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ABSTRACT
We analyze the results to question 2 (individual preferences for cancelling or keeping the current 
clock regulations) from the 2018 Public Consultation on summertime arrangements (DST) con
ducted by the European Commission. We reveal correlations in the shares of population for 
cancelling the regulations and the winter sunrise time (SRW) [R2 = 0.177; p = 0.03; N = 25] and the 
onset of human activity [R2 = 0.677; p = 5 × 10−5; N = 17]. The results are in line with the rationale 
behind the regulations in the range of latitude 35 to 63: larger values of SRW (larger latitude) 
brought larger shares against the regulations; and earlier onset of human activity relative to SRW 
brought larger shares against the regulations. The shares for cancelling the regulation did not show 
correlations with time offset (position in time zone), thus challenging the current view within the 
circadian community.
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The seasonal clock regulations (seasonal Daylight 
Saving Time DST) aim to optimize the start of the day 
(Martín-Olalla and Mira 2025a) by aligning social activ
ities closer to sunrise (Hudson 1898). This promotes 
a greater use of outdoor recreation in the spring- 
summer evening. The practice is based on human phy
siology as sunrise (morning light) rather than solar 
noon is the primary stimulus for keeping us aligned 
with the 24-h day.

The varying sunrise times at intermediate latitudes 
create a conflict between clocks and social schedules, 
which are tied to noon, and human physiology. The 
clock policy helps alleviate this conflict and, all else equal, 
is equivalent to a seasonal schedule: working hours from 
09:00h to 17:00h. during the autumn-winter season when 
the morning light is delayed, and from 08:00h to 16:00h. 
(though still rendered as 09:00h to 17:00h.) during spring- 
summer, when the morning light arrives earlier 
(Martín-Olalla and Mira 2025b). Many Western societies 
welcomed this schedule during the past century, soon after 
social schedules became ubiquitous.

The clock policy is currently challenged by some 
chronobiologists and physiologists due to slight societal 
and health effects associated with the circadian disrup
tion at the transition dates (Fritz et al. 2020; Janszky and 
Ljung 2008; Martín-Olalla and Mira 2023), and 

circadian misalignment during the period when clocks 
are set to DST, allegedly “out of sync” with the sun 
(Johnson and Malow 2022; Kantermann et al. 2007; 
Roenneberg et al. 2019). This is noted by the time offset 
to: the difference between solar noon and midday.

Since the clock regulations impact every aspect of social 
life, their sustainability is determined by social preferences 
which translates into policies. Thus, the understanding of 
the current preferences and the mechanisms that shape 
them are of the utmost importance. In this line, we should 
not forget that the long-standing sustainability of the cur
rent clock policy suggests that “the issue that caused incon
venience was the changing of the clocks rather than the 
application of summertime [and wintertime] per se” 
(Anglmayer 2017), and that clock regulations may have 
helped to keep the alignment of working hours with the 
sunrise (Martín-Olalla 2022).

We present here a thorough analysis of question 2 
from the 2018 Public Consultation on summertime 
arrangements conducted by the European 
Commission. This web-based, self-reported survey tar
geted the EU population, which at that time consisted 
of 28 Member States (European Commission DG for 
Mobility and Transport 2019). Question 2 asked the 
individual preference to keep or to cancel the current 
arrangement, providing feedback on the statu quo 
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under which the respondent has been living in the 
recent past. We do not analyze the preference for 
permanent DST or for permanent ST (question 5) 
because replies to this question reflect preferences for 
hypothetical, unknown scenarios that may or may not 
sustain if implemented.

Public consultations are unique because respondents are 
invited, but not compelled, to respond. Thus, they reflect 
self-reported, quasi-spontaneous preferences. The net bal
ance of choices is often biased towards the points of view of 
those who choose to respond. For example, in 2019 the 
province of Alberta (Canada) conducted a public consulta
tion on this policy: 91% of the 141 000 respondents (3% of 
the population) favored permanent DST instead of the 
current policy (Antle et al. 2022). In 2021, a binding refer
endum on this policy was held and a narrow 50.2% of the 
respondents (39% of registered voters, 25% of the popula
tion) favored the current policy. Understandably, the non- 
binding consultation attracted those more sensitive to the 
topic, which were those more discomforted with the cur
rent practice. In contrast, the binding referendum, held 
during municipal elections, increased participation from 
people less concerned with the issue and, eventually, more 
supportive of the current policy.

Our study does not aim to predict the outcome of 
a potential referendum, which is impossible, but to reveal 
how the shares of people against and for the regulations 
were distributed across the Member States. Since the public 
consultation was a synchronous observational experiment, 
the stimuli that prompted people to report their quasi- 
spontaneous preferences should have been similar and an 
analysis of the results may help identify them.

Morning light should have impacted these preferences. 
We take the winter sunrise time (SRW), a social 
synchronizer (Martín-Olalla 2018), as a proxy for 
morning light. It is also a proxy for the winter photoperiod 
(2 × (T0/2 − SRW)), and for the seasonal span of 
sunrise times from winter to summer (2 × (SRW − T0/4). 
Here T0 = 24 h is Earth’s rotation period and SRW is mea
sured relative to solar midnight and, thus, a function of 
latitude only.

