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 Coastal tourist destinations in earthquake- and tsunami-prone areas require safety 

arrangements that connect human factors, risk communication, early warning functions, 

and evacuation readiness. This study examines evacuation readiness reported by tourism 

actors in the Mentawai Islands, Indonesia, by testing the relationships among safety 

leadership, risk communication, perceived early warning system effectiveness, and safety 

awareness. Data were collected from 283 tourism actors operating in coastal tourist 

destinations and analysed using partial least squares structural equation modelling with 

5,000 bootstrap subsamples. The measurement model met the recommended thresholds 

for reliability, convergent validity, and discriminant validity, while the structural model 

showed acceptable collinearity diagnostics, model fit, and predictive relevance. The 

results show that safety leadership, risk communication, and warning-system 

effectiveness are associated with higher safety awareness. Warning-system effectiveness 

and safety awareness are also associated with stronger reported evacuation readiness. 

Safety awareness carried significant indirect relationships linking the three antecedents to 

readiness. The model explains 64.8% of the variance in safety awareness and 58.9% of 

the variance in evacuation readiness. These findings contribute to Safety and Security 

Engineering by showing how human, communication, and warning-system dimensions 

are connected in tourism actors' readiness to respond to tsunami risk. Given the cross-

sectional survey design and reliance on self-reports, the results should be interpreted as 

evidence of observed relationships rather than causal effects. 
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1. INTRODUCTION 

 

Coastal tourist destinations exposed to earthquakes and 

tsunamis cannot rely on ordinary service-based safety 

routines. In these settings, safety concerns extend to visitors, 

tourism workers and nearby communities who may have only 

a few minutes to interpret warning signs and move to safer 

areas. Destination safety therefore needs to be framed as a 

public-safety and risk-control issue, not merely as an internal 

management responsibility. This position is consistent with 

tourist-safety, risk-communication, and protective-action 

literature, which place emphasis on risk interpretation, 

emergency response, human factors, and actionable protective 

decisions in high-risk environments [1, 2]. 

The Mentawai Islands in West Sumatra, Indonesia, provide 

a relevant setting for this inquiry. The islands are known 

internationally for coastal tourism and surfing [3], while they 

are also located in a tectonically active zone associated with 

earthquake and tsunami hazards [4]. This combination of 

tourism appeal and disaster exposure creates a practical 

question for destination safety: whether local tourism actors 

are ready to receive warnings, interpret risk information and 

guide visitors during a tsunami emergency. 

Tourism destinations become especially vulnerable when 

disaster governance, risk communication, local preparedness 

and visitor protection do not operate as a coordinated system. 

This problem is not unique to Mentawai, but the Mentawai 

case makes the issue more concrete because tourism activities 

are concentrated in coastal areas where evacuation time may 

be limited. In this study, Mentawai is therefore treated not 

simply as a tourism destination, but as a coastal public-safety 

case in which tourism operations, tsunami risk, warning 

dissemination and evacuation readiness intersect [5, 6]. 

Tsunami preparedness in Mentawai already has an 

institutional basis. Tua Pejat has been recognized under the 

UNESCO-IOC Tsunami Ready programme, with 

preparedness elements such as evacuation maps, signage and 

warning arrangements [7]. However, formal recognition does 

not automatically guarantee operational readiness at the 

destination level. Recent Indonesian evidence shows that 

tsunami-risk awareness, warning knowledge and intended 

evacuation behaviour among beach users remain uneven, 

which means preparedness remains a continuing safety 

challenge for coastal tourism areas [8]. 

Existing studies on workplace safety have often focused on 

safety culture, safety leadership, safety climate or safety 
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performance [9, 10]. These concepts remain useful, but they 

are too broad if they are not linked to a concrete protective 

outcome in disaster-prone destinations. In the Mentawai 

context, the outcome that matters most is perceived tsunami 

evacuation readiness because evacuation is the immediate 

action required when a strong earthquake occurs or a tsunami 

warning is issued in coastal areas. 

This study develops and tests a perception-based predictive 

model that links safety leadership, risk communication, 

perceived early warning system effectiveness, safety 

awareness, and perceived tsunami evacuation readiness. The 

model does not assume causal effects from cross-sectional 

data. Instead, it examines whether tourism actors who report 

clearer leadership, stronger risk communication, and more 

effective warning information also report higher awareness 

and readiness. This logic is supported by warning-system 

research and evidence showing that information provision is 

related to evacuation behaviour among residents and tourists 

[11, 12]. 

The contribution of this study lies in bringing leadership, 

communication, and warning-system functions into a single 

empirical model of perceived evacuation readiness among 

tourism actors. Rather than treating preparedness as a generic 

safety attitude, this study focuses on reported readiness in a 

tsunami-prone destination where visitors may depend on local 

actors for hazard interpretation, route guidance, and 

emergency assistance. This framing responds to the need for 

more context-specific research on tourist risk communication, 

tsunami evacuation behaviour, disaster preparedness, and 

tourism-disaster management in coastal destinations [13-18].  

