
Evaluation of Societal Trust on Multi-Hazard Early Warning 

(MHEW) Mechanism; Sri Lankan Context 

 

Purpose  – It is significant to assess the societal trust towards the new advancements in 
Multi-Hazard Early Warnings with the focus on Disaster Risk Reduction. Based on this, 
the research is undertaken to examine the extent of societal trust behavior along with the 
parameters such as mode of communication and institutions of issuing Early Warnings.  
 
Design/methodology/approach – A field questionnaire survey was conducted to identify 
the extent of societal trust. This was conducted in 10 selected Grama Niladari divisions in 
Sri Lanka based on a developed hazard matrix. The fuzzy logic approach was applied to 
examine the trust level of collected 323 responses obtained through this. The analysis was 
done based on the responses on mobile-based platforms in Early Warning and the 
credibility level of the warnings receive through different institutions.  

 
Findings  –The analyzed survey responses indicated that the society has a higher extent of 
trust towards the Early Warnings disseminated through mobile-based platforms.  
Moreover, these represent a strong positive correlation among the societal trust level and 
the level of importance of Early Warning dissemination through mobile-based platforms. 
Further, in terms of trusted stakeholders in issuing Early Warning alerts, Disaster 
Management Center, Sri Lanka Police and Media ranked the highest in the Sri Lankan 
context. Overall findings were visually mapped through the Causal Loop Diagrams. 

 
Practical implications  – In enhancing the effectiveness of the existing Multi-Hazard 
Early Warning mechanism, the policy implications could be done, based on the results 
obtained from this research study. These could be altered with the implementation of 
Disaster Risk Reduction strategies with community focus. 

 
Originality/value  – The fuzzy logic approach was used in the determination of the societal 
decision making on the extent of trust level. Fuzzy triangulation is mainly applied in the 
interpretation of the results. Further, overall parameters that determine the community 
trust on Multi-Hazard Early Warning are represented through Causal Loop Diagrams 
through System Dynamics application. 
 
Keywords: Societal trust, Fuzzy Logic approach, Multi-Hazard Early Warning (MHEW), 
Disasters, Causal Loop Diagrams, Mobile based platforms 

 
 

 

 

 

 

 

 

 



1 Introduction 

Trustworthiness is simply defined as the worthy of confidence in an expression [1]. In 

linking this to the disaster management perspectives, it is considered as an important 

determinant of shaping the social perception of risk during emergency disaster situations 

[2]. To achieve the targeted level of risk reduction in disaster situations, the community 

level as well as the institutional level trust, needs to be properly achieved. In defining these 

aspects of trust behaviors in emergency disaster situations, political trust and societal trust 

are highly significant [3]. Political trust deals with the positive appraisal delivered by 

citizens with the faith in the country’s government and the authorities and societal trust 

deals with the positive attitudes and faith that build among the community individuals [3]. 

Further, the extent of societal trust is considered as a lubricant in the country’s Early 

Warning mechanism where the actions and the guidelines wheel into the correct path in 

the Disaster Management framework [4]. This was further involved with the emerging of 

the Multi-Hazard Early Warning (MHEW) concepts where the Disaster Risk Reduction 

(DRR) strategies were integrated with the focus of multi-hazards rather than one specific 

hazard category [5]. Societal involvement in this MHEW mechanism is considered more 

significant in driving public safety through safe evacuation [6]. MHEW mechanisms are 

commonly defined as the applications which are used during the identification of hazard 

warnings to reduce life threats and mitigate damages caused to the properties [7]. The term 

“Multi-Hazard” is defined as the selection of multiple major hazards that the country faces, 

and the specific contexts where hazardous events may occur simultaneously, cascading or 

cumulatively over time, and taking into account the potential interrelated effects.  Hazards 

here include mainly the biological, environmental, geological, hydro-meteorological and 

technological processes and phenomena [8]. The function of MHEW is considered to be 

defined as a systematic approach of conveying information to the community level who 

are vulnerable to the risk of an identified hazard in advance of physical effects [9]. 

Moreover, the effectiveness of MHEW can be measured depending on factors like level 

of understanding of the hazard type, credibility of the issuing agency and peoples’ 

perception of the danger [10]. In the context of DRR, the efficient functioning of MHEWs 

emerged as a critical concern over the world [11]. The effective MHEW mechanism 

mainly comprises of four elements as detection, monitoring and forecasting, analysis of 

risks involved, dissemination of timely warnings-which should carry the authority of 

government and activation of emergency plans to prepare and respond [12]. Further, as 

defined by World Meteorological Organization (WMO), the main elements in MHEW are 

ordered as disaster risk knowledge, detection, monitoring, analysis and forecasting of the 

hazards, warning dissemination and communication and preparedness and response 

capabilities [13]. Further, this mechanism of MHEW is defined as an upstream, interface 

and downstream levels based upon different hierarchical levels of the information flow 

[14].  

