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Abstract: Historical data have demonstrated that earthquakes can happen any time of the day and 
night. Drills may help communities to better prepare for such emergencies. A cross-sectional survey 
was conducted from 4 October to 20 November 2017, in Mexico City. The sample size was 2400. The 
addressed research questions were “what factors predict the likelihood that respondents would 
report that they agree on conducting mass evacuation drills: (a) any time of the day and (b) any time 
at night?” The logistic regression technique was employed to identify the factors leading to the 
outcome. In relation to (a), five variables were significantly associated with the outcome, i.e., age, 
frequency of drills, warning time, knowledge on what to do, and “perception vulnerability city”. 
Regarding (b), five variables were also significantly associated with the outcome variable, i.e., age, 
level of education, frequency of drills, negative emotions, and fear of house/building collapsing. 
More generally, several drills should be conducted any time of the day and night; further, 50% of 
them should be announced and 50% unannounced. Furthermore, the time of earthquake drills 
should be randomly selected. In this way, we may just match the spatial–temporal dimension of an 
earthquake emergency. It is hoped that the findings will lead to better preparedness of the residents 
of the capital city during an earthquake occurrence. 

Keywords: earthquake drills; daytime drills; nighttime drills; earthquake emergency; logistic 
regression; SASMEX 

 

1. Introduction 

There is not a single day without news on disasters in the mass media recently. It appears that 
governmental organizations are all aware of the importance of preparing for mass emergencies, for 
example, the Federal Emergency Management Agency’s mantra “prepare, plan, be informed” [1] and 
similar governmental and international agencies’ safety policies worldwide [2–7]. However, recent 
events (e.g., earthquakes, tsunamis, volcanic eruptions, COVID-19) have demonstrated the lack of 
preparedness to such events [8–15], to mention just a few. 

Drills (or exercises) may be regarded as key activities that may help to educate communities 
about what actions to take during an earthquake occurrence and what procedures to follow during 
an evacuation, among other things. Drills also aid in assessing the effectiveness of an emergency 
response plan [16–19]. Further, they contribute to the process of identifying, for example, gaps, flaws, 
and shortfalls of safety policies and evacuation procedures. Furthermore, a drill can also be an 
effective method for training all of those involved in conducting the exercises [16,17]. 
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1.1. Daytime Drills and Earthquakes 

In preparing for an emergency due to an unexpected earthquake, drills play a key role in such a 
process; however, there is evidence of earthquake drills being conducted at a fixed date and time 
[20,21]. This prompts the question as to whether they are effective. Further, there is also plenty of 
evidence that earthquakes have occurred at varying times during the day; these events have had 
devastating consequences in terms of life, property, and economic loss, among other things (Table 1). 

A number of reports have been published in the literature on daytime drills in different types of 
organizations and hazards, for example, terrorism incidents [22], technological systems [23–25], 
health related systems [26,27], the armed forces [28], earthquakes [18,19,29], and other [30]. However, 
there is no evidence of studies being conducted on mass earthquake drills at any time during the day, 
but only at a fixed date. 

Table 1. Some examples of earthquakes occurring at different times during the day a. 

Date City/Region/ Country Time b Size Consequences/Impact 

26 
December 

2004 

Indian 
Tsunami/Sumatra-

Andaman Earthquake, 
Indonesia. 

07:58 
a.m. 

M9.3 

Over 220,000 people were killed or missing, and 
about 1.7 million were displaced in South Asia and 
East Africa because of the earthquake and tsunami 

[31]. 

1 
September 

1923 

The Great Kantó, 
Earthquake, Japan. 

11.58 
a.m. 

M7.9 
Total of deaths and missing persons was more than 

100,000 and more than 460,000 destroyed homes 

[32]. 
8 October 

2005 
Pakistan/Kashmir 

Earthquake, Pakistan 
08.50 
a.m. 

M7.6 
Over 87,000 people were killed, 138,000 missing, and 

over 3.5 million were rendered homeless [33]. 

22 February 
2011 

Christchurch 
Earthquake, New 

Zealand. 

12.51 
p.m. 

M6.1 
About 80,000 houses were significantly damaged, 

185 lives were lost [34]. 
 

25 April 
2015 

Nepal Earthquake, 
Nepal. 

11.56 
a.m. 

M7.8 
Over 8,700 people were killed, 22,300 injured, over 

790,000 houses were significantly damaged [35]. 
12 January 

2010 
Haiti Earthquake, Haiti. 

16.53 
p.m. 

M7.0 
Over 222,000 lives were lost, over 300,000 injured 

and over 1.5 million displaced [36]. 

12 May 
2008 

Sichuan Earthquake, 
China. 

14.28 
p.m. 

M8.0 
69,227 people were killed, 17,923 missing, 373,583 

were injured [37]. 
23 June 

2001 
Southern Peru 

Earthquake, Peru. 
15.33 
p.m. 

M8.4 
About 130 fatalities, 21,000 were displaced, about 

15,000 dwellings were destroyed [38]. 
19 

September 
2017 

Puebla Earthquake, 
Mexico. 

13.14 
p.m. 

M7.1 
It left 370 people dead, over 6000 injured, and 

hundreds of damaged buildings in the capital city 
[39]. 

19 
September 

1985 

Mexico City Earthquake, 
Mexico. 

07.17 
a.m. 

M8.0 
It killed about 40,000 people, 30,000 destroyed 

homes, 68,000 damaged houses [40]. 

15 October 
2013 

Bohol Earthquake, 
Philippines. 

08.12 
a.m. 

M7.2 
Over 200 were killed, 976 injured, over 348,000 were 

displaced [41]. 

11 March 
2011 

Tohoku Earthquake, & 
Tsunami, Japan. 

14.46 
p.m. 

M9.0 

Over 19,000 were killed, over 6200 injured, 2,569 

missing, 121,781 totally collapsed buildings, 744,530 

partially collapsed buildings, 106, 592 uninhabitable 

houses [42]. 
a The selection criteria was based on earthquake occurrence at different times during the day and 
listed not in a particular order. b Given the purpose of our study, the time shown is the “local time” of 
earthquake occurrence and not the UTC time that is usually reported by the international news 
agencies. 
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1.2. Nighttime Drills and Earthquakes 

In relation to the 1906 San Francisco earthquake, US, a nurse related her experience on the event: 
“The first vibration at 5:13 am, on the 18th day of April, awoke me. Without conscious volition I 
jumped from my couch and stood gasping audibly as I was shaken by the long vibrations…” [43]. 
More recently, and in relation to the 7 September 2017 earthquake in Mexico (which occurred at 23:49 
pm., local time), a resident of the capital city was asked about her experience; she said this: “What I 
felt was that my bed moved, but I didn’t hear anything (i.e., the seismic alarm), I do not know if I was 
already asleep or it didn’t sound (the seismic alarm)” She was still confused by the earthquake [44]; 
however, the seismic alarm went-off 90 seconds before the actual ground shaking [20]. Effectively, 
experiencing earthquakes at night is not the same as experiencing one during daylight. In fact, it may 
be argued that sleep may constitute an important risk factor, among others, for earthquake death. 

Therefore, in preparing for an emergency, drills (or exercises) should aim at educating 
building/home occupants as to the adequate actions to take during the emergency [2,17,22]. 

Some reports have been published in the literature on fire drills at night, in particular for the 
cases of health centers [45–47], student accommodation at university campuses [48], hotels [49,50], 
fire fighters [51], and in the military [52]. In most of the cases (except for the military), night fire drills 
are required by fire safety regulations, codes of practice, etc., that these organizations should comply 
with. Nevertheless, there are hardly any report on earthquake drills being conducted at night. Again, 
this prompts the question whether they may be necessary. However, there is plenty of evidence that 
earthquakes have occurred at night and with devastating consequences in terms of 
life/property/economic loss, among other things (Table 2). 

Table 2. Some examples of earthquakes that have occurred at night a. 

Date City/Region/Coun
try Time b Size Consequences/Impact 

17 January 
1994 

Northridge 
Earthquake 

California, US 

04.31 
a.m. 

M6.7 
It is believed that over 70 people died and 11,800 were 

injured and 60,000 houses and apartments were damaged 
[53]. 

27 February 
2010 

2010 Chile 
earthquake, Chile 

03:34 
a.m. 

M8.8 
Over 500 people were killed, about 2 million people were 

affected by the earthquake and tsunami [54,55]. 

6 April 2009 
L’Aquila 

earthquake, Italy 
03.32 
a.m. 

M6.3 
Over 67,000 people were left homeless, 309 killed, 1550 

injured, and about 10,000 damaged buildings [56]. 
26 December 

2003 
Bam earthquake, 

Iran 
05:26 
a.m. 