We used geographical coordinates of populated places 
in Europe from GeoNames (https://www.geonames.org) to 
retrieve the time offset and the SRW for each location. We 
then determined the population-weighted median time 
offset and SRW by Member State. We note that median 
SRW changes in Europe from 7.18h (Cyprus) to 9.48h 
(Finland) spanning 2.30h, larger than the size of the clock 
changing. This variation makes the 2018 public consulta
tion ideal to test the role of SRW in this topic. Table S1 in 
the supplementary material available at https://doi.org/10. 
5281/zenodo.14619659 lists geographical and societal 
values, see also Figure S1.

We analyzed the results of the two choices presented in 
Question 2 (cancel or keep the current regulations) by 
Member State. We scaled the results using population 
numbers (obtained from Eurostat https://doi.org/10.2908/ 
DEMO_PJAN) and with the percentage of access to the 
internet (from the World Bank https://data.worldbank.org/ 
indicator/IT.NET.USER.ZS). This allowed us to compute 
the shares of target population for canceling (C) and for 
keeping (K) the regulations. Save for Malta, the number of 
respondents is greater than 1000, thus C and K can be 
treated as continuous, independent variables. See Table S2.

The null hypothesis of normally distributed shares 
(C and K) did not hold at the standard level of significance 
(α = 0.05) with p = 0.02 (C) and p = 0.01 (K). We used 
Tukey’s fences (with a size k = 1.5) to remove outliers and 
retain observations within the bracket [Q1 − k(Q3 − Q1), Q3 
+ k(Q3 − Q1)], where Q1 and Q3 are the low and high 
quartiles of the distribution. After removing outliers, the 
null hypothesis of normally distributed shares was sus
tained (p = 0.60 and p = 0.48) with averages 0.393% (C) 
and 0.074% (K) and relative standard errors 69% and 
83%, respectively.

Figure 1 shows scatter plots of C (top) and K (bottom) 
versus SRW with the same vertical scale. The lines display 
the bivariate linear regressions. The null hypothesis “C does 
not depend on SRW” failed to sustain (R2 = 0.177; p =  
0.036; N = 25): Member States with larger SRW (higher 
latitude) were significantly more likely to have larger shares 
of population against the current policy in the Public 
Consultation. In contrast, the null hypothesis “K does not 
depend on SRW” sustained (R2 = 0.030; p = 0.420; N = 24) 
at the standard level of significance. When using the time 
offset as a descriptor, the null hypothesis was sustained for 
C and K. The null hypotheses of normally distributed 
residuals sustained for all analyses.

The low rate of responses for keeping the regulations 
may be linked to the lack of interest of this group, mimick
ing the results of Alberta. Therefore, the uncontrolled con
founding factors dominated the distribution of shares and 
resulted in no statistically significant correlations. In con
trast, the shares of the opposing group were high enough to 
yield an association between C and SRW that was able to 
partially overcome the uncontrolled factors.

For the reader’s interest we also analyzed combina
tions of C and K. The net balance C-K resulted in 
a statistically significant correlation (R2 = 0.247; 
p = 0.010; N = 26), with a larger net balance as SRW 
increases. The ratio C/K also yielded statistically signifi
cant correlation (R2 = 0.239; p = 0.013; N = 25). We note 
that Alberta’s C/K agrees well with EU results. In con
trast, the turnout C+K showed a statistically non- 
significant correlation (R2 = 0.057; p = 0.252; N = 25) 
because the increase of C with SRW and the decrease 
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of K with SRW offset each other. We took specific 
Tukey’s fences associated with each combination.

The clock policy aims to regulate the onset of social 
activity after the night period of rest. To provide more 
insight, we draw attention to the Harmonized European 
Time Use Survey (HETUS) (Eurostat 2010) which 

provides the daily rhythm of sleep and other personal 
cares, as well as the daily rhythm of work by Member 
State. We compute the onset time t as the moment in the 
morning when the daily rhythm overtakes (for work) or 
undertakes (for sleep) half of the maximum value of the 
daily rhythm. We then compute the distance to the 