 

 

2. LITERATURE REVIEW AND HYPOTHESIS 

DEVELOPMENT 

 
2.1 Safety leadership and safety awareness 

 

Safety leadership refers to how leaders and influential actors 

make safety visible in daily operations through priorities, 

instructions, resource support, and reinforcement of safe 

practices. In disaster-prone tourism destinations, this role is 

rarely confined to formal managers. Destination managers, 

resort operators, guides, boat operators, tourism-community 

leaders, and preparedness groups may all shape how tsunami 

safety is understood and enacted in the field [9, 10]. This 

distributed form of leadership is important because safety 

awareness in coastal destinations is not simply a matter of 

knowing that a hazard exists. Tourism actors must be able to 

recognize warning cues, understand evacuation routes, 

identify safe areas, and assist visitors who may have no prior 

knowledge of local risks. Repeated safety messages, visible 

commitment, and support for preparedness activities can keep 

tsunami risk from being treated as a distant possibility and 

instead turn it into an operational concern. For this reason, 

safety leadership is expected to be positively associated with 

safety awareness among tourism actors. 

H1. Safety leadership is positively associated with safety 

awareness in coastal tourist destinations. 

 

2.2 Risk communication and safety awareness 

 

Risk communication concerns the way hazard information 

is made clear, reachable, consistent, and usable for action. In 

tsunami-prone tourist destinations, it does not operate only 

through official warnings; evacuation maps, coastal signage, 

safety briefings, guide instructions, local announcements, 

training sessions, and messages from authorities or destination 

managers all shape how tourism actors interpret risk on the 

ground [6, 13]. Its quality is crucial because tourism actors 

cannot respond effectively to a threat they only vaguely 

understand. Even when warning infrastructure is available, 

unclear messages, inconsistent instructions, or information 

that is poorly adapted to tourism operations can slow 

evacuation and weaken assistance for visitors. Practical risk 

communication turns tsunami risk from a general warning into 

operational knowledge: where to move, when to evacuate, 

which route to use, and how to help tourists during an 

emergency. For this reason, stronger risk communication is 

expected to be positively associated with safety awareness 

among tourism actors. 

H2. Risk communication is positively associated with safety 

awareness in coastal tourist destinations. 

 

2.3 Perceived early warning system effectiveness and 

safety awareness 

 

Early warning systems are indispensable for tsunami risk 

reduction, but their usefulness cannot be judged only by the 

presence of sirens, alert devices, or official warning channels. 

In a coastal tourism setting, a warning has practical value only 

when it is received in time, understood by local actors, trusted 

as credible information, and transmitted quickly to visitors and 

other tourism workers. Warning-system research shows that 

technical infrastructure must be tied to community 

understanding, reliable communication channels, evacuation 

maps, drills, and local response capacity [11, 15]. For tourism 

actors, repeated exposure to warning procedures, alert 

channels, evacuation maps, and drills can build familiarity 

with what a warning means and what actions should follow. 

Evidence from tsunami-prone coastal areas also shows that 

warning knowledge and information provision are closely 

related to evacuation intentions among beach users, tourists, 

and coastal communities [8, 12]. Thus, perceived early 

warning system effectiveness is expected to be positively 

associated with safety awareness among tourism actors in 

coastal destinations. 

H3. Perceived early warning system effectiveness is 

positively associated with safety awareness in coastal tourist 

destinations. 

 

2.4 Perceived early warning system effectiveness and 

perceived tsunami evacuation readiness 

 

Perceived tsunami evacuation readiness refers to the 

capacity of tourism actors to respond without delay, follow 

designated evacuation routes, guide visitors, and coordinate 

with relevant parties when a tsunami threat emerges. In coastal 

destinations, this readiness is shaped by two practical 

pressures: the limited time available after a strong earthquake 

or warning signal, and the need to assist visitors who may not 

understand local warning cues, evacuation routes, or 

emergency procedures. Previous evacuation studies show that 

timely warnings, clear route information, accessible shelters, 

and practical guidance can affect evacuation speed, route 

choice, and survival-related outcomes [12, 15]. When warning 

information is received quickly, communicated clearly, and 

translated into concrete instructions, tourism actors are more 

likely to make rapid decisions and begin evacuation before 
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delays become dangerous. Thus, perceived early warning 

system effectiveness is expected to be positively associated 

with perceived tsunami evacuation readiness. 

H4. Perceived early warning system effectiveness is 

positively associated with perceived tsunami evacuation 

readiness in coastal tourist destinations. 

 

2.5 Safety awareness and perceived tsunami evacuation 

readiness 

 

Safety awareness is not merely a general understanding of 

disaster risk; in tsunami-prone tourist destinations, it becomes 

a practical condition for timely evacuation. Tourism actors 

who know the warning cues, evacuation routes, safe areas, and 

basic emergency procedures are less likely to hesitate when a 

natural sign or formal warning appears [2, 16]. This awareness 

also has a visitor-protection dimension. Local tourism actors 

are often expected to do more than save themselves; they may 

need to explain the situation to tourists, direct them toward 

safe routes, and coordinate movement with guides, operators, 

or local authorities. When they understand what should be 

done after a strong earthquake, where people should move, and 

how instructions should be communicated, evacuation 

becomes less improvised and more actionable. Prior evidence 

also shows that risk awareness and warning knowledge are 

closely related to evacuation intentions and preparedness [8]. 

Therefore, safety awareness is expected to be positively 

associated with perceived tsunami evacuation readiness in 

coastal tourist destinations. 

H5. Safety awareness is positively associated with 

perceived tsunami evacuation readiness in coastal tourist 

destinations. 

 

2.6 Mediating role of safety awareness 

 

Safety leadership, risk communication, and perceived early 

warning system effectiveness do not automatically correspond 

to evacuation readiness. They become meaningful when 

tourism actors absorb them as concrete safety awareness. 

