutions to act in the interest of society and the environment. Thereafter,
we elicited respondents’ egoistic, altruistic and security values. These values were measured using items
from the Schwartz Personal Value Questionnaire (PVQ5X, Schwartz et al. 2012, Beyerlein personal
communication). Subsequently, we then elicited respondents’ emotional response to SRM. Respondents
were asked how strongly they experienced various positive reactions (delight, satisfaction, hopefulness,
6

relief) and negative responses (worry, fear, sadness, anger, annoyance) when thinking about SRM, using
a scale from 1 (‘not at all’) to 4 (‘strongly’). In our analysis, we summarised negative and positive
emotions in a composite index. Next, respondents of survey (1) completed the cognitive reflection test
(Frederick 2005) a test on their level of impulsivity using the short version of the Barratt Impulsiveness
Scale (Patton et al. 1995; Steinberg et al. 2013). The cognitive reflection test (CRT) indicates whether a
respondent is a rather intuitive (low CRT score) or a rather reflective person (high CRT score). Finally, we
collected information from all respondents on their personal characteristics such as gender and
education.
For the repeated surveys conducted at time t, we first showed respondents a screenshot of the video
that was embedded in the initial surveys at t-1 and asked them whether they could remember seeing
the video in t-1. Respondents who did not remember seeing the video on SRM were excluded from the
survey in t. The remaining respondents proceeded and repeated most of the questions from the surveys
in t-1. In addition, we asked respondents whether they informed themselves about SRM and/or on
climate change between t-1 and t. We also asked them to state how their level of knowledge on SRM
changed between t-1 and t. Finally, we repeated the questions on the personal characteristics.3 Table A1 in the appendix reports all survey items used in our analysis and the scales on which they are
measured.

4. Methodology
Our analysis proceeds in three steps. In the first step, we use a descriptive analysis to compare
respondent i’s acceptance and emotions for the three surveys in t-1 (either July 2014, August 2013 or
December 2012) and t (August 2014). In the second step, we use a regression framework to identify
potential drivers of a respondent’s change in acceptance. In particular, we add respondents’ emotions
to the regression framework to test whether emotions drive observed changes in acceptance (research
question 1). We also test for the influence of personal characteristics and socio demographic factors. In
a third step, we restrict our analysis to survey (1), and test whether cognitive reflection or impatient
behaviour drives the change in acceptance (research question 2).
To analyse determinants of a respondent’s change in acceptance (research question 1), we first
estimate the following equation:
=

+

+ Δ

+

,

+

,
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In equation (I) the dependent variable Δacceptance is defined as the difference between acceptance at
time t and t-1. Acceptance measures respondent i’s level of acceptance. It takes ordered values from 1
(‘strongly disagree’) to 4 (‘strongly agree’). Accordingly, a positive (negative) value of Δacceptance
means that individual i’s acceptance of SRM has increased (decreased) between t-1 and t. The sign of
Δacceptance does not make a statement about the level of acceptance but only about its change over
time. For instance, Δacceptance might be positive even if an individual still somewhat disagrees with the
use of SRM at time t. The vector survey is a set of dummy variables for the different surveys. These
dummies take into account that the date of the first elicitation differs between surveys. ΔX is the
change in emotions (negative and positive) between t and t-1. Y is a vector of personal characteristics
measured in t-1 (acceptance, negative emotions, positive emotions, perceived seriousness of climate
change, ecological values (NEP), egoistic values, altruistic values, attitude towards SRM, gender and
education).
To investigate the effect of cognitive reflection and impulsivity on the change in acceptance (research
question 2), we restrict the analysis to respondents of survey (1) and estimate the following equation:
=

+ Δ

+

,

+ !" +

,

Unlike equation (I), equation (II) contains the additional vector Z capturing cognitive reflection and
impulsivity-non-patience measured in t-1.
In all cases, the responses for ecological values (NEP), egoistic values, altruistic values and impulsivity
are standardised indices. Variable definitions can be found in Table A-1 in the appendix and summary
statistics can be found in Table A-2 in the appendix.