Concerning the recent mass evacuation conducted for the Fani category 4 cyclone in 

Odisha in India which struck in 2019, 1.2 million communities were successfully able to 

evacuate and sending them to shelter places. This induced to reduce the massive damage 



that could have happened in the country [15]. The societal trust level was at its highest 

level when the EWs were delivered at the correct time and accurate content [16]. Another 

major example was Cuba’s tropical cyclone in which the EWs were delivered at an 

appropriate time and massive evacuation of the society was conducted [17]. This too 

highlights the societal level of trust that has created along with the people towards the 

existing EW mechanisms in the country. 

Further, concerning the recent disaster events in Sri Lanka, the Indian Ocean tsunami 

incident in 2004 and the Meethotamulla garbage dump collapse in 2017 denote that lack 

of societal level trust had led to a disastrous calamity over the lives and property of the 

community[18]. Especially during the Meethotamulla garbage dump failure, the society 

was aware several times to evacuate from the location. But the ignorance of the repeated 

warnings made huge disaster damage to the community as well as to the infrastructure. In 

all these incidents, the damage to infrastructure and life losses could have minimized to a 

greater extent if the trust level of the society and timely delivery of the MHEWs were 

given to evacuate the community. Another most recent incident in Sri Lanka was the 

MHEWs delivered for the cyclone Burevi in 2020 in which nearly 75 000 people were 

safely evacuated [19]. In this incident, before the cyclone landfall was hitting the island, 

the community around the areas were evacuated to safer places. This denotes where the 

societal trust towards the MHEWs elaborated with the severity of the incidents.  

As to further initiate the preparedness of the coastal communities and enhancing the 

trust levels, the recent desktop exercise of IOWave 2020 was conducted in Sri Lanka [20]. 

Here, the Disaster Management Center (DMC) pioneered the exercise as the leading 

government authority in Disaster Management in Sri Lanka. As the key decision-making 

authority in MHEW dissemination towards the societal level, DMC has the government 

endorsement in action making in disaster emergencies. In this exercise, due to the 

miscommunication by the Divisional Secretariat divisions in certain coastal communities, 

the warnings delivered were impacted to create a panic situation in the areas. This too 

denotes how the miscommunication of the information could lead to the mistrust of the 

EWs delivered through the responsible authorities.  

 

1.1 Situations of Societal Mistrust in Multi-Hazard Early Warnings 

 

In the recent disaster events, this nature of MHEWs delivered in emergencies has made 

confusion among the societies and had led towards the mistrust of the EWs. The repetition 

of dissemination of such mistrusted warning alerts and as well as false warnings is an 

indication of poor societal trust. These can further lead towards lack of preparedness in 

the societies in related to the actual disaster situations which can trigger massive damages. 

Some such recent disaster incidents in the global level in which the trust in the EWs 

got disrupted are represented in Table 1.  

 



Table 1 Recent disaster incidents 

Year Country Disaster Key issues Reference  

2005 Sunda 

Trench 

Tsunami False alarm for Tsunami [9] 

2007  Bangladesh Cyclone Sidr Too many false alarms 

Victims have not responded to 

alarms and warnings  

[21], [22] 

2007 Aceh, 

Indonesia 

Tsunami in Aceh False alarm for Tsunami 

caused mass panic in the 

community 

[23] 

2012 United 

States 

Hurricane Sandy Not issuing critical warnings 

to evacuate  

[24] 

2018 Palu, 

Indonesia 

Earthquake and 

Tsunami 

A false sense of security of the 

warnings 

[25] 

 

These impacts have become more crucial mainly due to the lack of preparedness of the 

communities and inability to take necessary actions in safely evacuating before the 

disasters strike. Further, the false sense of emergency warnings and too many false alarms 

from the past disaster experiences make the society more confused towards trusting the 

MHEWs disseminated through respective institutions.  

 

1.2 Determining Parameters of Societal Trust to Multi-Hazard Early 
Warnings 

Based on the above focused incidents, the main determining parameters which have 

influenced the variety of societal trust level on the EWs delivered at emergencies are 

denoted below Table 2. In the delivery of effective warning messages to the vulnerable 

community, these parameters are more significant to develop trust in the warnings issued.  

 

Table 2 Overview of parameters 

Parameters Reference  

Incomplete information [9] 

Accuracy of the information [26], [27] 

Too many false alarms [9], [27] 

Content of the warning [3] 

Frequently updated warnings [28] 

Modes of warning dissemination [29], [30], [9], [28], [27] 

Scientific evidence based warnings [28] 

Consistency of the messages over time [28] 



Repetitive warning messages [31] 

Respective authority of warning issuing [3], [32] 

 

The afore-mentioned key parameters were mainly examined through the survey studies  

which were conducted in most of the recent studies [33].  Among these parameters, the 

mode of warning dissemination plays a major role [29]. Based on the efficiency, 

effectiveness and accessibility of the modes of EW dissemination, the trust levels of the 

societies mainly vary. The traditional communication modes such as television, radio and 

EW towers are now replaced with the modern technology platforms such as mobile based 

platforms and social media platforms [34]. Further, the authorities which issue the EWs 

are another major factor on which societal trust is dependent [35], [36]. Based on the 

endorsement provided by the governmental bodies in the countries, the trust level upon 

the societies is mainly dependent. These factors further vary with the variables such as age 

categories, gender categories and as well as the urban and rural level societal behaviours.  