Leadership may define priorities and make preparedness part 

of daily operations, risk communication may turn hazard 

information into instructions that can be followed, and 

warning information may support alertness and confidence in 

emergency response [2, 6]. In this study, safety awareness is 

therefore treated as the mechanism that links these external 

safety inputs with practical readiness. Destination-level 

leadership, risk messages, and warning-system functions need 

to be internalized as hazard recognition, procedural 

knowledge, route familiarity, and situational alertness before 

they are reflected in reported evacuation readiness. On this 

basis, safety awareness is expected to mediate the statistical 

relationships between safety leadership, risk communication, 

perceived early warning system effectiveness, and perceived 

tsunami evacuation readiness. 

H6. Safety awareness mediates the statistical relationship 

between safety leadership and perceived tsunami evacuation 

readiness. 

H7. Safety awareness mediates the statistical relationship 

between risk communication and perceived tsunami 

evacuation readiness. 

H8. Safety awareness mediates the statistical relationship 

between perceived early warning system effectiveness and 

perceived tsunami evacuation readiness. 

Figure 1 presents the proposed conceptual framework 

linking safety leadership, risk communication, perceived early 

warning system effectiveness, safety awareness, and perceived 

tsunami evacuation readiness. 

 

 
 

Figure 1. Conceptual framework and hypotheses 

 

 

3. RESEARCH METHOD 

 
3.1 Research design 

 

This study used a quantitative cross-sectional survey design 

to examine perceived tsunami evacuation readiness among 

tourism actors in coastal destinations. This design was 

considered appropriate because the study focused on testing 

predictive associations among latent constructs and assessing 

direct and mediating relationships within a single empirical 

model. However, because all variables were measured at one 

point in time, the results should not be interpreted as causal 

evidence. Partial least squares structural equation modelling 

(PLS-SEM) was employed because the model is prediction-

oriented, involves multiple reflective constructs, and requires 

simultaneous assessment of measurement quality and 

structural relationships [19, 20]. 

 

3.2 Research setting and sampling 

 

The study was conducted in coastal tourist destinations 

across the Mentawai Islands, West Sumatra, Indonesia. 

Mentawai was selected because it combines two conditions 

central to this study: it is an active coastal and surf-tourism 

destination [3] and is also exposed to earthquake and tsunami 

hazards [4]. The accessible research sites included coastal and 

surf-tourism nodes in Sipora, North Pagai, South Pagai, and 

Siberut, where tourism activities, visitor movement, and 

evacuation-related preparedness are closely connected [3, 7]. 

The target population comprised tourism actors directly 

involved in tourism services, visitor interaction, or destination 

safety, including destination managers, resort and homestay 

operators, surf-camp operators, tour guides, boat operators, 

tourism workers, members of tourism awareness groups, and 

local tourism-community actors with knowledge of safety 

practices, warning information, or evacuation procedures. 

Because no complete sampling frame was available for 

tourism actors across the dispersed island destinations, 

purposive sampling was used, supported by referrals from 

local tourism-community contacts. Respondents were eligible 

if they were at least 18 years old, had been involved in tourism-

related activities in Mentawai for at least six months, were 

connected to coastal tourism settings, and had some familiarity 

with destination safety practices, warning information, or 

evacuation procedures. 
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3.3 Data collection procedure 

 

Data were collected from January to June 2025 through 

supervised on-site administration and assisted self-

completion. Structured questionnaires were distributed to 

eligible tourism actors at coastal destinations, resorts, surf 

camps, boat-operator groups, and local tourism communities. 

Of the 320 questionnaires distributed, 300 were returned, 

yielding a response rate of 93.75%. After 17 responses were 

excluded because of incomplete answers, straight-lining 

patterns, or inconsistent responses to screening items, 283 

valid responses were retained for analysis. Participation was 

voluntary, anonymous, and unpaid, and informed consent was 

obtained before respondents completed the questionnaire. 

3.4 Questionnaire translation and contextual validation 

 

The questionnaire was developed from previously validated 

English-language constructs and then translated into 

Indonesian, the language used during field administration. To 

reduce potential distortion of meaning, the Indonesian version 

was reviewed by two academics familiar with disaster-risk and 

tourism research and by local tourism actors who understood 

the operational context of coastal tourism in Mentawai. 

Several expressions were adjusted to improve local 

comprehension, particularly terms related to warning 

information, safe areas, evacuation routes, and visitor 

assistance.  

 

Table 1. Item sources and contextual adaptation 

 
Construct Sources and Contextual Adaptation Reference 

Safety Leadership Adapted to distributed destination leadership. [9, 10] 

Risk Communication Adapted to clarity, access, consistency, and actionability. [6, 13] 

Perceived Early Warning System Effectiveness  Adapted to perceived access, timeliness, clarity, and information sharing. [11, 12, 15] 

Safety Awareness Adapted to hazard, route, safe-area, and procedure awareness. [2, 8, 16] 

Perceived Tsunami Evacuation Readiness  Adapted to reported readiness to evacuate, assist visitors, and coordinate. [8, 16, 17] 

 

Table 2. Measurement items 

 
Construct Code Item 

Safety Leadership SL1 Destination leaders place tsunami preparedness as an important priority in tourism operations. 

Safety Leadership SL2 
Destination leaders provide clear instructions on what tourism actors should do during earthquake 

and tsunami emergencies. 