5. Results
5.1 Descriptive results
We find for all three surveys that the acceptance of SRM differs significantly between the first and the
second elicitation (T-tests reveal p values of 0.000 for all three surveys). The average acceptance of SRM
increased between the first elicitation in t-1 (either July 2014 for survey (1), August 2013 for survey (2)
or December 2012 for survey (3)) and the second elicitation in t (August 2014). However, the size of the
increase varies strongly between the three surveys. For survey (1), the share of respondents who agree
with the use of SRM increased from 28% to 36% between July 2014 and August 2014. For survey (2), the
8

share of respondents who agree with the use of SRM increased from 27% to 47% between August 2013
and August 2014. For survey (3), the share of respondents who agreed with the use of SRM increased
from 25% to 45% between December 2012 and August 2014.
These results show first that the average acceptance of SRM is similar for all three surveys at the initial
date of elicitation in t-1 (25%-28%). Thus the different initial date of elicitation does not seem to
influence the acceptance of SRM in t-1 strongly. Second, the average acceptance increases between the
first and the second date of elicitation. This result holds for all three surveys. Third, the increase in
acceptance between the first and the second date of elicitation is greater for longer time gaps between
t-1 and t. The increase is only 7% for survey (1) with the shortest time span and 20% each for surveys (2)
and (3).
We next calculate the share of respondents whose level of acceptance increased over time, decreased
or remained unchanged. For doing so, we subtract the stated acceptance in t from the stated
acceptance in t-1. Recall that acceptance takes ordered values from 1 (‘strongly disagree’) to 4 (‘strongly
agree’). Positive values therefore indicate an increase in the level of acceptance, whereas negative
values indicate a decrease. Figure 1 shows the share of respondents that changed their level of support
for SRM between t and t-1.
We find for survey (1) that 26% of respondents stated a higher level of support for SRM in August 2014
than in July 2014. Thus, more than a fourth of respondents increased their support for SRM within a
month of time. For survey (2), 38% of respondents increased their support for SRM. Here, the time gap
between the two dates of elicitation was one year. For survey (3), 45 % of respondents increased their
support for SRM. For survey (3), the time gap was almost 1½ years. Thus we find again that the increase
of support is greater the longer the time gap between t and t-1. In contrast, the share of respondents
whose support for SRM decreased is similar for all three surveys (11% for survey (1), 11% for survey (2)
and 9% for survey (3)).
Not only acceptance changed between t-1 and t, also respondents’ emotions towards SRM changed
over time. Figure 2 illustrates that the negative emotions of respondents towards SRM decreased over
time. The decrease in negative emotions is strongest for survey (3) (-0.2065 points) and smallest for
survey (1) (-0.0036 points). This mirrors our findings on the increase in acceptance between t and t-1.
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Figure 1: Change in acceptance between t and t-1

Our findings on the change of positive emotions towards SRM are ambiguous. While positive emotions
towards SRM increased over time for survey (1) and survey (2), positive emotions decreased for survey
(3). Overall, the summary statistics of positive emotions reveal that respondents do not feel very
positive about SRM at any time. The average respondent in all three surveys disagreed at any time with
having positive feelings about SRM. Table A-2 provides summary statistics for negative emotions in t-1
and t.
Figure 2: Negative emotions towards SRM in t and t-1

Note: Respondents were asked how strongly they experienced various negative responses (worry, fear, sadness,
anger, annoyance) when thinking about SRM, using a scale from 1 (‘not at all’) to 4 (‘strongly’). In our analysis, we
summarised negative emotions in a composite index.
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5.2