The preparedness of the community could be enhanced further through the boosting of 

focus on gender responsive and youth engaging training practices [37], [38]. In Cambodia, 

the gender gap on mitigating the EWs during emergency disaster situations was elaborated 

through the perception determination from each of male and female categories [37]. This 

was more highlighted with the focus on unequal access to and control of natural resources, 

unbalanced participation in decision making and uneven access to socio economic benefits 

and services. The results here mainly elaborate that gender needs to be concerned as a key 

priority in disaster risk reduction mechanism. Based on their findings, as most of the 

women are engages with house holding activities, the mainstreaming of gender based 

policies in enhancing the preparedness of community in national policies was considered 

highly needful. 

Another study in Nepal and Peru too highlight the fact that, gender sensitive disaster 

risk reduction mechanisms are a key lag in most of the developing countries in the world  

[39]. Here, the focus is directed on implementing DRR policy implications which are 

supported with gender awareness, gender sensitivity and gender transformative Early 

Warning mechanisms. The focus was more elaborated with the key findings of the study 

which was done on vulnerability, participation, dissemination, response and power in 

decision making related with Early Warning mechanism. 

From these identifications, it is denoted that depending on the trust level variations, the 

percentage of acceptance of the EWs is varied. With the novel developing concepts 

integrated with the MHEW mechanism, countries are now tending to strengthen the trust 

level among the societies towards the level of acceptance of the EWs. Incorporating with 

this, technology plays a vital role. This is mainly because, technological aspects mainly 

enhances the effectiveness and efficiency of the MHEWs [40]. Along with these global 

level advancements, Sri Lanka too is in the process of adapting new mechanisms in the 

context of delivering MHEW alerts to the community level [41], [29]. In the Sri Lankan 

context, the initial studies denote the coastal community response towards the existing 

Tsunami Early Warning mechanism [42], [43], [44]. According to the recent findings, 75% 



of the coastal community has lost faith in Early Warning information and 60% are 

reluctant to respond to Early Warnings given [33], [35]. With that breakdown being a 

critical concern and challenges to overcome, it is required to study the factors behind these 

in a broader sense. Further, these studies have focused only on the coastal community 

perspective in Sri Lanka and the exposure towards the existing traditional modes of 

communication and more specific towards the tsunami EWs. Along with these survey 

studies, the focus was delivered mainly upon the community preference on communication 

modes of warning dissemination, accessibility towards the EW towers which are 

implemented in the respective areas and effectiveness of such implemented EW towers 

based on the previous experience [33]. Another similar study has focussed on identifying 

the gaps in the existing EW procedures and evacuation practices in the coastal community 

[45]. Mainly the findings in here were categoried under five themes of response to EW 

systems, evacuation routes, shelters, drills and training, effect of having a family vehicle, 

relatives and domestic animals, evacuation of people with special needs and cooperation 

with local government units [45]. 

Concerning the existing mechanism of EWs, the Short Message Service (SMS) is 

currently undertaken to disseminate the EW message to a selected set of people who are 

interlinked with the disaster management mechanism in Sri Lanka. These sorted sets of 

first responders were made aware through the SMS alert system to make the community 

get aware. Along with the focus on these parameters, the relationship among each of the 

identified parameters has been examined in recent research studies. These relationships 

have been identified in determining the variation of trust level along with the parameter 

variations. Some such identified correlation relationships are presented in below Table 3. 

 

Table 3 Relationship among the identified factors 

Identified factor Relationship with 

the trust of the EW 

References 

Importance of societal trust 

Familiarity with the hazard 

Inversely related  [46] 

Institutional trust and place attachment  Positively related [47] 

Interpersonal trust and place attachment Positively related [47] 

Trust in administrative bodies and 

acceptance of flood risks 

Positively related [48], [49] 

Trust on Emergency Management and 

institutional collaboration 

Positively related [50] 

Trust and availability of the information Positively related [46] 

 

Under this research study, the societal trust level on the EW alert given based on the 

mobile phones was evaluated comparing the urban and rural level comparison of results. 

This needs to be identified properly in exploring the societal adaptation towards modern 

EW applications interlinked with the technology. Further, this study is more focused on 



the identification of the perception of societal trust level towards the key stakeholders who 

are interlinked with the dissemination of the EW message to the end-users. 

2 Approaches to Examine Trust Behaviors 

Societal trust is considered more significant in the determination of loyalty towards 
different aspects of a system [51]. In determining such perspectives, different analytical 
techniques can be used. The perceptions of the societies are varied over the human 
behaviors which change over time. Based on these and the external factor influences, the 
human perception patterns can be varied with the focus of trust behaviors. Different 
research examinations have undertaken to determine the trust behaviors which are 
variating with the human behaviors of people. Some such used research techniques are 
denoted in Table 4. 