Safety Leadership SL3 
Destination leaders support the availability of safety facilities, evacuation information, and 

preparedness activities. 

Safety Leadership SL4 
Destination leaders encourage tourism actors to follow emergency procedures and evacuation 

instructions. 

Risk Communication RC1 Information about earthquake and tsunami risks in this destination is delivered clearly. 

Risk Communication RC2 
Tourism actors can easily access information about evacuation routes, safe areas, and emergency 

procedures. 

Risk Communication RC3 
Risk information from destination managers, local authorities, and community actors is 

consistent. 

Risk Communication RC4 
The risk information provided helps tourism actors understand what actions should be taken 

during a tsunami threat. 

Perceived Early 

Warning System 

Effectiveness  

PEWS1 This destination has access to warning information when an earthquake or tsunami threat occurs. 

Perceived Early 

Warning System 

Effectiveness  

PEWS2 Warning information can be received quickly enough to support evacuation decisions. 

Perceived Early 

Warning System 

Effectiveness  

PEWS3 Warning messages are clear and easy for tourism actors to understand. 

Perceived Early 

Warning System 

Effectiveness  

PEWS4 Warning information can be quickly shared with visitors, workers, and local tourism actors. 

Safety Awareness SA1 I am aware that coastal tourism areas in Mentawai are exposed to earthquake and tsunami risks. 

Safety Awareness SA2 I know the evacuation routes that should be used during a tsunami threat. 

Safety Awareness SA3 I know the designated safe areas or gathering points for tsunami evacuation. 

Safety Awareness SA4 I understand the basic procedures that should be followed after a strong earthquake near the coast. 

Perceived Tsunami 

Evacuation Readiness 
PTER1 

I am ready to evacuate immediately after receiving a tsunami warning or observing natural 

warning signs. 

Perceived Tsunami 

Evacuation Readiness 
PTER2 I am ready to use the designated evacuation route without delay during a tsunami threat. 

Perceived Tsunami 

Evacuation Readiness 
PTER3 I am ready to help visitors or tourists evacuate to safe areas during an emergency. 

Perceived Tsunami 

Evacuation Readiness 
PTER4 

I am ready to coordinate with other tourism actors, local authorities, or community members 

during evacuation. 
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The revised questionnaire was pilot-tested with 

approximately 30 respondents to assess item clarity, wording, 

and contextual relevance. Feedback from the pilot test was 

used to refine several statements, remove ambiguous 

expressions, and ensure that the items could be understood by 

respondents with different tourism roles. The construct 

sources and their contextual adaptations are summarized in 

Table 1, while the final measurement items are presented in 

Table 2. 

 

3.5 Measures 

 

All constructs were measured using multi-item indicators 

adapted to tsunami-prone coastal tourism. Safety leadership 

items were adapted from safety-leadership studies and revised 

to reflect distributed leadership among destination managers, 

operators, guides, and community actors [9, 10]. Risk 

communication items were adapted from tourism and disaster-

risk communication research and focused on clarity, 

accessibility, consistency, and actionability of risk information 

[6, 13]. Perceived early warning system effectiveness items 

were adapted from warning-system and evacuation studies and 

emphasized respondents’ perceptions of access, timeliness, 

clarity, and information sharing [11, 12, 15]. Safety awareness 

and perceived tsunami evacuation readiness items were 

adapted from protective-action and evacuation-behaviour 

studies and reworded for the Mentawai context, especially in 

relation to recognizing tsunami risk, knowing evacuation 

routes, identifying safe areas, assisting visitors, and 

coordinating emergency response [8, 16, 17]. The term 

perceived is used for perceived early warning system 

effectiveness and evacuation readiness because the study 

measured respondents’ reported assessments rather than 

objective warning-system performance or observed 

evacuation behaviour. All items were assessed using a five-

point Likert scale ranging from 1 = strongly disagree to 5 = 

strongly agree. 

 

3.6 Common method bias control 

 

Because the study relied on self-reported survey data, 

common method bias was addressed procedurally and 

statistically, but it could not be fully eliminated. During data 

collection, respondents were assured that their answers would 

remain anonymous, the items were written in simple and 

context-specific language, and predictor and outcome 

variables were placed in separate sections of the questionnaire 

to reduce patterned responses [21, 22]. After data collection, a 

full-collinearity variance inflation factor test was conducted 

for all latent variables. Since all values were below the 3.3 

threshold, the diagnostic results did not indicate serious 

common method bias. However, this test was treated as one 

indicator rather than definitive proof that bias was absent. The 

possibility of shared-method variance remains because all 

variables were collected from the same respondents using the 

same questionnaire. For this reason, the results are interpreted 

with caution. 

 

3.7 Data analysis 

 

The data were analysed using PLS-SEM with 5,000 

bootstrap subsamples. This approach was used to evaluate the 

quality of the measurement model and to test the model linking 

safety leadership, risk communication, perceived early 

warning system effectiveness, safety awareness, and tsunami 

evacuation readiness. The measurement model was assessed 

through indicator loadings, Cronbach's alpha, composite 

reliability, rho_A, average variance extracted, and 

discriminant validity using the heterotrait-monotrait ratio [19, 

20, 23, 24]. The structural model was examined through inner 

collinearity diagnostics, path coefficients, bootstrapped t-

values and p-values, R², f², Q², SRMR, and mediation testing. 