M6.7 
Over 45,000 people were killed, 30,000 injured, 80% of the 
buildings collapsed, several villages were destroyed [57]. 

17 January 
1995 

Kobe earthquake, 
Japan 

05:46 
a.m. 

M6.9 

The death and missing toll stand at 6437 people; over 8,000 
people required hospitalization, over 100,000 houses were 

destroyed, and over 140,000 houses were partially 
destroyed [58]. 

17 August 
1999 

Marmara 
earthquake, 

Turkey 

03:01 
a.m. 

M7.6 
Over 17,000 people killed, 35,000 injured, and about 

600,000 homeless [59]. 

23 December 
1972 

Nicaragua 
earthquake, 
Nicaragua 

00:29 
a.m. 

M6.3 
It caused the death of 10,000–11,000 people; 20,000 injured, 

and 300,000 were left homeless [60,61]. 

21 September 
1999 

Chi-Chi 
earthquake, 

Taiwan 

01:47 
a.m. 

M7.6 
The death toll was 2492, over 51,000 collapsed buildings, 

and over 53,000 severely damaged buildings [62]. 

21 May 2003 
Boumerdes 
earthquake, 

Algeria 

19.44 
p.m. 

M6.8 
The earthquake claimed 2271 lives, 10,000 injured, about 

20,000 destroyed houses, and 160,000 people were left 
homeless [63]. 

7 September 
2017 

The Chiapas 
earthquake, 

Mexico 

23:49 
p.m. 

M8.2 
Over 100 people were killed, over 2 million people were 

affected [20]. 
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27 May 1995 
Neftegorst 

earthquake, 
Sakhalin, Russia 

01:04 
a.m. 

M7.1 
Over 1900 people were killed, and 750 were left injured 

[64]. 

a The selection criteria was based on earthquake occurrence at different times during the night and 
listed in no particular order. b Given the purpose of our study, the time shown is the “local time” of 
earthquake occurrence and not the UTC time. 

According to Greer [5], the Japanese seismologists have already identified the future seismic risk 
threat to the country; it is believed that the earthquake was already named over thirty years ago: “the 
Great Tokai earthquake”. Further, it is argued that, if this earthquake were to hit the country in the 
middle of the night and without warning, it has been predicted that the death toll would be 7900 to 
9200, and the damage cost up to US310 billion [5] (p.121). This clearly indicates that Japan is already 
preparing for one of the worst scenarios, that is, by creating the “Tokai Earthquake Preparedness 
Center” to map the risk associated with it and to build a resilient community [5] (p.121). 

Following the two 2017 earthquakes that hit the capital city (on 7 and 19 September; see Tables 
1 and 2), a research project on earthquake drills was envisaged, among other issues [20,39,65]. More 
specifically, the following three research questions needed to be addressed [20]: 

1. What factors predict the likelihood that respondents would report that they agree on conducting 
mass evacuation drills on September 19 yearly? 

2. What factors predict the likelihood that respondents would report that they agree on conducting 
mass evacuation drills anytime during the day? 

3. What factors predict the likelihood that respondents would report that they agree on conducting 
mass evacuation drills anytime at night? 

The results of the first question has been addressed in [20]; the present paper addresses the 
second and third research questions. The logistic regression method has been employed to the 
identification of the factors leading to the outcome variables. 

The paper is organized as follows: Section 2 briefly describes the materials and methods 
employed in the analysis. Section 3 presents the main results of the analysis. Section 4 presents the 
discussion of the main findings related to the second research question. Section 5, on the other hand, 
presents a discussion of the main findings related to the third research question. A summary of the 
identified leading factors to the outcome when considering the three research questions is presented 
in Section 6. Some of the limitations of the study are discussed in Section 7. Finally, some conclusions 
are summarized in Section 8. 

2. Materials and Methods 

A cross-sectional study was conducted in the capital city in 2017 following the two earthquakes 
(i.e., on 7 and 19 September, see Tables 1 and 2). The questionnaire was designed to assess several 
issues related to the residents’ perception on the usefulness of the earthquake early warning system 
[20] and residents’ reactions to the 2017 earthquake [65], among others, that are still being processed. 
As mentioned in the introduction section, the capital city’s residents perception of conducting drills 
anytime during the night and daylight are addressed herein. The survey was conducted from 4 
October to 20 November 2017, and the sample size was N = 2400. As mentioned in [39], all the 
participants of the study completed the questionnaires anonymously and were assured of the 
confidentiality of their answers. Further, they were given the contact details of the researchers. 
Furthermore, the survey was approved by the ethics committee, further details are given in Refs. 
[20,39]. 
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2.1. Variables 

2.1.1. The Outcome Variables 

The outcome variables were related to whether the participants of the study agreed on 
conducting mass earthquake drills any time during daytime and nighttime. That is, “Would you like 
mass evacuation drills to be conducted at any time of the day?” The participants of the study rated 
their answers according to the following options: “Yes” or “No”. (Hereafter, they will be referred to 
as either mass evacuation drills anytime during daylight or daytime drills). Similarly, “Would you 
like mass evacuation drills to be conducted at any time of the night?” As with the previous case, the 
answers to the question were “Yes” or “No”. (Hereafter, they will be referred to as either mass 
evacuation drills any time at night or nighttime drills). 

2.1.2. Explanatory Variables 

A total of nineteen explanatory variables were considered in the analysis and summarized in 
Table 3. A brief description of each of them is given in the subsequent paragraphs. A detailed 
explanation of each of the explanatory variables and the employed questionnaire are given in 
“Appendix A-supplementary data” in the study by Santos-Reyes [20]. It should be highlighted that 
regarding categorical variables, dummy variables were created to conduct the analysis. 

Table 3. Summary of explanatory variables considered in the analysis. 

Categories Variables Type of Variable and Measures 

Demographics 
1–4. Age, sex, 
educational level, and 
occupation. 

Modelled as categorical variables; however, age was modelled as a 
continuous variable for the case of “daytime” drills (Section 3.1). In 

some instances, variables collapsed into two levels (e.g., age 
(nighttime drills, Section 3.2), occupation, educational level. etc.). 

Location 
5. Participants home 
location. 

“CDMX” (Mexico City) and “EDOMEX” (Metropolitan area of the 
capital city) and modelled as categorical variables. 

Earthquake 
experience 

6. 1985 earthquake 
experience. 

This variable was related specifically to whether respondents 

experienced directly the 1985 earthquake; modelled as categorical 

variable: “Yes”/“No”. 

Earthquake 
knowledge 

7. Knowing what to 
do. 
8. Current 
knowledge. 
9. Knowledge vs. 
drills 

Knowledge on what to do (actions to take during the ground shaking) 
once the seismic alert goes off. Categorical variable: “Yes”/”No”. 
Knowledge on the current situation on seismic risk in relation to 

Mexico City and modelled as a continuous variable. 
Having good knowledge on what to do during an earthquake; drills 

may not be necessary; categorical variable: “Yes”/“No”. 

Earthquake 
Drills 

10. Participation in 
drills. 
11. Frequency of 
drills. 

Related to having participated in drills before (at home, school, any 
organization) and modelled as categorical variable: “Yes”/“No”. 

Categorical variable with seven groups: “0/year”, “1/year”, “2/year”, 

“4/year”, “6/year” and “12/year”. 

The SASMEX 
12. Warning time. 
13. Usefulness of the 
SASMEX. 

The time elapsed between the beginning of the seismic alert and the 

actual ground shaking [66]. Categorical variable: “Time 

varies”/“Other”. 

Participants assessed the performance of the SASMEX during the 19 

September 2017 earthquake. (For further details of the SASMEX 

(Mexican Seismic Alert System) in the context of the 2017 earthquakes 

[39]); categorical variable: “Very useful”/“Not at all”. 
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Perception of 
seismic risk 

14. Likelihood of 
harm. 
15. Severity of harm. 
16. “Perception 
vulnerability city” 
(PVC). 

Risk judgement includes a person’s estimate of the likelihood of harm 

to self and his/her perception of the potential severity of that harm 

[67]. Both modelled as continuous variables. 

Two items were combined into a compound measure called 

“Perception vulnerability city” (PVC). Modelled as a continuous 

variable (α = 0.67). 

Psychological 
reactions 

17. Negative 
emotions. 
18. Fear of Sept. 7 
and 19 earthquakes. 
19. Fear house 
collapsing during Sept. 
7 and 19 earthquakes 

Research has shown that negative emotions (e.g., worry, anger) could 
at times directly drive information seeking [67,68]. Five items were 

considered to measure it and modelled as a continuous variable (α = 
0.75). 