 
Table 4 Research Techniques 

Technique  References  

Fuzzy logic approach [52], [53], [54], [55], [56] 

Conceptual modelling [57], [58], [59] 

Realist logic analysis [60], [61], [62] 

Agent based modelling  [63], [64], [65] 

Multi variate analysis  [21], [66] 

 

Among the afore mentioned approaches, the fuzzy Logic approach is one of the most 

commonly used techniques which is used in determining the level of uncertainty to solve 

the problems which are too complex to be solved [67]. This approach mainly deals with 

fuzzy parameters, which determine the level of uncertainties in the considered parameters. 

The fuzzy scale ranking is mainly used to determine qualitative human thinking into 

valuations and ratings [68]. This approach is used most commonly in converting linguistic 

scale (“strongly disagree”, “disagree”, “fair”, “agree” and “strongly agree”) into a five 

point Likert scale (1,2,3,4,5) in which human thinking is subjective and responses may 

lead to unreasonable results.  

Fuzzy set theory was defined to determine these fuzzy triangulation numbers to convert 

the linguistic variables to quantitative values. This is performed by taking into account the 

uncertainty in the decision-making process of people [69]. For instance, a triangular fuzzy 

number that corresponds to the linguistic variable “average” can be defined as 𝑌 = (𝑐, 𝑎, 

𝑏) = (2,3,4). This is performed by indicating that the decision-makers grade a service they 

refer to as “average” by a numerical value of minimum 2, on average 3, and maximum 4. 

Moreover, several arithmetic operations can be defined on fuzzy numbers depending on 

the form of the number. For instance, the addition, subtraction and multiplication 

operations on triangular fuzzy numbers are represented as below. 

 

(L1,M1,N1) + (L2,M2,N2) = (L1+L2, M1+M2, N1+N2)  (1) 

(L1,M1,N1) - (L2,M2,N2) = (L1-L2, M1-M2, N1-N2)  (2) 



(L1,M1,N1) * (L2,M2,N2) = (L1*L2, M1*M2, N1*N2)  (3) 

 
These can be considered in using the determination of the triangular fuzzy numbers in 

delivering the most suited decision making criteria in the Likert scale responses. 

The representation of the fuzzy triangulation number (x1,x2,x3), with the interpretation 

of the minimum, kernel and maximum values is represented below Figure 1. 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Based on the above considerations, the application of the fuzzy logic approach is 

considered here in this extent of trust level determination. This was mainly considered 

with the examination of the community trust behaviors through the Likert scale marking 

of the responses of the community. Through this approach, more realistic decision making 

on human thinking patterns can be examined.  

3 Methodology 

In following this research study, firstly a desk study was conducted to examine the 

societal trust in the context of global and Sri Lankan level. With this background study 

and review of recent research studies based on the Sri Lankan aspect, a questionnaire 

survey was developed. For the determination of the sample size, a random sampling 

technique was chosen after the statistical examination. To conduct this research survey 

study, the location identification was done based on a hazard matrix developed. This was 

developed based on the previous disaster risks for the critical hazard categories in Sri 

Lanka, which are floods, tsunami, landslides, heavy winds and droughts. The areas in the 

Western Province which are having higher risks to above-mentioned disaster situations 

were considered for the examination. Here, face-to-face interviewing was carried as the 

approach to collect responses in the questionnaire survey. In reaching the community to 

collect the parameters in the questionnaire survey, the interviewing was more effective 

rather than distribution of the survey sheets and asking them to complete. This was reached 

with the initial pilot study of distribution of questionnaire survey among a selected 

community group in the society. 

X1 X3 X2 

1 

Figure 1 Triangular fuzzy number 



A randomly selected sample of community representation in each of the Grama 

Niladari divisions was chosen for this study. 

As the base of the research study, the following perspectives of the societal trust level 

represented under Figure 2 were examined. To identify the societal level of trust in the 

existing MHEW mechanism in Sri Lanka, the focus needs to be concerned with urban and 

rural level perceptions of the community. 

 

 

 

 

 

 
 
 

 
 
 

4 Data collection 

The questionnaire survey was developed using 15 questions and here as the main 

concern, the societal trust level was examined under a separate section.  The overall 

questionnaire was structured based on the flow chart which initiated the structure of the 

questionnaire survey. To identify the societal trust in the EWs delivered through mobile -

based technology, a five point Likert scale was used. In the same manner, the identification 

of the most trusted authorities was determined through the ranking system of the top 5 

most authorities in terms of issuing EW alerts to the communities. 

To conduct the questionnaire survey, the study locations were selected based on the 

hazard level of the Grama Niladari (GN) divisions in Sri Lanka based on the risks for 

floods, landslides and tsunami [70]. Accordingly, the 10 mostly hazard-prone GN 

divisions were chosen to conduct the questionnaire survey. As per the selected study 

locations, the field data collection was undertaken in the selected 10 Grama Niladari 

divisions. Accordingly, the overall summary of the responses collected from each Grama 

Niladari division is represented under the below Table 5. 