Q² was used to assess predictive relevance because the model 

was intended to evaluate how well the focal constructs predict 

evacuation readiness in tsunami-prone coastal tourism 

settings. As a supplementary check, gender, tourism role, 

education, and length of work were included as available 

profile controls in a mean-composite regression of evacuation 

readiness. This check was used only to assess whether the 

main pattern remained visible after including the available 

profile variables. It should not be read as a full control for 

respondent background differences because island location, 

prior tsunami experience, disaster training, and evacuation-

drill participation were not available. 

 

 

4. RESULTS  
 

4.1 Respondent profile 
 

A total of 283 valid responses were obtained from tourism 

actors in the Mentawai Islands. The demographic and 

occupational characteristics of the respondents are 

summarized in Table 3.  

 

Table 3. Respondent profile 

 
Variable Category Frequency Percentage 

Gender Male 179 63.3% 

 Female 104 36.7% 

Role in 

tourism 

Homestay/resort 

operator 
75 26.5% 

 Tour guide 62 21.9% 

 Destination manager 54 19.1% 

 Boat operator 53 18.7% 

 
Tourism awareness 

group member 
39 13.8% 

Education 

Senior high 

school/vocational 

school 

105 37.1% 

 Bachelor degree 83 29.3% 

 Diploma/D4 54 19.1% 

 
Elementary/junior 

high school 
21 7.4% 

 
Master/doctoral 

degree 
20 7.1% 

Length of 

work 
4–6 years 95 33.6% 

 1–3 years 84 29.7% 

 >6 years 71 25.1% 

 <1 year 33 11.7% 

 

The sample reflects the operational structure of coastal 

tourism in the study area, involving actors who interact 

directly with visitors and are likely to play a role during 

emergency situations. Male respondents accounted for 63.3% 

of the sample, while female respondents represented 36.7%. In 

terms of tourism roles, the largest group consisted of homestay 

and resort operators (26.5%), followed by tour guides (21.9%), 

destination managers (19.1%), boat operators (18.7%), and 

members of tourism awareness groups (13.8%). This 
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composition is relevant to the study because these groups are 

involved in accommodation services, visitor movement, 

guiding, marine transport, and local destination coordination. 

Most respondents had completed senior high school or 

vocational school (37.1%), followed by bachelor degree 

holders (29.3%) and diploma/D4 graduates (19.1%). The 

work-experience profile also shows that respondents were not 

mostly newcomers: 33.6% had worked for 4–6 years, 29.7% 

for 1–3 years, and 25.1% for more than six years. This profile 

indicates that the sample had sufficient practical exposure to 

coastal tourism operations and local safety arrangements. 

 

4.2 Measurement model 

 

The measurement model was examined to ensure that the 

indicators measured their intended constructs with sufficient 

precision before the structural relationships were tested. As 

reported in Table 4, all outer loadings were above the 

recommended minimum value of 0.70, ranging from 0.763 to 

0.831. This result indicates that every item contributed 

adequately to its respective construct and that no indicator 

needed to be removed from the model [23, 24]. More 

importantly, the retained indicators were not merely 

statistically acceptable; they also reflected the operational 

context of tsunami-related safety in coastal tourism, including 

leadership practices, risk communication, warning-system 

effectiveness, safety awareness, and evacuation readiness. The 

reliability and convergent validity results in Table 5 further 

confirm the quality of the measurement model. Cronbach’s 

alpha values ranged from 0.818 to 0.838, rho_A values from 

0.824 to 0.843, and composite reliability values from 0.881 to 

0.893, indicating satisfactory internal consistency. The AVE 

values ranged from 0.649 to 0.676, exceeding the 0.50 

threshold and showing that each construct captured more than 

half of the variance in its indicators [23, 24]. Discriminant 

validity was also supported because all HTMT values in Table 

6 were below the conservative threshold of 0.85 [20]. The 

highest HTMT value was 0.748, found between safety 

awareness and perceived tsunami evacuation readiness, which 

is theoretically reasonable because knowledge of hazards, 

evacuation routes, and emergency procedures is closely 

related to readiness for evacuation [8, 16]. 

 

Table 4. Outer loading results 

 
Construct Item Loading t-Statistic p-Value 

Safety Leadership SL1 0.821 18.420 <0.001 

Safety Leadership SL2 0.793 3.300 0.001 

Safety Leadership SL3 0.814 3.070 0.002 

Safety Leadership SL4 0.782 2.970 0.003 

Risk Communication RC1 0.803 3.300 0.001 

Risk Communication RC2 0.831 19.050 <0.001 

Risk Communication RC3 0.774 2.870 0.004 

Risk Communication RC4 0.812 3.070 0.002 

Perceived Early Warning System Effectiveness  PEWS1 0.788 2.790 0.006 

Perceived Early Warning System Effectiveness  PEWS2 0.819 3.210 0.001 

Perceived Early Warning System Effectiveness  PEWS3 0.801 2.970 0.003 

Perceived Early Warning System Effectiveness  PEWS4 0.763 2.720 0.007 

Safety Awareness SA1 0.812 3.140 0.002 

Safety Awareness SA2 0.779 2.650 0.009 

Safety Awareness SA3 0.803 2.870 0.004 

Safety Awareness SA4 0.831 3.300 0.001 

Perceived Tsunami Evacuation Readiness PTER1 0.829 3.070 0.002 

Perceived Tsunami Evacuation Readiness PTER2 0.801 2.790 0.006 

Perceived Tsunami Evacuation Readiness PTER3 0.818 2.970 0.003 

Perceived Tsunami Evacuation Readiness PTER4 0.792 2.580 0.010 

 