The level of fear of 7 and 19 September 2017 earthquakes experienced 
by the participants. Categorical variable: “A lot”/“Not at all”. 

The fear homes/buildings collapsing during the earthquake 

occurrence. Categorical variable: “A lot”/“Not at all”. 

Demographic characteristics. The demographic variables considered in the study were sex, age 
(Range: 13–65 years old; M = 34.5, SD = 345.67), educational level (primary/secondary, high school, 
undergraduate and postgraduate), and occupation (students, education sector employees (ESE 
employees), private and public employees (P&P Employees), and other (retirees, etc.)). 

Earthquake experience. This variable was related specifically to whether respondents directly 
experienced the 1985 earthquake (for a discussion on “direct” and “indirect” experience on natural 
hazards, see for example [69,70]. 

2.2. Statistical Analysis 

The collected data were analyzed by using the SPSS 25.0 (Statistical Package for the Social 
Sciences software, NY, USA). Descriptive analysis was conducted by frequency and cross-tabulation 
analyses. The mean and standard deviation of continuous variables were calculated; means were 
compared using the independent t-test (Table 4). Some variables with four levels were collapsed into 
two. As mentioned in Table 3, some discrete items were transformed into a continuous variable by 
reporting the relevant Cronbach’s alpha of internal consistency. Further, continuous variables were 
centered to the mean before entering the multivariable analysis; this contributes to the removal of 
non-essential multicollinearity; centering renders the regression coefficients in a regression equation 
meaningful (or more easy to interpret) [71]. 

When a dependent variable is dichotomous, such as in the present case study (i.e., agree on drills 
vs disagree), logistic regression, as opposed to discriminant analysis, is particularly appropriate [72]. 
Further, logistic regression analysis can be used to determine, for example, which explanatory 
variables and interactions contribute significantly to the outcome variable. The approach employed 
in the logistic regression analysis has been the purposeful selection of variables [72]. Overall, the 
algorithm embraces the following stages: (a) a univariable analysis is carried out to fit a logistic 
regression model for each variable; (b) a multivariable model is then fitted with all the explanatory 
variables (or covariates) that were significant in the first step at p < 0.25; variables that do not 
contribute at traditional levels of significance, or in the change of estimate criteria, are dropped in a 
stepwise manner; these two criteria are assessed iteratively; (c) those variables that were not 
considered in the first stage (i.e., p > 0.25) are then re-entered one by one and assessed at traditional 
significance (e.g., p < 0.05); and (d). Finally, the possibility of interactions among the explanatory 
variables in the main effect model is then assessed. 
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Table 4. Descriptive analysis of the explanatory variables considered in the analysis—daytime 
drills. 

Value Levels Mass Evacuation Drills any Time at 
Daytime? * 

 Yes No Total ** 

 n (%) n (%) n (%) 
Demographics: 

Sex Men 936 (44.2) 131 (49.4) 1067 (44.8)  

Women 1183 (55.8) 134 (50.6) 1317 
(55.2) 

  

Education level Prim/Sec. 
School 

171 (8.1) 36 (13.6) 207 (8.7)  

High School 1307 (61.7) 171 (64.5) 1478 
(61.9) 

  

Undergraduate  495 (23.4) 45 (17.0) 540 (22.7)  
Postgraduate 146 (6.9) 13 (4.9) 159 (6.7)   
Occupation Students 896 (42.3) 127 (47.9) 1023 (42.9)  
Employees 1223 (57.7) 138 (52.1) 1361 

(57.1) 
  

Location: 
Participants location CDMX 1448 

(68.3) 
182 (68.7) 1630 (68.4)  

EDOMX 671 (31.7) 83 (31.3) 754 (31.6)   
Earthquake experience: 

1985 earthquake 
experience 

Yes 649 (30.7) 57 (21.7) 706 (29.7)  

No 1466 (69.3) 206 (78.3) 1672 
(70.3) 

  

Earthquake Drills: 
Drill past participation Yes 1963 

(93.0) 
236 (89.4) 2199 (92.6)  

No 148 (7.0) 28 (10.6) 176 (7.4)   
Frequency of drills 0/year 49 (2.3) 50 (19.5) 99 (4.2)  

1/year 241 (11.5) 62 (24.2) 303 (12.9)   

2/year 143 (6.8) 23 (9.0)  166 (7.1)  

3/year 48 (2.3)  8 (3.1)  56 (2.4) 

4/year 89 (4.3)  4 (1.6)  93 (4.0) 

6/year 608 (29.1) 54 (21.1) 662 (28.2)   
12/year 911 (43.6) 55 (21.5) 966 (41.2)   

The SASMEX: 
Knowledge warning 
time 

Time varies 466 (22.0)  79 (29.8) 545 (22.9)  

Other    1653 (78.0) 186 (70.2) 1839 (77.1) 
Usefulness SASMEX Useful 303 (14.3)  40 (15.1) 343 (50.4) 
 Not at all 1815 

(85.7) 
 225 (84.9) 2040 (85.6) 

Earthquake knowledge:     
Knowledge of what to 
do 

Yes 1664 
(78.5) 

 187 (70.6) 1851 (77.6)  

 No 455 (21.5)  78 (29.4) 533 (22.4)  
Knowledge vs. drills Yes 1301 

(61.6) 
 169 (65.0) 1470 (62.0)  

 No 810 (38.4)  91 (35.0) 901 (38.0)  
Psychological reactions: 
Fear of home collapsing A lot 1449 

(68.4) 
  158 (59.6) 1607 (67.4) 

 Not at all 670 (31.6)   107 (40.4) 777 (32.6) 
Fear of Sept. 15 
earthquake 

A lot 1539 
(73.3) 

  166 (64.1) 1705 (72.3) 
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 Not at all 561 (26.7)   93 (35.9) 1254 (27.7) 
Continuous variables Mean (SD) Mean 

(SD) 
  p  

Perception of seismic risk: 
Likelihood of harm Scale (0–10) 6.00 

(2.27) 
5.79 
(2.16) 

0.159   

Severity of the harm Scale (0–10) 7.07 
(2.16) 

6.71 
(2.07) 

0.010   

Perception 
vulnerability city 

(α = 0.75) 4.13 
(0.817) 

3.90 
(1.02) 

< 0.001   

Age a Continuous 30.7 
(12.6) 

27.6 
(12.1) 

< 0.001   

Current knowledge b Scale (0–10) 5.97 
(1.99) 

5.94 
(1.95) 

0.806   

Negative emotions c (α = 0.67) 3.06 
(0.885) 

2.82 
(0.934) 

< 0.001   

* Total percentages in columns may not add up to 100% because of decimal rounding. (Only data 
within the outcome variable (column) is given). ** Differences in total n = 2400 are due to missing 
values in items. a Variable within the category of demographics. b Variable within the category of 
earthquake knowledge. c Variable within the category of psychological reactions. 

3. Results 

3.1. Results Related to Daytime Drills 

The Multivariable Model 

The frequency data regarding the dependent variable (i.e., evacuation drills anytime during the 
day) showed that 88.9% of respondents responded “Yes” and 11.1% responded “No” to the question. 
(Table 4 shows the results of a descriptive analysis of the explanatory variables considered in the 
analysis). Table 5 shows, on the other hand, the results of the univariable analysis when considering 
all the explanatory variables considered initially in the analysis. 

Table 6 shows the final model (Model 2), which embraces the five contributing variables to the 
outcome, that is (a) age (demographics), (b) frequency of drills (earthquake drills), (c) warning time 
(The SASMEX), (d) knowledge of what to do (earthquake knowledge), and (e) the perception 
vulnerability city (PVC) (psychological reactions). Only the variable related to frequency of drills was 
the most influential to the dependent variable considered in the analysis (Wald: χ2(6) = 100.945, p < 
0.001). 

Regarding the variable age of the respondents, it has been found that for every additional year 
of age, the odds of agreeing on conducting daytime drills anytime increase by 1.5% (95% CI 1.003–
1.027). 

As mentioned above, frequency of drills was the most influential variable that contributed to the 
outcome. The results show that respondents that considered the frequency of “12 drills/year” have 
15.106 times the odds of conducting daytime drills compared to those who considered none per year 
(p < 0.001, 95% CI 9.282–24.583). Similarly, those that considered “3/year”, “4/year”, or “6/year” have 
5.575, 18.555, and 10.628 times the odds of conducting any time daylight drills compared to those 
who considered none (p < 0.001, 95% CI 2.371–13.107; p < 0.001, 95% CI 6.278–54.839; p < 0.001, 95% 
CI 6.509–17.353, respectively). In general, it may be argued that respondents of the study agreed to 
conduct several earthquake mass evacuation drills per year and at any time during the day. 