 
Table 5 Data Collection Summary 

District DS Division GN Division Number of 

Responses  

Kalutara Bulathsinhala Bothalegangoda 33 

    Paragoda East 39 

    Yatagampitiya 36 

    Amaragedara South 33 

Figure 2 Focusing areas of community trust level 

Societal trust

Trust level on EW issuing 
institutions

Trust level on communication 
modes



Gampaha Wattala Paranambalama 34 

    Uswetakeiyya 34 

    Dikowita 32 

Colombo Colombo Grandpass South 28 

    Mattakkuliya 27 

    Modara 27 

Total     323 

 
According to the responses received from the field questionnaire survey, the societal 

trust level was examined with the analysis of the data. The demography of the responders 

of the questionnaire survey is denoted under Table 6. Accordingly, the background of the 

responders are presented here. 

 
Table 6 Demographic Information on the Responders 

Variable  Category Percentage (%) 

Gender  Male  47 

Female 53 

Age  Below 18 4 

18 – 24 years  8 

25 – 39 years 29 

40 – 60 years  44 

Over 60 years  15 

Occupation category  Government sector 6 

Private sector 17 

Self employed 25 

Student (school) 5 

Student (university) 2 

Others (no job, retired) 45 

 

5 Data analysis 

5.1 Reliability of the Collected Data 

The reliability of data was determined and verified using a reliability coefficient named 

Cronbach alpha which is denoted in Eq.(1). When the Cronbach alpha is less than 0.3, the 

data is considered not suitable for further analysis as the reliability level of data is 

considered as low. When the Cronbach alpha is more than 0.7, data is considered suitable 

for further analysis as the reliability level is considered high [71].  

 

∝ =  
𝑁 𝑐̅

�̅�+(𝑁−1)𝑐̅
                        Eq.(1)                            

 

∝ = Cronbach alpha 

𝑁 = Number of items 

𝑐 ̅ = Average covariance between item pairs 

�̅� = Average variance 
 

 



 
 

The Cronbach alpha was determined through IBM SPSS 22 software and the obtained 

value for Cronbach alpha was 0.704. Accordingly, data could be used for further research 

analysis. The results obtained from the software analysis are represented under the below-

mentioned Table 7. 

 

Table 7 Case processing summary from IBM SPSS 22 software 

Case Processing Summary 

  N % 

Cases 

Valid 295 91.3 

Excluded 28 8.7 

Total 323 100.0 

Cronbach alpha 0.704 

 

5.2 Application of Fuzzy Logic to Assess Community Level Trust 

Five points Likert scale was used in the questionnaire survey to determine the trust 

level of the society on the existing Early Warning mechanism in Sri Lanka. In determining 

the most appropriate response based on the responses received from the Likert scale  data 

the triangular fuzzy number was considered to be determined. Triangular fuzzy number X 

can be represented based on the triplet (x1, x2, x3) which is determined from the three 

value judgment for a considered response concerning minimum possible value x1, Kernel 

value x2 and most possible value x2 and maximum possible value x3 [72]. Based on the 

same category of five points Likert scale developed on the determination of triangular 

fuzzy numbers, the fuzzy correspondences which are represented under Table 8 were 

identified for the analysis [73]. This was applied for the frequencies of each score collected 

from the data collection which is denoted in Table 9. 

 

Table 8 Fuzzy Correspondences 

Variable  Fuzzy correspondences  

Unlikely (1.0, 1.0, 2.0) 

Somewhat unlikely (1.0, 2.0, 3.0) 

Moderate (2.0, 3.0, 4.0) 

Somewhat likely (3.0, 4.0, 5.0) 

Extremely likely (4.0, 5.0, 5.0) 

 

 
 



Table 9 Sample Frequency Table 

Score 1 2 3 4 5 
Frequency  3 9 5 50 254 

 
Taking the average fuzzy score based on the results obtained in the frequency table, the 

average weighted score for each Triangular Fuzzy Number (TFN) is calculated as below 

Table 10. This was determined to identify the weighted average fuzzy score which suits 

the most appropriate based on the Likert scale score variation from the questionnaire 

survey responses. 

Table 10 Average Weighted Score 

Parameter Value 

Average weighted score 

for Fuzzy Triangulation 

Number  

(1.0, 1.0, 2.0)*3 + (1.0, 2.0, 3.0)*9 + (2.0, 3.0, 4.0)*5 + (3.0, 

4.0, 5.0)*50 + (4.0, 5.0, 5.0)*254 / 323 

 

(3.7, 4.6, 4.8) 

 

In this formulation, the Kernal value is identical to the weighted average (or mean 

score) recorded. Accordingly, the most appropriate response based on the triangular fuzzy 

number was considered as 4.6 which represents the high level of extreme likeliness 

towards the trust on EWs delivered through mobile-based technologies. 