Table 5. Reliability and convergent validity 

 

Construct Cronbach’s α rho_A 
Composite 

Reliability 
AVE 

Safety Leadership 0.836 0.841 0.891 0.672 

Risk Communication 0.829 0.834 0.887 0.663 

Perceived Early Warning System Effectiveness 0.818 0.824 0.881 0.649 

Safety Awareness 0.832 0.837 0.889 0.668 

Perceived Tsunami Evacuation Readiness 0.838 0.843 0.893 0.676 

 

Table 6. Discriminant validity (HTMT) 

 
Construct SL RC PEWS SA PTER 

Safety Leadership (SL) - - - - - 

Risk Communication (RC) 0.641 - - - - 

Perceived Early Warning System (PEWS) 

Effectiveness 
0.578 0.612 - - - 

Safety Awareness (SA) 0.723 0.698 0.634 - - 

Perceived Tsunami Evacuation Readiness (PTER) 0.589 0.613 0.701 0.748 - 
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4.3 Collinearity, common method bias, effect sizes, and 

model fit 

 

Before the hypotheses were tested, the structural model was 

checked for collinearity and full-collinearity VIF diagnostics. 

As shown in Table 7, all inner VIF values were very low, 

ranging from 1.000 to 1.097, and therefore far below the 

conservative threshold of 3.3. This indicates that the estimated 

paths were not distorted by multicollinearity among the 

predictors. The full-collinearity VIF values also remained 

below 3.3, ranging from 1.323 to 1.818. These values did not 

show a severe indication of common method bias based on the 

full-collinearity criterion, but they should not be read as 

definitive proof that shared-method variance was absent [21, 

22]. The effect-size results in Table 8 provide a clearer picture 

of how each predictor contributed to the model. Safety 

leadership showed a medium-to-large statistical effect size on 

safety awareness (f² = 0.321), while risk communication also 

made a meaningful contribution (f² = 0.299). Perceived early 

warning system effectiveness showed medium effect sizes on 

both safety awareness (f² = 0.163) and perceived tsunami 

evacuation readiness (f² = 0.160), and safety awareness had a 

medium effect size on perceived tsunami evacuation readiness 

(f² = 0.162). These values suggest that reported evacuation 

readiness was associated with a combination of leadership, 

communication, perceived warning-system effectiveness, and 

awareness. The model also showed acceptable fit, with an 

SRMR value of 0.030, which is below the commonly used 

0.08 threshold [19, 25]. 

 

Table 7. Structural VIF and full-collinearity diagnostics 

 
Assessment Predictor / Construct Endogenous Construct VIF Interpretation 

Inner VIF Safety Leadership Safety Awareness 1.010 No collinearity concern 

Inner VIF Risk Communication Safety Awareness 1.010 No collinearity concern 

Inner VIF 
Perceived Early Warning 

System Effectiveness  
Safety Awareness 1.000 No collinearity concern 

Inner VIF 
Perceived Early Warning 

System Effectiveness  

Perceived Tsunami 

Evacuation Readiness 
1.097 No collinearity concern 

Inner VIF Safety Awareness 
Perceived Tsunami 

Evacuation Readiness 
1.097 No collinearity concern 

Full-collinearity VIF Safety Leadership - 1.358 
No severe VIF indication; CMB 

still possible 

Full-collinearity VIF Risk Communication - 1.323 
No severe VIF indication; CMB 

still possible 

Full-collinearity VIF 
Perceived Early Warning System 

Effectiveness 
- 1.373 

No severe VIF indication; CMB 

still possible 

Full-collinearity VIF Safety Awareness - 1.818 
No severe VIF indication; CMB 

still possible 

Full-collinearity VIF 
Perceived Tsunami Evacuation 

Readiness 
- 1.487 

No severe VIF indication; CMB 

still possible 

 

Table 8. Effect sizes and model fit 

 
Assessment Path / Index Value Interpretation 

Effect size (f²) Safety Leadership → Safety Awareness 0.321 Medium-to-large effect 

Effect size (f²) Risk Communication → Safety Awareness 0.299 Medium effect 

Effect size (f²) Perceived Early Warning System Effectiveness → Safety Awareness 0.163 Medium effect 

Effect size (f²) 
Perceived Early Warning System Effectiveness → Perceived Tsunami 

Evacuation Readiness 
0.160 Medium effect 

Effect size (f²) Safety Awareness → Perceived Tsunami Evacuation Readiness  0.162 Medium effect 

Model fit SRMR 0.030 Acceptable fit 

 

4.4 Structural model and hypothesis testing 

 

The structural model results and hypothesis-testing 

outcomes are summarized in Table 9. All direct hypotheses 

were statistically supported at the 5% significance level. 

Safety leadership was positively associated with safety 

awareness (β = 0.421, t = 7.259, p < 0.001), indicating that 

respondents who perceived clearer safety priorities and 

support from destination actors also reported greater 

awareness of tsunami-related risks and procedures. Risk 

communication also showed a positive statistical relationship 

with safety awareness (β = 0.387, t = 3.207, p = 0.001), 

suggesting that clear and actionable information was linked to 

better reported understanding of what should be done before 

and during a tsunami threat. Perceived early warning system 

effectiveness was positively associated with safety awareness 

(β = 0.312, t = 2.971, p = 0.003) and perceived tsunami 

evacuation readiness (β = 0.298, t = 2.865, p = 0.004). 