Regression analysis

5.2.1

Determinants of change in acceptance

Building on our descriptive findings, we run OLS regressions to determine the strength of the effect of
change in acceptance separately for each survey and to determine potential drivers of this effect, such
as a change of emotions over time. Table 1 summarizes the regression results.
We find that the change in acceptance is smallest for survey (1), for which acceptance increases only by
0.1760 points between July 2014 and August 2014 (from 1.9792 points to 2.1553 points).4 The effect for
survey (2) is significantly higher (0.3802 points) and strongest for survey (3) (0.4410 points) (column 1).
These numbers mirror our descriptive findings from section 5.1.
In the next step, we add sequentially potential determinants to our regression in order to analyse the
drivers of the change in acceptance. We start by adding the change in emotions over time to the
regression framework (column 2). We do so to test whether an emotional cool down led to a change in
acceptance - or in other words, whether the stated acceptance in t-1 was driven by an emotional
overreaction (research question 1). We find that the change in both (negative and positive) emotions
over time is a significant determinant. Respondents who felt less negative (more positive) about SRM in
t than in t-1 were also more willing to accept the use of SRM in t than in t-1. Thus, we find clear support
for the existence of a cooling-off effect of emotions.
In the next step, we add the initial values in t-1 of acceptance and emotions to our regression
framework (column 3). We do so to control for the initial level of acceptance and emotions in t-1 as the
change in acceptance might be greater for respondents that stated more extreme values in t-1. We find
that the starting value of acceptance has a statistically significant negative effect on the change in
acceptance. Respondents who stated a higher level of acceptance in t-1 show a smaller increase in
acceptance between t and t-1. The same is true for respondents who stated strong negative emotions
towards SRM in t-1. In contrast, respondents who felt positive about SRM in t-1 show a stronger
increase in acceptance between t and t-1. The change in emotions remains a statistically significant
determinant of the change in acceptance. Therefore, we find that not only the change in emotions but
also the initial levels of emotions and acceptance drive the change in acceptance over time.
In the next step, we add other potential determinants such as values or personal characteristics to our
regression framework (column 4). We find that the perception of seriousness of climate change

4
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(‘strongly agree’).
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determines the change in acceptance over time. Respondents who perceived climate change as more
severe in t-1 show a significantly stronger increase in acceptance between t-1 and t.
Table 1: OLS regression results
Change in Acceptance

(1)

(2)

(3)

(4)

Constant

0.1760***
(0.0264)

0.1667***
(0.0253)

1.4138***
(0.0951)

0.7499***
(0.1745)

Survey (1)

omitted

omitted

omitted

omitted

Survey (2)

0.2042**
(0.0661)

0.1219*
(0.0574)

0.0894*
(0.0457)

0.0748*
(0.0499)

Survey (3)

0.2650***
(0.0601)

0.2504***
(0.0553)

0.1330**
(0.0437)

0.1407***
(0.0426)

Change in negative emotions

-0.2340***
(0.0303)

-0.2618***
(0.0631)

-0.2816***
(0.0253)

Change in positive emotions

0.3714***
(0.0436)

0.4807***
(0.0379)

0.4792***
(0.0361)

Acceptance t-1

-0.6868***
(0.0316)

-0.7140***
(0.0302)

Negative emotions t-1

-0.2462***
(0.0248)

-0.2958***
(0.0254)

Positive emotions t-1

0.4545***
(0.0395)

0.4471***
(0.0379)

Attitudes
Climate change seriousness t-1

0.1496***
(0.2475)

SRM is the easy way out t-1
0.0397*
(0.0217)
Values
NEP t-1

-0.0208
(0.0361)

Altruistic t-1

0.0985***
(0.0339)

Egoistic t-1

0.0198
(0.0258)

Demographics
Female

0.0671*
(0.0327)

Education

-0.0418***
(0.0117)

Observations

1118

1118

1118

1118

Adjusted R2

0.0216

0.1756

0.4679

0.5055

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Similarly, respondents who stated a higher agreement with the statement that ‘SRM is the easy way
out’ in t-1 show a significantly stronger increase in acceptance. The acceptance of more altruistic
respondents also increased over time. In contrast, we do not find a corresponding effect for egoistic or
12

environmental friendly (high NEP score) respondents. With respect to the socio demographic variables,
we find that the level of acceptance increased more for women than for men. Education has a
significant impact on the change in acceptance over time. The increase in acceptance is lower for
respondents with higher levels of education.
In a sensitivity analysis we added two more control variables that indicate whether respondents
informed themselves about SRM or climate change between t-1 and t, and we also controlled for
respondents’ change in knowledge about SRM between t-1 and t.5 However, these additional control
variables remained statistically insignificant (results not shown). Therefore, changes in knowledge about
SRM or climate change do not drive the observed change in acceptance.
Overall, we find that the change in acceptance over time varies with individual specific factors. Our
regression results support the existence of cooling-off. The cooling-off of negative emotions is an
important driver of the observed increase in acceptance over time. The same also holds for changes in
positive emotions. Other factors, such as gender or education, also affect the change of acceptance over
time.
5.2.2