Earthquake early warning systems (such as the SASMEX) are crucial in any seismic emergency; 
however, if they fail to perform their intended function (i.e., to timely alert people), individuals are 
not able to take cover (or evacuate in time). That is, warning time may be defined as the time elapsed 
between the beginning of the seismic alert and the actual ground shaking (it is also known as 
“prevention time” [66]). The results showed that respondents that considered the warning time as 
“other” have 1.478 times the odds of agreeing on conducting day-time drills compared to those that 
consider the ‘time varies’ (95% CI 1.091–2.004). 
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In any seismic emergency, it is of vital importance to knowing what actions should be taken 
during the occurrence of an earthquake; in the context of our case study, knowing what to do once 
the seismic alarm goes off is crucial in surviving an earthquake. The results show that respondents 
that considered having the adequate knowledge on what to do during the emergency have 1.413 
times the odds of agreeing on conducting daytime drills compared to those that considered not 
having that knowledge (95% CI 1.034–1.932). 

In relation to the variable related to the “perception of vulnerability of the capital city” (PVC), 
the results show that for every additional unit increase of perception vulnerability of the city, the 
odds of agreeing to conduct daytime drills increase by 21.6% (95% CI 1.041–1.420). 

As mentioned in the “statistical analysis” section, the last stage of the employed approach to the 
logistic regression analysis was that related to interaction terms. A two-way approach to interaction 
terms was considered in the present analysis. However, when conducting such analysis, none of the 
considered interaction terms contributed to the outcome. In a similar study (i.e., when addressing the 
first research question, see the introduction section), it has been found that the interaction term 
“Occupation x PVC” contributed to the outcome variable [20]. However, in our present case study, 
when considering the demographic variable “Age x PVC”, the effect on the dependent variable was 
not significant (Wald: χ2(1) = 2.816, p = 0.096). 

Table 5. Results of the univariable analysis of the explanatory variables—daytime drills. 

Value Levels OR [95% CI] p  
 “1” **   

Demographic characteristics: 

Sex Men 0.809 [0.627–1.045] 0.105 * 

Women 1   
Age Continuous 1.022 [1.131–2.654] < 0.001 * 
Education level*    
Postgraduate 2.364 [1.208–4.628] 0.012  
Undergraduate  2.316 [1.445–3.711] < 0.001 
High School 1.609 [1.086–2.384] 0.018  
Elementary School 1   
Occupation    
Other (Jubilee, etc.) 0.826 [0.574–1.188] 0.013 * 
ESE Employee 1.539 [0.863–2.743] 0.144 * 
P&P Employee 1.459 [1.084–1.965] 0.302 
Students  1 

Location: 
Participants location CDMX 1.016 [0.772–1.338] 0.909 
EDOMX 1   

Earthquake experience: 
1985 earthquake experience Yes 1.600 [1.176–2.176] 0.003 * 
No 1   

Earthquake Drills: 
Drill past participation Yes 1.574 [1.028–2.409] 0.037 * 
No 1   
Frequency of drills *    
12/year 16.902 [10.471–27.283] < 0.001  
6/year 11.489 [7.092–18.611] < 0.001  
4/year 22.704 [7.738–66.620] < 0.001  
3/year 6.122 [2.628–14.265] < 0.001  
2/year 6.344 [3.514–11.455] < 0.001  
1/year 3.966 [2447–6.428] < 0.001  
0/year 1   

The SASMEX: 
Knowledge warning time Time varies 0.664 [0.500–0.880] 0.004 * 
Other 1   
Usefulness    
Useful 0.939 [0.657–1.343] 0.730  



Sustainability 2020, 12, 10009 10 of 26 

Not at all 1   
Earthquake knowledge: 
Knowledge what to do Yes 1.525 [1.149–2.026] 0.004 * 
No 1   
Knowledge vs. drills Yes 0.865 [.661–1.132] 0.291 
No 1   
Current knowledge Scale 0–10 1.008 [0.945–1.075] 0.806 
Perception seismic risk: 
Likelihood of harm Scale 0–10 1.041 [0.984–1.102] 0.159 * 
Severity of harm Scale 0–10 1.079 [1.018–1.143] 0.011 * 
Perception vulnerability city Scale (α = 0.67) 1.342 [1.167–1.543] < 0.001 * 

Psychological reactions: 
Negative emotions Scale 0–10 1.352 [1.176–1.555] < 0.001 * 
Fear Sep., 19, earthquake A lot 1.537 [1.171–2.017] 0.002 * 
Not at all 1   
Worry home Yes 1.465 [1.127–1.903] 0.004 * 
No 1   

* The selected variables at significance criterion p < 0.25 [72]. ** Refers to the reference group. 

Table 6. Multivariable logistic regression analysis of the factors predicting the likelihood of agreeing 
on conducting daytime drills. 

Variables Value 
Levels 

Model 1 
B 

S.E. OR [95% CI] Model 2 
B 

S.E. OR [95% CI] 

Demographics: 

Age Cont. 0.011 0.011 1.011 
[0.989–1.033] 

0.015 0.006 * 1.015 
[1.003–1.027] 

Sex 
Men 

 
Women 

−0.134 
 
1 

0.148 
 

1 

0.875 
[0.875–0.654] 

1 
   

Occupation 
Employees 

 
Students 

−0.073 
 
1 

118.177 
0.929 

[0.656–1.316] 
1 

   

Earthquake Experience: 

1985 experience 
Yes 

 
No 

−0.007 
 
1 

0.298 
0.993 

[0.553–1.781] 
1 

   

Earthquake Drills:        

Frequency of drills 

12/year 
 

6/year 
 

4/year 
 

3/year 
 

2/year 
 

1/year 
 

0/year 

2.679 
 

2.270 
 

2.817 
 

1.582 
 

1.708 
 

1.278 
 
1 

0.259 
*** 

0.261 
*** 

 
0.558 

*** 
 

0.445 
*** 

 
0.320 

*** 
 

0.257 
*** 

 
1 

14.573 
[8.772–
24.212] 
9.864 

[5.812–
16.136] 
16.724 
[5.607–
49.884] 
4.864 

[2.032–
11.641] 
5.518 

[2.945–
10.339] 
3.590 

[2.169–5.940] 
1 

2.715 
 

2.363 
 

2.921 
 

1.718 
 

1.698 
 

1.335 
 
1 

0.248 
*** 

 
0.250 

*** 
 

0.553 
*** 

 
0.436 

*** 
 

0.307 
*** 

 
0.251 

*** 
 
1 

15.106 
[9.282–
24.583] 
10.628 
[6.509–
17.353] 
18.555 
[6.278–
54.839] 
5.575 

[2.371–
13.107] 
5.460 

[2.994–9.959] 
3.800 

[2.326–6.210] 
1 
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Drill participation 
Yes 

 
No 

0.172 
 
1 

0.256 
1.188 

[.719–1.962] 
1 

   

The SASMEX 

Warning time 
Time varies 

 
Other 

−0.417 0.159 ** 
0.659 

[0.483–0.899] 
1 

-0.391 0.155 * 
0.676 

[0.499–0.917] 
1 

Earthquake knowledge:        

Knowledge of what to do 
Very knowl. 

 
Not at all 

0.368 
 
1 

0.164 * 
 

1 

1.445 
[1.047–1.992] 

1 

0.346 
 
1 

0.160 * 
 
1 

1.413 
[1.034–1.932] 

1 

Psychological reactions: 

Negative emotions Cont. 0.113 0.087 
1.120 

[0.945–1.329] 
   

Fear of Sept. 19 earth. 
A lot 

 
Not at all 

0.210 
 
1 

0.175 
 

1 

1.234 
[0.875–1.740] 

1 
   

Fear of home collapsing 
A lot 

 
Not at all 

−0.090 
 
1 

0.170 
 

1 

0.914 
[0.655–1.275] 

1 
   

Perception of seismic risk:        

Likelihood of harm Scale −0.041 0.037 
0.960 

[0.892–1.033] 
   

Severity of harm Scale 0.026 0.039 
1.027 

[0.951–1.109] 
   

“Perception vulnerability city” 
(PVC) 

Scale 0.172 0.083 * 
1.188 

[1.009–1.399] 
0.196 0.079 * 

1.216 
[1.041–1.420] 

  -2LL 
 

Nagelkerke R2 
Hosmer & Lemeshow test 

Classification accuracy 

1426.903 
χ2 = 190.083; df = 10; p < 0.001 

15.6% 
P = 0.540 

89.5% 

  

* p < 0.05; ** p < 0.01; *** p < 0.001. “1” refers to the reference group. 