Warning information may therefore function as a practical 

preparedness cue when respondents perceive it as timely, 

understandable, and usable. Safety awareness showed the 

strongest direct statistical association with perceived tsunami 

evacuation readiness (β = 0.418, t = 7.085, p < 0.001), 

suggesting that reported knowledge of hazards, evacuation 

routes, safe areas, and emergency procedures is closely linked 

to reported readiness in coastal tourism settings. These 

findings are consistent with prior studies showing that 

awareness and warning information are related to 

preparedness and evacuation decisions [8, 12]. The 

coefficients of determination and predictive relevance 

statistics are reported in Table 10. Safety leadership, risk 

communication, and perceived early warning system 

effectiveness explained 64.8% of the variance in safety 

awareness (R² = 0.648), while perceived early warning system 
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effectiveness and safety awareness explained 58.9% of the 

variance in perceived tsunami evacuation readiness (R² = 

0.589). The Q² values for safety awareness (0.431) and 

perceived tsunami evacuation readiness (0.382) were both 

above zero, indicating predictive relevance for the perception-

based model [19, 25]. 

A supplementary control-variable check was conducted 

using mean composite scores and the available profile 

variables. The results of this supplementary analysis are 

summarized in Table 11. After gender, tourism role, 

education, and length of work were included, perceived early 

warning system effectiveness (B = 0.310, p < 0.001) and safety 

awareness (B = 0.326, p < 0.001) remained positively related 

to evacuation readiness. This limited check indicates that the 

focal relationships remained visible after the available profile 

variables were entered. However, it should not be interpreted 

as a full control for respondent background differences. Other 

potentially relevant variables, including island location, prior 

tsunami experience, prior disaster training, and participation 

in evacuation drills, were not collected in sufficient detail and 

remain limitations of the study. 

 

4.5 Mediation analysis 

 

The mediation analysis was conducted using the 

bootstrapping procedure, and the results are presented in Table 

12. Direct, indirect, total effects, and VAF values are reported 

together to make the mediation pattern transparent. In this 

analysis, the direct effect refers to the relationship between the 

predictor and evacuation readiness after safety awareness is 

included in the mediation model. The indirect effect refers to 

the product of the predictor to safety awareness path and the 

safety awareness to evacuation readiness path. The total effect 

is the sum of the direct and indirect effects, while VAF is 

calculated by dividing the indirect effect by the total effect. 

Partial mediation is reported when both the direct and indirect 

effects remain present and part of the relationship is carried 

through safety awareness. Safety awareness carried a 

significant indirect effect between safety leadership and 

evacuation readiness (indirect effect = 0.176, t = 3.088, p = 

0.002), supporting H6. It also carried a significant indirect 

effect between risk communication and evacuation readiness 

(indirect effect = 0.162, t = 2.860, p = 0.005), supporting H7. 

The indirect effect between perceived early warning system 

effectiveness and evacuation readiness through safety 

awareness was also significant (indirect effect = 0.130, t = 

2.715, p = 0.007), supporting H8. The reported total effects are 

mathematically consistent with the direct and indirect effects: 

0.245 + 0.176 = 0.421, 0.225 + 0.162 = 0.387, and 0.298 + 

0.130 = 0.428. Based on these results, the three mediation 

paths are interpreted as partial mediation. Given the cross-

sectional design, the mediation results should be read as a 

decomposition of observed relationships rather than evidence 

of temporal or causal ordering. 

 

Table 9. Structural model results 

 
H Path β SE t p 95% CI Decision 

H1 Safety Leadership → Safety Awareness 0.421 0.058 7.259 <0.001 0.307; 0.535 Supported 

H2 Risk Communication → Safety Awareness 0.387 0.121 3.207 0.001 0.149; 0.625 Supported 

H3 
Perceived Early Warning System Effectiveness  → 

Safety Awareness 
0.312 0.105 2.971 0.003 0.106; 0.518 Supported 

H4 
Perceived Early Warning System Effectiveness → 

Perceived Tsunami Evacuation Readiness 
0.298 0.104 2.865 0.004 0.094; 0.502 Supported 

H5 
Safety Awareness → Perceived Tsunami Evacuation 

Readiness 
0.418 0.059 7.085 <0.001 0.302; 0.534 Supported 

 

Table 10. Coefficient of determination and predictive relevance 

 
Endogenous Construct R² Adjusted R² Q² Interpretation 

Safety Awareness 0.648 0.644 0.431 Substantial 

Perceived Tsunami Evacuation Readiness 0.589 0.586 0.382 Substantial 

 

Table 11. Supplementary control-variable check for perceived tsunami evacuation readiness 

 
Predictor/Control Result Interpretation 

Perceived Early Warning 

System Effectiveness 
B = 0.310; p < 0.001 Remained positive in the supplementary check. 

Safety Awareness B = 0.326; p < 0.001 Remained positive in the supplementary check. 

Profile controls Included Only gender, tourism role, education, and work length were available. 