The effect of cognitive reflection and impulsivity

In the following our analysis focuses on responses to survey (1) which contains data on respondents’
cognitive reflection and impulsivity. We use this information to test whether more rational and
reflective or more impatient and impulsive respondents behave differently regarding the change in
acceptance over time (research question 2). The change in acceptance might not only be driven by an
emotional component but also by a person’s level of rationality or impulsivity. Table 2 shows the results.
In a first step, we add cognitive reflection and impulsivity to our regression framework (column 2). We
find that the change in negative and positive emotions, the initial levels of negative and positive
emotions and acceptance remain significant determinants of a change in acceptance. In addition,
cognitive reflection and impulsivity also have a significant impact. Acceptance of more reflective
respondents (higher CRT score) increases less than that of less reflective ones. Also the acceptance of
more patient respondents increased significantly less than that of impatient respondents. Overall, we
therefore find that higher levels of reflectivity as well as lower levels of impulsivity lead to smaller
changes in acceptance over time. In addition, we also confirm the results from Table 1, namely that
emotional reactions drive the change in acceptance over time.

5
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and 12% stated that they informed themselves about SRM. Moreover, every fifth respondent in t indicated to
know more about SSI than in t-1.
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Table 2: OLS regression results for survey (1)
Change in Acceptance

(1)

(2)

(3)

Constant

1.2676***
(0.1372)

1.7486***
(0.1827)

1.1030***
(0.2484))

Change in negative emotions

-0.2192***
(0.0378)

-0.2206***
(0.0365)

-0.2507***
(0.0350)

Change in positive emotions

0.3898***
(0.0581)

0.3694***
(0.0555)

0.3828***
(0.0535)

Acceptance t -1

-0.5988***
(0.0406)

-0.6181***
(0.0393)

-0.6517***
(0.0393)

Negative emotions t-1

-0.2164***
(0.0342)

-0.2246***
(0.0345)

-0.2785***
(0.0348)

Positive emotions t-1

0.3899***
(0.0573)

0.3782***
(0.0552)

0.3874***
(0.0542)

Cognitive reflection t-1

-0.0887***
(0.0205)

-0.0655***
(0.0203)

Impulsivity t-1

0.1008**
(0.0365)

0.1024**
(0.0364)

Attitudes
Climate change
seriousness t-1

0.1423***
(0.0328)

SRM is the easy way
out t-1

0.0370
(0.0287)

NEP t-1

-0.0175
(0.04738)

Altruistic t-1

0.0812*
(0.0457)

Egoistic t-1

0.0205
(0.0356)

Values

Demographics
Female

0.0742*
(0.0440)

Education

-0.0325**
(0.0160)

Observations

613

613

613

Adjusted R2

0.3519

0.3779

0.4124

Standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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6. Discussion and conclusion
Political actions are often driven by public opinions. There are many recent examples where public
protests led to a change of policies (Burstein 2003). However, public opposition might at times be only
temporary phenomena, especially if it is driven by negative emotions that cool off over time. While such
cooling-off in emotions has been documented for ultimatum games in the laboratory, there is yet no
consistent empirical field evidence on how a cooling-off period and in particular its length affects public
opposition and what the drivers of the cooling-off effect are. There is also no evidence on the evolution
of public opposition against environmental technologies.
This paper uses novel panel survey data with more than 3,900 observations to shed light on the
development of public opposition against solar radiation management (SRM), a controversially
discussed climate engineering technology that counteracts climate change by technically cooling down
the planet. The case of SRM is particularly interesting to test for the interplay of emerging perceptions
and emotions since most people have never heard of SRM and media coverage is still low (Merk et al.
2015; Mercer et al. 2011). We track the acceptance of lay people over time and test whether temporary
emotions drive public opposition against SRM.
Our results provide evidence for the existence of a cooling-off effect. We find that acceptance of SRM
increases over time and that the increase becomes larger the longer the cooling-off period. We find
further that informing lay people for the first time about SRM leads to strong emotions and that the
change in emotions over time drives the observed increase of acceptance. Interestingly, changes in
negative and positive emotions are both equally important in driving the increase in acceptance. We
also find, in line with Oechssler et al. (2015), that the cooling-off effect is more pronounced for more
impulsive respondents. In addition, we show that not only lower levels of impulsivity but also higher
levels of cognitive reflection lead to smaller changes in acceptance over time.
Overall, our results suggest that initial opposition towards SRM does not need to be permanent. It is
therefore important to elicit public attitudes over a longer time period. Before governments make a
final decision on the use of a technology, citizens should be given time to stabilize their opinion.
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Appendix
Table A-1: Survey items
Questions and items