5.3 Comparison of Urban and Rural Level Responses 

 
In the Sri Lankan context, the comparison of urban and rural level responses based on 

the societal trust level is needed to be examined. Accordingly, the following categorization 

of the study locations represented under Table 11 can be identified as urban and rural  areas 

in Sri Lanka. This is determined based on the population density as the main parameter in 

classifying the urban and rural categorization. 

 

Table 11 Population density of the study locations 

DS Division Population (2012 Census) Land Area 

(km2) 

Population Density 

(population/km2) 

Colombo 323,257 18 17,959 

Wattala 175,525 54 3250 

Bulathsinhala 64,600 206 313 

 

Based on the recent research studies done in Sri Lanka, the urbanization of the 

administrative divisions of the country was determined based on the population density in 

each land area [74]. The areas where the population density exceeds 500 persons per 



square kilometer are considered urbanized in the Sri Lankan context. Accordingly, from 

the sorted study locations, Colombo and Wattala Divisional Secretariat (DS divisions) are 

considered as urbanized and Bulathsinhala DS division is considered as rural in the context 

of population density. 

Based on the above considerations, the societal trust level variation on the Early 

Warning messages delivered through mobile phones was examined. This was assessed 

mainly through the fuzzy logic approach in which the most appropriate response given 

through the sample community is sorted. The decision matrix represented under Table 12 

denotes the summary of the fuzzy triangulation numbers in urban and rural perspectives. 

 
Table 12 Decision Matrix in Urban and Rural Level 

Parameter Urban level Rural level 

Likert scale score 1 2 3 4 5 1 2 3 4 5 

Frequency  0 1 8 17 156 4 6 1 11 116 

Average weighted score 

for Fuzzy Triangulation 

Number 

(1.0, 1.0, 2.0)*0 + (1.0, 2.0, 3.0)*1 + (2.0, 

3.0, 4.0)*8 + (3.0, 4.0, 5.0)*17 + (4.0, 

5.0, 5.0)*156 / 182 

 

(1.0, 1.0, 2.0)*4 + (1.0, 2.0, 3.0)*6 

+ (2.0, 3.0, 4.0)*1 + (3.0, 4.0, 

5.0)*11 + (4.0, 5.0, 5.0)*116 / 138 

 

(3.8, 4.8, 4.9) (3.7, 4.6, 4.8) 

 

Accordingly, when compared the triangular fuzzy numbers obtained for urban and 

rural level responses, the urban level trust level is more biased towards an extreme level 

of trust which is more than score 4 of the Likert scale. In the same manner, the rural level 

fuzzy triangulation number of 4.6 denotes the extreme level of trust towards mobile based 

platforms which is also greater than score 4 of the Likert scale. 

 

5.4 Correlation Determination 

 
In the further analysis of trust level determination, the correlation of determination (r2) 

was examined. This was mainly evaluated to determine how strong the variation of the 

two variables impacts each other. Through this, the measurement of variation of the 

community trust level along with the impact on the variation of the level of importance of 

EWs dissemination through mobile phones was undertaken. This was examined with the 

application of IBM SPSS 22 software. Here, the behavior of the two variables with the 

trend line patterns of polynomial, linear, exponential, logarithmic and power variations are 

represented under the below Table 13. 

 
Table 13 Trend line behavior variation 

Trend line behaviors  Value of the r2 
Polynomial  0.7060 

Linear  0.7016 

Exponential  0.6793 



Logarithmic  0.7029 
Power 0.6967 

 
Based on the results obtained for the correlation of determination value, the highest 

value representation is represented through the polynomial behavior relationship among 

the two variables. It is considered that the r2 closer to 1 provides the highest correlation of 

determination value among the two variables. Accordingly, here the two variables denote 

a polynomial behavior of relationship among each of their variations. This is graphically 

illustrated through the graph denoted in Figure 3. 

 
 

From the statistical data analysis approached based on correlation determination, it has 

represented that r2 value varies from -1 to +1 representing the negative correlation 

behaviors from -1 to 0 and positive correlation behaviors from 0 to +1 [75], [76]. Here as 

the coefficient of determination value is greater than 0.7, it is considered that there is a 

strong positive correlation between the increase of societal trust level along with the level 

of importance of dissemination of the EWs through mobile phone technologies [77]. 

5.5 Societal Trust Level on the Authorities in terms of Issuing Early 
Warning Alerts 

Based on the responses received from the questionnaire survey, the ranking of the 

institutions based on the trust level in terms of issuing disaster EW alerts was examined. 

Accordingly, the following authorities were considered for the ranking of the trust level 

which was identified from the previous research study done in Sri Lanka, to identify the 

main stakeholders who are interlinked with the dissemination of EW messages to the 
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community level [35]. In this study, only the main stakeholders who were common in most 

of the selected disaster categories were considered floods, tsunami and landslides, which 

were considered for the study area selection as well. Here, the communication network 

models have developed using the existing Emergency Operation Procedures (EOPs) in Sri 

Lanka with the application of the Social Network Analysis (SNA) approach. With this, the 

key stakeholders were identified with the use of degree centrality parameters under the 

analysis of the modeled networks. 