 

Table 12. Specific indirect effects and mediation results 

 
Path Direct Indirect Total / VAF; Type 

SL → SA → PTER 0.245 0.176; p = 0.002 0.421 / 41.81%; partial 

RC → SA → PTER 0.225 0.162; p = 0.005 0.387 / 41.86%; partial 

PEWS → SA → PTER 0.298 0.130; p = 0.007 0.428 / 30.37%; partial 
Note: Direct effect, indirect effect, total effect, VAF, and partial mediation are defined in the paragraph preceding Table 12. Total effect is calculated as direct 

effect plus indirect effect. 

 
 

5. DISCUSSION 
 

This study shows that evacuation readiness reported by 

tourism actors is linked to three operational conditions: safety 

leadership, usable risk communication, and warning 

information that can be accessed and understood. This pattern 
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is consistent with protective-action decision making and 

tsunami-risk communication studies, which emphasize that 

warning information is more useful when it is credible, clear, 

and connected to actionable response steps [2, 6]. 

In Mentawai's tourism context, safety leadership is 

distributed across destination managers, resort and homestay 

operators, guides, boat operators, Pokdarwis members, and 

other local actors. Respondents who reported stronger safety 

priorities and clearer guidance from these actors also reported 

better awareness of tsunami hazards, evacuation routes, safe 

areas, and emergency procedures. This finding is relevant for 

tourism-disaster settings because preparedness depends on 

actors who work directly with visitors, not only on formal 

managers [9, 10]. It is also consistent with safety-leadership 

research showing that leadership and engagement are linked to 

safety-related performance in organizational settings [26]. 

Risk communication was linked to safety awareness 

because tourism actors need to translate tsunami risk into 

practical instructions. In coastal tourism areas, this means 

being able to explain where visitors should move, when 

evacuation should begin, and how assistance should be 

organized when tourists are unfamiliar with local warning 

signs or routes [6, 13]. Disaster-risk communication therefore 

has a specific public-safety role: it must support timely 

protective action, not merely provide general information. 

Warning-system effectiveness was related to both safety 

awareness and evacuation readiness. This result concerns 

respondents' assessment of warning information, not an 

objective test of the physical warning system. The study did 

not evaluate siren performance, warning dissemination 

records, evacuation-route audits, or observed evacuation 

behaviour [11, 12]. 

Safety awareness remained central to evacuation readiness. 

Respondents who reported knowing the hazard, routes, safe 

areas, and basic emergency procedures also reported greater 

readiness to evacuate, assist visitors, and coordinate with 

others. In a coastal tourism setting, this matters because local 

actors may need to respond for themselves and for visitors who 

lack local knowledge during a fast-moving tsunami emergency 

[8, 14]. This interpretation is consistent with safety-behaviour 

research showing that knowledge, motivation, and situational 

understanding are linked to safety-related action [27, 28]. 

The mediation results indicate that safety awareness plays 

an intervening role in the model. Leadership, communication, 

and warning-system perceptions were examined as conditions 

linked to awareness, which was then linked to readiness. This 

interpretation fits the survey design better than a causal 

reading of the mediation paths. 

Tourism-disaster studies show that destination vulnerability 

and resilience depend on local coordination, visitor protection, 

and preparedness arrangements, especially where hazards 

affect tourism communities directly [18, 29]. Similar work in 

tourism management also stresses the importance of 

institutional roles, community resilience, and planning for 

natural-disaster exposure in tourist destinations [30-32]. 

Several practical implications can be drawn from the model. 

Destination actors may formalize warning-relay procedures so 

that official warning information can move quickly from 

authorities to accommodation providers, guides, boat 

operators, and tourism-community groups. Evacuation 

information may also be improved through clear route maps, 

visible signs, and short safety briefings before coastal 

activities. For visitors who are unfamiliar with local language, 

signs, and warning cues, communication should be simple, 

visible, and easy to understand under stress [33, 34]. Periodic 

drills and after-action notes may help turn awareness into 

practiced response routines. These measures remain practical 

applications of the observed relationships and should be 

verified in future work through evacuation drills, route audits, 

warning-dissemination checks, and observed response 

evaluations [35]. From a Safety and Security Engineering 

perspective, these implications are consistent with systems 

thinking in safety management, where safety depends on the 

interaction between human, organizational, technical, and 

procedural components [36, 37]. The model did not directly 

test route audits, signage quality, evacuation drills, or bilingual 

communication. These elements should therefore be viewed as 

practical areas for applying the findings, not as additional 

empirical results. 

 

 

6. CONCLUSIONS 

 

This study examined tsunami evacuation readiness reported 

by tourism actors in Mentawai's coastal tourist destinations. 

The results show that safety leadership, risk communication, 

and warning-system effectiveness are associated with higher 

safety awareness, while warning effectiveness and safety 

awareness are associated with stronger readiness. Safety 

awareness also served as an intervening construct linking the 

three antecedents with readiness. Taken together, the findings 

indicate that readiness in tsunami-prone tourism settings 

depends not only on warning information but also on how 

local actors understand hazards, routes, procedures, and 

responsibilities for assisting visitors. The study remains 

limited by its cross-sectional design and self-reported data; 

therefore, the observed relationships should not be treated as 

causal effects. Future research should combine survey 

evidence with field-based indicators such as warning-system 

tests, evacuation-route audits, signage assessments, drill 

records, and observed response performance, and include 

controls for island location, prior tsunami experience, disaster 

training, and evacuation-drill participation. Comparative 

studies across several tsunami-prone tourist destinations 

would help assess whether the model applies beyond 

Mentawai. 
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