Response scale

Acceptance

We should use SRM to counteract climate strongly disagree (1) change
strongly agree (4)

Emotions

When thinking of SRM, how strong do you strongly disagree (1) feel the following emotions?
strongly agree (4)
Worry, fear, sadness, anger, annoyance,
delight, satisfaction, hopefulness, relief

Seriousness of
climate change

Climate change is a serious problem.

strongly disagree (1) strongly agree (4)

Attitude

SRM is the easy way out.

strongly disagree (1) strongly agree (4)

Ecological values

The earth is like a spaceship with very limited strongly disagree (1) room and resources.
strongly agree (4)
Humans were meant to rule over the rest of
nature.
The balance of nature is very delicate and
easily upset.
Humans will eventually learn enough about
how nature works to be able to control it.
If things continue on their present course, we
will soon experience a major ecological
catastrophe.

Altruistic values

She thinks it is important that every person strongly disagree (1) has equal opportunities in life.
strongly agree (4)
She works to promote peace among diverse
groups.
Protecting society’s weak and vulnerable
members is important to her.
Caring for the well-being of people she is
close to is important to her.
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Questions and items (continued)

Response scale

Egoistic values

She wants people to do what she says.
strongly disagree (1) Being wealthy is important to her.
strongly agree (4)
It is important to her to be the one who tells
the others what to do.
It is important to her to be the most
influential person in any group.

Cognitive
reflection

A bat and a ball cost $1.10 in total. The bat
costs $1.00 more than the ball. How much
does the ball cost?
If it takes 5 minutes to make 5 widgets, how
long would it take 100 machines to make 100
widgets?
In a lake there is a patch to cover the entire
lake, how long would it take for the patch to
cover half of the lake?

Impulsivity

I plan tasks carefully.
I am self-controlled.
I am a careful thinker.
I say things without thinking.*

Knowledge

Have you informed yourself about climate no (1) - yes (2)
change since the first survey?
Have you informed yourself about SRM since no (1) - yes (2)
the first survey?
Do you know more or less about SRM today a lot less (-1) – a lot more (1)
than you did at the time of the first survey?

Education

What is your highest degree?

rarely/never (1) –
almost always/always (4)

No school degree (1) – higher
education entrance certificate
(6)

* Reverse score questions
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Table A-2: Summary statistics

Variables

Domain

Acceptance (t-1)
Acceptance (t)
Change in acceptance
Negative emotions (t-1)
Negative emotions (t)
Change in negative emotions
Positive emotions (t-1)
Positive emotions (t)
Change in positive emotions
Seriousness of climate change (t-1)
Attitude: SRM is the easy way out (t-1)
Ecological values (t-1)
Altruistic values (t-1)
Egoistic values (t-1)
Cognitive reflection test (t-1)
Impulsivity non planning (t-1)
Informed about climate change btw. (t-1) and (t)
Informed about SRM btw. (t-1) and (t)
Change in knowledge about SRM between (t) and (t-1)
Education
Female

1-4a
1-4a

a

1-4a
1-4a
1-4a
1-4a
1-4a
1-4a
1-4a
1-4a
1-4a
0-3b
1-4c
1 (no); 2(yes)
1 (no); 2(yes)
-1(decrease)-1(increase)
1 (no)-6 (highest level)
0 (Male); 1 (Female)
b

Survey (1)
N = 676
mean
standard
deviation
1.979
0.9073
2.155
0.8833
0.1760
0.6864
2.3724
0.8418
2.3666
0.8704
-0.0036
0.6904
1.5265
0.6994
1.5469
0.7096
0.0226
0.5423
3.4792
0.7390
3.1553
0.8385
0.7542
0.5326
3.3836
0.5096
2.0636
0.6415
1.0799
1.0989
-3.0655
0.5759
1.2781
0.4483
1.1538
0.3610
0.7889
0.6160
4.5502
1.3905
0.4866
0.5001

Survey (2)
N = 213
mean
standard
deviation
1.9671
0.9234
2.3474
0.8695
0.3802
0.8854
2.3653
0.8384
2.2856
0.8782
-0.0918
0.7618
1.5305
0.7284
1.7226
0.8112
0.1885
0.7402
3.5258
0.7558
3.3004
0.7973
0.7249
0.4848
3.4178
0.4795
2.1760
0.6699