Figure 1. (a). The association between the winter sunrise time SRW (solar time) and the shares of population willing to cancel DST as 
per the 2018 public consultation C. The inset shows the distribution of shares scaled by the interquartile range to identify and quantify 
the outliers Austria, Germany and Luxembourg, not shown in the main picture and excluded from the regression. The low quartile is 
Q1 = 0.204% and the high quartile, Q3 = 0.620% (see the boxplot on the left side of the plot). The solid line shows the point estimates 
of the prediction; The dashed lines bound the 95% prediction interval. The regression is statistically significant (p = 0.03) at the 
standard level of significance. Notice that the span of the predictor is larger than 1 h: the standard unit of social time and the size of 
the shift brought by DST to clocks. Horizontal bars highlight population weighted low and high quartiles (France and Spain show the 
span of the European areas only). (b). The same picture but for the shares of population willing to keep regulations as per the 2018 
public consultation K. The association does not bring statistically significant correlations. For the shares K, Q1 = 0.030% and 
Q3 = 0.143% (see the boxplot on the left side of the plot). Panels a A and B have the same vertical scale for the sake of comparison, 
a close up of panel B is available in Figure S5. Labels (iso-3166 alpha-2) in increasing values of latitude: CY Cyprus; MT Malta; 
GR Greece; PT Portugal; ES Spain; BG Bulgaria; it Italy; HR Croatia; RO Romania; SI Slovenia; HU Hungary; FR France; at Austria; 
SK Slovakia; LU Luxembourg; CZ Czech Republic; BE Belgium; DE Germany; PL Poland; GB United Kingdom; NL Netherlands; IE Ireland; 
LT Lithuania; DK Denmark; LV Latvia; SE Sweden; EE Estonia; FI Finland.
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winter sunrise time: tw = t-to-SRW, and the distance to 
the solar noon ts=t-to-T0/2.

Figure 2 shows a scatter plot of C versus sleep offset (top) 
and work onset (bottom), and the bivariate linear regres
sions in the N = 17 Member States that have reported daily 
rhythms to HETUS. The null hypothesis “C does not 
depend on tw” did not sustain at the standard level of 
significance R2 = 0.542; p = 5 × 10−5 (for work) and R2 =  
0.364; p = 0.008 (for sleep and other personal cares). 
Member States with earlier onset of social activity, relative 
to SRW, were more likely to yield larger shares of popula
tion against the regulations in the Public Consultation.

There are many limitations in this study connected to 
the fact that the public consultation was an uncontrolled, 

observational experiment without sample design. As an 
example, 70% of the replies came from Germany, which 
accounts for only 15% of the population. Germany, Austria 
and Luxembourg are outliers for C and K in this study and 
are the only Member States where German is the official 
language or is widely spoken by the general population. 
This suggests that German-language media may have given 
more attention to the public consultation than elsewhere. 
Since they are not outliers for C/K, the extra attention 
should have been unbiased.

The sample sizes, represented by the average shares 
of target population 0.394% and 0.074%, are low to 
predict the net result of a would-be referendum, as 
exemplified by the case of Alberta. However, the median 

Figure 2. Scatter plots of the shares of target population willing to cancel DST as per the 2018 European commission public 
consultation (outcome) vs two predictors related to human activity as per HETUS: sleep offset to SRW (top) and work onset to SRW 
(bottom). Circles refer to round 2 (year 2010) of HETUS, and squares to round 1 (year 2000). The null hypothesis “the predictor does not 
explain the outcome” does not sustain (p = 0.008, top; p = 2 × 10−5, bottom) at the standard level of significance for either test and 
brought larger shares C with earlier onset/offset relative to SRW (R2 = 0.364, top; R2 = 0.542, bottom). Solid lines show the results of 
the linear regression; dashed lines bound the 95% prediction interval of the regression. Horizontal bars highlight population weighted 
low and high quartiles (France and Spain show the span of the European areas only). The null hypotheses is sustained if the descriptor 
is set to distance to noon.
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shares are high enough for observational studies. As an 
example, Kantermann et al. (2007) was an observa
tional, self-reported study whose sample size was 
around 0.09% of the German population.

It is important to note that confounding, uncontrolled 
factors seldom if ever build-up correlations. The signifi
cance of p = 5 × 10−5 in the bivariate correlations between 
the work onset distance to SRW and C indicates that there 
are 5 in 100 000 odds that the correlation arose by chance. 
Thus, the trends in the 2018 public consultation highlight 
the role played by the morning light (SRW) in shaping 
quasi-spontaneous preferences for the current regulations 
and cannot be explained by the prevailing view within the 
circadian community, which associates clock regulations – 
and their discomfort – to time offset.

The results also reflect a simple physiological response 
to external stimuli. Early risers do not need a further 
advance of the activity in spring, they find dark morning 
conditions after DST onset and before DST offset, and their 
summer bedtimes come close to summer sunset. All these 
factors contribute to build up a discomfort for the practice. 
Conversely, late risers tend to report less discomfort for the 
current regulations because they welcome an advance of 
their late activity when the environmental conditions allow 
it – they welcomed this in the 1920s –, and are not chal
lenged by light conditions after or before transition dates.

In shaping the preferences for clock regulations, we do 
not exclude the interplay of other health or physiological 
issues associated, for instance, with individual chronotype. 
Our analysis just emphasizes the importance of environ
mental (latitude) and societal (onset times) conditions that 
underpin the clock regulations. Martín-Olalla (2019) Any 
choice – whether advancing schedules, delaying schedules, 
or the current alternating schedules – would bring discom
fort to certain population groups. The intriguing question 
that arises is whether the current regulations are still the 
best practical compromise that modern societies regulated 
by schedules can achieve to minimize the discomfort for 
both early risers and late risers beyond 30 degrees latitude.
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