3.2. Results Related to Nighttime Drills 

The Multivariable Model 

Regarding the dependent variable (i.e., evacuation drills any time at night), the frequency data 
showed that 65.3% of respondents responded “Yes” and 34.7% responded “No”. Tables 7 and 8, on 
the other hand, show the results of the analysis. 

For example, Table 7 shows the results when fitting a univariable logistic regression model for 
each explanatory variable considered in the analysis. At this stage of the analysis, the unadjusted 
effects of each of the nineteen explanatory variables was analyzed and included a single variable in 
the model at a time [72]. It should be highlighted that the criterion of a significance level of the initial 
variable selection was based on p < 0.25 (Section 2.2). The results show that of a total of nineteen 
precursors, only ten were significant at p < 0.25. That is, age, educational level, frequency of drills, 
usefulness of the SASMEX, likelihood of harm, harm severity, negative emotions, fear of home 
collapsing, perception vulnerability city, and the fear felt during the September 7 earthquake in 2017: 
these variables embrace the first multivariate model (Model 1). 
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Table 8 shows the final fitted model to the collected data (Model 2), and five explanatory 
variables were significantly associated with the outcome, that is, frequency of drills (Wald: χ2(6) = 
100.945, p < 0.001), age (Wald: χ2(1) = 14.887, p = 0.001), negative emotions (Wald: χ2(1) = 15.200, p < 
0.001), educational level (Wald: χ2(1) = 11.639, p = 0.001), and fear of home collapsing (Wald: χ2(1) = 
4.359, p = 0.037). The three most influential predictors to the outcome were the variables related to 
frequency of drills, age, and negative emotions (NE). 

As with Section 3.1, a two-way approach to interactions was opted for; the results of this process 
showed that none of model terms had been demonstrated to have a significant main effect on the 
agreement to the outcome variable (i.e., nighttime drills). 

In summary, the final fitted model (Model 2, Table 8), embraces the following variable 
categories: demographics (age and level of education), earthquake drills (frequency of drills), and 
psychological reactions (negative emotions and fear house/building collapsing). 

Regarding the variable age, those whose age ranged from 13–49 years old have 1.709 times the 
odds of agreeing on conducting mass earthquake drills anytime at night compared to older 
participants (50–65) (p < 0.001, 95% CI 1.302–2.244). 

Respondents with a higher level of education (undergraduate and postgraduate) have 1.426 
times the odds of agreeing on conducting nighttime drills compared to those with a low level of 
education (primary/secondary/preparatory) (p < 0.01, 95% CI 1.163–1.749). 

The results also highlighted the importance of the variable related to the frequency of drills; as 
mentioned above, it was one of the most influential variables that contributed to the outcome. The 
results show that respondents that considered the frequency of “12 drills/year” have 5.072 times the 
odds of conducting nighttime drills compared to those who considered none per year (p < 0.001, 95% 
CI 3.238–7.946). Similarly, those that considered “6/year”, “4/year”, and “2/year” have 3.940, 4.330, 
and 2.974 times the odds of conducting anytime nighttime drills compared to those who considered 
none (p < 0.001, 95% CI 2.496–6.218; p < 0.001, 95% CI 2.332–8.040; p < 0.001, 95% CI 1.750–5.053, 
respectively). In general, it may be concluded that respondents of the study agreed to conduct several 
earthquake mass evacuation drills per year anytime at night. (See Section 7 for further details on this). 

The variable related to negative emotions (NE) was also one of the most influential on the 
outcome variable. The results show that for each one-unit increase of NE, the odds of agreeing on 
conducting night drills increase by a factor of 1.226 (22.6%) (p < 0.001, 95% CI 1.107–1.359). 

Finally, when considering the variable related to the fear of building collapsing during the 
ground shaking, the results showed that the odds of conducting nighttime drills are 1.221 times 
higher for respondents that feared their houses would collapsed during an earthquake occurrence 
than those that had not feared at all (p < 0.05, 95% CI 1.012–1.473). 

Table 7. Results of the univariable analysis of the explanatory variables—nighttime drills. 

Value levels OR [95% CI] p  
 “1” **   

Demographic characteristics: 
Sex Men 0.974 [0.822–1.153] 0.758 

Women 1   
Age    
13–49 years old 1.005 [0.998–1.012] 0.159 *  
50–65 years old 1   
Education level *    
Postgraduate 1.732 [1.131–2.654] 0.012  
Undergraduate  2.295 [1.649–3.195] < 0.001 
High School 1.567 [1.170–2.099] 0.003  
Elementary School 1   
Occupation    
Employees 1.017 [0.858–1.205] 0.845  
Students  1  
Location:    
Participants location CDMX 1.072 [0.895–1.284] 0.449 
EDOMX  1  
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Earthquake experience: 
1985 earthquake experience Yes 1.113 [.924–1.340] 0.258 
No 1   

Earthquake Drills: 
Drill past participation Yes 1.146 [0.835–1.573] 0.399 
No 1   
Frequency of drills*    
12/year 5.740 [3.684–8.944] < 0.001  
6/year 4.491 [2.861–7.048] < 0.001  
4/year 5.009 [2.722–9.217] < 0.001  
3/year 2.452 [1.251–4.804] 0.009  
2/year 3.302 [1.957–5.571] < 0.001  
1/year 1.836 [1.140–2.959] 0.013  
0/year   1 

The SASMEX: 
Knowledge warning time Time varies 1.003 [.821–1.226] 0.975 
Other   1 
Usefulness    
Useful 0.239 [0.935–1.310] 0.239 *  
Not at all 1   
Earthquake knowledge:    
Knowledge of what to do Yes 1.122 [0.918–1.370] 0.261 
No   1 
Knowledge and drills Yes 0.962 [0.809–1.145] 0.590 
No   1 
Current knowledge Scale (0–10) 1.016 [0.974–1.060] 0.455 

Perception seismic risk: 
Likelihood of harm Scale (0–10) 1.058 [1.019–1.098] 0.003 * 
Severity of harm Scale (0–10) 1.072 [1.031–1.115] < 0.001 * 
Perception vulnerability city Scale (α = 0.67) 1.172 [1.062–1.293] 0.002 * 
Psychological reactions:    
Negative emotions Scale (0–10) 1.328 [1.207–1.460] < 0.001 * 
Fear of Sept 7 earthquake A lot 1.373 [1.158–1.627] < 0.001 * 
Not at all   1 
Fear of home collapsing A lot 1.358 [1.142–1.616] 0.001 * 
Not at all   1 

* The selected variables at significance criterion p < 0.25 [72]. ** refers to the reference group. 

Table 8. Multivariable logistic regression analysis of the factors predicting the likelihood of agreeing 
on conducting nighttime drills. 

Variables Value Levels Model 1 B S.E. OR [95% CI] Model 2 B S.E. OR [95% CI] 
Demographics: 

Age 
13–49 

 
50–65 

0.533 
 
1 

0.141 *** 
 

1 

1.704 
[1.292–2.246] 

1 

0.536 
 
1 

0.139 *** 
 

1 

1.709 
[1.302–2.244] 

1 

Level of education 
High 

 
Low 

0.343 
 
1 

0.105 ** 
 

1 

1.409 
[1.147–1.732] 

1 

0.355 
 
1 

0.104 ** 
 

1 

1.426 
[1.163–1.749] 

1 
Earth. Drills: 

Frequency of drills 

12/year 
 

6/year 
 

4/year 
 

3/year 
 

2/year 
 

1/year 

1.574 
 

1.338 
 

1.414 
 

0.781 
 

1.034 
 

0.528 

0.231 *** 
 

0.235 *** 
 

0.318 *** 
 

0.351 * 
 

0.273 *** 
 

0.248 * 

4.828 
[3.069–7.594] 

3.811 
[2.405–6.037] 

4.112 
[2.207–7.662] 

2.183 
[1.097–4.341] 

2.814 
[1.646–4.809] 

1.695 

1.624 
 

1.371 
 

1.466 
 

0.776 
 

1.090 
 

0.554 

0.229 *** 
 

0.233 *** 
 

0.316 *** 
 

0.347 * 
 

0.270 *** 
 

0.246 * 

5.072 
[3.238–7.946] 

3.940 
[2.496–6.218] 

4.330 
[2.332–8.040] 

2.174 
[1.100–4.295] 

2.974 
[1.750–5.053] 

1.739 
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0/year 

 
1 

 
1 

[1.043–2.755] 
1 

 
1 

 
1 

[1.074–2.817] 
1 

The SASMEX 

Usefulness of the SASMEX 
Useful 

 
Not at all 

−0.222 
 
1 

0.128 
 

1 

0.801 
[0.623–1.029] 