Given below is the overview of the results obtained for the trust level of authorities 

based on the categorization of ranking, age category, gender category and the study 

locations based on urban and rural levels. Below mentioned Figure 4 represents the 

overview of the top 5 ranked institutions where the trust is based in terms of issuing EW 

alerts. 

 

As per the above representation, 92% of the responders have indicated that the Disaster 

Management Center is the most trusted authority in terms of issuing EW alerts. The next 

highly trusted authority was marked as the Sri Lanka Police, in which 85% of the responses 

were marked. The third highest trusted stakeholder is the Media, in which 60% of the 

responders have marked as the trusted authority. 
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When classifying the responses based on the age category distribution of the 

responders, the most trusted authority as the Disaster Management Center was marked by 

the responders in age categories of below 18 years, 25-39 years and above 60 years. The 

responders between 18-24 years and 40-60 years have marked Sri Lanka Police as the 

most trusted stakeholder in terms of issuing the Early Warning alerts. These results can be 

considered towards verification of the EW messages when issuing to the community 

levels. Figure 5 represents the aforementioned overview based on the age category 

distribution. 

 
The classification of the trusted stakeholders in terms of issuing EW alerts based on 

the gender category is represented in Figure 6. This summarizes, that 49% of the male trust 

towards Disaster Management Center in terms of issuing EW alerts and when considering 

the female response category, 52% of the females have marked Sri Lanka Police as the 

highest trusted stakeholder. 
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 The summary of the responses received for the most trusted authorities in terms of 

issuing the MHEWs is denoted under Table 14. These results can be considered for the 

comparison between urban and rural levels considering the trusted authorities.  

Considering the urban and rural level comparison, in the urban community, most trusted 

authorities are recognized as Disaster Management Center (DMC), Telecommunication 

institutions, Sri Lanka Police, and Media institutions. From a rural level community 

perspective, the trust level is more based on the Disaster Management Center (DMC) only.  

This proves the impact of the government endorsement in issuing the EW alerts to the 

community where their trust is bound with.  

 

 Table 14 Most trusted authorities 

 

All these summarizes the variation of the trust level of the community on the 

stakeholders who are interlinked with the issuing of EW messages. These results can be 

DS Division GN Division DMC MET SLP Tri 
forces 

NBRO  Telecom Medi
a 

Bulathsinhala Bothalegamogoda 43% 18% 12% 18%  9%  

 Paragoda East  42% 10% 32% 3%   13% 

 Amaragedara 

South 

37% 12% 18%   6% 24% 

 Yatagampitiya 44% 3% 36% 11%  3% 3% 

Wattala Paranambalama 23%  21% 12%  23% 15% 

 Uswetakeiyyawa 20%  20% 21%  15% 18% 

 Dikowita 19% 9% 34%   13% 19% 

Colombo Grandpass South 14%  32% 11%  22% 21% 

 Modara 15%  23% 4%  19% 39% 

 Mattakkuliya 19% 8% 38%   8% 27% 

Figure 6 Most trusted authorities based on the age category 
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considered for the further improvement of the enhancement of the effectiveness of the EW 

alerts. 

5.6 Visual Representation of the factors through Causal Loop 
Diagrams 

 

With this concern, the strength level towards the trustworthiness of society from the 

branched parameters of each of these two aspects are represented in the Causal Loop 

Diagram (CLD). Under this visual representation of the results obtained from the research 

study, the (+)ve symbol denotes the link between the parameters which lead towards the 

increase of community trust and the (-)ve symbol represents the influence towards the 

decrease of societal trust. Here, the considered modes of dissemination of the EW 

messages to the general public represent the influence towards the generation of trust 

towards the EW messages.  These are more represented with the influence of the 

integration of mobile phone technology to the dissemination of the EW messages to the 

general public.  

Accordingly, these general concepts of the summary of the results are visually 

represented under the below CLD. This way, the relationship and the influence of each of 

the considered parameters can be represented in a more perfect visualization as represented 

in Figure 7. 

Here, in the focus of institutions which are issuing MHEWs, the Disaster Management 

Center, Media, Police, Tri forces, Telecommunication institutions and Department of 

Meteorology were identified as significant with the previous studies. Based on the existing 

trust level examination, the highest trust is on Disaster Management Center, which was 

denoted through the arrow link with highest thickness. The variation of arrow thickness 

denotes the variation of the strength of societal trustworthiness. Further, in the perspective 

of MHEW dissemination through mobile phones, the urban and rural level trustworthiness 

is represente here. The variation of the trustworthiness is represented accordingly with the 

varied thickness of the arrow in the visual representation diagram. Further, the variation 

of societal trustworthiness on modes of MHEW dissemination was represented under the 

visual representation here. The varying thickness of the arrow denotes the variation of 

societal trustworthiness in which the highest trust is denoted on traditional communication 

modes such as televisions, radio, loudspeakers and EW towers. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Societal trust behavior with identified parameters 



 

6 Conclusion 

 

Under this research study, the level of societal trust towards the existing MHEW 

mechanism in Sri Lanka was studied. Further, the societal trust towards the mobile-based 

platforms which denotes the mode of warning dissemination was examined through the 

application of the Fuzzy logic approach. The variation of the parameters were further 

examined based on age, gender and urban and rural level basis. These were evaluated 

mainly based on similar variation studies done in the countries. From the overall analyzed 

results from the questionnaire survey, the following conclusions can be delivered. 