Survey (3)
N = 229
mean
standard
deviation
1.8733
0.9303
2.3144
0.8869
0.4410
0.8177
2.4390
0.8604
2.2505
0.8330
-0.2065
0.8295
1.6699
0.7496
1.6022
0.7222
-0.0662
0.5771
3.4803
0.7409
3.1266
0.9112
0.7081
0.5313
3.3158
0.5386
2.3129
0.6685

1.3521
1.131
0.5652
4.6384
0.4460

1.4235
1.1179
0.5483
4.6462
0.4192

0.4787
0.3386
0.8340
1.4194
0.4982

0.4952
0.3232
0.8430
1.3284
0.4945

Note: Response scale ranges from strongly disagree (1) – strongly agree (4). The variable counts the number of correct answers ranging from 0 (no correct answer) to 3 (all correct).
c
Response scale ranges from rarely/never (1) to almost always/always (4), reversed item.

Information provided in the SRM video
Sunlight warms the Earth and its atmosphere. Greenhouse gases in the atmosphere (e.g. CO2) ensure
that some of this warmth remains close to the Earth’s surface. This makes the Earth warm enough for
humans, animals and plants to live on.
Since the start of industrialisation around 1850, people have emitted a very large amount of
greenhouse gases by burning coal, oil and gas. These gases trap more heat in the atmosphere and
cause a gradual increase in average global temperature.
Since 1900, global temperature has risen by approximately 0.8°C. Almost all countries agree that the
increase in average global temperature should not exceed two degrees compared to pre-industrial
levels. The attempt to ensure that this is the case is referred to as the two-degree target.
By 2100, a further increase in temperature between 0.9 and 5.4°C is expected. The development
depends strongly on the amount of greenhouse gases emitted in the future. To achieve the twodegree target, the current level of emissions would have to be cut by more than half by 2050. By
2100, greenhouse gas emissions would have to be reduced to almost zero.
It is virtually certain that climate change will cause a rise in sea levels. The frequency of heat waves is
very likely to increase as well as the number of severe precipitation events in many regions. It is likely
that in future more areas will be affected by extended droughts and that the frequency and intensity
of tropical cyclones will increase. In addition, part of the CO2 emitted is absorbed by the ocean, thus
causing ocean acidification.
There are different ways of dealing with climate change.
We can reduce greenhouse gas emissions or adapt to the new climate by building dikes. Another
option is to reduce global temperature by means of solar radiation management (SRM).
Via SRM some sunlight is reflected before it can warm the Earth. This can be accomplished by, for
example, spraying sulphate particles into the atmosphere at a high altitude.
A similar phenomenon can be observed in nature. When large volcanoes erupt, similar particles are
distributed across wide areas of the Earth’s atmosphere, cooling the Earth.
The particles remain in the higher regions of the atmosphere for approximately two years. To
prevent the Earth from heating up again, spraying would have to be continued until the cause of
global warming has been removed. Because CO2 remains in the atmosphere for a very long time,
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SRM might have to be used for several centuries. However, using SRM will not stop ocean
acidification.
Currently, the risks, benefits and feasibility of SRM are the object of research.
The use of SRM entails benefits as well as risks. One of the benefits is that it would be a quicker way
of counteracting global warming than cutting down on greenhouse gas emissions. This would buy
additional time to remove the cause of climate change, i.e., the high concentration of greenhouse
gases in the atmosphere. Massive and irreversible changes in the climate could be stopped before
too much damage has been done. Furthermore, it would be possible to stop climate change even if
certain countries decide not to reduce their greenhouse gas emissions. Deploying SRM would be less
expensive than reducing the consumption of fossil fuels.
The risks include a change in the amount of precipitation in most regions. Arid regions in particular
would have to cope with even less rain. If the deployment of SRM were suddenly stopped, global
temperature would rise abruptly. The speed of this rise in temperature would lead to severe
problems for humans and the environment. Because possible side effects would be trans-boundary,
the use of SRM could cause international conflicts. Once in use, SRM might have a negative effect on
people’s motivation to change their lifestyle: greenhouse gas emissions would continue to increase.
Other hitherto unknown and unforeseeable risks might also arise.
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