1 
   

Psychological reactions: 

Negative emotions (NE) Scale 0.165 0.054 ** 1.179 
[1.060–1.312] 

0.204 0.052 *** 1.226 
[1.107–1.359] 

Fear of home collapsing 
A lot 

 
Not at all 

0.118 
 
1 

0.105 
 

1 

1.125 
[0.916–1.382] 

1 

0.200 
 
1 

0.096 * 
 

1 

1.221 
[1.012–1.473] 

1 

Fear Sept. 7 earth. 
A lot 

 
Not at all 

0.161 
 
1 

0.103 
 

1 

1.174 
[0.960–1.437] 

1 
   

Perception of seismic risk:        

Likelihood of harm Scale 0.002 0.023 
1.1002 

[0.958–1.048] 
   

Severity of harm Scale 0.029 0.024 
1.030 

[0.982–1.080] 
   

Perception vulnerability city Scale 0.077 0.055 1.080 
[0.969–1.203] 

   

        
Constant     −1.905 0.293 *** 0.149 

        

  

-2LL 
 

Nagelkerke R2 
Hosmer & Lemeshow test 

Classification accuracy 

2867.030 
χ2 = 170.176; df=10; p < 0.001 

9.6% 
p = 0.395 

68.9% 
* p < 0.05; ** p < 0.01; *** p < 0.001; “1” Refers to the reference group. 

4. Discussion of the Daytime Drill Results 

The next section is in relation to the following research question: “What factors predict the 
likelihood that respondents would report that they agree on conducting mass evacuation drills at any 
time of the day?” The results of a binary logistic regression analysis showed that five variables (of a 
total of nineteen explanatory variables, Table 4) were significantly related to the outcome, i.e., (a). age 
(demographics), (b) frequency of drills (earthquake drills), (c) warning time (SASMEX), (d) 
knowledge of what to do (earthquake knowledge), and (e) perception vulnerability city (PVC) 
(perception of seismic risk). The results also show that the most influential variable to the outcome 
was that related to frequency of drills. 

Unlike earthquake nighttime drills (see Section 5), there have been several studies on drills being 
conducted at daytime (e.g., [18–21,73–75]). In what follows, each of the identified contributor 
variables to the dependent variable will be discussed in some detail. 

4.1. On the Demographics—Age 

Age was significantly associated with the outcome variable; it has been found that for every 
additional year of age, the odds of agreeing on conducting daytime drills increase by 1.5%. In general, 
the variable age as a contributor to the outcome variable is consistent with the findings reported in 
other studies [18–20]. Further, our results are also consistent with those reported in a study conducted 
in Japan where the elderly were very motivated in earthquake and tsunami drill participation, e.g., 
from June 2012 to December 2014, there were 55 drills where over 90% of the participants’ age ranged 
from 50–90 years old [19] (p.6). 

However, our results differ from those reported in a similar study where it was found that 
respondents whose age ranged from 13–49 years old were more likely to agree on conducting mass 
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evacuation earthquake drills on a particular fixed date (ie., on 19 September yearly, see Table 9) than 
the over 50s [20] (p.12). However, the results show that this is not the case in our present case study, 
where, in fact, the opposite trend is observed. Further, the results also contrast to those reported in 
relation to an actual drill conducted in New Zealand, where the age influenced the lack of interest in 
drill participation; for example, it has been found that age and fragility (i.e., adult participants) were 
some of the major factors in not performing the drill [74] (p.56) and [75] (p. 6&7). 

Table 9. Examples of the dates of mass earthquake drills in Mexico City and in the US. 

No. 
ShakeOut, US [21] Mass Earthquake Drills, Mexico City  
Date Time (a.m.) Date Time (a.m.) 

1 13 November2008 10:00 23 September 2008 10:30 
2 15 October 2009 10:15 18 September 2009 10:30 
3 21 October 2010 10:21 20 September 2010 11:00 
4 20 October 2011 10:20 19 September 2011 10:00 
5 18 October 2012 10:18 19 September 2012 10:00 
6 17 October 2013 10:17 19 September 2013 10:00 
7 16 October 2014 10:16 19 September 2014 10:00 
8 15 October 2015 10:15 19 September 2015 11:30 
9 20 October 2016 10:20 19 September 2016 11:00 
10 19 October 2017 10:19 19 September 2017 11:00 
11 18 October 2018 10:18 19 September 2018 13:16:40 p.m. 
12 17 October 2019 10:17 19 September 2019 10:00 

4.2. On the Frequency of Drills 

As mentioned in Section 3.1.1, the variable related to frequency of drills was the most significant 
influencer on the outcome variable (Wald: χ2(6) = 30.973, p < 0.001). The results are consistent with 
those reported in a similar study [20]. However, they differ in the number of mass drills preferred by 
the participants of the study herein, i.e., participants were more open to conducting several drills per 
year (Table 6). The results also contrast to the current practice in Mexico City (and in the US and 
elsewhere) regarding the frequency of drills conducted per year. That is, the existing approach is to 
conduct drills on what we may called a fixed date and time, as shown in Table 9. 

The existing approach raises the question as to why only one earthquake drill per year? Is this 
enough? However, historical earthquake occurrence data shows that earthquakes can happen any 
time during the day and in an unpredicted way; that is, earthquakes do not occur at a fixed date and 
time (Table 1). The central question is this: How can we deal with it? It may be argued that, as a 
society facing seismic risk, we should adapt to the dynamic nature of earthquake occurrence. That is, 
we should attempt to match some of the features of its spatial and temporarily patterns of occurrence. 
Communities should be prepared anytime at day- and at nighttime (see Section 5 for further details 
on this), weekdays and weekends, in winter and summertime, etc. Further, earthquakes can occur 
while individuals are in different places; for example, individuals (being alone or with a vulnerable 
person, e.g., an elderly, a child, or a person with a disability) at work, at home, in a hotel, being in a 
high-rise building, in the cinema, walking along a quiet street, walking along a crowded street, 
driving, doing shopping, being asleep, etc. Hence, in preparing for an earthquake emergency, it may 
become necessary to consider and develop placed-based emergency plans accordingly. 

There is plenty of evidence of the spatial and temporal dimensions of a seismic emergency. For 
example, when residents of the capital city were asked where they were when the 19 September 
earthquake hit the city (it occurred at 13:14 pm, local time), their answers were the following [65]: 
38% “at work”, 22.8% “at home”, 11.2% while walking on “the street”, 1.4% “driving”, and “other” 
(23.5%). Similarly, and in relation to the “Umbria-Marche” earthquake that hit Italy in 1997 at 15:50 
pm. [76], it was reported that 29% were in company of a family member (and 49% were with “other” 
people), 36% were “at work”, 30% “at home”, 16% were on the street (11% “on foot” and 5% “were 
in a car”), 5% “at school”, 5% “in a supermarket or shop”, and 8% were in “places such as the post 
office, doctor’s office, or hospital”. Regarding the earthquakes that occurred in Japan (Hitachi) and 
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New Zealand (Christchurch, see Table 1), both earthquakes occurred at approximately at the same 
time of day (i.e., early afternoon on a weekday); similar results were reported in [77]. For example, in 
the case of the Hitachi earthquake, 38.3% were at home, 33.7% at their workplace, 10.8% at a public 
place, and 10.5% while driving. During the Christchurch earthquake, on the other hand, 44.4% were 
at home, 31.1% at the workplace, 9.7% in a public place, and 6.3% in a vehicle. 

It may be argued that if drills are conducted in the same way and at the same time (Table 9), 
participants may lose interest in the drills and consequently will be less prepared for an actual 
emergency [19,78]. Hence, it may be argued that ideally, several drills should be conducted any time 
during the day; further, 50% of them should be announced and 50% unannounced. Furthermore, the 
time of earthquake drills should be randomly selected. In this way, we may just match the spatial–
temporal dimension of an earthquake emergency. Further research is needed on this. 

4.3. On the Warning Time (The SASMEX) 

The main objective of the SASMEX (the “Mexican Seismic Alert System”) system is to timely 
alert residents of the capital city to an actual ground shaking. A key variable is that related to the 
warning time defined as the time elapsed between the beginning of the seismic alert and the actual 
ground shaking (also known as “prevention time” [66]); knowing the warning time is crucial during 
an earthquake emergency as discussed in Ref. [39]. In our case study, the frequency data showed that 
the proportion of respondents that considered “Other” (e.g., “60 sec.”) was 58.3% compared to 22.8% 
of those that considered “the time varies”. That is, respondents of the study were confused on this, 
and as discussed elsewhere, they need further education on the working of the SASMEX. It is thought 
that before the 19 September 2017 earthquake (Table 1), it was widely believed that the warning time 
was 50 or 60 sec; however, this is not the case. For example, it was reported that if an earthquake is 
occurring along the Pacific coast of the country (in the subduction zone), the warning time ranges 
from 60—90 seconds [79]. Further, on 23 June 2020, an earthquake hit the city and the warning time 
was 119 seconds [80]. Furthermore, in relation to the 19 September 2017 earthquake, the warning time 
was null. In short, residents of the capital city need to be further educated on this matter [39]. 