The most trusted authorities in terms of issuing disaster EW alerts were identified by 

the community responses as Disaster Management Center (DMC), Sri Lanka Police (SLP) 

and the Media. Based on the trust level of the community, these institutions were reported 

as the most trusted institutions. 92% of the responders have indicated that Disaster 

Management Center as the most trusted authority, 85% of the responses were marked as 

the second highest and 60% of the responders have marked Media as the trusted authority. 

Based on the responses categorized on age distribution, age categories of below 18 

years, 25-39 years and above 60 years have considered Disaster Management Center 

(DMC) as the most trusted stakeholder. This is more proven by the fact that DMC is 

recognized as the government endorsed body in the perspective of Disaster Management 

in Sri Lanka. The responders between 18-24 years and 40-60 years have marked Sri Lanka 

Police as the most trusted stakeholder. This is mainly as a result that, Sri Lanka Police act 

as the main coordinating body in reaching the communities in the societies during 

emergency disaster situations. Based on the gender category distribution, 49% of the males 

trust towards Disaster Management Center in terms of issuing EW alerts and when 

considering the female response category, 52% of the females have marked Sri Lanka 

Police as the highest trusted stakeholder. This is mainly because it was found from the 

face to face interviewing that most of the women are dedicated as housewives while men 

are dedicated to occupations in these examined areas. As a result, they mainly trust the 

governing bodies which are more commonly engaged in community awareness situations 

in the societies. 

The trust level for the issuing of the EW alerts to the mobile-based applications was 

examined 5 points Likert scale and the results were analyzed using the Fuzzy Logic 

approach. The fuzzy logic results considering the triangular fuzzy numbers denote the 

community responders are more likely to trust the EW messages receiving to the mobile 

phones which implicates the applicability of mobile phone based platforms in the 

dissemination of EW alerts. Here, the Fuzzy logic approach was used to identify the most 

biased community response on the Likert scale response analysis. The triangular fuzzy 

numbers obtained under the urban and rural level community response analysis of the 

Likert scale imply that both the urban and rural level community are more likely to trust 



on adapting to the EWs delivered to mobile-based platforms. The urban level triangular 

fuzzy number of 4.8 implies a higher level of interest than the rural level triangular fuzzy 

number of 4.6. But, in consideration of both the values, the overall response is more biased 

towards the likeliness towards adaptation on the application of mobile based platforms in 

the EW alert dissemination mechanism. 

Further, the correlation of determination was examined through IBM SPSS 22 

software, among the variation of trust level behavior along with the level of importance of 

MHEW dissemination through mobile phone platform. Here the two variables denote a 

strong positive correlation and a polynomial behavioral relationship. To conclude the 

obtained results from this research study, the CLD was developed in denoting the visual 

perception and interrelation among each of the factors which influence the societal trust 

level in disaster situations. 

In mainstreaming DRR strategies in the community and local level, the challenges 

which are triggered could be minimized through examining the gaps in existing 

mechanism. The growing complexity in the disaster risk environment lead the way to the 

policy makers and practitioners in developing the existing policy frameworks and 

strategies. In developing so, the societal trust plays a major role. Based on the societal trust 

level on the institutional perspectives of issuing MHEWs, the existing Standard Operation 

Procedures related with issuing MHEWs could be altered. This could be more efficiently 

upgraded with further focus on language, content and level of understandability of the 

MHEWs delivered to the community. Further, the actions need to be initiated so as to 

minimize the miscommunication of MHEWs with the minimizing of delivering false 

warning alerts to the community. In strengthening the trust level in the society, the 

strategic approaches can be implemented towards the specified gender categories and age 

groups in reaching and grabbing the MHEWs in effective manner. As obtained from the 

analyzed results, the trust is more strengthened with the content of the warning with the 

government endorsement. In reaching the community in dissemination of MHEWs, the 

institutions can deliver the warnings with the government endorsement proof in the body 

of the warning message. Further, the community awareness and level of understandability 

on MHEWs could be enhanced with community awareness sessions and training programs 

with the participation of different stakeholders linked with MHEW dissemination. 

Further, in integrating the novel technological applications involved with MHEW, 

parameters such as timeliness, appropriateness, accuracy and simplicity need to be highly 

focused. As per the examined results under this study, the rural level trust towards modern 

technological platforms could be enhanced with well arranged awareness sessions and 

training drills. These could be arranged in a periodical manner to reach the rural level 

community, specially the youth category who can grab the technological aspects easily. 

Further, the accessibility and coverage in reaching the mobile based platforms needed to 

be developed with the future development plans integrated with DRR strategy 

implementation in the country. 
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