Nevertheless, the variable warning time is a contributor to the outcome of the present case study. 
The results are consistent with those reported in a similar study [20]. In general, it may be argued 
that earthquake early warning systems are valuable if they provide timely alerts to the affected 
communities [79,81,82]. 

4.4. On Knowing What to Do during the Earthquake (Earthquake Knowledge) 

It may be argued that having an effective earthquake early warning system does not necessarily 
mean that lives can be saved; the human response to such warnings is crucial during an emergency. 
That is, knowing what protective actions to take once the warning is issued is crucial to surviving 
during an earthquake. The results show that participants that considered themselves “very” 
knowledgeable on the protective actions were more likely to agree on conducting mass drills 
compared to those that lacked that basic knowledge. However, the results contrast with the results 
of a study on what actions the participants took during the 19 September 2017 earthquake [65]. For 
example, in that study, it has been found that 52.5% of respondent’s actions during the tremors were 
to “escape” from the building they were in. Similar findings have been reported in [76,77]. Further, 
in the same study, only 13.7% of the participants sought shelter during the ground shaking [65], 
which was consistent with a similar study (12%) [76]. Finally, the second most frequent action 
respondents did during the tremor was “reaching and protecting people” (17.1%). 

Given that the seismic alert was issued simultaneously as the ground was shaking, it is clear that 
the participants of the study should have taken some sort of protective action (e.g., “drop, cover, hold 
on”). Further, it is believed that running during a tremor is riskier than staying inside the building 
[83,84]; similarly, in Mexico, civil protection discourages people evacuating during the tremors [85]. 
Overall, the results show the need for further seismic risk education of what actions should be taken 
during an earthquake emergency and therefore the need to conduct more drills. 
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4.5. On the “Perception Vulnerability City” (PVC) 

In general, risk perception exhibits individual’s subjective judgements of the likelihood (or 
vulnerability) of a hazard and the severity of its consequences [86]. That is, a person’s perception of 
a seismic risk may affect his/her behavior towards that risk. Published reports in the literature have 
shown that when people perceive a bigger threat (and its consequences) from the hazard, they tend 
to exhibit negative affect, such as fear, anger, etc., [67,87–89], which contributes to a person’s sense of 
information insufficiency and therefore influences information seeking behavior [90–92]. 

Respondents were asked to indicate how serious the impact of a big earthquake hitting the 
capital city was [20]. The results show that for every additional unit increase of perception 
vulnerability of the city, the odds of agreeing to. conducting daytime drills increased by 21.6%. The 
results are consistent with those reported in the literature in that respondents’ fear the potential 
consequences of a big earthquake in the city, and therefore they seek information in the form of 
agreeing on conducting earthquake drills. 

5. Discussion on the Nighttime Drill Results 

Section 3.2 presented the results in relation to the following research question: “What factors 
predict the likelihood that respondents would report that they agree on conducting mass evacuation 
drills at any time of the night?” The results showed that five variables were significantly related to 
the outcome, i.e., (a) age and (b) level of education (demographics), (c) frequency of drills (earthquake 
drills), (d) fear of house collapsing, and e) negative emotions (psychological reactions). 

Given the fact that there has not been any explicit published research on this issue (i.e., 
earthquake drills at night), it was not possible to compare our results with similar studies. 
Nevertheless, as mentioned in the introduction section, there has been evidence of studies and reports 
in relation to night fire drills in residential and hotel buildings and university housing, where it is 
believed that is mandatory to conduct such drills [45–48,50,51,78]. In what follows, each of the 
contributing factors leading to the outcome variable are discussed in the context of fire safety when 
necessary. (It should be highlighted that a fire is not the same as an earthquake; however, the existing 
literature on fire safety may shed some light on the issues involved when conducing nighttime fire 
drills). 

5.1. On the Demographics 

5.1.1. Age 

The results show that age was one of the most significative variables to the outcome. Participants 
whose age ranged from 13–49 years old were more likely to agree on conducting mass evacuation 
drills anytime at night than those over 50 (Table 8). This finding was consistent with the result 
reported for the case of conducting drills on September 19 yearly [20]. The results are also consistent 
with a study conducted in New Zealand (as with the case reported in [20], the earthquake drill was 
conducted in daylight), where it has been found that age and fragility (i.e., adult participants) were 
some of the major factors in not performing the drill [75] (p.7). Moreover, it may be hypothesized that 
adults may have problems associated with factors such as being a heavy sleeper, being under the 
influence of sleeping tablets, etc., as reported by some studies in relation to fire safety in buildings 
[93–97]. Again, this precursor should be further investigated in the context of nighttime mass 
earthquake drills. 

5.1.2. Educational Level 

The variable related to the level of education of the participants of the study was significantly 
associated with the outcome variable. Respondents with higher level of education (i.e., 
undergraduate and postgraduate) were more likely to agree on conducting drills anytime of the night 
than those with a lower level of education (primary/secondary/preparatory). At this stage, we could 
not find an explanation on what the reasons for this were. One could hypothesize that respondents 
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with a postgraduate degree may find it difficult to get up for work the following day, or it could be 
any of the factors identified in Ref. [75] (p.8). Clearly, more research is needed to further elucidate the 
demographic factors preventing individuals from participating in drills during the night once these 
are planned and implemented. 

5.2. On the Frequency of Drills at Nighttime 

Frequency of drills was one of the variables that significantly contributed to the dependent 
variable (Wald: χ2(6) = 30.973, p < 0.001). The results are similar to those discussed in Section 4.2 and 
in [20]. However, they differ in the sense of the number of mass drills preferred by the participants 
of the study, i.e., in general, in the present study, participants were more willing to conduct, for 
example, four to twelve drills per year (Table 8) than the findings reported in [20]. 

As mentioned in the introduction of this section, there has been a vast amount of published 
literature on fire safety and relevant to night fire drills [46,47,50,93–97]. For example, in relation to 
night fire drills, hospitals [46,47] and hotels [50] require night fire drills quarterly. Again, our results 
in relation to the frequency of drills are consistent with the frequency of night fire drills being 
conducted in these type of building occupancies. However, more research is needed on this, for 
example by considering human factor behavior during the seismic emergency. 

The results have also highlighted that 65.3% of respondents agree on conducting mass 
earthquake drills anytime of the night. This may be consistent with fire safety practices in facilities 
such as in hospitals [46,47], university accommodation [48], fire fighters [51], and hotels [49,50]. That 
is, drills should be held at varying times of night; moreover, it may be argued that if drills are 
conducted at a fixed time and in the same manner [20], participants may lose interest in participating 
in the drills and consequently will be less prepared for the actual seismic emergency. Furthermore, it 
would be desirable that at least 50% of drills should be unannounced to simulate a real-world 
scenario [47]; as mentioned in Section 1.2 and Table 2, nighttime earthquakes are always 
unpredictable. 

5.3. On the Psychological Reaction 

5.3.1. Negative Affect 

This variable was one of the most influential on the outcome. According to [67], negative 
emotions (NE) such as worry, anger, and stress could influence a person’s sense of information 
insufficiency about the risk and prompt more active information seeking [67,68]. For example, in a 
study reported in [67], it was found that anger related positively to information insufficiency; that is, 
when people experience this negative emotion, they seek information. Our results are consistent with 
these studies; that is, experiencing nighttime drills respondents may feel they gain new knowledge 
in dealing with seismic risk at night. Having said this, more research should be conducted on this 
issue to explore other implications of negative and positive affect and perceived hazard 
characteristics, among others. 

5.3.2. Fear of Collapsing House/Building 

As expected, the results highlighted that respondents who were frightened that their homes 
would collapse during the earthquake occurrence were more likely to agree on conducting nighttime 
drills than those that did not. The results are consistent with the findings on the people’s reactions to 
the 7 and 19 September 2017 earthquakes in Mexico City [65], i.e., 48.5% and 51.6% of respondents’ 
reactions were to escape from the buildings/homes they were in during the tremors, respectively. 
This kind of human behavior may be explained given the fact that the main cause of being 
killed/injured during an earthquake is related to structural collapses [98–102]. The results highlight 
the need for re-fitting houses to withstand earthquakes in developing countries (e.g., Table 2). For 
example, a recent study that modelled a particular earthquake scenario found that the number of 
people that would be killed by nighttime earthquakes was lower than during daytime; according to 
the study, this would be mainly because during nighttime earthquakes, individuals were 
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concentrated mostly in residential areas, which have better seismic performance, i.e., residential 
buildings have reinforced concrete structures [102]. However, this may not be the case in most 
developing countries, such as Mexico in general, and Mexico City in particular. 

5.4. Some Implications of Nighttime Drills 

Historical data have shown that actual earthquakes and emergencies are unexpected (Tables 1 
and 2), which is one of the main reasons why earthquakes are so frightening. Further, experiencing 
earthquakes at night is not the same as experiencing one during daylight. There are several human 
aspects that are given for granted when addressing people’s reactions during an earthquake 
emergency [65,76,77,84]. The study has highlighted some of the issues that need to be addressed in 
order to gain a better understanding of not only people’s reactions during the ground shaking, but 
also the factors that may contribute to people not responding to such seismic alarms when issued at 
night. In relation to fire safety in buildings, “staying asleep” factors have contributed to fire death, as 
shown in studies of smoke alarms in buildings [93–97,103]. For example, the following risk factors 
[103]: 

• A person being a heavy sleeper. 
• A person being sleep deprived. 
• Being a child or with a disability. 
• A person being under the influence of sleeping tablets. 
• Being a person intoxicated with alcohol. 
• A person with hearing impairment (e.g., people over 50). 
• Having high levels of background noise. 
• Other. 

It may be argued that “staying asleep” may constitute an important risk factor for earthquake 
death if the above “staying asleep” factors are present in a given situation. However, there is not data 
available to see whether any of these risk factors have contributed to people being killed during 
earthquakes at night (Table 2). We do not know, mainly because there are not studies on this issue; 
moreover, there is evidence that fire alarms have caused adverse cardiovascular events and coronary 
heart disease related deaths of firefighters in the US [51]. Again, these topics have not been addressed 
explicitly in the context of earthquakes except for a study reported in [104], where it has been found 
that “some but not all reports suggested more MIs (fatal myocardial infarction) associated with early 
morning earthquakes that woke up the population”. 

The above raises the question as to whether conducting earthquake drills at night may trigger 
cardiovascular events, such as the MIs (e.g., when the seismic alarm goes off). This issue should be 
further investigated and reported, in particular in those cities and regions that have installed 
earthquake early warning (EEW) systems, such as the SASMEX. However, what about those 
communities that lacked an EEW system? Have the “staying asleep” factors contributed to people 
being killed during nighttime earthquakes? Effectively there is no evidence in the literature on these 
issues. Again, more research is needed to fully understand people’s reactions to nighttime 
earthquakes so that measures could be implemented to save lives. More generally, it may be argued 
that the field of human behavior in earthquakes is relatively new compared, for example, to fire safety 
in buildings. In fact, we can learn from fire safety science in relation to nighttime earthquake 
emergencies. 

6. A Summary of the Contributing Factors to Mass Earthquake Drills 

Table 10 summarizes the findings of the research project on the Mexico City residents’ views on 
the issue related to earthquake drills at night and daylight and on a fixed date and time. Overall, the 
results showed that the categories related to demographics, earthquake drills, the SASMEX, 
earthquake knowledge, psychological reactions, and an interaction term (“Occupation x POV”) 
contributed to the outcome. 
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Table 10. Summary of the influential factors to mass evacuation earthquake drills. 

Categories Contributing Variables 
to the Outcome 

Mass Earthquake Drills? 
Daytime Drills September 19 

Yearly (Fixed Date & Time) [20] 
Nighttime Drills 

(Any Time) 
Daytime Drills 

(Any Time) 
Demographics: 

 Age       
 Educational level     
 Occupation     

Earthquake Drills: 
 Frequency of drills       

The SASMEX: 
 Warning time      
 Usefulness     

Earthquake knowledge: 
 Knowledge of what to do     
 Knowledge vs. drills     

Psychological reactions: 
 Negative emotions     
 Fear of home collapsing     

 
Perception vulnerability 

city (PVC) 
    

Interaction 
terms: 

“PVC x Occupation”     

7. Some Limitations of the Case Study 

1. The cross-sectional study was for convenience; that is, while a sample of 2400 participants may 
be regarded as appropriate for the employed binary logistic regression method, the results 
should not be generalized to the whole population of the capital city. However, the results 
presented herein shed some light on issues that may be required to “validate” with a probability 
sample. 

2. It should also be highlighted that the continuous variables related to age, “perception 
vulnerability city” (PVC) in the final model (Table 6), and the continuous variable related to 
“negative emotions” (NE) (Table 8) were assumed to have a linear relationship with the outcome. 
In the present analysis, both were assessed by employing the “locally weighted regression fit” 
(or lowess curve); overall, the plotted lowess smooth appeared nearly linear (not shown here). 
However, there should be a more rigorous methods to assess this, for example those related to 
Cubic Spline functions and fractional polynomials [72,105]. 

3. The variables such as “frequency of drills”, “fear of earthquakes”, and others were assumed to 
be categorical in the analysis (Tables 6 and 8); however, these could be considered continuous 
variables in future studies. Further, some future work may be the development of reliable and 
valid scales regarding some of the explanatory variables considered in the analysis. 

4. The timing of the data collection may have influenced the results. That is, the results highlighted 
that participants were willing to participate in mass earthquake drills one per month (i.e., in both 
cases, daytime and nighttime). However, this may have caused some bias due to the date when 
the data were collected; that is, the data were collected roughly a month after the occurrence of 
the 7 September and 19 September earthquakes. It may be the case that participants were 
emotionally affected, and because of this, they were probably looking forward to more drills. 
This limitation stimulates to conduct further research on this and to assess whether these 
findings are replicated. 

5. Because of the above, the results presented here should not be taken as conclusive, but have shed 
some light on the addressed research questions. 

6. Last but not least, the findings of the study raise the question as to whether cultural issues, 
geographic location (i.e., communities living in seismic regions at rural level, cities, or 
megacities), among others, contribute to the outcome variables considered herein. It may be the 
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case that communities living in rural regions may show a lack of interest, for example, in 
nighttime drills when compared to those living in megacities, such as the present study. Further, 
those living in developed countries where buildings are earthquake resistant may consider 
earthquake drills (nighttime and daylight) unnecessary. Hence, further research is needed to 
shed some light on these very important issues associated with an earthquake emergency. 

8. Conclusions 

Historical data have demonstrated that earthquakes can happen anytime of the day and night. 
Drills (or exercises) may help communities to better prepare for such emergencies. A cross-sectional 
survey, with a sample size n = 2400, was conducted from 4 October to 20 November 2017, in Mexico 
City. The paper presented the results associated with the following two research questions: (1) “What 
factors predict the likelihood that respondents would report that they agree on conducting mass 
evacuation drills any time of the day?” and (2) “What factors predict the likelihood that respondents 
would report that they agree on conducting mass evacuation drills any time of the night?” The 
approach employed was the application of a binary logistic regression technique to identify the 
leading factors to the outcome variables. 

In relation to (1), the results showed that in the final model, the following five variables were 
significantly associated with the outcome: age, frequency of drills, warning time, knowledge on what 
to do, and “perception vulnerability city” (PVC). Regarding the second research question (2), five 
variables were also significantly associated with the outcome variable, i.e., age, level of education, 
frequency of drills, negative emotions, and fear of house/building collapsing. However, the results 
should not be generalized to the whole population of Mexico City, given the fact that the study was 
for convenience; see Section 7 for further details of the limitations of the study. 

More generally, several drills should be conducted any time of the day and night; further, 50% 
of them should be announced and 50% unannounced. Furthermore, the time of earthquake drills 
should be randomly selected. In this way, we may just match the spatial–temporal dimension of an 
earthquake emergency. 

However, before implementing the above, the key decision makers should (a) inform the residents 
of the capital city on the need to conduct several earthquake drills at night and daylight; (b) implement 
educational programs on the functioning of the SASMEX system, in particular, with the topic associated 
with the warning time; (c) implement educational programs at all levels on what actions should be 
taken if an earthquake strikes at daylight and nighttime; (d) develop and communicate place-based 
emergency plans (Section 4.2); and (e) communicate the main findings on the residents’ performance 
on the night and daytime earthquake drills so that lessons can be learned; the feedback may help to 
improve the residents’ level of preparedness during an earthquake emergency. 
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